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Kién tric vi mach cho nhan dang tiéng noi
tieng Viét thiét ké theo quy trinh ASIC,
trén nén céng nghé 130 nm TSMC

Hoang Trang’, Pham Dang Lam, Tran Van Hoang
Truong Pai hoc Bach khoa, Pai hoc Quéc gia TP H6 Chi Minh
Ngay nhan bai 19.3.2015, ngay chuyén phan bién 25.3.2015, ngay nhan phan bién 21.4 .2015, ngay chip nhan dang 26.4.2015

Nhéan dang tiéng néi da dudc nghién ciiu ti hon 60 nam qua. Nhiing né Iuc diu tién dugc thuc hién
tu nhiing nam 50 dén dau nhiing ndm 70 cua thé ky truéc, hé théng nhan dang tiéng noéi dugc thiét
ké dé nhan dang phat am roi rac trong mdi trudng nhiéu thap, chi yéu Ia cac hé thdng véi bo tu
vung nhod (10-100 tu), trong truéng hgp ngudi néi ciing la ngudi huan luyén. Ngay nay, cac hé théng
nhan dang véi sd tii vung 16n dugc xay dung trén nén tdng hé théng may tinh véi téc dd xi’ ly cao.
Khi mat dé tich hgp vi mach tang, viéc ti€p can Ging dung nhan dang trén phan cing hay céac thiét
bi cam tay trd nén kha thi. Trong nghién ctiu nay, nhém tac gia trinh bay mét kién tric vi mach dugc
thiét ké theo quy trinh ASIC, trén nén céng nghé 130 nm TSMC, (ing dung trong nhan dang giong
néi tiéng Viét, dé dap Ging yéu cau khat khe vé hiéu nang nhan dang va tinh thdi gian thuc trong céc
Ung dung thuc té.

TU khoa: day céng lap trinh dugc (FPGA), ham phan bé xdc suat Gauss, hé théng nhan dang giong
néi tu déng (ASR), mé hinh Markov an (HMM), trich ddc trung thang tan s6 mel (MFCC).

Chi s6 phén loai 1.2

AN ASIC BASED ARCHITECTURE Dat van de

FOR VIETNAMESE SPEECH RECOGNITION
ON THE BASIC OF 130 NM TSMC TECHNOLOGY

Céc nhom tac gia trong [1, 2]
da trinh bay 1y thuyét vé trich dic
trung tiéng noi ding phwong phap
MFCC va bo giai mi tiéng néi ding
HMM véi nhiéu cai tién mai ding

Summary

Speech recognition has been researched over sixty years. The
first researches were conducted from the 1950s till the early
1970s, some complete recognition systems were developed to
recognise incoherent pronounciation in low noise conditions
and only adapted to small word libraries (10-100 words) which
belong to the trainers as well as the recognition persons. Today,
the recognition systems adapting to the large word library
are built based on computer system with high performance.
Moreover, when integrated density is enhanced, the access
to the hardware or handset applying recognition technology
becomes feasible. In this work, an ASIC based architecture for
Viethamese speech recognition on the basis of 130 nm TSMC
technology is illustrated to meet the real time requirements as
well as confirm the highly effective performance.

Keywords: auto speech recognition (ASR), field-programmable
gate array (FPGA), Gaussian probability distribution, hidden
Markov model (HMM), mel-frequency cepstral coefficient
(MFCC).

Classification number 1.2

*Tac gid chinh: Email: hoangtrang@hcmut.edu.vn
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cho nhéan dang céc sd tiéng Anh tir
0 dén 9. Cac nhom tac gia trong
[3] da thyc hi¢n thanh cong trén
FPGA Cyclone II, véi viéc nhan
dang 1 s tir, thé hién bﬁng viéc bat
sang cac deén led bang giong noi.
Trong b trich dac trung, do tinh
chat phirc tap khi thyc thi phan
cting phép bién d6i FFT, nén nhom
tac gia nay st dung module FFT
1024 diém, duoc hd tro san trong
IP Megacore cia Altera. D6i véi
bd giai ma tiéng noi, nhom tac gia
trong [4] dung phuong phap luong
tu vecto (VQ), phuong phap nay
chi thich hgp cho nhan dang véi
bd tr vung nho (khoang 10-20 tur).
Ngoai ra, cac tac gia nay cling dua



ra huéng phat trién tiép theo 1a ding mé hinh HMM,
nhung yéu cau thyc thi phan cimg phirc tap. Tuong ty,
mdt s6 t6 chirc ndi tiéng trén thé gidi nhu ATR, AT&T
hay IBM... [5-10] ciing dua ra nhiéu giai phap khéac
nhau cho tmg dung nhan dang giong noi, chu yéu mé
hinh HMM duogc ap dung mdt cach phé bién. Bén canh
d6, ciing c6 cac cong trinh dé nghi cach xay dyng moi
truong kiém tra thiét ké nhan dang tiéng néi [11], hay
céc thiét ké nang cao hon trong giao tiép bo nhé [12],
ciing nhur thiét ké layout cho chip nhan dang tiéng noi
trén, nhitng cong nghé mdéi nhu 40 nm [13]. Bang 1
thé hién danh sach va so sanh chip cia cac hang trén
thé gioi.

Bing 1: cdc san phdm nhan dang giong néi

STT| Tenchip | Hangthiétké, | S0tirco dietinhsdgiong | Thoigiannhan | B chinh xde | Dielip/
sin yut ngudi noi dang phu
thuge
ngudi
n0i
DVC306 DSP 16t 8 giong n6i ciia § nguoi | DG véi 16 t: <15 |92% (theo it | Khongleo
I ' Hyde - Hyde's
D6106 Communications | 128 tir: | giong duy nhat [aw)*
2| HM2007 Motorola 20t | giong ndi vy uhdt | 195 cl(im;négcongbo Rhing
Tdida 25 12 giong Khngcongbo | 97% theo hut
3| MSM6679 OKIGroup | ngudi ndi cuthe Hyde - Hyde’s
law)
20501k Khong dé cipdén | Khong congbd | 93% theo luit
4 | Rscaiee SENSORY baf)nkhiéAugllongnguﬁfinéi,{gé cuthé Hyde - Hyde's
chi de cap [a phy thudc nguoi law)*
161 (cin hudn luyén trudc)
101 Nbdn dang tirroirae, | Khongedngb6 | Khong cong b6 | Khongleo
5| TC8860F TOSHIBA | ph thuc ngudi ndi (cin hudn | cu thé cuthé
luyén trudc)
20tir Nbn dang troirac, | Khong cong b | Khong cong bd | Khongleo
6 | TCS86SF-00 | TOSHIBA | phu thue ngudi ndi (cin hun | u thé cuthé
luyén trudc)
101 Phy thude ngudindi | Téida: 5 (80161 |95% (heo hdt | Coleg
3t Doc lép nguoi noi nhgndang 10ta) | Hyde - Hyde's
T | 3AI% RICOH Thida: 2 (@i | law)?
nhin dang 3 tr)
929% (theo uat | Khongleo
§ | RESAGS RICOH 601tir: 1 giong noi Toida: 2s Hyde - Hyde’s
law)*

(*) Lugt Hyde (Hyde's law): ludt nay dwoc dua ra boi R.S. Hyde
va dwgc sir dung réng rdi trong gidi chuyén moén vé linh vuc nhdn
dang ziéng noi nhw sau: “do nhan dang chinh xac cua bé nhdn dang
tiéng noi la 98%, vi bé nhdan dang ziéng noi co dg nhan dang chinh xdc
la 98% thi b6 mau kiém tra phdi dwoc sdp xép dé chimg t6 diéu do”

Nhu vay, nhitng thanh qua co ban c6 dugc trong
nhan dang tiéng noi 1a nhd két hop hai hudng tiép can
phén cting va phin mém. Tuy nhién, nhiéu han ché con
ton tai v6i cac cach tiép can nhu: cac hudng tiép can
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phuong phép huén luyén van thong qua hé théng may
tinh nham phuc vu nhitng phép toan va giai thuat phirc
tap; viéc nhan dang bang phan cing dua trén cac san
pham cam tay con han ché boi khéi luong giai thuat do
sO ciing nhu kha ning mé rong sb tir vung.

O Viét Nam, van dé nay moi dugc quan tam nghién
ctru trong nhimg niam gan day. Pén nay, di c6 mot
s6 cong trinh nghién ctru vé linh vuc nay, theo nhiéu
hudng tiép can khac nhau, song két qua dat dugc chua
cao, van c6 kha ning phat trién hon nita, vi hau hét chi
theo hudng tiép can phan mém la chu yéu. Dé khic
phuc nhing ton tai cta cac hé thong nhan dang giong
noi trén thé gidi néi chung va ¢ Viét Nam noi riéng,
nhom nghién ctru trinh bay mot kién triic vi mach nhan
dang giong noi tiéng Viét cai tién ¢ cap do tir don.
Thiét ké dugc san xudt trén nén cong nghé 130 nm
TSMC, sau d6 duoc kiém tra ung dung hoan chinh trén
bo mach ty phat trién. Bai viét nay 1a két qua nghién
ctru cua Dé tai “Nghién ctu thiét ké 16i IP mém, IP
cting cho IC nhan dang tiéng noi tiéng Viét va ché tao
thiét bi trg giup ngudi khuyét tat bang tiéng néi”, ma
s6 KC01.23/11-15, thude Chuong trinh KH&CN trong
diém cép nha nudc KCO1/11-15 vé nghién ctru ting
dung va phat trién cong nghé thong tin va truyén thong.

Trich dac trung MFCC va md hinh HMM
Trich dac trung MFCC

Phuong phép trich dac trung MFCC dugc lya chon
co ban rit trich cac dic trung tan s cua tiéng noi.
Nhiing budc chinh cua trich dac trung MFCC duoc
mo ta nhu hinh 1.

. . thia R l
|*—- Tién bos }—k Hhurg —Ph:i.EJ:E-ﬁH FIT —F Lot Mel +— Copstrum nh#iﬂ

el L
Lureing

L 'lh‘ﬂ
Hinh 1: cac buoc trich dac trung MFCC

Chat luong va xac suét nhan dang cua toan bd hé
thdng ngoai phu thudc vao viéc chon lya mé hinh xac
sudt toi wu, con phu thude nhiéu vao chét lugng cua
cac dac trung duogc trich xuat. Mit khac, trich xudt
MFCC gdm nhiéu budc nho khac nhau, trong d6 mot
s6 hé s6 nhay cam anh hudong dén x4c suit nhan dang
ctia hé thong ton tai bén trong nhitg khdi nay, nhu hé
s6 ctia cac bo loc va sd bo loc tuong Ung.



Mb hinh xdc suit HMM

M6 hinh HMM 13 mé hinh théng ké quen thudc,
duogc ap dung rong réi trong nhiéu tmg dung khéac nhau.
Trong tng dung nhan dang giong n6i, m6é hinh HMM
dang tién (hinh 2) dugc st dung, mang lai nhitng thanh
cong nhat dinh. M6 hinh ndy twong tu cic mé hinh
HMM khac, cac thong sb bao gom: xac suit chuyén
trang thai, tdp cac gia tri “mean” va “covarian” ciing
nhu x4c suat cho timg bo tron bén trong trang thai.

0.4 0.3
. 0,3 0,7

Hinh 2: mé hinh HMM dang tién

H¢ théng nhén dang giong néi

Bét cir mot hé théng nhan dang giong noi nao ciing
bao gém hai qué trinh chinh: qua trinh huin luyén va
qua trinh nhan dang (qua trinh gidi ma). Trong ca hai
qua trinh nay, khong thé thiéu kién tric trich dic trung
giong noi, hinh 3 mo ta cac khdi co ban v& mot hé
thong nhan dang giong n6i hoan chinh. Nhu di néu
& trén, qua trinh huan luyén yéu cau tip mau cac 4m
thanh dau vao 16n, cac giai thuat huan luyén phtc tap,
nén can tiép can cac hé thdng may tinh cho qua trinh
nay. San pham ctia qua trinh huan luyén duoc goi la
bo thong s6 mo hinh. Qua trinh huin luyén dya trén
md hinh HMM tién co ban di duoc tim hiéu va tng
dung rdng rai nén cac cong thirc phtrc tap khong dugc
dé cap.

Quatrinh hudn luyén

Trich dac
i trueng

Tép cac
tham sé

Amthanh

A 4

— Quatrinh nhan dang

Hinh 3: mo hinh hé théng nhdn dang hoan chinh

Tuong ty qua trinh huin luyén, mau 4m thanh dugc
trich dac trung trudc hét trong qua trinh nhan dang.
Gia str, sau khi trich dac trung cho ra 25 vector MFCC
26 chiéu, c6 thé hiéu rang ngd vao clia qué trinh nhan
dang la 25 vector 26 chiéu. Két hop véi tap thong s6

H:é:g:li |’*t Nam 57(10) 10.2015

mo hinh tir qué trinh huén luyén gdm 50 mo hinh, mdi
mo hinh bao gdm tap xac suat chuyén trang thai (16
gia tri chuyén trang thai twong tng 8 trang thai), tip
xéc sudt bo tron (32 gid tri twong tmg mdi trang thai co
4 bo tron), tap cac cdp vector “mean” va “covariance”
(32 cip vector twong tmg moi bo tron 1a mot cip). Cu
thé, cong thuc dé tinh xac sudt cho mot vector dic
trung 26 chiéu voi mot trang thai bao gdm 4 bo tron
duoc thé hién qua ham phan b Gauss nhu sau:

M
b‘i(o)=ch,,c_7\f(0,yjk,U}.k 1<j<N
k=1

Véi
M
¢, =1 I<j<
k=1
c, 20, I<jE<N,1<k<M
_‘N(O,,U,U)= 1 e”(ﬂfﬂ) U™ o—n)
(2z) U]
1 (o) U™ (0-n)
=—7=°
(27z)° U]

Trong do, N 1a ) trang thai (N=8); M la s6 b tron
(M = 4); o 1a vector dic trung (hay con goi 1a chudi
quan sat - 26 phan tir); p 1a vector “mean” (26 phan
tfr)’; U la vector “covariance” (26 phan tir); Cy la xac
suat roi vao bo tron thur k trong trang thai thi j.

Vén dé o day 1a, trong vi du trén ta co 25 vector
MEFCC trich ddc trung cung voi 8 trang thai, vay thi
vector nao twong tng trang thai ndo s& cho két qua xac
sudt 16n nhat? Theo logic, can tinh dén 1a 168 1an ham
phan bd xac sudt Gauss, cung v6i cac thuat toan lwa
chon s& cho két qua chinh x4c. Phuong phap nay co
thé xem la phuong phap vét can. Dé cai thién diéu nay,
thuat toan Viterbi dugc md ta nhu hinh 4, dang dugc
ap dung rong rai.

Trang thai @

I

Thoi gian { ¢ ]—_
Hinh 4: giai thudt Viterbi



Kién tric vi mach ung dung nhan dang giong néi
Trich ddc trung MFCC

Phuwong phap. kién trac vi mach tiép can viéc nhan
dang giong no6i bao gom hai thanh phan trich dac trung
va nhan dang giong ndi, nhu thé hién ¢ hinh 5.

Trich dac
trurng

Mh&n dang
giong noi

¥

Hinh 5: cdc khéi chinh trong kién triic vi mach nhdn dang giong néi

Tuy nhién, khi tiép can phan cimg, c6 mot s6 van dé
nay sinh, trong d6 FFT 1a vin dé dang luu y. Dé c6 thé
giai quyét nhitng thong s6 anh huong xau dén két qua
trich ddc trung va nhan dang, viéc két hop giita khao
sat va tinh kha thi trong thuc nghiém trén 1 rat can
thiét. Mat khac, cac ngdn ngit khac nhau va dic tinh
vung mién tao nén su khac biét vé cac dic trung. Viéc
ap dat cac cau hinh cimg nhéc s& cho nhimng két qua
khong nhu mong doi.

Thure nghiém: kién trac trich ddc trung twong ty nhu
ly thuyét ti€ép can bao gdom cac thanh phan chinh voi
nhitng dac trung chi tiét da duoc khao sat trong bang 2.

Bdng 2: cdu hinh trich ddc trung MFCC

Théng sb Chon lya So sanh
Sir dung bo loc Xéc suat (%)
C6 su dung bo loc Co Co 92,7
Khong 83,3
Hé s Xéc suat (%)
e 31/32 92,2
Gia tri hé so0 bd tién loc 31/32 15716 %3
7/8 78,6
S6 diém Xéc suat (%)
S6 diém trong mot khung 160 160 92,3
80 84.4
Ti 1& (%) Xéc suat (%)
Ty 18 chdng lap 50% >0 922
- 40 90
30 87
S6 diém Xéc suat (%)
S6 diém FFT 256 160 92,3
80 84.4
Kiéu bd loc Xéc suat (%)
Céu hinh b loc MEL Vuéng Tam giac 94,5
Chir nhat 90,1
S6 bo loc Xéc suat (%)
27 94
o 26 90
S6 bo loc MEL 27 75 o1
24 89
23 90
S hé sd ceptrum 12
S hé sd nang lugong 1
S6 hé s6 cho mot vector MFCC 26
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Mo6 hinh HMM

Phuwong phdp: nhu da néu trén, viéc tinh theo khuon
mau v6i phuong phap vét can cho két qua tét nhat,
nhung do kha nang dap ung tinh thoi gian thuc nén
khong kha thi. Néu dua trén yéu cau Gmg dung cao vé
dd chinh xéc, phuong phap vét can van duoc chon lua,
nhung trén thyc té, nhitng tng dung cu thé luén doi
hoi tinh dap Gng thoi gian thuc & mirc d6 can thiét. Do
d6, dé dap ing dugc hai yéu cau khét khe nay, ky thuat
song song dugc ap dung nham ting toc do xir 1y. Tuy
nhién, k¥ thuat nay c6 diém yéu 1 qua trinh quan 1y,
diéu khién dir liéu phirc tap nén sy hao ton tai nguyén
can duoc luu y chat ché.

Mot vin dé khac can dugce quan tm khi tiép cén
phan cing theo huéng ASIC 1a céc kién trac va chirc
ning gan nhu khong thé thay d6i. Pay la mot trong
nhirng bat lgi khi tiép cin ASIC thay vi FPGA. Pé
giai quyét van dé nay, tiép can phan cing sao cho kha
ning cau hinh dong 13 diéu can thiét, dya trén mé hinh
MFCC tiép can voi mdi vector MFCC 26 chiéu. Cac
thong s6 co ban ciia mé hinh HMM ciing duoc gidi
thiéu chi tiét & bang 3 v6i kha ning thay d6i duoc.

Bdng 3: mé hinh HMM tiép cén phan ciing

Sb trang thai 8 (co thé thay ddi dugc)

S6 bo tron 4

Sb vector “mean”/“covariance” 26 (6 thé thay dbi duoc)

Thire nghiém: khi tiép can mo hinh song song co
hai giai phap nhu sau: mgt vector MFCC dugc tinh voi
nhiéu trang thai khac nhau; mot trang thai dugc tinh
v6i nhiéu MFCC khéc nhau.

Vé khia canh phén cing, s6 vector MFCC 1a khong
6n dinh cho cac mau tir dai ngén khac nhau, vi du voi
cac mau tir don, thuong khong dudi 10 vector MFCC.
Trong khi do, cdc m6 hinh HMM cho cac ngdn ngir
khac nhau c6 s6 trang thai khac nhau, nhung twong ddi
nho, s6 trang thai thuong 16n hon hodc nhé hon gan
v6i 10. Chinh vi vy, viéc ap dung co ché tinh song
song cho mdi MFCC, véi nhiéu trang thai khac nhau
mang tinh kha thi va 6n dinh cao. Mot van dé khac can
duoc quan tim 13 khéi kién tric tinh x4c suat phan bd
Gauss. Khoi nay giit vai tro khong thé thiéu trong qua
trinh tinh toan cac xac suat thanh phan twong mg véi
mdi vector MFCC va trang thai. bé c6 thé thuc hién
dugc co ché song song, kién tric chi tiét dugc ap dung
nhu hinh 6.



FLASH [~

BOnhd
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MFCC

Hinh 6: tong quan cdc module trong qud trinh nhan dang

C6 thé thay, 8 ludng song song duoc ap dung. Dé
tao 8 ludng song song ndy, bd nhé tam ding dé luu trix
mo hinh thong s6 cho mot trang thai va 8 MFCC mét
lac duoc sir dung. Chi tiét kién tric duoc md ta ¢ phan
sau:

Module Write - Mem: thuc hi¢n vi¢c doc cac gia
tri mo hinh trang thai cia qua trinh hudn luyén tir
solfware, dugc Iuu vao trong FLASH (véi cac cau hinh
st dung bd nhé FLASH duoc trinh bay trong bang 4),
cac gia tri ddc trung cia mau am thanh dugc luu trong
SRAM.

Bdng 4: cdu hinh sir dung bg nhé FLASH

Information [17]
0°; Céc thong s6 md hinh
‘1" Céc gid tri mo hinh

Word num | State num | Mixture
[16:11] [10:8] [7:6]

[5:0] Mean & Cov &

[22:18]=0 InC & aii & aij - aii

Module GCU: tinh xac suit tai 1 bd tron ciia mdi
trang thai cho timg MFCC khéc nhau, theo 8 ludng dir
liéu. Thyc hién tinh song song (theo so dd tinh toan
trong hinh 7) gitip giam thoi gian cia qua trinh tinh gia
tri x4c sudt cho mdi bo tron. Sau khi tinh duge xéac suit
cua 4 bo tron cua 1 trang thai, ta co thé thuc hién giai
ma. May trang thai (State machine) cho by GCU duogc
thiét ké nhu trong hinh 8.

| Log(b(Ox)

|
| '
Frame O | cuz ! Log (b{Or1);
. |
|

ICLI7

: i I Log (b0
I i l.“x!ﬁ)]
e ]
' |
| I |
oo L PP C PO
| cus

1 Log(bj(0w)

Frame Oy

Hinh 7: co ché tinh song song 8 luong dit liéu
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e & Read mem: -12Un

e 5 mulZ5 -> | On -y 2] (/20

0cu slate ena o
3
8
3
b
b
Sate 6 On - i)'2 12U 116,16 loop adltin)
8
3
8
3
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1s_mean_bap
Stale 1 Stake 6
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2l 7: Read mem nC (C: He 5o botron)

e 8 {[On - Moy (12) M6+ hC

e 9: Read rvem i (Stae movemenl)

e 10:(On - i)' (-U2U ) |16+ C+ i
e 11 sloe

Hinh 8: cac trang thai bé GCU tinh gia tri biot

Module Viterbi: thuat toan Viterbi vét can duogc
thuc hién cing hoa theo ding nhu giai thuat giai ma,
sau khi nhan gié tri tr bd GCU (8 ludng), ta c6 duoc 8
gid tri x4c sudt, cc gia tri ndy s& dugc tinh toan voi cac
gia tri xac sudt chuyén trang thai, chon loc gia tri 16n
nhét sau cung dugc gilr lai. Nhu vay, qua trinh duoc
1ap lai nhiéu 1an mdi khi c6 8 gia tri duoc hoan tat tir
khdi tinh GCU, viéc lap lai nay dugc mo ta boi hinh
9, dic trung cho qué trinh chuyén trang thai ctia toan
b hé thong.

—_ State(: Resat
Stafe 0 -
< State 1: Load the mformationof

wir_cal_trigge

model: Word mum,
Stata 1 state_rmom mix_mm

mean num

wir_mllida_sarus

S

vir_utota_gna

State 2:load-an

State3: Loadajj-an

Stated: Wnte
Sl

State 3: Wnte & GCU

T
| v _state_sna

State 6: Wnte & GCU & Vir

State 8

State 7:GCU& Vir

vir_uloto_ona
Stata 0

State§: Vi

wil _sliili i

Stla D

Wil _Slia_ona

Hinh 9: so do may trang thai bg giai ma VIR

State 0: Compare 8 result

State 10: Nothmg




Xéc suat 1on nhit cudi cung tuong Gmg véi chi s tir
duogc luu trong thanh ghi diém sé cudi cung. Khi két
thac, hé théng xuét ra tin hiéu “Result_ack”, cung véi
chi s6 cua tir trong thanh ghi diém sé cudi cung, d6 1a
két qua nhan dang.

Két qua va thao luan

Viéc thuc nghiém trude hét duoc mod phong vai cac
gian d6 xung clock, dam bao chirc nang dugc thyc hién
mot cach chinh xac. Sau khi xac nhén cac két qua mo
phong 14 kha quan, mét 1an nita toan bo kién trac duoc
kiém tra va chay thir trén FPGA nham dam béao chinh
xéc, tinh hién thyc. Day 13 budc khong thé thiéu trong
quy trinh thiét ké chip ASIC, doi hoi khét khe trong
cac khau kiém tra va hién thuc. Dé c6 thé kiém tra
tinh chinh xéac cta thiét ké mot cach thuc té, mot mo
hinh trén kit thuc té da dugc thuc hién. Trong mo hinh
nay, toan bd thiét ké HMM duoc kiém tra banh cach
hién thuc trén kit FPGA tu xay dung cua nhom nghién
ctru iHearTech (hinh 10) [14]. Céc két qua vé trich dic
trung, thong s6 mo hinh khong con xir Iy duéi dang file
ma dugc nap Ién cac kién trac ph?m ctmg duoc hd trg
trén kit nhu SRAM, ROM. ..

i . - . v . ARTIDDOO0N +
s .

Hinh 10: mé hinh kiém nghiém trén kit FPGA ciia nhom tac gia [14]

Lay ngau nhién mot s mau dang va sai (50 mau
bat ky) 3 mo6 phong cua thiét ké phan ctng 13n phan
mém, dem kiém tra lai trén FPGA v&i mé hinh kiém
tra trén, cho cac két qua trong dong. Diéu nay dam bao
tinh chinh xac, kha thi trong thyuc té cia hé théng. Cu
thé, két qua tiéu biéu thu duoc tir tdp mau cua nhiéu
ngudi, véi mo hinh HMM cho hé thong nhan dang da
dugc hé thong tién hanh thir nghiém véi bo tir vung
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gdém 50 tir (hinh 11), dwoc danh gia cho thay két qua
kha thi cta thiét ké.

“KHONG” “MOT” “HAI" “BA” “BON"“NAM” “SAU" “BAY” “TAM”
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“KHACH” “NGU” “BEP”,“DUNG",“B0” *QUA” “TIEP” “TUC” *TOI”
“NGHE” “MUON” “TIN” “CHAO” “BAN”

Hinh 11: b¢ tir vung can nhdn dang

Két qua nhan dang phan cimg duoc so sanh véi cac
két qua phan mém ciing nhu mé phong cho thiy, do
twrong dong 16n (92%). Pidu nay cho thiy tinh kha thi
va dg tin cay cua viéc thuc thi phf?ln cung. Sau khi cac
phuong phap kiém tra dwgc thuc hién chinh xac, thiét
ké duoc chuyén xudng tong hop va thyc hién & cac
bude vat 1y thap hon. Hinh 12 cho thay, san pham cudi
cung hoan thanh & cap do vat 1y, trén cong nghé 130
nm TSMC. Hinh 13 la chip iHearTech duogc ché tao
hoan chinh ctia nhom nghién ctru iHearTech chiing t61
[14].

T S

iHedrTech
XC.01.23/13-15
iHedr Tech, HOMUT-VAU
15016013
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Hinh 13: chip iHearTech duoc ché tao hoan chinh [14]



Két luan

Nhom nghién ciru di trinh bay kién triic vi mach
dugc thiét ké theo quy trinh ASIC, trén nén cong nghé
130 nm TSMC, tng dung trong nhan dang giong nodi
tiéng Viét. Cac két qua kiém tra theo quy trinh ASIC
cling nhu trén FPGA cho xac suat nhan dang cao, thoi
gian dudi 1 gidy, dap img yéu cau khét khe vé thoi gian
thuc trong cac tmg dung cu thé.

Céc phat trién tng dung cu thé, tich hop san pham
vi mach, s& duoc tiép tuc dé hudng dén nhing gia tri
thiét thuc trong cudc séng. Bén canh do, kién triic vi
mach dé xuét ciing s& duoc nghién ctru va phat trién
v6i cac dinh hudng nghién ctru ti wu vé cong suat, te
do cling nhu cac ung dung cau phuc tap.
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Mot cau trac méi cta bo khuéch dai VGA
cong nghé CMOS

Tran Dinh Lam’, Lé Ky Bién, Nguyén Manh Cudng
Vién Pién td, Vién KH&CN Quan su, B6 Quéc phong

Ngay nhan bai 31.3.2015, ngay chuyén phan bién 6.4.2015, ngay nhan phan bién 27.4.2015, ngay chap nhan ding 4.5.2015

Nghién ciru nay dé xuit mét ciu tric cho bd khuéch dai c6 hé s6 khuéch dai cé thé bién doi (Variable gain
amplifiers - VGA) sit dung cong ngh¢ CMOS 0,35 pm. Nhim tiing tinh chong nhiéu va tinh tuyén tinh, bd
VGA dugec thiét ké dua trén cau hinh by khuéch dai vi sai (KDVS). H¢ so khuéch dai dwgc thay doi theo
ham mii gia dua trén bién doi nguon dong cung cap cho mét cap vi sai tai mac theo kiéu diode-connected.
Cac két qua mo phong cho thay, hé so khuéch dai cé thé thay doi lién tuc va tuyeén tinh tir 8 dB dén 21 dB
khi dién ap dieu khién thay doi tir 1,4 V den 3,8 V, bang thong ciia by VGA dé xuat 1a 16n hon 250 MHz.
Tir khéa: bé khuéch dgi 6 hé sé khuéch dgi cé thé bién déi (VGA), bp KPVS, cong nghé CMOS, hé so
khuéch dai theo ham mii.

Chi sé phin logi 1.2

A NEW STRUCTURE OF THE
VARIABLE GAIN AMPLIFIER
USING CMOS TECHNOLOGY

Summary

This paper proposes a solution for a variable
gain amplifier (VGA) using 0.35 pm CMOS
technology. In order to increase linearity and
noise performance, the VGA has been designed
based on the configuration of differential
amplifier. The gain is altered under a pseudo-
exponential function following the control of
a current source supplied to a source-coupled
differential pair with diode-connected load.
The simulation results indicate that the gain
is varied continuously and linearly in a range
from 8 dB to 21 dB when the controlled voltage
varies from 1.4 V to 3.8 V, and the bandwidth
of the VGA is proposed higher than 250 MHz.

Keywords: CMOS, differential amplifier,
exponential gain, VGA.

Classification number 1.2

* Tac gid chinh: Email: lamtdvdt@gmail.com
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pat van de

B khuéch dai c6 h¢ s6 khuéch dai bién doi VGA
dugce Gmg dung rong rai trong cac hé théng xu 1y tin
hi¢u, dac biét trong linh vuc thong tin vo tuyén. bé
nang cao tinh ning ciia VGA nham dap tng cho cac tmng
dung doi hoi diéu khién hé s khuéch dai véi d6 chinh
xac va do tuyén tinh cao, ciing nhu giam gia thanh san
xuét, cac bd VGA thuong dugc thuc thi trén cong nghé
ban din Complementary metal-oxide-semiconductor
(CMOS) v61 mure do tich hop ngay cang cao [1].

Trong cong ngh¢ CMOS, nhin chung cé hai phuong
phap chinh dugc str dung dé diéu chinh hé sé khuéch dai,
phan loai theo tin hi¢u diéu khién 1a rdi rac hay lién tyc
[2]. Cac bd VGA véi tin hiéu diéu khién sb str dung mot
chudi cac dién tré hodc tu dién chuyén mach dé thay ddi
hé s6 khuéch dai, nhu trinh bay trong hinh 1. Véi phuong
phap nay, hé sé khuéch dai duoc bién ddi mot cach roi
rac theo tin hiéu diéu khién s6 (1a cac chudi bit dau vao),
dan dén tin hiéu dau ra thay doi khong lién tuc. Hon nita,
néu can ting d6 phan giai cua hé s6 khuéch dai thi phai
tang so bit diéu khién, tirc 1a can phai sir dung mot mang
chuyén mach 16n. Piéu nay s& lam ting do phtc tap cua
mach dién. Do vay, cac VGA duoc diéu khién bai tin hiéu
tuong tu voi hé sb khuéch dai thay ddi lién tuc duoc st
dung nhiéu hon.
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Hinh 1: so do VGA véi hé sé khuéch dai dwoc diéu khién
theo phirong phap s6 [2]

Véi cach tiép can hé sé khuéch dai duoc thay dbi
lién tuc, c6 4 phuong phap didu khién hé s khuéch dai
cua mot bd VGA [1, 3], nhu trong hinh 2, bao gém: (a)
bién ddi dién tro hoi tiép, (b) bién d6i hd dan cua cac
phan tir CMOS hoat dong trong viing bio hoa, (c) bién
d6i dién tro tai, va (d) bién ddi dién tré suy giam (cac
phan tir MOS hoat dong trong ving tuyén tinh).

Bias
Network | =

8
" b

Hinh 2: cdc cau tric cho bd VGA véi hé s6 khuéch dai bién doi lién tuc [3]

Vi cach mac bién ddi dién tré hodi tiép (hinh 2a)
thi hé s6 khuéch dai cua bd VGA duoc thay d6i nhd
thay d6i gia tri ctia dién tro hoi tiép R, Bién tro nay c6
thé dugc thiét ké ¢ dang phan tir ban dan (Transistor)
truong (Field-effect transistor - FET). Giai phap nay
mang lai diém chin bac 3 (Third-order intercept point
- IP3) cao, tuy nhién c6 nhuoc diém 1a 6 6n dinh thip
va pham vi diéu khién hé sé khuéch dai hep.

Giai phap tiép theo (hinh 2b) sir dung mot mang
thién ap dé thay doi hé s6 khuéch dai bang cach thay
d6i cac dong thién 4p cua cac bong ban dan diéu khién
(qua d6 thay d6i hd dan cta no). Cach tiép can nay co
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loi thé 1a tap am thap, nhung nhugc diém 1a do tuyén
tinh cta bo khuéch dai phu thude 16n vao dong thién
ap.

Phuong phap thir ba 1a sir dung cac bong ban dan
ghép cascode vi sai dé diéu khién dong dién qua tai R,
(hinh 2¢). Uu diém ctia phuong phap nay 1a pham vi
diéu chinh hé sb khuéch dai cao, tuy nhién nhugc diém
1a ¢6 xu hudng bi anh hudng boi tap nhiéu nhiéu hon
s0 voi cac phuong phap khac.

Cach tiép can tht tu (hinh 2d) c6 thé coi nhu mot
bién thé cua giai phap thi ba. Thay vi sir dung céc
bong ban dan bo sung nham thay doi gia tri dong qua
tai, hé s khuéch dai dugc bién ddi béng cach giam
dong dién trong cac bong ban dan ghép ting (cascade)
M2 va bong ban dan diéu khién chinh M1.

Trong cac giai phap néu trén, giai phap bién doi
dién tro suy giam c6 nhiéu wu diém vuot troi 1a cho do
tuyén tinh cao, tap nhiéu thap va mirc d¢ tiéu hao ning
luong thap, vi cac dién trd suy giam cuc ngudn khong
1am ting cac dién 4p headroom (dién ap t6i thiéu gita
cuc mang va cuc ngudn cta ban dan dé dam bao ban
dan hoat dong trong viing bio hoa) trong cac by KDVS
don gian.

Hon nira, nhu trinh bay trong [4], viéc can nhic st
dung cac bo KDVS hay khuéch dai don cuc dé dam
bao chi ti€u k¥ thuat la rat quan trong. Mac du cac bo
khuéch dai don cuc chi tiéu hao mot nira cong suat va
dién tich die (khuon duc) so véi cac bd KDVS, nhung
cac bd khuéch dai don cuc nhay cam vé&i d6 hd cam
cuc dat va tré khang cua chit nén (substrate) hon céc
bd KDVS. Bic biét, tinh cam cua chit nén anh huong
manh t61 mat phan cyc ngugc va tham chi dén tinh
on dinh cta bo khuéch dai. Ngoai ra, cac bd khuéch
dai don cuc nhay cam voi nhiu ngudn va chat nén
hon rat nhiéu so vé&i cac bo KDVS. Nguoc lai, cac b
KDVS c6 kha ning loai b cac nhiéu ché 46 common-
mode (CM). Céc wu diém nay cua cac bd KPBVS lam
don gian hoa rat nhiéu thiét ké ciia mot hé thong thu
phat hoan thién. Do do, trong pham vi nghién c1'm nay,
chung toi dé xuat bo VGA 1a sy két hop giita cau tric
vi sai voi mé hinh cach méc suy giam cuc ngudn.

Cau tric bd VGA dé xuat

Trong phan nay, so d6 nguyén 1y mot by VGA hoat
dong trong dai tan cong tac Ién dén 250 MHz theo



cong nghé CMOS 0,35 pm duoc xdy dung. Trong thiét
ké VGA dé xuit, hé s khuéch dai dugc bién ddi dya
trén quy luat ham mi gan dung.

Co s6 Iy thuyét

Nhu trinh bay trong [2], bién d6i chudi Taylor cho
ham mi ¢ thé duoc biéu dién nhu sau:

1+ ax
1—ax

f(x)=e’" = )

Vi |ax| << 1, phép bién do6i nay co thé dugc xap
xi nhu sau:

2
2 (a)

— plax
f(x)=e" =1+ I X+ 5
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=%[1+(1+2ax)2]

=
=
=
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Hinh 3: dé thi mé ta ham mii Iy twéng va xap xi [2]

Db thi hinh 3 m6 ta mbi quan hé ciia x va f{x) theo
dB, dong thoi so sanh voi cong thirc ham mil 1y tudng.
Nhu d3 thiy, pham vi bién thién tuyén tinh ctia phép
tinh xap xi ham mil 13 kha rong, khoang 20 dB (tir -5
dB dén 15 dB). Vi quan hé I/V cia CMOS ban din khi
hoat dong trong viung bao hoa tuan theo ham mi bac
hai, kha gan vé6i cong thire (2), nén cach tinh ham mil
xép xi ¢6 thé duge hién thuc boi quan h¢ I/V cua ban
dan. Nham méo rong pham vi bién d6i hé sd khuéch
dai 16n hon 20 dB, cac ting khuéch dai gidng nhau c6
thé duoc ghép tang. Do vay, phuong phap nay thuong
dugc ap dung cho thiét ké VGA.
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Hinh 4: so d6 nguyén 1y bé VGA dé xudt

So d6 nguyén 1y cho bd VGA nhu trong hinh 4.
Trong do, tit ca cac ban din hoat dong trong ché do
bdo hoa, cac cuc bulk ctia cac P-MOS duge nbdi véi
V_,, trong khi N-MOS dugc néi véi GND. Té bao
khuéch dai bao gom cip két ndi cuc ngudn source-
couple dau vao (M, va M) v6i cac tai diode-connected
(M, va M,), voi kich thuée cia M, va M; M, va M,
bang nhau, cac dong qua cdp ban dan dau vao va tai
1a hang sb va bang cac ngudn dong P-MOS M. va M.
B diéu khién hé s6 khuéch dai dwoc xay dung tir cap
két ndi cuc ngudn M, -M,,. Co ché diéu khién hé sb
khuéch dai dat duoc bang cach dung nguyén Iy guong
dong dién tir cac dong dau ra vi sai ctia khdi diéu khién
khuéch dai, dén cdc dong dudi (M, va M,) clia cip két
ndi cyc nguon va cap vi sai tai. Cac ban dan dung cho
guong dong dién 1a cic phan tir kénh dai dé dat duoc
do chinh xac tt hon.

Mach héi tiép ché d6 CM (Common - Mode
Feedback - CMFB) duoc xiy dung boi cic ban dan
M,, - M,.. Mot van dé véi bo VGA la dién ap du ra
mot chiéu thay doi voi cac hé s6 khuéch dai khac nhau.
Vi voi thiét ké VGA da tang, dién ap dau ra mot chiéu
clia tAng nay sé& thién ap cho tang VGA phia sau. Néu
VGA khong thé dua ra mot mirc dién ap DC chinh
xac va 6n dinh & dau ra, né sé dinh thién cac tﬁng
phia sau tai céac diém 1am viéc khac nhau voi cac hé
s6 khuéch dai khac nhau. Véi so d6 VGA da dua ra,
su bién thién cua dién ap DC dau ra la trong ddi nho
v6i cac hé sb khuéch dai khac nhau, do céac dong dién

10



qua cac ngudn Q(‘)ng,tao bfri M, va M, 1a h'flr}g s6. Tuy
nhién, duong hoi tiep ché 4o CMFB van can thiét vi
dau ra DC rat nhay cam véi nhing bién d6i ctia mirc
common-mode cua dién ap didu khién. Do vay, khong
gidng cac phuong phap khéc, khi gia tri tai dau ra thay
d6i v6i cac hé sé khuéch dai khac nhau, mach VGA dé
xuat v6i duong hoi tiép CMFB khong anh hudng dén
chiic nang khuéch dai cuia mach.

Véi phuong phap CMFB nay, cac ban dan M, . M,,
(lam viéc ¢ vung triode) va tu dién C_dugc su dung
dé cam nhén su bién ddi mic CM dau vao. Cac ban
dan M, - M, hinh thanh mét tang khuéch dai va hoi
tiép do sai I¢ch cua dién &p CM va tin hi¢u tham chi¢u
nham diéu khién cac ngudn dong duoc tao ra boi cac
ban dan P-MOS M, va M.

Tinh todn hé so khuéch dgi

B6 khuéch dai nay don gian 1a mot bo khuéch dai
cap vi sai ndi cuc nguén vOi cac tai diode-connected.
Khi cac ban dan lam viéc & ché do bao hoa, luat bac
hai cho quan h¢ I/V dugc ap dung. Khi cuc bulk cua
tat ca cac ban din M, - M, duge ndi GND, hé s6 KBVS
dugc xac dinh bang ty so gitra ho dan dau vao va ho
dan tai [5]:

A _ gmfinput _ luncox (W/L)llz
V 1,C, (WL, 1,

3)

gm—load

Trong d6: p_la do linh dong cua dién tir trong chat
ban dan; C__la dién dung tong gitra cyc cong cua ban
dan va GND; W, L 1an luot 1a chi¢u rong, dai cua phan
tr ban dan; L lan lugt 1a dong cyc mang cua M, M,

tuong (mg voi ngudn dong cung cap cho cic phan tir
dau vao, va phn tir tai: K = /M

wiL),
LA ¢ L
VB"'VC‘{ }‘ VB'VC
Ml M2

s

Hinh 5: mach diéu khién hé sé khuéch dai
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Cac ban dan M, va M, dugc dinh thién dé hoat dong
trong‘vfmg 1350 hoa tai dién ap V,,, va dugc ap mot dién
ap diéu khjén vi sai V.. Nhu vy, so sanh V('):i dién ap
thién ap cap cho M, M, trong hinh 5, c6 mdi lién h¢
sau:

VB — VCont + Vb[as4
2

V on _Vias

Vc — _ Cont 2 bias4

Cac dong I va I, qua cac ban dan M, va M, duoc
cho nhu sau:
[i :Kn(VB +VC _Van)2

Il :Kn(VB _Vc _VTn)2

Trong do, K, = H,Cox K
2 L

Nhu vdy, ty 1& ciia dong dau vao va dong qua tai
duoc tinh boi:

“

Hay c6 thé viét lai:
V — Vb[as4

Cont
VC

ont + Vbias4 - 2I/Tn
Thay (4) vao (3), hé s6 khuéch dai la:

1+x

)

A =K
1-x

Nhu vay, cong thue (5) c6 dang nhu cong thic (1).
Tir d6 thi hinh 3 cho thiy, pham vi diéu khién hé sb
khuéch dai trong ving tuyén tinh dat tir -5 dB dén 15
dB bang cach thay ddi x. Thém vao d6, néu mudn tinh
tién hé s khuéch dai 1én thi c6 thé thay ddi ty 1 kich
thude K giita ban din dau vao va ban din tai. Hé sb
khuéch dai s& dich 1én 3 dB néu K tang gip doi.

Mot céch cu the, gia st K = (W/L), /((W/L),, = 2;
Vi = 1,073 V;va VvV, =0,8 V thi h¢ s6 khuéch dai ciia
bd VGA bien thién theo di¢n ap dicu khién V_ nhu
chi ra trong hinh 6.

1n



)
[

Heé 56 khuéch dai bién thién theo dién 4p diéu khién

— —a
(] ] (]

HEé =6 khuéch dai, Av
[

10 i i i i i i

0 0.5 1 15 2 2.9 3
Dién ap dicu khién, Vcont(V)

Hinh 6: méi quan hé giita hé s6 khuéch dai va dién dp diéu khién

Két qua mo phong, phan tich va thao luan

Pé kiém ching cac két qua tinh toan trén, cong
cu moO phong LT-SPICE cua hang Linear Technology
duoc st dung. O day, chiing ta s& phan tich hoat dong
tin hiéu nho AC khi diém 1am viéc DC duoc thién ap
nhu mong muén. Phan tich AC duoc thuc hién trén
mién tan s6, & d6 dap Gmg tin hiéu nhé AC dugce tinh
toan sir dung céac tinh toan s hoc phirc tap. V&i mo
phong nay, chung ta c6 thé khao sat duoc thay ddi cua
hé sb khuéch dai theo dién ap dau vao diéu khién. Céc
dién ap duogc cip cho dau vao V,.vaV,  nhusau:

V. =2,5+0,001sin(2m.250.10°1) (V)
V. =25()

Nhu véy, cac thanh phan mot chidu trong ngudn tin
hi¢u dau vao V_ va V. dam bao cdp vi sai dugc thién
ap O dién 4p mot chiéu 2,5 V. Diéu nay dam bao 2
transisor M, va M, hoat dong trong ché do biao hoa.
Vi ngudn tin hidu dau vao nay, tin hiéu vi sai cap cho
mach VGA la tin hiéu dang sin c6 tan s6 250 MHz:

V,, = 0,001sin(2x.250.10°.1) (V)

Hinh 7 thé hién két qua m6 phong dic tuyén bién
dd - tan sb ctia bd VGA cho mét s6 gia tri dién ap diéu
khién. Cac két qua nay cho thay, hé s6 khuéch dai cua
bd VGA bién thién tir 8 dB dén 21 dB véi dién ap diéu
khién tang tir 1,4 1én 3,8 V mot cach tuong ung. T
hinh cho thay, bang tan hoat dong 3 dB ctia bo VGA 1a
xap xi 250 MHz.
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16.d8

12481

Veont=1,4V

0dB

. o
100 e 16l 106l

o —t m T o T - A
Hinh 7: dic tuyén bién do -;a‘n sro”' ciia bé VGA véi dién dp
diéu khién bién thién
Hinh 8 cho thay su thay ddi cua hé s6 khuéch dai tir
8 dB dén 21 dB theo dién 4p diéu khién 1a x4p xi tuyén
tinh va lién tuc trong toan dai 1,4-3,8 V.
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He so khuyech dai bien thien theo dien ap dieu khien
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Dien ap dieu khien, Vcont(\V)

Hinh 8: su bién thién ciia hé 56 khug‘c;z dai theo dién dp
tin hiéu dieu khién

Khi mudn ting dai bién doi cua hé sé khuéch dai,
c6 thé thyc hién ghép tang nhiéu bo khuéch dai don lai
v6i nhau. Hinh 9 cho két qua mé phong cuia mdi quan
hé bién do - tan s6 cho bo VGA hai tang véi dién ap
diéu khién ciing bién thién trong dai 1,4 dén 3,8 V. Khi
d6 hé s6 khuéch dai tang tir 22,5 1én 42 dB. Tuy nhién,
nhugc diém 14 biang thong bi giam xudng con xap xi 60
MHz cho toan dai diéu khién.
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Hinh 9: ddc tuyén bién d¢ - tan so cua bo VGA 2 tang
Sau khi thyc hién mo phong, bo VGA dé xuét duoc
thuc thi vai cong nghé CMOS 0,35 pm. Trong hinh 10
mo ta layout ctia die, co thé thiy kich thudc cua chip
tuong ddi nho, xap xi 0,033 mm>

0,2611

280

Hinh 10: layout chip VGA dé xudt chua c¢6 bonpads

Bang 1 1a két qua va so sanh hiéu ning ciia bd VGA
do nhém tac gia dé xudt véi cac cong trinh nghién ciru
khac. Nhu vdy, ching ta thay rang cong trinh [1] ¢ sur
vuot troi vé bang thong, didu nay co thé giai thich la
[1] da st dung cong nghé cao hon (CMOS 0,18 pm).
Mic du, véi cong nghé cao hon va véi dién ap cung
cap thap hon, nhung cong suat tiéu thy Ia twong duong
v6i bd VGA duogc dé xuit trong nghién ctru nay. Dai
hé s6 khuéch dai didu khién 13 trong duong. Cac cong
trinh [3, 6, 7] cung su dung cung cong ngh¢ CMOS
0,35; ¢6 dugc dai hé s khuéch dai 16n hon, nhung
bang thong thip hon nhiéu so véi giai phap cta ching
t6i. Mac du st dung ngudn cung cap 5 V, nhung két
qua md phong cho thay cong suét tiéu thu cia mach
VGA dé xuét (7 mW) la & mirc trung binh so véi cac
cong trinh khac.
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Bdng 1: tong hop va so sanh hiéu ning ciia bé VGA dé xudt

Tham sb n 13] 16] 171 Pé xuit
Cong nghé (um) 0,18 0.35 035 035 035
Ngudn cung cp (V) 18 3 1,65 18 5
Bing thong (MHz) 2000 10 49 175 250
Dai hé s6 khuéch dai 51206 | 022 | 02213 -18+18 8:21
Dai di¢n ap didu khién (V) | 09+18 | 01,1 1=0,1 | 00075042 | 1438
Cong sudt (mW) 8 35 - 27 7

Két luan

Trong nghién ctru nay, bo khuéch dai c¢6 hé sd
khuéch dai c6 thé thay d6i VGA str dung cong nghé
CMOS 0,35 pm duge dé xuit. Trén co so phan tich,
tinh toan bd VGA dugc thiét ké dua trén cdu hinh bd
KDVS nhim ting tinh chéng nhiéu va tinh tuyén tinh.
Trong d6, hé s6 khuéch dai dugc bién d6i dua trén
bién dbi ngudn dong cung cap cho mét cip vi sai tai
mic theo kiéu diode-connected. Vi thiét ké nay, hé sb
khuéch dai ciia bd VGA duoc bién d6i mot cach lién
tuc, dua trén quy luat ham mii gan ding thong qua thay
dbi gia tri dién ap diéu khién dau vao. Cac két qua md
phong cho thdy hé s6 khuéch dai co thé thay doi tir 8
dén 21 dB khi dién ap diéu khién thay doi tir 1,4 dén
3,8 V. Uu diém cta bd VGA nay la cho phép hoat dong
& tan s6 cao v4i cong sudt tiéu thu trung binh. Dai tin
s6 cong tac cho phép ciia bd VGA dé xuat 1a 0 dén 250
MHz, nhu két qua md phong dua ra. Mot uu diém nita
ctia so d6 mac nay la dai dién ap du vao va dai dong
dau ra c6 thé duogc tinh chinh mot cach d& dang, diéu
nay rat phit hop voi thiét ké may thu khi muec tin hiéu
dau vao bién doi 1on.
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Siéu ran: trang thai méi cuia vat chat

Dang Dinh Long’, Pham Thanh Dai
Khoa Vat ly ky thuat va Cong nghé nano, Truong Pai hoc Cong nghé, Pai hoc Quéc gia Ha Noi

Ngay nhan bai 26.4.2015, ngay chuyén phan bién 28.4.2015, ngay nhan phan bién 1.6.2015, ngay chdp nhan ding 28.6.2015

Siéu rin 12 mot khai niém dé chi mot trang thai di thwdong ciia vat chit dwoc dwa ra tir hon nira thé ky
trwée nhung khong cé bang chirng thue nghiém cho thiy c6 sy ton tai ciia trang thai nay. Mii dén nim
2004, nhém cia Kim va Chan tai Dai hoc Penn State (Hoa Ky) méi cong b6 tim thiy trang thai nay trong
hé Helium-4 nhung cho dén nay sy ton tai ciia trang thai nay vén con la d@ tai tranh lun séi noi véi nhidu
y kién trai chiéu. Bai bao nay dwa ra cac khai niém co ban c6 lién quan dén trang thai siéu rin, cac dic
trung ciia nd cung cac diéu kién quan trong dé c6 thé quan sat thwe nghiém giup cho viéc nhan thirc vé
trang thai di thwong nay dwoc sing té6 hon. Ngoai ra, bai bio ciing chi ra mét hé vat Iy kha thi c6 thé quan
sat dwgc pha siéu rin, dé 12 mang quang hoc. Cudi ciing, bai bio dwa ra cac thao luiin vé cac trang thai di

thuwong khac ciia vat chat kém theo cac kién nghi.

Tir khéa: helium-4, hé twong quan manh, mang quang hoc, pha di thwong, pha siéu chdy, pha siéu rin.

Chi sé phén logi 1.3

SUPERSOLIDITY: A NEW STATE
OF MATTER

Summary

Supersolidity is an exotic phase of matter which has
been proposed for a half of century. Unfortunately,
there is a lack of evidence of its existence. Until 2004,
there was a claim of finding this state in an experiment
with a solid He-4 system established by Kim and
Chan at Penn State University, USA. However, there
is still many controversial discussions around this
claim, and the existence of supersolid phase is still a
mystery in science. In this paper, the authors propose
several fundamental concepts associated with the
supersolidity as well as its characteristics. Moreover,
the authors also show the important conditions to
achieve this phase in experiments and shed the light
to this mysteric phase of matter. Finally, the authors
discuss the potential experiments which can be a host
for the supersolid phase and the other exotic phases

Keywords: exotic phases, helium-4, optical lattice,
strongly correlated system, superfluidity, supersolidity.

Classification number 1.3
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Trang thai siéu ran la gi?

Viéc tim kiém céc cac pha méi ctia vat chat 1a
mot nhu cau tt yéu cua cong dong nghién ctru vat
1y n6i chung va vat 1y chét rin noi riéng. Nhing
nghién ctru co ban nay mgt mat co6 tac dung thic
déy phat trién khoa hoc va cong nghé, mat khac no
¢6 tac dung dwa nhén thirc cta chung ta vé thé gioi
vét chat 1én mot tAm cao mdi.

Trude khi tim hiéu vé trang thai siéu rin, ching
ta can hiéu cac trang thai quen thudc hon. Nhu
chung ta da biét, trang thai thuong gip cua vét
chat 1a ran, 1ong, khi hodc plasma nhung ciing ¢
rat nhiéu trang thai khac thuong hon cua vat cht,
nhu trang thai siéu dan hay trang thai siéu 1ong clia
mot déng vi Helium (He-4 - mdt loai hat boson)
tai nhiét do thap, vi du: duéi 2,17 K. Tinh chat
siéu chay ciia He-4 1an ddu tién duogc biét dén vao
nam 1937 nho phat hi¢n cia nha vat Iy nguoi Nga
Pyotr Kapitza [1] d@ mo ra mot hudng nghién ctru
moi trong vat 1y chat rin nhdm tim kiém cac pha
di thuong cia vat chat cho dén tan ngay nay. Su
hap din trong viéc nghién clru céc tinh chat siéu
chay dén tir y nghia ctia n6 trong viéc minh chimg
cho vai trd cta tuong tac trong co hoc lugng tir.



Can cht ¥ rang, vai trd ciia cic twong tac nay khong
thé hién rd nét & cac hé co hoc ¢d dién, vi du nhu cac
hé¢ vat 1y co kich thude 16n (h¢ vi mo) hodc hé khi &
nhiét do cao...

Trong nhitng nam gan ddy, nghién ctru con chi ra su
hinh thanh pha siéu chay khong nhiing dugc tim thy
& cac hé hat boson ma con c¢6 kha niang tim thay trén
cac hé hat fermion nhu hé hat He-3 (mot déng Vi cua
Helium nhung 1a hat fermion) [2]. Ngoai ra, trong vat
ly thdng ké lugng tir chung ta con biét dén mot hién
tuong dac trung cho cac hat boson nhu sau: khi nhiét do
duoc ha Xuéng dudi nhiét do toi han (nhu trong truong
hop cta He-4 13 2,17 K), céc hat boson ¢6 thé ciing ton
tai trong mdt trang thai lugng tir véi muc nang lugng
thip nhat goi 1a hién twong ngung tu Bose Einstein.
Diéu nay hoan toan khac vdi cac hat fermion bi quy
dinh bdi nguyén 1y loai trir Pauli. Duong nhu c6 mot
mdi lién hé gitra hién tugng ngung tu Bose Einstein va
tinh siéu chay nhung dang tiéc 1a cho dén nay van chua
c6 ai chi ra su lién hé d6 thuc su nhu thé nao. Ngoai
ra, ching ta con biét rang: khi nghién ciru chuyén pha
hodc dac trung pha thi tham sb trat tu 1a mot tham sd
vat 1y quan trong bac nhét va khong thé thiéu duge. O
khia canh ly thuyét, pha siéu chay cling nhu ngung tu
Bose Einstein dugc dac trung boi su ton tai ciia tham
sO trat ty ngoai duong chéo tam xa (Off Diagonal Long
Range Order - ODLRO) dé phan biét voi tham so trat
tu theo duong chéo (Long Range Order - LRO) dac
trung cho cac nguyén tur bi dinh x trong céc niit mang.
Y nghia cta khai niém dudng chéo va ngoai duong
chéo xuat phat tir cac dic trung cua tuong tac trong ma
tran cia Hamiltonian dac trung cho hé. Cu thé 1a: sb
hang mo6 ta ma tran thé nang co6 dac trung la ma tran
duong chéo, cac sd hang ngoai dudng chéo déu bang
khong. Nguoc lai, sb hang mé ta ma trdn dong ning
c¢6 ddc trung 12 ma tran dudng chéo bang khong, con
céc s6 hang ngoai duong chéo thi khac 0. Nhu chiing
ta théy, hai tham sé trat tu nay phu dinh nhau va trudc
day nguoi ta khong cho rang hai tham sé trat tu nay
c6 thé ddng thoi ton tai. Noi cach khac, khong thé co
mot pha c6 dong thoi ca hai tham sd trat ty trén. Tuy
nhién, trong qua trinh phat trién nghién ctru Iy thuyét
va thyc nghiém ddi voi cac hé boson lai cho ra két
qua dang kinh ngac. D6 1a c6 thé dong thoi ton tai hai
tham sd trat tw néu trén trong cling mot pha, va thuat
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ngit pha siéu ran ra doi dé chi sy dong ton tai ca hai
tham sd trat tu nay. Diéu tha vi 1a trang thai siéu rin
lan dau tién dugc goi tén bai Penrose va Onsager tir
nam 1956 nhung khong phai dé minh chimg cho su ton
tai cia n6 ma 1a dé bac bo n6. Ho 1ap ludn va két luan
rang, khong thé ton tai trat ty ODLRO trong cac chat
ran két tinh. Tuy nhién, Andreev va Liftshitz (1969) va
Chester (1970) da dé xuat birc tranh khac bang cach sir
dung mé hinh cua cac sai hong mang nham giai thich
cho kha nang ton tai cua pha siéu rin nay [2, 3]. Lap
luan cua ho dua trén quan diém cho ring, cac sai hong
mang & nhiét d6 thip tré nén linh dong va c6 thé 1a tng
ctlr vién s6 mot cho trang thai nén v6i mic nang lugng
thip nht cua cac hé luong tir nhu He-4. O nhiét do
thip, do kha niang linh dong nén cac sai hong nay co
thé chuyén dong khong c6 ma sat va di vao trang thai
ngung tu. Tuy nhién, sau nhiéu nd lyc tim kiém thyuc
nghiém déu that bai thi dén nim 2004, mét cudc bung
nd trong nghién ctru pha siéu rin xay ra ngay sau khi
E. Kim va W. Chan cong b da thanh cong trong viéc
quan sat thuc nghiém thay pha siéu rin [4]. Pang tiéc
1a cho dén nay, hién tugng nay van con gay ra rat nhidu
tranh cai [5]. Mgt trong nhitng nguyén nhan gay tranh
cdi d6 1a He-4 trong thi nghiém co6 chtra nhiéu tap va
cac tham s vat 1y khong diéu khién duge. Noi cach
khéc 1a h¢ He-4 khong sach va khong kiém soat duoc.
May mén 12 mot nhom cac nha khoa hoc da dua ra kha
nang phat hién dugc cac pha di thuong nhu pha siéu
chay, pha rin trong mang quang hoc trong qué trinh
nghién ctru cac tinh chit cua hé nay. Cac phat hién nay
da mé ra mot 16i thoat cho viée tim kiém pha siéu ran
trén mang quang hoc. Thuc té 1a mang quang hoc duoc
hinh thanh do cac chim laser cting tan s6 chiéu d6i dau
vao nhau dé hinh thanh nén céc séng dimng véi cac hd
thé nam tai cac vi tri day song. Cac nguyén tir & nhiét
d6 thap co thé bi giam cam trong cac hd thé nay. Ciing
boi 1y do 13 cac hd thé trong mang quang hoc c6 cau
trac giéng cac mang tinh thé nén nguoi ta sir dung khai
niém mang quang hoc dé chi ciu trac mang cua hé
thdng quang hoc nay va quan niém né nhu moét mang
nhan tao. Uu diém ctia mang quang hoc 1a d6 tinh khiét
so v6i He-4 va kha ning kiém soat timg tham s cua
hé bang cach thay doi cuong do cac chum laser. Can
cht ¥ rang, mang quang hoc khong giéng nhu mang
tinh thé hoan toan vi khoang cach giita cac hd thé dic
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trung cho nit mang (cd nura budce song laser, vi du 300
nm véi laser do) gip hang nghin lan khoang cach cac
nguyén tir trong tinh thé. Cong ddng nghién ciru vé
cac pha di thuong va dac bi¢t 1a nhitng nhém dang
tim kiém pha siéu rin ky vong s& quan sat thiy pha
nay xuat hién trong mang quang hoc do mang quang
hoc sach va d& kiém soat hon. Hé qua 1a cac két qua
s€ dang tin cay va gay tranh cai it hon. Vi vay, viéc
nghién ctru cac dac trung va kha nang hinh thanh cac
pha trong mang quang hoc tré thanh mot dé tai mang
tinh thoi sy nong hoi trong nhitng nim gan day. Cau
hoi dit ra 1a cac yéu té ndo anh hudng dén qua trinh
hinh thanh pha luong tir va sy chuyén pha giita chiing
duoc kiém soat nhu thé nao?

Trang thai siéu ran cia Helium

Mudn hiéu vé dic trung cta cac pha, chiing ta can
hiéu su hinh thanh cia cac pha va yéu té vat 1y nao
diéu khién co ché hinh thanh cic pha d6. Ngoai ra,
su bién doi tir pha niy sang pha khac hay con goi la
su chuyén pha 1a su thay doi trang thai tir mirc d6 ddi
xtng nay sang mirc d6 d6i xtimg khac. Khong phai su
chuyén pha nao ciing gidng nhau, vi du chuyén pha tir
trang thai siéu long sang trang thai ran 1a chuyén pha
loai hai, trong khi chuyén pha tir trang thai siéu rin
sang trang thai rén lai 1a chuyén pha loai mot.

Tham sé trit tw trong pha rin

Trong tinh thé vat ran, cac nit mang - vi tri ctia cac
nguyén tir - dugc sap xép mot cach trat ty tudn hoan
trong khong gian ba chiéu. Dé dic trung cho vi tri cia
nat mang trong tinh thé, ngudi ta str dung gia tri trung
binh ctia ham mat do dinh xt o(7) cta cac hat trong
khong gian QQ nhu sau:

:—Id3rp(r) (1)

Dbi véi cac pha khong co sy pha vd bét bién tinh
tién lién tuc (pha 16ng hodc khi) thi p(r)=p va do
léch mat do dinh xtr: 5p = p(r)— p =0. Tinh trat ty

dugc biéu dién thong qua didu kién tuan hoan:
Sp(r) = 8p(r+T) véi vecto T'la vecto mang tinh thé.

Tiép dén, chiing ta xét khai trién chudi Fourier Sp(r)

trong khong gian ba chiéu theo tap hop vecto k dac
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trung cho mang tinh thé:

pB) =~ [drop(rye ™ @)
Q

Thuyec té 1a gia tri binh phuong caa £(k) cho ta hé
sd cAu trac tinh S (l:t) . Hé s6 nay mo ta cac dinh cua
cuong do tan xa cta anh sang trong tinh thé. N6 ¢6 lién
hé vdi G 1a vecto mang dao theo cong thire: G.T = 27n
(n 13 s6 nguyén). O day, hé s ciu trac tinh 1a mot tham
s6 trat tu dé mo ta trat tu rin cua tinh thé. Noi cach
khéc, hé s6 ciu truc tinh 1a dic trung cho trat tw dudong
chéo DLRO, hay su phé v& d6i xtng dich chuyén. Can
chuy réng, mot hé qua nguoc lai cia mbi lién hé nay
khong phai luc nao ciing dung.

Tham sé trit tw trong pha siéu chdy

Mac du, Kapitza phat hién vé tinh siéu chay nam
1937 nhung phai mdt nam sau, mo hinh ctia hién tuong
siéu chay trén He-4 mdi duge xdy dung boi Tisza
(1938) [6] dua trén ham mat d§ dinh x&r mdt hat:

p(r)=ps(r)+py(r) (3)

Trong d6, thanh phan Ps () = ps va PN (r)=pn
tuong g la mat d§ dinh xur trung binh ddc trung cho
pha siéu chay va pha long thong thuong. Nhin vao
cong thirc (3) d& dang thay rang, khi hé He-4 di vao
trang thai siéu chay thi chi c6 mot phan tham gia vao
trang thai nay. Thanh phan dic trung cho pha siéu chay
c6 tinh chat chay lién tuc khong ma sat, trong khi thanh
phan 1ong thong thuong thi ¢6 sy tiéu hao va mat mat
nang lugng. Qua trinh hinh thanh pha siéu chay xay ra
& nhiét d chuyén pha T, khi d6 thanh phan pg # 0va
tang dan khi tiép tuc ha nhiét d6 xubng dudi nhiét do

chuyén pha T — 0. Vé mit nguyén tic, Ps = P vaty

sb ps!p tién g?m dn1khi T>0. Trong cac h¢ ba
chiéu, hién tuong si€u chay di kém voi hién tugng
ngung tu Bose Einstein xay ra & nhiét do thap [7].
Chiing ta biét rang, khi hé boson bi ngung tu trong
mot trang thai lugng tir thi phan bd cia moment dong
luong s& co dinh sic nhon, ham nghia rang tat ca cac
nguyén tir tdp trung tai mot trang thai nang lugng.
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Nguoi ta sit dung ham phan bé momen dong luong
luong tir d¢ mo ta qua trinh nay:

i) = (5" (o )/ N )

Trong d6, ¥ (k) va (k) 1a toan tu sinh huy Bose
clia hat c6 dong luong 7k , ky hidu ngodc <> biéu dién
gia tri ky vong cua gia tri vat 1y co tinh dén cac gisi
han nhiét dong luc hoc. Trong hé c6 sy ngung tu Bose
Einstein thi 72(k) s€ c6 dang:

(k) = n,8(k) + fie (k) ©)

S6 hang dau tién biéu dién thanh phan tham gia vao
trang thai ngung tu, n,1a d6 ngung tu. Trong khi do
thanh phan thir hai biéu dién nhiing dong gép vao dong
luong ctia nhimg phan tir c6 mémen khac 0, hay céac
thanh phan thong thuong.

Mot trong nhitng dai lwong co ban dé biét dugc
thanh phan si€u chdy c6 xuat hi¢én trong hé hay khong,

do la str dung khai niém ham ma tran méat do don hat
nhu sau:

n(r,r) = () ©

Trong d6, ¥(r) va l/fr (") latoan tur sinh huy Bose
ctia hat tai cdc vi tri » va 7’ va no 1a bién ddi Fourier
cua cédc toan tu sinh huy Bose cua hat ¢ trang thai co
dong lugng 7k . Con ham ma tran mat do don hat (6)
1a bién d6i Fourier ciia ham phan bd mémen dong
luong (5). Thyc té 13, trong cac hé co bat bién tinh tién
lién tuc (chét long hodc khi) thi n(r,r")=n(r—r').
Khi bét bién tinh tién lién tuc bi pha v&, ham mat do

trung binh theo khong gian duoc tinh theo cong thurc:
Lpeos oo
n(r)—ajd r'n(r',r'+r) (7)

Dé dang thidy phuong trinh (7) c6 tinh chét
n(r) = n,khi r — oo . Tir ddy, mot hé qua quan trong
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duoc rat ra la: ¢ gidi han nhi¢t dong luc hoc, khi chung
ta huy di mot hat ¢ vi tri r thi anh hudng ctia n6 ddi véi
mot hat dé)ng nhat khac & vi tri bt ky trong h¢ 1a khac
0. Hi€u rng nay chi c6 thé xudt hién trong co hoc lugng
tir ma khong co trong co hoc ¢d dién. Piéu nay cho
thay, viéc phat hién ra hién tuong siéu chay khang dinh
vai tro quan trong cua cac hi¢u tng lugng tir & nhiét do
thip. Ngoai ra, hé qua nay ciing la ddc trung cua trét tuy
ngoai duong chéo ODLRO xuat hién trong cac trang
thai ngung tu Bose Einstein.

Tham so trit tw trong pha siéu rin

Nhu ching t6i d3 trinh bay vé trat ty rin va trat ty
siéu chdy ¢ trén thi hai trat ty ndy c6 dic trung hoan
toan khac nhau. Trat tu rin dugc hd tro va hinh thanh
khi thé ning twong tac tré' nén rat manh so véi dong
nang cua hat. Nguoc lai, trat tu siéu 1ong dugc hinh
thanh nho vao sy linh dong va kha ning di chuyén
khong ma sat, ndi cach khac, trang thai nay duogc hinh
thanh khi dong nang l4n at thé nang. Chinh vi véy, hai
trat ty nay phu dinh nhau. Tuy nhién, mdt cau hoi dugc
dit ra 1 co khi nao hai trat tu nay hd tro nhau va cing
ton tai khong? Y tuong vé mot pha chira dong thoi
ca hai trat ty trdi ngugc nhau di dan dén khai niém
vé pha siéu ran, & d6 co su ton tai d@)ng thoi cua ca
trat tu duong chéo DLRO va trat ty ngoai duong chéo
ODLRO. N6i mdt cach khéc, trat tu rin va trat tu long
cung ton tai dong thoi trong mot pha dong nhat, dé
phan bi¢t véi trang thai tach hai pha riéng biét trong
cung mot hé. Trong trang thai tach pha ciia mot h¢ s€
ton tai hai bo phan, mot phﬁn O pha siéu long, mot
phan & pha siéu rin va hé khong phai dong nhét vé pha.
O khia canh nao d6, n6 giéng nhu trang thai da lanh
trong nudc. Sy thu vi la ¢ chd, pha siéu ran c6 ca hai
dic trung vé trat ty va 1a mot pha dong nhat cht khong
c6 su tach pha. Hién tai, nhiéu két qua nghién ctru chi
ra su ton tai cia pha siéu ran nhung ciing nhiéu nhom
nghién ciru bac bo sy ton tai cia pha nay. Nguyén nhan
chu yéu 1a do cac hé He-4 co tap va khong kiém soat
dugc tham s6. Nhu ching t6i dé trinh bay ¢ phan dat
van d¢, cong dong khoa hoc mudn tim kiém va kiém
nghi¢m sy ton tai cua cac pha di thuong nhu pha siéu
ran trong mang quang hoc dé giam bot su tranh cai doi
v6i két qua do. Ly do don gian 13 vi mang quang hoc



rat tinh khiét va cac tham sb nhu twong tac va hinh
dang déu c6 thé diéu chinh dugc.

M@ hinh Iy thuyét ciia pha siéu rin

Cho dén nay, giéi nghién ciru thong nhét cao vé
su chua hoan chinh ciia céc bang chung thuc nghiém
dé minh chimg cho mot pha di thuong quan sat dugc
trong hé He-4. Mic du c6 rat nhiéu birc tranh 1y thuyét
dugc dua ra nhung khong o 1y thuyét nao cé thé giai
thich ciing mot lic tat ca nhitng ciu hoi hodc nhiing
mau thuan trong céc két qua thuc nghiém [5]. Trong
mot nd lyc nghién ctru khac gan day, céc tac gia da dua
ra mot buc tranh vat ly van dung tinh toan tir nguyén ly
dau tién 4p dung vao cic mo hinh thuc té cta tinh thé
He-4 nham giai thich cic quan sat thuc nghiém [8, 9].

Mot cach tiép can khac nham giai thich cac co ché
bén trong cac pha di thuong cing véi chuyén pha
luong tir gitta chung (vi du, tir pha siéu rin sang siéu
16ng) va vai tro clia cac yéu td dinh x{r c6 ngudn gdc tir
tuong tac, bét trat tu hodc su cam ti cia cac hat trong
cac mang gian doan. Trong truong hop nay, sy pha
v& ddi xtmg tinh tién tu phat duoc gin véi ddi xtng
tinh tién gian doan cta Hamiltonian. Uu diém cua
céc nghién ciru ndy 1a nguoi ta co thé sir dung cac mod
hinh don gian rdi 4p dung cac phuong phap tinh toan
s6 chinh xac dé giai quyét rat nhiéu van dé ly thuyét
lién quan dén cac pha da dé cép ¢ trén. Cac nghién
ctru nay khong nhitng giai thich duoc cac két qua thuc
nghiém ma con dua ra nhitng dinh hudng cho cac thi
nghiém. That vay, nguoi ta da st dung Hamiltonian
mang dé giai thich cho pha lién quan dén g xir cua
He-4 trong nhimng nd lyc khao sat 1y thuyét dau tién.
L6p cac Hamiltonian nay goi 1a 16p cac mé hinh Bose
Hubbard c6 dang nhu sau:

A 1 A X

H=-J) (b'b; +h.c)+EUan-(ni —D-pd i (8)
<ij> i i

Trong do6: I;l. va Z;l,+ la toan tr sinh huy hat boson ¢

vi tri thir i trong mang va tudn theo quy tic:

[Bi ,l;;] = 5ij ,toan tr 71, = I;;[;i 1a toan tir sb hat, J 1a

ma trin nhay mo ta dong ning cta hé, U 1a thé ning

tuong tac gitra cac boson trén cung mot vi tri trong
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mang, p 1a thé hoa c6 vai tro diéu khién s hat trong hé
va chinh 12 ham thé hoa trong phan b théng ké 16n.
Hamiltonian (8) 1a mé hinh t6i gian dé mo ta pha siéu
chay cta hé boson. V& mat vat ly, khi dong niang
thing thé hay twong tac gitra cac boson rét yéu, J > U,
hé s€ ¢ trang thai si€u chay, con ngugc lai, khi twong
tac tré nén manh hon so voi dong nang J < U thi hé s€
chuyén sang trang thai dién méi Mott. Cac két qua nay
da dugc kiém nghiém ca vé 1y thuyét 1an thyc nghiém
[10]. Mic du Hamiltonian (8) mé ta rat tét pha siéu
chay ctia hé boson nhu He-4 chang han, nhung n6 van
chua du dé mo ta pha siéu ran. Co nhiéu cach dé mo ta
pha siéu rin dua trén 16p cac mo hinh Bose Hubbard
(8) bing cach thém cac twong tac tim xa, vi du céac
tuong tac lan can gém nhat va xa hon nita. That tha vi
la khi thém cac tuong tac tam xa thi anh huong cua yéu
t6 hinh hoc lai dong vai tro quyét dinh. Cu thé 13, khi
thém tuong tac 1an can gan nhat vao Hamiltonian (8),
ngudi ta thiy c6 su ton tai ciia pha siéu ran trong mang
tam giac nhung khong xuét hién trong mang vudng
[11-15].

Quay tré lai bai toan cua ching ta, khi cac hat
composite boson kiéu He-4 tham gia vao qué trinh vt
ly. Do He c6 16p céc orbital mang dién tich &m bao phu
quanh hat nhan nén thuc té 1a rat kho dé cac He-4 nam
cung mot vi tri do nguyén 1y loai trir Pauli. Noi cach
khac, doi véi truong hop nay thi thé nang tuong tac
trén cung mot vi tri niit mang U = oo, hay tai mot vi tri
nit chi ton tai khong nhiéu hon mot ph?m ttr, diéu kién
nay thuong duoc goi 1a diéu kién boson 161 clng, mat
dophanttr théaman Q< p <1 . Viéc xét cac lan can
xa hon 14 can thiét dé thu dugc cac md ta chinh xac hon
clia c4c pha di thuong. Vi du: néu khong c6 1an can thir
hai trong mang vudng, sé khong thé moé ta dugc pha
siéu ran. Véi diéu kién nay, Hamiltonian (8) s& trd
thanh:

H==JY (bb; +h)+ VY i, +Vy Y A=) iy ()

<ij> <ijp> <<ip>> i

Trong do, V, la thé nang tuong tac gilta cac phan
tir 14n can gan nhat, V, la thé nang twong tac giira cac
cap lan can gén thir hai. M6 hinh nay dugc mo ta trén
hinh 1.
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Hinh 1: mé hinh mang va cdc tiong téc trong mé hinh boson 16i rdn

St dung md hinh nay, chiing t6i khao sat gian do
pha dé tim ra cac diéu kién xuét hién trang thai siéu
ran. Phuong phap chung toi str dung dé nghién ctru 1a
phuong phap Monte Carlo lugng tir c6 é4p dung thuat
toan Worm [16, 17]. V&i phuong phap nay, ching toi
¢6 thé nghién ciru duoc gian d6 pha o cac nhiét do bat
ky voi do chinh xac ty y. Hai tham s6 trat ty ODLRO
va DLRO dugc chung t6i st dung nhu mét thudc do
cho su xuit hién cua pha siéu ran. Tham sb trat tu
ODLRO duoc thé hién voi su xuat hién cua mat do
si€u long pg, con tham s6 trat tw ODLRO duogc mé ta
boi hé so cau truc tinh ky hi¢u 1a S(k), co gia tri khac
khong. Véi cac mang c6 hinh dang khac nhau thi tinh
thé hinh thanh & cac mat do khac nhau s& duoc dic
trung boi cac vecto mang dao khac nhau. H¢ qua 1a gia
tri vecto k cling khac nhau twong tng. Vi du: v6i mang
vuong thi tinh thé 6 ban cd s& dugc dic trung boi vecto
hai chiéu k = (k,,k,)=(7,7), trong khi do tinh thé
c6 hinh dang dai bang lai c6 vecto dic trung
k= (ky,k,)= (0,7)=(7,0). Pang luu y, ching ta
can phan biét pha siéu ran voi trang thai tach pha, & d6
hai tham sd trat tu ciing khac khong. Dé phan biét
duoc, chung ta nhin vao su phu thudc cia mat do siéu
long vao mat d hat trong hé. Néu dd thi biéu dién c6
nhay bac thi d6 1a trang thai tach pha. Str dung phuong
phéap Monte Carlo lugng tir, chung t6i dé dang quan sat
duoc cac tham sb trat tu Ps» S(k) va phan bi¢t duoc pha
siéu ran va sy tach pha. P& minh hoa cho nhiing tién
doan 1y thuyét, chiing toi nghién ctru mot truong hop
mang tinh thé 1a mang vudng va quan sat cac dac trung
vat ly cua hé. Trudce tién, chung t6i nghién clru su phy
thudc cua mat do hat vao ty sb tuong dbi gitra thé hoa
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hoc va tuong tac trong hinh 2. Muc dich ctua nghién
cliru nay dé cho ta sy nhén biét so bd vé cac pha & céc
mat do khac nhau.

0,5 T T
p 0,25 -
4
/ . . .
0 0 1 ) 3
VA

Hinh 2: sw phu thudc cua mdt do hat vao thé héq hoc u
trong mang vuong cua moé hinh boson 6i ran

Nhin vao hinh 2, chiing ta dé dang phan biét duoc
cac trang thai khac nhau cua hé tai cac mat do hat
boson trong trudong hop mang vuéng. Do mé hinh 161
rén (9) co tinh ddi xtng giita hat va 16 trong nén ching
t61 chi v& mat do hat tir 0 dén 0,5. Mat do hat tir 0,5 dén
1,0 12 hoan toan tuwong tw. Chung ta quan sat thiy mat
dd hat c6 xuét hién bac thang tai mat do hat p = 0,25,
chtg to tai 6 ¢ trang thai tinh thé hinh sao. Lan cén
cua bac thang vé phia mat do thép, ta théy su lién tuc
clia mat do hat thé hién pha dong nhat nhung 1an can
vé phia mat d cao c6 nhay bac. Pay chinh la déu hiéu
ctia sy tach pha. Dé tim hiéu sau hon vé dic trung pha
cua cac trang thai nay, chung toi quan sat mat dg siéu
chay pg va hé s6 cau trac tinh S(k) nhu trong hinh 3.

0,2 T T T T
F looL=24
pS 0,1~
0 : T [
03 ismm,L=12 [
[ |e—eSEr0,L=12 |
02| |+ Sevm,L=24 [ A
| |ooS@m0),L=24 /
0,1 | 7
0 o et d s 4
0,375 0,5

0,125 0,25
(Y

Hinh 3: sy phu thugc ciia mdt dé siéu chay (hinh trén) va cdu triic tinh
(hinh duoi) S [(0, m); (r, 0)] va S(m,7t) vao mdt do hat
Vvoi cac kich thudc khac nhau L = 12, 24 va twong tdc V,=80,V,=35
Hinh 3 cho chung ta thy, trang thai siéu ran ton tai
trong mot mién mat do rat rong 0,175 < p < 0,25. Can
luu y rang, day la mot két qua dang cht y vi trudec nam
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2008 chua c6 nhom tac gia nao phat hi¢n ra su ton tai
cua trang thai chit ran trong 1an c4n ctia pha tinh thé &
mién mat do thép.

Chung t6i quan sat tai cac diéu kién khac nhau cta
tuong tac trong md hinh (9) va vé dugc gian d6 pha tai
cac mat do hat p = 0,25 va 0,5 nhu hinh 4. Diém tha
vi la khi nghién ctru pha tai cac méat @6 hat 1an can véi
mat do hat néu trén, chung t6i thu dugc mot diéu kién
tong quat cho viéc xuat hién pha siéu ran nhu sau: néu
tai mat do hat p = 0,25 hé 1a trang thai tinh thé hinh
sao va tai p = 0,5 h¢ trong trang thai tinh thé 6 ban co
thi h¢ nim trong trang thai siéu ran trén toan mién mat
do trén va dudi cua p = 0,25. Pay 1a mot két qua mang
tinh téng quat.

105 g T g T v T
8 . 2 1
Tinh thé
ek cau truc sao i
V2

a  smo) [
. Tinh thé el J' I I
o+ . u ) o h

Siéuchay e~ s(m)

[ ey Tinh thé
% s 4 6 8

Vi
Hinh 4: gian d6 pha ciia trang thai nén (ground state) véi cdc pha
c6 thé xudt hi¢n tai cac mt d6 hat khac nhau. Ky hiéu (o) phan cach
tinh thé céu triic hinh sao va trang thai siéu chay ¢ mat do hat p=1/4.
Ky hiéu (®) phan cach tinh thé cau triic 6 ban co va trang théi siéu chdy
tai mdt do hat p=1/2. Ky hiéu (m) phan cach tinh thé cau trite ddi
va trang thai siéu chay tai mdt do hat p=1/4
M6 hinh mang st dung trén day khong chi la mot
cong cu ly thuyét don thuan ma no con duoc hién thuc
hoa trong cac hé quang hoc. Y nghia quan trong nhat
cua cac nghién ctru nay la nguoi ta c6 thé tién hanh so
sanh tryc tiep gitta 1y thuyét va thuc nghiém doi véi
mang quang voi do chinh xac rat cao. Tuyét voi hon
nira 1a nhiing két qua nghién ctru stt dung mo hinh nay
s€ giam thiéu nhitng tranh ludn khi dung n6 dé giai
thich pha siéu rin trong thi nghi¢m voi He-4.

Trang thai siéu ran trong mang quang hoc

Nhu chung t6i dé cap ¢ trén, mang quang la mot
“{rng ctr vién” tt cho viéc quan sat trang thai siéu rin.
Thuc té, mang quang la mot mang nhan tao, co cau
trac trat tu giéng nhu mang tinh thé, duoc hinh thanh
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khi chiéu cac chum tia laser ddi dau nhau tao thanh céac
h thé bay cac nguyén tir siéu lanh, vi du cac boson
¢ trang thai ngung tu Bose Einstein. Cac nguyén tir
nay dugc 1am lanh sin & trang thai ngung tu Bose va
(g xir trong mang quang nhu cac mang tinh thé thuyc.
Trong tinh thé thyc c6 nhiéu twong tac phirc tap va
chtra nhiéu tap nén rat kho dé kiém soat cac tham sé
vat ly cua n6, vi du d 16n cua cac tuong tac. That may
man, trong mang quang ngudi ta ¢ thé thay doi dé
dang tat ca cac tham sb dic trung ctia mang nhu chiéu
dai co s& mang, chiéu sau cta ho thé va tuong tc giita
cac nguyén tu. Chinh vi 1y do nay, mang quang hoc
cung cip mé hinh Iy tudng dé khao sat anh huéng cua
cac tham s6 trong cac vat liéu va cho chung ta mdt buc
tranh rd rang hon vé vai trd ciia cac tham sb. Trong
mang quang, cac hé thé duoc hinh thanh tai cac day thé
ctia chum laser giao thoa. Khac véi mang tinh thé, cac
hé thé tuan hoan hinh thanh do tuwong tac gitta cac ion
¢d dinh tai cac nat mang sinh ra truong tinh thé. Hat tu
do trong mang tinh thé 1a electron, con hat ty do trong
mang quang la cac nguyén tir siéu lanh. Pé hiéu sau
hon vé mang quang, chiing ta can hiéu sau hon vé qua
trinh hinh thanh cac hé thé nhu sau:

Biy dién thé trong mang quang dwoc hinh thanh
dya trén tuong tac gitta momen ludng cuc dién voi
dién truong cua anh sang laser. Khi nguyén ti dugc
chiéu sang boi laser, dién trudong E cta song anh sang
va momen ludng cuc dao dong vaoi tan s6 o dugc biéu
dién nhu sau:

E(r,t) = eE(r)exp(—iwt)

p(r,t)="ep(r)exp(—imt)
p(r)=a(@)E(r)

Vi E(r) va p(r) 1a bién do cua dao dong, e 1a vecto
don vi phan cyc, o(w) 1a do phan cuc phirc phu thudc
vao tan sb. Pién thé tuong tac gitta mémen ludng cuc
va dién truong cua séng anh sang hinh thanh nén thé
twong tac v6i chiéu sau hd thé:

V(1) == Re@)I ()

&oC
Vi g, va ¢ lan lugt 1a cac hang s6 dién moi va van

, do d6 nguyén

tdc anh sang, cuong do 1(r) = EOC‘EZ
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tir s€ bi b?ly tai cac vi tri bién do cua di¢n trudng c6 cuc
dai hodc cuc tiéu. Ngoai ra, vi dién truong dao dong
tuan hoan nén thé niang ciing dao dong tuan hoan theo.
St dung mod hinh Lorentz dé biéu dién a(w), ta thu
duoc méi lién hé gitra dién thé hiéu dung nhu sau:

2
Vg () = 32%@1@

Trong do: A = o — o, 1a do Iéch tan sd gitra tan
s0 laser » va tan so dac trung trong mo hinh Lorentz
mo ta dao dong ¢ dién cua dién tir ®,, cOn h?mg )
I" lién quan dén sy chuyén doi dac trung cua nguyén
tr. Vi cdu hinh khac nhau cta cac ngudn anh sang
laser, chung ta co thé tao ra cac dang hinh hoc khac
nhau nhu dang mang tam giac, vudng..., hodc mang
1 chiéu, 2 chiéu, 3 chiéu. Quan trong hon nira la tat ca
céc sO hang trong md hinh Hamiltonian (8) va (9) déu
¢6 thé diéu khién duogc thong qua viée thay doi cuong
d6 chum laser. Mot trong nhimng thanh tyu gy tiéng
vang khi nghién ctru mang quang hoc la viéc sir dung
mo hinh Bose Hubbard (8) nhu mot mo hinh hoan hao
dé md ta mang quang [18, 19]. Nho phat hién tha vi
nay ma mo hinh (8) va (9) khong con 1a mé hinh d6
choi nira ma no6 thuc sy 1a mot mo hinh dac thu cua
mang quang hoc.

Thong thuong, bat ky loai nguyén tir nao ciing cd
thé bi bay trong mang quang hoc, nhung cac nguyén tir
kiém duoc st dung 1a chu yéu do déc tinh ctia chung
dugc mo ta don gian trong mang quang. Két qua thuc
nghiém du tién cho thay tinh dung dan trong tién doan
Iy thuyét vé su xuat hién ciia cac pha siéu chay va dién
moi Mott khi tdng cuong d§ chum laser (twong g voi
viéc gia ting twong tac). Két qua nay mé ra hang loat
cac nghién ctru khac nham kiém nghiém lai cac dinh
luét vat 1y trong mang quang. That dang tiéc 1a cho dén
nay van chua c6 bang chimg thuc nghiém nao cho thay
su ton tai cua trang thai siéu ran trong mang quang hoc
mic du nhing tién doan 1y thuyét 1a rat chic chin va rd
nét. Cong cudc tim kiém trang thai siéu ran van duogc
tiép tuc rat soi ndi.

Nhing trang thai di thwong khac
Ngoai pha di thudng siéu ran nhu chiing toi dé cap

O trén, gan day cong dong nghién ctru vat Iy con quan
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tam dén mot pha tha vi khac thé hién vai trd 16n cua
cac hiéu Ung lugng tor ¢ nhiét do thép, do la cac pha
spin 16ng lugng tir [20]. Trang thai nay thyc sy van
con khé hiéu dbi voi ca thyc nghiém 13n cic mé hinh
1y thuyét trong viéc tim ra dic trung pha cta no. Ly
do mot phan 14 sy cin bang mong manh cta twong tac
vi mo da khong thé tao ra sy pha v dbi xung thong
thudng & nhiét do thip. Mot phan 1a pha thuy tinh siéu
long thiéu tham sb trat tu dac trung cho nd, khong
gidng nhu pha siéu rn c6 thé dic trung bang tham
s6 trat ty DLRO va ODLRO. Do viy, ngudi ta khong
¢6 cach nao dé nghién ctru chuyén pha gitta céc trang
thai. Hién tai, dé xac dinh trang thai nay, nguoi ta dung
phuong phap loai triy, tirc 14 loai bo tit ca cac tham s6
trat tu thong thuong gan lién v6i cac pha da biét khac.
Tuy nhién, trong thoi gian gan day, cac nghién ciru 1y
thuyét da phan loai dugc mot 16p cac pha spin 1ong
dua trén sy suy bién topo cia ham song. Vi duy, mot
vai tic gia dé xuat mo hinh Hamiltonian véi trang thai
nén 1a pha spin 10ng vai trét tu topo Z,. Mot trong cac
mo hinh dau tién dugc nghién ciru 14 mo hinh dimer
mang tam giac [21]. Mot hudng khac trong nghién ctru
béc topo 1a cac hé toric code [22] vi no 1a 16p cac mo
hinh don gian nhét c6 thé giai chinh xac duogc, vi du
nhu mé hinh Levin-Wen [23]. Can chu ¥ 1, d¢ mot mo
hinh thyc sy giai thich cling nhu ¢o6 thé so sanh dugc
v6i thue nghiém thi mé hinh d6 phai chira cac sé hang
tuong tac hai nut giira hai dbi tugng (vi du: gitra hai
spin lan can nhau) va trang thai spin long dac trung
cho trat tw topo. Mot trong nhitng nd lyc thanh cong va
dugc kha nhidu ngudi sir dung d6 1a mo hinh Kagome/
Bose Hubbard xay dung boi Balent, Girvin va Fisher
[24]. Méac du mo hinh nay chira twong tac 4 nit nhung
trang thai chét long spin Z, c6 mat trén mot mién kha
rong ctia gian dd pha [25]. Cho dén nay, cac nd luc tim
kiém dic trung cta cac pha di thuong van duoc tiép
tuc va cho thay rat nhiéu tin hiéu kha quan.
Y nghia cl’l? viéc nghién ciu cac trang thai moi
cda vat chat

Viéc nghién clru cac trang thai mdi cia vat chét
khong chi ¢6 ¥ nghia vé khoa hoc: tao ra mot co s
1y thuyét cho nghién ctru thuc nghiém ma né con co
thé ¢6 tiém nang ung dung 16n. Mot trong nhitng cau
hoi 16n trong vat 1y cho dén nay van chua cé ciu tra
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161 théa dang do 1a hién tuong siéu dan & nhiét do cao.
Nhiing nd luc nghién ctru khong mét moi dé tim ra ban
chat vat 1y va dic trung ctia pha siéu dan nhiét do cao
da tao ra nhiéu huéng di méi trong nghién ciru cac pha
di thuong cua vat chit. Thuc té 13, su hiéu biét vé cac
trang thai di thuong nhu trang thai siéu long va trang
thai siéu rin... 1a mot trong nhimng nd lyc dé hiéu vé
trang thai siéu din nhiét d6 cao voi nhiéu bi an dang
cho kham pha. Ngoai ra, mot trong nhitng trng dung rd
nét nhit ctia trang thai spin long luong tir 1 viéc tim ra
hé vat liéu co trang thai bao v¢ qubit (protected qubit)
can thiét dé chira thong tin lwong tir - nén tang co ban
cua may tinh lugng tir. May tinh lugng tir da va dang
dugc cong ddng cong nghé ky vong 1a thé hé tiép theo
cua mdt cong nghé hoan toan mai, cd chlic nang uwu
viét hon va hiéu qua lam viéc tot hon cong nghé may
tinh thong thuong.
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M6 hinh héa pho hap thu ctia cham lugng tu

Nguyén Thé Lam’
Khoa Vat ly, Trusng Pai hoc Su pham Ha Noi 2
Ngay nhan bai 7.7.2015, ngay chuyén phan bién 14.7.2015, ngay nhan phan bién 10.8.2015, ngay chdp nhan ding 17.8.2015

Bai bao cho thiy phd hép thu ciia cic chAm lwong tir hinh hop va hinh ciu dwoc xac dinh bang phuong
phap mé6 hinh héa. Thong qua mé hinh tinh toan, nhom nghién ciru da tim dwge cac mirc ndng lwgng dugc
lwong tir héa ciia cac chaAm lwong tir néu trén. Pay la co sé xac dinh phé hip thu cia cic chim hrong tir
(c6 thé ap dung cho cic chim lwong tir ban din). Xdc suit tim thiy hat trén cic mirc ning lwong ciia hat
& nhiét d cao ciing di dwgc thao luan chi tiét. Tir d6 xac dinh dwoc sy phu thude ciia phd hip thu cia cac
chim lwong tir vao nhiét do.

Tir khéa: anh hwong ciia hinh dang - kich thwdc ciia chim lwong tit, mé hinh héa chim lwong tir, phé hip
thu cham lwong tir.

Chi sé phén logi 1.3

SIMULATION
OF ABSORPTION SPECTRA
OF QUANTUM DOTS

Summary

The energy spectra of the box and
sphere quantum dots were found by
a simulation method. Based on the
discreted-energy levels, the author
simulated and pointed out the
absorption spectra of the quantum
dots with different shapes and sizes
(may be applied for semiconductor
quantum dots). The probability for
electrons at temperature T = 0K
was clearly discussed. The study
also determined the dependence of
absorption spectra of semiconductor
quantum dots on temperature.

Keywords: absorption spectra of
quantum dots, effects of shape and
size of quantum dots, simulation of
quantum dots.

Classification number 1.3

* Email: nguyenthelam2000@yahoo.com
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Mé dau

Cham lugng tir ban dan 13 cac cdu trac ba chiéu co kich thudc
nanomet ma cac dién tir bi giam gitr. Pé tao ra cac chdm lugong
tr ban dan, ngudi ta bao kin mot loai ban dan nay trong mot loai
ban dan khac ma né c6 ving ciam 16n hon. Diéu nay duoc thuc
hién véi kich thudc nanomet va c6 thé twong duong véi bude
song De Broglie cua cac dién tir. Tir do, nang luong cua cac di¢n
tir bi giam giir trong cic chdm bi lugng tir hoa. Su luong tir hoa
céc muc nang luong cta cac dién tir cia cham ciing con phu thudce
vao kich thude va vat liéu tao nén chdm luong tir. Cac chdm luong
tr ban dan c6 thé duoc lam tir mot s6 vat liéu ban dan khac nhau
tuy thudc vao muc dich str dung chdm. GaAs/InAs 1a céac vt liéu
phd bién dugc dung dé tao ra cac cham luong tir. Phuong phap dé
ché tao chim lugng tir thudng 14 tao mam hay con goi 1a phuong
phéap Stranski-Krastanow. Trong phuong phép nay, budc mot ta
phai c6 mot dé ban dan (vi du nhu GaAs). Budc tiép theo, tao nén
mot lop udt bé'mg viéc tao mot mam (InAs) trén dé. Khi cdc mam
InAs 16n 1én trén 16p uét, do tinh chit cdu tric cta hai ban din
n6 s& lam cho ning lugng tang 1én va hinh thanh cac cham lugng
ttr. Sau d6, cac chAm luong tir lai duwoc dat chim trong GaAs va
ctr nhu vy qua trinh lai ldp lai. Binh thuong cac cham luong tir
c6 kich thudce ¢ 10+20 nm, n6 twong duong vai kich thudc cua
1050 nguyén tir. Nhu vay, cac cham sé& thé hién nhu mot nguyén
tir nhan tao 16n [1]. Cac nghién ctru vé hinh dang va tinh chat cia
céc chdm luong tir ban dan da dugc nghién ciu [2-4]. Cac phép
do pho hép thu ctia cham luong tir ban dan CdSe [5-6] va PbS [7]
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ciing cho thdy phé hip thu phu thudéc manh vao kich
thudc cta cac cham lugng tir nay. Hién nay, cic cham
luong tir ché tao duoc thuong cé dang hinh thap, hinh
dia [8] va viéc chon dugc hinh dang va kich thudc ciua
chdm lugng tir ban dan 1a mot van dé hét strc kho khan
trong qua trinh ché tao. Nhu vay, van dé ton tai 1a voi
nhitng chdm luong tir c6 hinh dang va kich thudc khac
nhau c6 anh huéng nhu thé nao toi phd hip phu cua
chung. Cu tra 16i cho van dé nay phan nao duoc giai
quyét trong mé hinh cta ching toi.

Viéc khao sat sy anh huong cta nhiét d6 1én phd
hap thy cia cic chdm lugng tir trong md hinh cua
chung toi dugc dé xuét nhu sau: tai nhiét 36 T = 0K,
xac suit tim thay hat & cac mirc ning luong E_dudi
mirc Fermi ctia chdm lugng tir héa ludn 1a 100%. Khi
dugc thay bang mot phan bd

T # 0K, xac suat na
ié ——— 1, v6i E la nang luong cua hat,

Gausse exp[—

E_la cac mirc nang luong ctia cham, K, la hang sb
Boltzman va T 1a nhiét do tuyét ddi. Mit khac, xac suat
dé tim thay hat trong mién din cua ban dan khéi ciing
duoc thay bang:

7= 1

(1

E -F
ex £ +1
p(KT )

B

Trong do, f, la xac xuat tim thay hat va E_la day
vung dan trong ban dan khbi. Nhu vay, xac suat dé tim
thdy dién tir trong cac mirc E cua cham lugng tir dugc
xac dinh nhu sau:

(E-FE) 1
S =exp[- ] (2)
K.T E -E
B exp(———)+1
K,T
pot /
~‘g
X ,r l' \ II \ l/ \ '/ i |
6] (AR AR R \
Y L [ A
X / '/’ “ /l Ivl IIAI I‘ I‘
E, E E, E,
Nang lwgng E

Hinh 1: xdc sudt tim thay hat trong ban dan khoi (nét ddm)
va trong chdam hrong tir (nét manh)
khi 6 T = 0K (nét lién) va T # 0K (nét dit)
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Phuong trinh co ban va thuat toan

Chuyén dong ctia mot dién tir trong chdm luong tir ban
dan duoc mo ta bang phuong trinh Schrodinger [9]:

h
—EAQI/”(X,)},Z)-I' V(xaysz)wn(x’yaz) = En!//n(xays Z) (3)

Trong d6, V(x, y,z) la thé nang ciia chim phuy thudc
vao hinh dang va vat li¢u cua cham. Trong mo hinh
hoéa chung téi lay ¥ (x, ,z) =0 véi cac diém bén trong
chdm va V(x,y,z) = V, v6i nhitng diém ngoai cham.
Viéc mé ta cac chim lugng tir ¢6 hinh dang bét ky co
thé duoc biéu dién bang cac diém roi rac trong khong
gian ba chiéu. Trong gi6i han bai bao nay, V(x, y,z)
chi xét trong trudng hop chdm 14 hinh hop va hinh cau
v6i nhitng kich thudce khac nhau (hinh 2).

z

<P =
S

Hinh 2: hinh dang ciia cde cham liwong tir trong mé phéng

z

Nang lugng va ham song cua phuong trinh (3) s€
dugc tim bang phuong phap mé hinh hoa. M6 hinh
nay c6 thé ap dung cho cac cham luong tir ban din néu
ta thay do 16n cta thé giam cAm bang hiéu d6 cao cua
hai khe ning luong va gbc niang luong s& duoc tinh
tai day vung dan cua cac ban dan cé khe ning luong
nho hon. Vi du dbi v6i cham luong tir AlGaAs/GaAs,
ta s& lay V,=E (AlGaAs) E (GaAs) Nang lugng &
trang thai thap nh4t s lay bang E_la day vung dan cua
GaAs [10].

Nhap cac théng sb clia hé

|| Chon céc hinh dang chim ”

Xay dwng ma tran thé ning Xay dwng ma tran dong nang

" Ma tran cho toan tir H ‘ ¢

Giai bai toan ham riéng trj riéng

!

|| Nang lwgng va ham séng H

Hinh 3: so do cdc buée moé phong cham liwgng tiv
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Thuat toan cho mo6 hinh héa tim nang luong va ham
song cua cac cham lugng tir nay duge tién hanh nhu
hinh 3. Cac mirc ning lugng cta cac chim s& 1a co s&
dé xac dinh phd hép thu.

Cac két qua mo hinh héa

Bing phuong phap ham riéng, tri riéng [11], ning

luong clia phuong trinh (3) cho cac chdm lugng tir

hinh hop va hinh cau véi cac kich thudc khac nhau
dugc biéu dién ¢ hinh 4 va hinh 5.

edoco0d0oe s e
< * S )
i 4 R e
o o
o
w U sg oo,
L o3s & oo
<
u eoe ]
o 3 4
=) eoeo
2 s s XY
2 325 CR)
D 25 g
5 g 2
c
oo CX)
g e £is °
E
E o
o
& 15 @ g
o o
1 0.

8 1o 12 14 16 18 20
Céc budc tinh

0 2 4 b 8 10 12 14 1B 18 2

Céc budc tinh

Hinh 5: 20 gid tri thdp nhdt
trong phd ndng heong
ciia cham heong tie hinh cau
ban kinh R =10 nm

Hinh 4: 20 mikc nang heong
thap nhat ciia cham legng tir
hinh hdp kich thwdc 20X20x20 nm

Tir hinh 4 va 5 cho thiy, ning luong cua cic chim
luong tir da bi lugng tur hoa, trong d6 cac mic nang
luong thap nhit nim cach kha xa nhau, trong khi cac
murc nang luong cao hon ¢ xu thé tién lai gan nhau
hon. Chi tiét cho cic mirc nang lugng duogc ghi cu thé
trong bang 1 va bang 2.

Bing 1: cdc mire ning legng ciia cham heong tir hinh hp kich thiwoe 20x20x20 nm

E,=28336 |E,=2833 | E,=28336 |E,=24961
E,=24961 | E,=24961 | E =2,4961 |E,=2,4961
E,=24961 | E =22487 |E, =19435 |E,=19435
E,=19435 | E,=1691 |E_ =169 |E, =16961
E,=1,1436 | E =1143 |E =1,1436 |E,=0,5910

Bang 2: cde mike ning leong ciia chdm lrong tir hinh cdu ban kinh R = 10 nm

E,=4,1412 | E,=40996 | E,=39815 |E,=39122

E,=3,6848 | E =3,6140 |E =3,6140 |E, =34732

E,=3,4047 | E, =34047 | E, =3,0980 | E, =27748

E,=27748 | E,=27196 | E_ =2539% |E =25394

E,=17658 | E,=17658 |E, =1687 |E,=08965
H:é:g:li ot Nam 57(10) 10.2015

Tir cac mirc nang luong da tinh toan duoc va két
hop véi xéc suét tim théy hat & nhiét do cao (2), ta co
thé di tim phd hip thu theo ning luong va theo budce
song ctia cac cham luong tir. Cac phd hap thy ciia cac
cham luong tr duoc biéu dién & hinh 6 va 7.

1
KyTy = (02 ¢V oo 19 /
L KTy =003V ==

KpT; = 0,02 ¢V s
KgT,= 0,03V ===

=

S KpT;=0,04eV ) KsT:=0,04eV

= KsT:=0,05¢V === LY KsT:=0,05¢V ===
s -

2 6

2

Q16 *% 18
(O c

K= 04

o beg

Q 44 [n} 03

02

L L
i) 0,15 0,16 0,17 0,18 0,8 02

Budc song (E/.c)

L
102 G4 06 08 1 12 14 16 18 2

Nang Iwong photon (eV)

Hinh 6: pho hép thy theo ning hrong hat (trdi) va theo budc séng
(phdi) ciia cham heong ti hinh hép kich thie 20x20x20 nm.
Trong do, 1, I cuong dg dnh sang dau vio
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Hinh 7: phé hdp thu theo ndng hrong hat (trdi) va theo budc song
(phdi) ciia cham lwgng tiv hinh cau R = 10 nm.

Trong d6, I 1a cuong dg anh sang dau vao

Hinh 6 va 7 ciing cho thdy, khi nhiét d6 ting cac
dinh hép thu c6 xu thé dich chuyén vé phia 4nh sang
¢6 nang lugng cao hon va dinh hép thy giam va mo
rong hon. Céc két qua nay phu hop dinh tinh kha tot
v6i cac két qua thyc nghiém cia L.R Fonseca, J.L
Jimenez (1998) [9].

Ngoai ra, su phu thudc cua phé vao kich thudc cua
cac chim luong tir cling dd duoc chiing t6i tinh toan va
két qua duoc thé hién trong hinh 8. Tir day cho thay,
khi kich thudc cia cac cham luwong tir ting dan, cac
dinh cta phd c6 xu thé dich chuyén vé phia anh sang
¢6 nang luong thdp hon va chung ciing c¢6 xu hudng
cao hon, hep hon, gﬁn v&i ban dan khi.
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Hinh 8: sy phy thudc cua pho’v hép thu vao kich thuoc

cia cde cham hrong tir hinh cdu
Ket luan

- Bang phuO’ng phép ham riéng tri rleng, chung t61
da tim duoc phd nang luong cia cac cham lugng tir
hinh hop va hinh cau ¢ cac kich thudc khac nhau. Trong
céc phd nay, nang lugng cia cac cham da bi luong tir
héa. Cac chidm lugng tir c6 hinh dang khac chua dugc
nghién ctru trong ndi dung bai bao nay, song hoan toan
c6 thé thyc hién duoc néu mé ta thé giam cam V(x,y,z)
dudi dang mot ma tran 3 chiéu véi cac phén tir cua ma
tran biéu dién cac gia tri twong tng cua thé giam cam.

- Chung t6i da dé xuat mot phuong phap xac dinh
X4c sudt tim théy hat & nhiét dd cao cho cac dién tur
trong chim lugng tir ciing nhu trong ban dan khéi dé
phut hop v6i mo hinh tinh toan.

- V6i phé ning luong di bi luong tir hoa cua cac
cham lugng tir, chung t6i dd mo hinh héa dugc phd
hép thy ctia cac chim lugng tir ban dan véi nhitng hinh
dang, kich thudc va & cac nhiét do khac nhau. Cac két
qua nay phu hop dinh tinh khé 6t voi cac két qua thue
nghiém do duoc trén cac cham luong tir CdSe [5, 6].

- Vé6i phuong phap mé hinh héa, chung ta c6 thé dé
dang giai quyét dugc cac bai toan véi cac cham luong
tir 3 chiéu c6 hinh dang bat ky, ddy 1a mot thach thirc
v6i cac phuong phap giai tich.
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Ca ché hinh thanh va cac giai doan phat trién Bién Pong

Chu Van Ngoi', Tran Nghi', Tran Hiru Than!
Cao Dinh Triéu?, Nguyén Trong Tin?
"Truong Daj hoc Khoa hoc Tu nhién, Pai hoc Quéc gia Ha Noi
2Vién Dja vat ly Ung dung, Lién hiép cdc Hoi Khoa hoc va Ky thuat Viét Nam
3Vién Dau khi

Ngay nhan bai 13.4.2015, ngay chuyén phan bién 20.4.2015, ngay nhan phan bién 20.5.2015, ngay chap nhan ding 25.5.2015

Pi c6 nhiéu mé hinh vé co ché hinh thanh va phat trién Bién Pong ciia cac tic gia trong nuwée va nwée
ngoai. Cac mé hlnh nay hét strc da dang va phong phi, song c6 nét chung 12 xem xét mé Bién Dong dugc
gay béi mot nguon lwe duy nhit. Trén co sé phan tich cac sw kién kién tao, cac md hinh mé Bién Dong,
minh glal cac bang dia chén, phan tich cac cau tao pha hiy, phan tich cac t0 hop thach Kién tao, tap thé
tac gia dé xuit md hinh mé Bién Dong dua trén sw két hop 3 ngudn luc: nguon luc gy béi dung do mang
din dén chuyen dong thuc troi, nguon luc gay béi hoat dgng hut chim va nguon lyc sdu manti. Vai tro cac
ngudn lye nay khong nhu nhau va dwoc danh gia theo 3 giai doan phat trién Bién Pong: giai doan truéc
tach gian (trwéc 32 triéu nam), khu vuwe Bién Pong bi chi ph01 béi cac nguon Iwe: hoat dong hut chim,
ngudn lye sdu manti va dung dd mang; giai doan tach gidn (32 triéu nim dén 17 triéu nim): ngudn lye siu
manti déng vai tro chi dao, con trugt trai cia diut gy siu Song Hong dong vai tro ca hich khéi diu cia
qua trinh tach giiin; va giai doan sau tich gidn (tir 17 triéu nim dén nay) véi hai thoi ky dic trung: thoi ky
sut 1an bon (tir Miocen giira dén Miocen mudn) va thoi ky sut lin khu vue (N,-Q) bi chi phoi béi ngudn luc
sdu manti, ngoai ra & thoi ky sut lin khu vue con chiu dnh huéng ctia déi hiat chim Philippin va dich trugt
phai ciia dirt giy sdu Song Hong. Thoi ky nay dong vai tro hinh thanh nén dién mao Bién Pong ngay nay.

Tir khéa: co ché, mé hinh, tich gian.
Chi sé phin logi 1.5

két hop 3 ngudn lyc va danh gia vai tro ciia cac ngudn
luc theo céc giai doan phat trién Bién Dong.

Pat van de

Bién Pong dugc cac nha nghién ctru xép vao bién
ria tdy Thai Binh Duong c6 lich sir phat trién hét sirc
ddoc dao. Chinh vi vay, Bién bong da duogc nhiéu nha
dia chat trong va ngoai nudc quan tim. Cho dén nay
d3 c6 nhiéu mo hinh vé co ché hinh thanh Bién Pong
nhung gilra cdc nha nghién ctru chua xay dung duogc
mot mo hinh thong nhét.

Pé tai KC09.20/11-15: “Nghién ctru kién tao -
dia dong luc, co ché hinh thanh va phat trién cac bé
Kainozoi Phit Khanh, Nam Con Son, Tu Chinh - Viing
May duéi anh hudng cia tach gidn Bién Pong va boi
canh kién tao dia dong luc cac vung ké can phuc vu
diéu tra danh gia tiém ning khoang san, dau khi” c¢6
nhiém vu 1am 13 co ché hinh thanh Bién Péng dé danh
gi4 anh huong ctia Bién Pong dén qué trinh hinh thanh

Phuong phap nghién ciu

Tap thé tac gia quan niém nghién ctru co ché hinh
thanh Bién Pong va qua trinh phat trién phai tién hanh
nghién ctru ddng bd cac hop phan tao nén Bién Pong,
d6 1a cac bdn Kainozoi, thém luc dia, trung tam Bién
Pong va cac dao thudc pham vi Bién Dong. Véi quan
diém nhu vay, tap thé tac gia xem xét su phat trién cac
hop phan tao nén Bién Pong trong mot hé thong co
mdi quan hé va tuong tic v6i nhau.

Dé giai quyét van d& co ché hinh thanh Bién Dong
va danh gia anh huong ctia Bién Dong dén su phat trién
céc bon Kainozoi, dé tai da 4p dung dong bo hé phuong
phap sau:

va phat trién cac bon Kainozoi. Trén co so nghién ctru
céc van dé vé kién tao dja dong luc, mbi quan h¢ tuong
tac cac ngudn lyc va phan tich cic mo hinh da cong bd,
tap thé tac gia dé tai da xay dung mo hinh theo co ché

* Tac gid chinh: Email: ngoicv@vnu.edu.vn
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1. Phan tich minh giai cac mat cit dia chin nham
xac dinh cac giai doan phat trién cac bén Kainozoi
thong qua xac dinh céac kiéu dat gdy, cac bé mit ciu
tao, quan hé dut gay voi cac bé mit ciu tao.
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MECHANISM OF FORMATION
AND STAGES OF DEVELOPMENT
OF THE EAST SEA

Summary

There have been many models of formation and
development of the East Sea. These models have
a common feature that the mechanism of the East
Sea formation is based on only one unique force
source. Up to now, no consensus has been reached
on the mechanism of the East Sea formation
between scientists. Based on the analyses of
tectonic events, models of the East Sea formation,
seismic cross-sections, fracture deformation
and analyses of petrotectonic assemblages, the
authors have proposed a model combining 3 force
sources: a source caused by collision of plate,
generating extrusion movement; a source caused
by slab pull; and a source caused by mantle. Three
force sources have played different roles in the
history of the East Sea and been assessed in three
stages of development: stage of prespreading,
stage of spreading, and stage of post-spreading.
In the stage of prespreading, the area of the
East Sea was affected by three force sources:
plate collision, subduction and mantle. In the
stage of spreading, the left lateral strike of Red
River fault played the beginning of spreading,
but the mantle force was main one controlling
development. In the post-spreading stage the
thermal subsidence controlled development and
created the form of recent East Sea.

Keywords: mechanism, model, spreading.

Classification number 1.5

2. Phan tich céu tao sdu dua trén céc tai liéu trong
luc va tir, xac dinh cac kiéu vo (v6 dai duong, vo luc
dia bi vat mong va vo luc dia) dé 1am rd mdi quan hé
clia cac céu tao trén mat voi dudi sau.

3. Phan tich t6 hop thach kién tao cua cac bon lam
co s¢ khoi phuc lich st phat trién cac bon trong phong
chung phat trién Bién Dong.

4. Phuong phap xac dinh truong luc kién tao trén
co s& xur Iy cadc mat cat dia chan va két hop cac két qua
khao sat trén ddo dé xac lap cac giai doan phat trién
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kién tao cua Bién Dong.

5. Phuong phép d6i sanh cac mit cat dia chan cat
truc tach gian ¢ dau dong bac véi dau mat ¢ tdy nam
nham lam rd ban chat tach gian ctia Bién Pong.

Mot so md hinh mé Bien Dong cia cac tac gia

O day chi dé cap dén mot s6 mé hinh tiéu biéu.

Cdc mé hinh cua cdc tac gid ngoai nuéc

- M6 hinh kién tao thuc trdi cua Tapponier (hinh 1).

Mo hinh kién tao thuc troi [1, 2]: m6 hinh danh gia
cao vai tro dich trugt trai cia dat gdy Song Hong. Theo
Rangin bién d¢ dich truot trai chi dat 30-40 km, do do
khong thé tao ra mot khong gian tach gian Bién Dong
rong 500 km. D6 1a han ché ctia md hinh.

Hinh 1: mé hinh kién tao thiic tréi mé Bién Péng [2]

- M6 hinh kiéu Pai Ty Duong [3] (hinh 2): hinh
anh mo Bién Pong c6 dang dap kiéu Pai Tay Duong.
Tuy nhién & day c6 su khac biét: Bién Pong trong qua
trinh tach gién co ria bic thy dong va ria nam tich cuc
va tach gian theo kiéu ném. Mo hinh kiéu Pai Tay
Duong khong thé giai thich duoc tinh ddc thu do.
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Hall {1996, 2002) Morley (2002)

Hinh 3: mé hinh mé Bién Péng theo co ché kéo tam [4]

- M6 hinh kéo tdm cua Hall & Morley [4] (hinh 3):
mo hinh nay coi trong yéu t6 hiit chim va chuyén dich
cua cac h¢ dat gay. Tuy nhién, Hall & Morley khéng
thong nhit vé co ché chuyén dong cua dut giy kinh
tuyén. Néu chi ¢6 hai ngudn Iyc thi ciing khong thé tao
ra khong gian tach gian rong 16n.

Cdc mo hinh ciia cdc tdc gid trong nwoc

O trong nudc, nhin chung cic md hinh d& xuét
khong nhiéu. Phan 16n céc tac gia thuong lya chon mo
hinh ctia cac tac gia ngoai nudc dé luan giai nhitng van
dé lién quan. Tap thé tac gia xin trinh bay hai mo hinh
& hai thoi diém khac nhau:

- M5 hinh ciia Nguyén Nghiém Minh 1980 [5]:
su hinh thanh Bién Pong do trugt tréi ciing chiéu theo
huéng tay bic v6i van tde khac nhau ciia hai canh doc
theo dut giy Séng Hong. Néu chi c6 dich truot thuan
tay thi khong thé tao ra khong gian rong 16n ciia Bién
DPoéng. M6 hinh nay ciing c¢6 han ché twong ty nhu mé
hinh cua Tapponnier.

- Mo hinh chiéc quat gidy: ddy 1a mé hinh do Phan
Truong Thi dé xuét nam 1995. Theo Phan Truong Thi,
vao Oligocen sém chiéc quat gidy xép niam ngang
tai vi do 18° béc (vung bién Maclesfield thudc bién
Philippin). Trong khi d6 trugt bang dut gdy Song Hong
vuot ra vinh Bic Bo di huong béc nam, kéo dudi quat
trugt dan theo bd ddc bic nam va chiée quat gidy duoc
mé rong vé hai phia cho dén khi dudi quat dén vi do
9°30” va kinh d¢ 110°30° thi dung lai (khoang 16 tri¢u
nam) [6]. Theo m6 hinh nay, dong luc chinh m¢ Bién
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Pong 13 hoat dong ludi manti trong 10ng Bién Pong,
con dut gy sau Séng Hong chi co vai trd lam xoay
huéng tryc tach gidn tir dong tdy sang dong bic tiy
nam. Tuy nhién, trong md hinh nay tac gia khong chi
16 khi ndo tryc tach gian hudng dong tay chuyén sang
huéng dong bic tdy nam.

Ngoai ra con rat nhidu mé hinh vé co ché hinh
thanh va phat trién Bién Péng. M&i mé hinh c6 nhiing
nét riéng biét. Piéu d6 ching t6 qué trinh hinh thanh
va phat trién Bién Dong 13 hét stc phuc tap.

Mbd hinh két hop 3 nguon luc hinh thanh Bién
Dong va cac giai doan phat trién

Vé mat kién tao, Bién bong gidi han boi khéi Nam
Trung Hoa & phia bic, khdi Pong Duong ¢ phia tay,
Bién Philippin & phia dong, diao Bocneo va cung dao
Indonesia & phia nam [4]. Vi tri kién tao nhu vay khong
chi chi phdi sy phat trién Bién Pong ma con chi phbi
su phat trién cac bé Kainozoi (hinh 4).
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Hinh 4: ban do thé hién cdc dia khoi, dirt gdy va cde mdt cdt
(theo Gong and Li, 1997)

Céc mit cit dia chin sau chi ra réng vo luc dia co
bé day tir 30 dén 35 km doc theo ria bic, dat khoang
14 km & d6i sudn cia Bién bong va do sau mat Mokho
& trung tdm Bién Pong nho hon 12 km. B& day vo &
triing Hoang Sa nam giita Hai Nam va Hoang Sa dat 8
km. B& day vo tir 8 dén 12 km ton tai & triing Pai Loan
(hinh 5).
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Hinh 5: cdc mdt cdt cdu tric séu Bién Dong:A-B, C-D, E-F
(vi tri cac mqt cat thé hién trén hinh 4)

Dua trén cac co so: 1) Cac su kién kién tao dia dong
luc Bién Dong va cac vung ké can da xay ra: thoi ky
nang vom san bang kién tao vao cudi Mesozoi dau
Kainozoi, sy ki¢n dung do mang An - Uc voi mang
Au - A vao khoang 50-45 tri€u nam trudc, ton tai mot
Bién Pong c¢6 vao cudi Mezozoi - dau Kainozoi va déi
hit chim bic Palawan, d3 hinh thanh mot loat dia hao
truée khi mé Bién Pong, co cac cip di thuong tir doi
xung co tudi tir 32 triéu nam dén 17 triéu nam [3, 7,
8], tach gian day Bién Dong theo kiéu ném (dau dong
bién do tach gidn 16n, dau tiy va tdy nam vat nhon),
t6n tai d6i hit chim Philippin vao 10 triéu nim cach
ngdy nay; 2) Cac két qua nghién ciru cia dé tai vé t6
hop thach kién tao, méi truong ling dong trim tich va
dic diém bién dang ¢ céc bé; 3) Co s¢ qua trinh rift [9,
10, 11], tap thé tac gia dé xuit mo hinh mé Bién Pong
theo co ché két hop ba ngudn lyc: ngudn lyc sdu manti,
ngudn lyc dung d6 mang gay chuyén dong thuc trdi va
ngudn lyc hit chim. Vai tro cua ba ngudn lyc dugc thé
hién qua 3 giai doan phat trién Bién Dong.

- Giai doan trudc tach gidn (tir 65 dén 32 triéu nim)
- Giai doan tach gian (tir 32 dén 17 triéu nam)

- Giai doan sau tach gidn (tir 17 triéu nam dén ngay
nay)

Giai doan trudc tach gian: trudce khi xay ra tach
gidn Bién Pong vao 32 triéu nam trude, khong gian
Bién Pong chiu anh huong cta déi hiit chim tdy nam
giita mang An - Uc xudng mang Au - A, va ctia d6i hat
chim d6ng va dong nam. Phan 16n dién tich Bién Pong
1a Iyc dia va luc d6 quan dao Hoang Sa va Truong Sa
cung dao Palawan la mot khéi luc dia théng nhét [12,
13] (hinh 6).
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Hinh 6: béi canh dia dong luc truoc tach gian [13]

Vao dau giai doan trudc tach gidn, hoat dong nang
vOm ctia manti tai Bién Pong va cac ving ké can cing
v6i hoat dong hut chim bic Palawan da lam cang thach
quyén, lam mong bé day thach quyén va trung tim vat
mong 1a trung tdm Bién Pong hién nay. Bang chimg:
1) V6 luc dia c6 bé day giam dan tir luc dia dén trung
tam Bién Dong va tai trung tim Bién Dong bi tiéu bién
(hinh 5); 2) Trén khong gian rong 16n nhin chung ving
mat cac tram tich tudi Paleocen; 3) Trong thoi ky nay,
vao diu Kainozoi (trude dung do) hinh thanh mat )
dia hao nhd hep lép dﬁy cac thanh tao luc dia nhu:
Tay Lo6i Chéau (hé ting Changliu tudi Paleocen), Chau
Giang (hé ting Shenhu tudi Paleocen) va Trudng Sa
(hé tang Sinh Ton tudi Paleocen) [3, 4, 8] va biéu hién
hoat dong magma phun trao kiém & tay bic Viét Nam
(h¢ tﬁng Pu Tra tudi Paleocen) [14]. Ngoai hoat dong
nhiét dudi sau va hat chim kéo tAm, ct dung d mang
An - Uc v6i Au - A xay ra vao 45 triéu nim [1, 8]
d3 lam tang cudng sy cing cua thach quyén, thiic dy
hinh thanh mot loat dia hao vao Eocen (dia hao Song
Hong, Nam Hai Nam, Phu Khanh va Ctru Long). Céc
dia hao phat trién trong truong luc cing dugc khong
ché boi cac dirt gay thuan va lap day chii yéu 1a cac
thanh tao luc dia. Ngoai ra, mot vai dia hao c6 xen cac
thanh tao phun trao riolit, basalt (bon Chau Giang),
andezit va bazan (bdn Ciru Long) thé hién hoat dong
cang gidn manh mé& & thoi ky nay. Trong bdi canh nhur
vdy, riéng bon Pong Natuna va Sarawak ¢ phia nam
Bién bong hinh thanh trén day bién vao Eocen, duoc
1ap day cac thanh tao ngudn gdc bién [4]. Pay chinh la
minh chimg vé ton tai mot Bién Pong cd.

Giai doan tach gian: trong bdi canh thach quyén
bi cang va da hinh thanh mot s6 dia hao, hoat dong
doi dit gdy sdu Song Hong theo co ché truot bang trai



vao 32 triéu nam da tao ra dudng nut cat qua tiéu luc
dia Hoang Sa - Trudong Sa, m¢ dau thoi ky tach gidn
Bién Pong (hinh 7) [12, 13]. Tach gidn Bién Dong la
két qua tuong tac cua 3 ngudn luc: lyc kéo trugt cua
dut gdy sau Song Hong theo co ché trugt bang trai
dong vai tro cu hich lam ntt tach tiéu luc dia Hoang
Sa - Truong Sa cung luc kéo tAm gdy boi chuyén dong
hat chim cta déi hat chim Palawan va ngudn luc do
di thuong manti di 1én da dan dén mo Bién Dong. Mo
Bién Pong theo co ché ném dam ngang phat trién tir
dong sang tay, voi phia bic truc tach gidn 1a ria thu
dong va phia nam la ria dong c6 déi hut chim. Pha tach
gian kéo dai tir 32 triéu nam dén 17 triéu nam dugc
khéng ché bai ngudn luc dudi sdu va ngudn luc nay
dong vai tro chii dao va chi phdi qua trinh phat trién
Bién Pong. Tur 32 tri¢u nim dén 20 tridu nam, truc
tach gidn c6 hudng dong tay, tiép sau d6 truc tach giin
chuyén sang hudng dong bic tdy nam. Sy dbi hudng
truc tach gidn tir dong tay sang dong bac tiy nam duoc
gdy boi chuyén dong theo co ché truot bang phai cua
dut gay suon doc Pong Viét Nam [8, 15]. Tir 32 triéu
nam, day Bién Pong kiéu vo dai duong ludn ludn dugce
m& rong vé hai phia theo hinh ném boi qua trinh tach
gidn va két thic vao khoang 17 tridu nim kéo theo
dinh chi dich truot trai cua dut giy Song Hong va hoat
dong hut chim bac Palawan. Lién quan dén giai doan
tach gian, ngoai cac dia hao da hinh thanh tu trude,
mot loat dia hao méi duoc hinh thanh (Nam Con Son,
Tu Chinh - Viing May, Pattani, Malai - Thé Chu, Tay
Natuna, Dong Natuna). Cac dia hao tiép tuc phat trién
va két thuc giai doan dia hao cung véi thoi gian két
thiic tach gidn day. Tiép sau d6, cac dia hao 1 tién than
céc bon budce sang mot giai doan phat trién méi.

1o

CHU GIAL
Vom ndng Manti
—
Huidng Iy tic doug
R
va huomg dich chuyén
ey gie

Hinh 7: béi canh dia dong liec thoi ky dau tach gian [13]
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Giai doan sau tach gidn: giai doan sau tach gidn bat
dau tir 17 triéu ndm cho dén ngay nay. Giai doan nay
dac trung bdi qua trinh sut lin nhiét va co thé chia ra
hai thoi ky: thoi ky sut lan bon va thoi ky sut lan khu
vuc (hinh 8)

- Thoi ky sut lan bon: xay ra tir Miocen gitra dén
Miocen muén [8, 16, 17]. Trung tdm Bién Pong sut
lan do nhiét di kéo cac bdn sut lan theo, 1am cho céc
bon duge md rong. Tai cac bon, cac thanh tao lép dﬁy
trong thoi ky nay ¢ cau tao nhip: bat dau mdi nhip 1a
cac thanh tao luc dia ndm trén bé mit bat chinh hop va
két thuc 1a cac thanh tao bién nong. Tinh nhip c6 thé
do ngudn luc dudi sau chi phéi lién quan véi qué trinh
tang va giam nhi¢t. Khi nhié¢t giam gay sut Iun, con khi
nhiét ting gay nang cao boc mon. SO nhip trong cac
bdn khong nhu nhau. Thoi ky sut 1an bon két thuc vao
cubi Miocen mudn, danh diu bang pha nang bao mon
ngung nghi lang dong tram tich. Trong thoi ky nay, tuy
quy mé Bién Pong chua 16n nhung da thé hién anh
huong rd rét dén sy phat trién cac bon.

- Thoi ky sut lan khu vue: bat dau tir Pliocen, dic
trung bdi sut 1an nhiét trén dién rong. Day la thoi ky
phat trién tao thém cua Bién bong, tao nén mot tz‘ing
tram tich day, cac bé lién thong véi nhau, ranh giGi
gilia cac cAu tao hinh thanh tir trude bi x6a nhoa, lam
cho quy md Bién Pong dugc mé rong. Trong thoi ky
nay sut lan nhiét phan di cung véi hoat dong hat chim
cua doi hiat chim Philippin va dich trugt phai cua dut
gdy sdu Song Hong di 1am cho bé Phit Khanh bi sut
bac doc theo doi dut gdy suon doc Pong Viét Nam va
mot s6 bon (Nam Con Son, Tu Chinh - Viing May) lun
chim nam & vi tri nudc sdu. Mot nét dic trung trong
thoi ky nay 1a hoat dong magma kha phat trién & cac
d6i nang va cac sudn. Két qua hoat dong thoi ky nay
da tao nén dién mao Bién Pong ngay nay.
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Hinh 8: béi canh dia dong e sau tach gidn [13]
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So v6i cac mo hinh d cong bd, mo hinh xay dyung
trén co s& 3 ngudn lyc va coi mé Bién Pong chi 1a mot
trong cac su kién thudc qua trinh phat trién Bién Pong
¢ chung myc nao do da khéc phuc dugc mot s6 han ché
cua cdc mo hinh néu trén.

Két luan

1) Cac m6 hinh mo Bién Pong ctia cac tac gia co su
khéc biét 16n vé nguén lyc, chua thoa man trong luan
giai qua trinh phat trién Bién Pong.

2) Xem xét co ché mé Bién bong can dua trén cach
tiép can hé théng va phai xem xét cac qua trinh van
dong trong mbi quan h¢ tuong tac vdi nhau. Néu xay
dung co ché mo Bién Dong chi dua trén mot hoac hai
nguon luc thi khong phu hop véi thuc té.

3) Bién Pong mo ra theo co ché két hop 3 ngudn
luc: dung d6 mang gay chuyén dong thuc troi, kéo tim
do hut chim va van dong di 1&€n ctia plum manti. Dich
truot trai cua dit giy Song Hong vao 32 triéu nim
dong vai tro ¢ hich mé dau cho tach gidn mo Bién
bong va tir day hoat dong manti dong vai tro chu dao,
chi phi qua trinh hinh thanh va phat trién Bién Dong.

4) Lich sir hinh thanh va phat trién Bién Pong trai
qua 3 giai doan:

- Giai doan trude tach gian (65-32 triéu nam) dac
trung boi van dong nang vom, san bang kién tao, cu
dung do mang va hoat dong hut chim. Vao Paleocen,
trén phong chung nang vom rdng lén da hinh thanh
mot vai dia hao duoc lép dﬁy cac thanh tao vun tho
luc dia ¢ cac dia hao (Tay Lo6i Chau, Chau Giang va
Truong Sa). Sau cu dung d9, mdt loat dia hao dugc
hinh thanh va phat trién thanh cac bé trong Kainozoi.

- Giai doan tach gian (32-17 tri¢u nam). Nét dac
trung cua giai doan nay ghi nhan hoat dong cua dut
gdy sau Séng Hong theo co ché truot bang trai lam
tang truong lyc cang, dong vai tro nhu mdt ca hich tao
ra mot duong nirt mé dau cho qué trinh tach gidn mo
Bién Pong. Va tir ddy, hoat dong magma manti dong
vai tro chi phdi qua trinh tach gian Bién Pong. Trong
giai doan nay, ngoai cac dia hao dugc hinh thanh tr
trude da hinh thanh mot loat dia hao. Cac dia hao tiép
tuc phat trién, ching chiu anh huéng cia qua trinh
tach gidn Bién Pong va két thiic vao 17 triéu nam cach

ngay nay.
- Giai doan sau tach gian: giai doan nay dac trung
boi qua trinh sut 1an nhiét va dugc chia ra hai thoi ky:

+ Thoi ky sut lan bon. Tai cac vi tri dia hao dugc
hinh thanh, qua trinh sut lin xdy ra lam cho bon mé
rong. Cac thanh tao lap day co6 cau tao nhip dac trung.
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+ Thoi ky sut lan khu vue. Dac trung thoi ky nay 1a
sut an nhi€t phan di xay ra trén dién rong, tao mot tang
tram tich day va x6a nhoa ranh gidi giita cac cdu tao da
hinh thanh tir trude. Két qua syt lun nhiét khu vyc da
hinh thanh mot Bién Pong c6 dién mao nhu ngay nay.

Loi cam on

T dg thé tac gia xin chan thanh cam on su hé tro
cua de tai KC09.20/11-15 trong viéc hoan thanh bai
bao nay.
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Cac két qua xay dung mé hinh dia hinh dong luc trung binh

cuc bo sat nhat v6i mat bién trung binh trén Ianh hai Viét Nam

Ha Minh Hoa"
Vién Khoa hoc Po dac va Ban dé

Ngay nhan bai 15.5.2015, ngay chuyén phan bién 20.5.2015, ngay nhan phan bién 18.6.2015, ngay chap nhan dang 24.6.2015

Bai bao trinh bay cac két qua nghién ctru ciia dé tai cAp nha nwéc “Nghién ctru danh gia cic mit chuin
muc nuwée bién (mit “0” d siu, trung binh va cao nhit) theo cic phwong phap tric dia, hai vin va Kién
tao hién dai phuc vu xdy dung cdc cong trinh va quy hoach déi bo Viét Nam trong xu thé bién ddi khi hau”
(mi s6 KC09.19/11-15) lién quan dén viéc xAy dung mé hinh dia hinh dong lwc trung binh cuc bd (local
Mean Dynamic Topography of Vietnam - MDTVN) phui hop nhét véi mit bién trung binh trén linh hai
Viét Nam. M6 hinh MDTVN sé& dwge sir dung 1am nén thong tin dia 1y trén Bién Pong phuc vu viéc thanh
1ap cac ban @6 chuyén dé bién khac nhau va cong tic do dac - thanh 1ap ban do dia hinh day bién. Mo
hinh MDTVN dwoe xiy dung dua trén mit geoid cuc bd sat nhit véi mit bién trung binh tai tram nghiém
triéu Hon DAu véi muc dich dam bio x4c dinh d cao ciia moi diém trén mit bién trung binh trong hé d¢
cao qudc gia HP72. Cac dir liéu dwoe sir dung dé xAy dung mé hinh MDTVN bao gdom mé hinh DTU10
MDT ciia Dai hoe Ky thuit Pan Mach, thé trong truong W, =62636847,2911 m2.s? clia mit geoid cuc bd
Hon Dau va cac mat bién trung binh cuc by dwge xac dinh tir cac so liéu do muc nwéce (dén thang 6.2014)
va dwoc quy chiéu vé hé dd cao HP72 tai cac tram nghiém triéu Cé To, Hon D4Au, Hon Ngu, Tién Sa (Pa
Ning), Quy Nhon, Nha Trang, Viing Tau, Con Pao va Phi Qudc. M6 hinh DTU10 MDT dwgc sir dung do
dd bao phii toan bd cac dai dwong thé gi¢i ciia no, trong dé c6 lanh hai Viét Nam.

Qua trinh phan tich mit bién trung binh toan ciu ciia mé hinh DTU10 MDT cho thiy tir vi tuyén 19°57°
tré xuong phia nam Viét Nam, mat bién trung binh toan cau sai léch hé thong so véi cac mat bién trung
binh cuc b tai cac tram nghiém trieu. Viéc hi¢u chinh sai so hé thong néu trén cho phép nhan dwgc mé
hinh MDTVN véi dj chinh xac cao & mire £+ 6,1 cm.

Tir khéa: GPS, mdt bién trung binh, mdt geoid cuc by, mé hinh dia hinh dong lyc trung binh, tram nghiém triéu.

Chi so phan logi 1.5

pat van de Dynamic Topography - MDT) DTU10 MDT khi tinh

Mt bién trung binh nhidu ndm 13 thanh phan ciia deén sy bao trum lanh hai quoc gia cia moé hinh nay dé

mat vat 1y trai dét va 1a dbi tuong xac dinh cua tric dia
vat ly. M6 hinh mat bién trung binh dugc st dung lam
nén thong tin dia 1y trén bién phuc vu viéc thanh lap
cac ban d6 chuyén dé bién khac va cong tac do dac -
thanh 1ap ban d6 dia hinh d4y bién. Cac mat bién trung
binh cuc bo dugc nganh khi twong - hai van xac dinh
nho cac sb lidu do muc nudce bién trong thoi gian it Trung tm ViU tru quéc gia Pan Mach (DNSC)
nhét 18,6 nam trén cc tram nghiém triéu chi phan 4nh  thuoc Dai hoc K§ thuat BPan Mach (DTU) da thanh 14p
cac mit bién trung binh tai cac khu vuc cuc bo trong  md hinh bia hinh dong lyc trung binh DNSC08 MDT
pham vi lanh hai qudc gia. Tuy nhién, cic mit bién  c6 quy mé toan ciu dua trén mé hinh DNSCO08 MSS va
trung binh cuc bd néu trén 1a co sé quan trong dé két mo hinh trong truong trai dat EGM2008 [1-4]. Mat
hop véi md hinh dia hinh dong luc trung binh (Mean geoid toan cdu c6 thé trong  trudng

xay dung md hinh dia hinh dong luc trung binh cuc b
(dugc ky hiéu la mo hinh MDTVN) trén toan bo lanh
hai Viét Nam. Mo hinh dia hinh dong lyc trung binh
DTU10 MDT thyc chat 1a md hinh mit bién trung binh
toan cau duogc xac dinh twong Gmg véi mit geoid toan
cau.

*Email: minhhoavigac@gmail.com
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THE RESULTS OF CONSTRUCTING
A LOCAL MEAN DYNAMIC TOPOGRAPHY
BEST FIT TO MEAN SEA SURFACE ON THE
TERRITORIAL WATERS OF VIETNAM

Summary

This scientific article describes the research results of a state
- level project “Estimative research of standard surfaces of
the sea level (“zero” depth surface, mean and highest sea
surfaces) by the methods of geodesy, oceanography and
modern tectonics serving the work construction and planning
the coast of Vietnam in trend of climate changes” with code
KC09.19/11-15 related to the construction of local mean
dynamic topography (local Mean Dynamic Topography
of Vietnam - MDTVN) best fit to mean sea surface on the
territorial waters of Vietnam. MDTVN model will be used as
geographical base map on the East sea for making thematic
maps of different types and measuring - making topographical
maps of the sea bottom. MDTVN model is constructed based
on local geoid best fit to the mean sea surface at the tide
gauge station Hon Dau to determine the height of any points
on the mean sea surface in the state height system HP72.
Data used for the construction of the MDTVN consist of the
DTU10 MDT model of the Technical University of Denmark,
geopotential W = 62636847.2911 m’.s” of the Hon Dau local
geoid and local mean sea surfaces determined from sea
level measurement data (till June 2014) at the tide gauge
stations Co To, Hon Dau, Hon Ngu, Tien Sa (Da Nang),
Quy Nhon, Vung Tau, Con Dao and Phu Quoc. The DTU10
MDT model has been used due to its coverage on the world
oceans in general and on the territorial waters of Vietnam
in particular.

An analytic process of the global mean sea surface from
the DTU10 MDT model has shown that from the paralel of
1957’ to the south of Vietnam, the global mean sea surface
has been systematically inaccurate as compared to the local
mean sea surfaces at the tide gauge stations. A correction of
the global mean sea surface’s systematic error allows to get
the MDTVN model with hight accuracy at the level of £ 6.1
cm.

Keywords: GPS, local geoid, MDT (Mean Dynamic
Topography), mean sea surface, tide gauge station.

Classification numbers 1.5
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Wy = 62636856,0 m”.s~% da duoc st
dung dé xay duyng moé hinh EGM2008 [5].
Cac 6 chuén kich thuée 1°x1° ciia md hinh
DNSC08 MDT bao phii toan cau, riéng &
xich dao kich thuéc cac 6 chuan la 2°x2’.
M6 hinh DNSCO08 MSS (Mean Sea Surface
- MSS) thuc chat 1a mé hinh mit bién trung
binh toan cu dugc xac dinh twong tng véi
ellipsoid WGS84 quéc té va dugc xay dung
dua trén cac dir li¢u altimetry tir cac dy an
vé tinh TOPEX/POSEIDON, JASON-I,
GEOSAT, GFO, ERS-1, ERS-2, ICESAT
trong giai doan 1993-2004. BJ chénh giira
mit bién trung binh toan cau tir DNSC08
MSS va mat geoid EGM2008 1a 23 cm trén
pham vi toan cdu. Do chénh niay khong
dugc tinh dén khi xay dung DNSC08 MDT.
Céc gia tri MDT cyc dai va cuc tiéu cua
DNSC08 MDT la +1,35 m va -1,86 m. Gia
trj trung binh bang 0,23 m. Theo danh gia
trong tai li€u [6], viéc xac dinh do chénh
cua MDT theo m6 hinh DNSC08 MDT va
két qua do GPS trén 320 tram nghiém triéu
o0 nudc Anh cho théy sai sb trung phuong
cua cac do chénh & muc +£6,8 cm, con dd
chénh cua MDT theo m6 hinh DNSCO08
MDT va két qua do GPS trén 4 tram nghiém
triéu & Na Uy cho thay sai s6 trung phuong
cua cac do chénh & mirc +4,1 cm. M6 hinh
dia hinh dong luc trung binh DTU10 MDT
v6i d6 phan giai 1’x1° duoc phat trién tir
mo hinh DNSCO08 MDT do Vién Vi tru
qudc gia (trudc day 1a Trung tim Vil tru
qudc gia) thuoc Pai hoc Ky thuat DPan
Mach thyc hi¢n. M6 hinh nay duoc tang
cuong boi cac dir li¢u do cao v¢ tinh & vung
Bic cuc nho dy 4n vé tinh ENVISAT.

Xét ca vé do bao trum cac bién va céac
dai duong thé giéi, ca vé do chinh xac, mo
hinh DTU10 MDT dugc danh gia 1a mo
hinh mat bién trung binh toan cau tét nhat
hién nay. Vi ly do nay, mé hinh DTU10
MDT két hop véi cac mit bién trung binh
duogc xac dinh (dén thang 6.2014) trén cac
tram nghi¢m triéu co thoi gian do muc
nude bién 16n hon 18,6 nam trén lanh hai
Viét Nam nhu céc tram nghiém triéu Co



T6, Hon Dau, Hon Ngu, Tién Sa (Pa Ning), Quy
Nhon, Nha Trang, Viing Tau, Cén Pao va Phu Quéc
s& 1a mot trong nhiing tién dé quan trong dé xay dung
mo hinh MDTVN.

Dé xay dung mo hinh MDTVN, chung ta cin phai
thuc hién cac nhiém vu khoa hoc - ky thuat sau: 1) Xac
dinh cac dd cao chuén cua cac mat bién trung binh cuc
bo tai cac tram nghiém tridu trong hé d6 cao qubc gia
HP72; 2) Panh gia sy ton tai cua sai sé hé thong giita
mit bién trung binh toan cau duoc xac dinh tr m6 hinh
DTU10 MDT va cac mit bién trung binh cuc b tai cac
tram nghiém triéu; 3) Xay dung quy trinh xay dung mé
hinh MDTVN tir m6 hinh DTU10 MDT.

Céc két qua thyc hién cac nhiém vu khoa hoc - k¥
thudt néu trén dugc trinh bay chi tiét trong bai bao nay.

Doi twong va phuong phap

Dbi tugng can xac dinh 1 mé hinh dia hinh dong
luc trung binh cuc by (MDTVN) trén lanh hai Viét
Nam vé6i d6 chinh xac & mirc £6 cm. Cac ngudn dit liéu
quan trong dé xay dung mé hinh MDTVN bao gom:

- M6 hinh DTU10 MDT phu trum lanh hai Viét
Nam dugc xac dinh trong h¢ WGS84 quéc té trong hé
khong phu thude triéu.

- Cac mat bién trung binh cuc bd dugc xac dinh
theo céc s lidu do muc nudc bién (dén thang 6.2014)
tai cac tram nghiém triéu C6 To, Hon Déu, Hon Ngu,
Tién Sa (Pa Nang), Quy Nhon, Nha Trang, Viing Tau,
Con Pao va Phi Québc.

- Cac d6 cao chuan trong hé d6 cao qudc gia HP72
cua cac “0” tram cua cac tram nghiém triéu Hon DAu,
Tién Sa (Pa Nang), Quy Nhon, Nha Trang, Viing Tau
dugc xac dinh tir dé tai cip nha nude [7], thém vao
d6 can luu y rang d6 cao chuan trong hé do cao HP72
duoc xac dinh trong h¢ triéu trung binh.

- Thé trong truong W, = 62636847,2911 m?%.s? cua
mat geoid cuc by sat nhat véi mat bién trung binh tai
tram nghiém triéu Hon D4u va d6 cao 0,890 m ctia mit
geoid Hon Diu so v&i mit geoid toan cau, thém vio
d6 do cao nay la khong ddi trén toan bo lanh thd Viét
Nam. Cac dir li¢u nay da dugc xac dinh va cong bd
trong cac tai liéu [8-10];

- Mo hinh quasigeoid qubc gia khoi dau VIGAC2014
dua trén mat geoid cuc by Hon DAu va duge xay dung
tir mo hinh trong truong trai dit EGM2008 - san pham
ctia dé tai cAp nha nudc nay da duoc cong bd trong cac
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tai liéu [10, 11].

Céc phuong phap xtr 1y dir liéu dong vai tro then
chét trong viéc xdy dung mo6 hinh MDTVN. Nhu di
chirng minh trong tai li¢u [10], hé do cao HP72 dugc
xéc dinh trong hé tridu trung binh va dudi tac dong cua
song tridu thuong truc (song vung) do ste hit ciia mat
trang va mat troi, do cao chuén bi sai léch hé théng tr
+5 ¢cm & cuc Bic dén +9,3 cm & cuc Nam Viét Nam.
Chinh vi 1y do nay, theo Nghi quyét s6 16 cta Dai hoi
ddng Lién doan tric dia va dia vat 1y qudc t& (IUGG)
tai Hamburg (CHLB Pirc) vao thang 8.1983, tt ca cac
dir liéu trac dia phai chuyén vé hé triéu 0 [12]. Nhu
vay, cac do cao chuén cua cac “0” tram cua cac tram
nghiém triéu Hon Dau, Tién Sa (Pa Ning), Quy Nhon,
Nha Trang, Viing Tau phai dugc chuyén tir hé triéu
trung binh (mean tide system) vé hé tridu 0 (zero tide
system) theo cong thirc sau [10]:

H? =H” +0,099-0296.sin> B <m> (1)

Trong do, B - YT d,(j tric dia cta tram, cac ky hi¢u
“m” va “z” la viét tat cia cac chir tiéng Anh mean
(trung binh) va zero (0).

Cac gia tri MDT, duoc xac dinh tr mo hinh
DTU10 MDT la cac d cao cla cac mat bién trung
binh toan cau so v&i mat geoid toan cau tai cac tram
nghiém triéu va dugc tinh chuyén tir hé khong phu
thudc triéu (non - tide system) vé hé tridu 0 theo cong
thue [10]:

MDT, = MDT +0,033-0,0998.sin> B <m> (2)
n
0 day ky hiéu “n” viét tat tir chir tiéng Anh “non -
tide”.
V61 muc dich xay dung m6 hinh MDTVN tir mo

hinh DTU10 MDT sao cho sat nhat v&i mat bién
trung binh cuc bd trén Ianh hai Viét Nam, dau tién

chung ta phai chuyén cac gia tri MDT . dugc xéac

dinh trén cac tram nghiém triéu tr mat geoid toan cau

vé mit geoid cuc by Hon DAu theo cong thtrc [10]:
MDTVN, = MDTZ -0,890 m 3)

Tiép theo, xac dinh cac d6 chénh giita cac gia tri
MDTVN, va cac do cao chuan nha nuéc trong h¢

trieu 0 cua cac mat bién trung binh cuc bd tai cac
tram nghiém triéu va kiém tra sy c6 mat cua sai sO h¢



théng trong day céac gia tri MDT VN,. Néu phat hién
théy su ¢6 mit cta sai s6 hé théng néu trén, ching ta
s& x4c dinh s6 hiéu chinh vao cac gia tri MDTVN,
dé loai bo sai sd hé théng. Cudi cung, cac gia tri
MDTVN ., lai dugc so sanh v6i cac do cao chuan

nha nudc trong hé triéu 0 cua cac mat bién trung
binh cuc bo tai cac tram nghi¢m tri¢u dé danh gia do
chinh xac cia m6 hinh MDTVN duogc xay dung.

Két qua

Vi cac d6 cao chuén cua “0” tram trong hé triéu
0 duoc xac dinh theo cong thire (1) va cic mat bién
trung binh so véi cac “0” tram tai cac tram nghiém
triéu dugc xac dinh theo sd liu do muc nude dén
thang 6.2014, ching ta tinh todn d¢ cao nha nudc cua
cic mit bién trung binh cuc bd trong hé triéu 0 tai cac
tram nghi¢m triéu. Cac két qua tinh toan dugc trinh
bay trong bang 1. Cac do cao chuan cua cic mit bién
trung binh cuc bd tai cac tram nghiém triéu C6 To, Hon
Ngu, Con Dao, Phu Quéc duge xac dinh dua trén cong
nghé GPS, mé hinh quasigeoid khai dau VIGAC2014

Bang 2

STT | Tén tram D) cao cia mit S6 hi¢u chinh Cac gia tri
bién trung binh chuyén tir h¢ MDTz twong irng
toan ciu so véi mat khong phu v6i geoid toan ciu
geoid toan ciu thudc triéu vé trong hé tridu 0
MDTz (m) hé triéu 0 (m)
(m)
1 Co6To 1,075 0,020 1,095
2 Hon Déu 0,874 0,021 0,895
3 Hon Ngu 1,287 0,023 1,310
4 Tién Sa 1,131 0,025 1,156
(Pa Ning)
5 Quy Nhon 1,211 0,027 1,238
6 Nha Trang 1,230 0,028 1,258
7 Viing Tau 1,297 0,029 1,326
8 Con Pao 1,148 0,031 1,179
9 | PhuQuéc 1,191 0,030 1,221

Céc két qua chuyén cac gia tri MDT - trong bang 2
tor mat geoid toan cau vé mat geoid cuc bd Hon DAu

theo cong thtrc (3) dugc trinh bay trong bang 3.

va theo phuong phap dugc trinh bay trong tai li¢u [10]. Bang 3
Bang 1 STT | Tén tram Céc gia tri S6 hi¢u chinh Céc gid tri
MDTz twong ing vé mit geoid MDTVN, tuong img
_ véi geoid toan ciu | cuc by Hon Diu véi geoid cuc bo
STT Tén tram Dj cao Céac miat P§ cao chuan trong hé tridu 0 MDTVN, Hon Déu
nghiém chuan bién trong h¢ triéu 0 (m) (m) trong h¢ tridu 0
triéu cuia “0” trung cuiia cac mit bién (m)
tram binh so trung binh twong
trong hé véi “0” ung véi geoid cuc 1 C6 To 1,095 -0,890 0,205
triéu 0 tram bo Hon Diu
(m) (m) (m) 2 Hon Déu 0,895 -0,890 0,005
1 CoTo 0,192
3 Hon Ngu 1,310 -0,890 0,420
2 Hon Déu -1,878 1,878 0,000 —
Tién Sa
4 - 1,156 -0,890 0,266
3 Hon Ngu 0,085 (Pa Nang)
4 Tién Sa 0,877 0,980 0,103 5 | QuyNhon 1,238 -0.890 0,348
(Pa Néng)
5 Quy Nhon _1,464 1,540 0,076 6 Nha Trang 1,258 -0,890 0,368
6 Nha Trang -1,220 1,270 0,050 7 Viing Tau 1,326 -0,890 0,436
7 Viing Tau -2,700 2,670 -0,030 8 Con Pio 1,179 -0,890 0,289
8 Con Bao 0,044 9 | PhiQuéc 1221 -0,890 0,331
9 Phii Qubc -0,098

Céc két qua tinh chuyén cac gia tri MDT» dugc xac
dinh tr m6 hinh DTU10 MDT tir hé¢ khong phu thudc
tridu vé hé tridu 0 theo cong thirc (2) va dugc trinh bay
trong bang 2.
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Céc két qua tinh cac hiéu C giira 6 cao chuén trong

hé tridu 0 ctia mat bién trung binh cyc bo trong bang

1 va gia tri MDTVN trong bang 3 trén tram nghi¢m

triéu twong tmg duogc trinh bay & bang 4.

36




Bang 4
. 2., Cic gia tri
D¢ cao chuin cia cic

Tz . MDTVN  twong iing D6

mit bién trung binh G l'd b6 hA' b
véi geoid cuc by
STT Tén tram twong tng véi geoid & N chen
b6 Hon DA Hon Dau C,
cuc b Hon Dau
M trong hé triéu 0 (m)
(m)
(m)
1 CoTo 0,192 0,205 -0,013
2 Hon Déu 0,0 0,005 -0,005
3 Hon Ngu 0,085 0,420 -0,335
Tién Sa
4 s 0,103 0,266 -0,163
(Pa Nang)

5 Quy Nhon 0,076 0,348 -0,272
6 Nha Trang 0,050 0,368 -0,318
7 Viing Tau -0,030 0,436 -0,466
8 Coén Bao 0,044 0,289 -0,245
9 Phti Qudc -0,098 0,331 -0,429
Téng 2,228

Theo tai liéu [13], khi danh gia so sanh mat bién
trung binh tr cac mé hinh khac nhau, néu do chénh
nho hon £0,1 m thi ¢6 thé xem 13 nho va bo qua. Do
do, chiing ta coi cac hiéu C trén cac tram nghiém triéu
C6 To6 va Hon Dau khong co sai s6 hé thong. Diéu
nay ciing c6 nghia rang tai khu vuc bién cta cac tram
nghiém triéu C6 T6 va Hon DAu, mit bién trung binh
toan cau duoc coi Ia trung véi mat bién trung binh cuc
bo.

Tai 7 tram nghiém triéu con lai, céc gid tri C. khd
16n. Dé kiém tra su ton tai cia sai s hé théng cua mo
hinh DTU10 MDT, theo cac gia tri C, cua 7 tram
nghiém triéu con lai, chung ta xac dinh 2 dai lugng

Y :ici =-2228mva B= 271:|C,.|. =2.228 m.
i= i=

Do |4 = 2,228 m > 0,25 x 2,228 m = 0,557 m, nén

theo 1y thuyét hidu chinh cac tri do kép, trong day cac
gid tri MDTVN_ c6 chtra sai s hé thong. S6 hi¢u chinh
do sai sb hé théng béng —@ =-0,318 m.

Khi nghién ciru m6 hinh DTU10 MDT trén lanh hai
Viét Nam, ching ta thiy rang:

- Vung bién 1 ndm giita cac vi tuyén 19°57° va
21932’ va giita cac kinh tuyén 106° va 108°, mat bién
trung binh toan cu twong d6i bang phang, su thay doi
bé mit nho. Gia tri MDT » trung binh & mure 0,890 m.
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- Ving bién 2 nam giita cac kinh tuyén 106° va 108°
va tir vi tuyén 19°57” tro xudng phia Nam, mat bién

trung binh toan cau thay doi dot ngdt voi gia tri MDT »
trung binh ¢ mtrc 1,3 m.

- Ving bién 3 nam giita cac kinh tuyén 108° va 110°
va tir vi tuyén 21° tr xudng phia Nam, mit bién trung

binh toan cau thay ddi dot ngdt véi gia tri MDT»
trung binh ¢ mirc 1,2+1,4 m.

Su nang cao dot ngdt cia mat bién trung binh toan
cdu tai cac viing 2, 3 so voi ving 1 12 nguyén nhan gay
ra sai s6 hé thong trong cic gid tri MDT, so voi cac
mit bién trung binh cuc bg tai cac tram nghi¢m triéu
Hon Ngu, Tién Sa, Quy Nhon, Nha Trang, Viing Tau,
Coén Pao va Phu Quoc.

V6i muc dich xay dung m6 hinh MDTVN_ phu hop
nhat véi mit bién trung binh cuc bd trén lanh hai Viét
Nam dua trén m6 hinh DTU10 MDT, ching ta s€ hi¢u
chinh sai s6 hé thong trong cac gia tri MDTVN  trong
bang 4 trén cac tram nghiém triéu Hon Ngu, Tién Sa,
Quy Nhon, Nha Trang, Viing Tau, Cén Dao, Phii Quéc
va so sanh céc gia tri MDTVN  véi cac gia tri do cao
chuan nha nudc ctia cic mit bién trung binh trén tat ca
9 tram nghi¢m triéu dugc nghién ctru. Cac Kkét qua tinh
toan dugc trinh bay ¢ bang 5.

Bang 5
STT | Tén cac Cac gia tri S6 hiéu | Cac gia tri Pj cao bo

tram MDTVN, chinh do | MDTVN, chuan chénh
nghiém twong ng sai sb dwoe cuia cac d, (m)

triéu voi geoid | hé théng | hiéu chinh | mit bién

cuc bo (m) (m) trung binh
Hon Déu twong ing
trong hé vo6i geoid
triéu 0 cuc bd
(m) Hon Déu
(m)
1 Co To 0,205 0,192 0,013
2 Hon Déu 0,005 0,000 0,005
3 Hon Ngu 0,420 -0,318 0,102 0,085 0,017
4 Tién Sa 0,266 -0,318 -0,052 0,103 -0,155
5 Quy 0,348 -0,318 0,030 0,076 -0,046
Nhon
6 Nha 0,368 -0,318 0,050 0,050 0,000
Trang

7 Viing Tau 0,436 -0,318 0,118 -0,030 0,148
8 Con DBao 0,289 -0,318 -0,029 0,044 -0,071
9 Phu Qudc 0,331 -0,318 0,013 -0,098 0,111
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Dé kiém tra trong day céc gi tri MDTVN_ duoc
hi¢u chinh cé con chura sai s6 h¢ thong hay khong,

9 9
chung tatinh  4=%d; =0,022 m, B=Y|d,|=0.566 m.
i=1 i=1

Do |A| = 0,022 m < 0,25.B = 0,1415 m, nén trong day
cac gia tri MDTVN_~dugc hi¢u chinh khong chura sai
s0 hé thong.

D¢ chinh x4c cua m6 hinh MDTVN dugc danh gia
theo cong thuc:

Chung ta thay ring mé hinh MDTVN, dugc xay
dung bang cach néu trén co d6 chinh xac rat cao, tuong
duong véi yéu cau do chinh xac d6 cao qudc gia hang
L.

Véi cac két qua nghién ctru dugc trinh bay & trén,
chung ta cé quy trinh thanh 1&p mo6 hinh MDTVN phu
hop v6i mit bién trung binh trén lanh hai Viét Nam
dua trén mo6 hinh DTU10 MDT duoc thuc hién theo
cac budc sau:

Buwéc 1: Chuyén tit ca cac gid tri MDTy tai cc
dinh ctia cac 6 chuan 1’ x 1’ trong mé hinh DTU10
MDT, thém vao dé cac 6 chuan thudc lanh hai Viét
Nam, tor h¢ khong phu thudc triéu vé hé tridu 0 va
chuyén vé twong tng véi geoid cuc b Hon Dau theo
cong thirc:

MDT : = MDT» —0,890 m+oMDT,_.

Trong d6: SMDT,,_,- s6 cii chinh chuyén gia tri
MDT tir hé khong phu thudc triéu vé hé triéu 0 va
duoc xac dinh theo cong thurc:

SMDT, . =0,033-0,0998.sin> B

O day B - vi do tric dia cta dinh 6 chudn tuong tmg
v6i ellipsoid WGS84 qudc té.

Buwée 2: Khi dinh cia 6 chuin 1’ x 1’ ndm ¢ vi
tuyén véi vi do nho hon 19°57°, ching ta hiéu chinh

cac gia tri MDT: do sai s6 hé théng ctia mat bién
trung binh toan cau so voi mat bién trung binh cuc bo
trong 1anh hai Viét Nam theo cong thurc:

MDT: =MDT:—-0,318 m
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Céch tiép can phuong phap xiy dung mé hinh dia
hinh dong lyc trung binh cuc bd phu hop véi mét bién
trung binh trén lanh hai qudc gia dwa trén mo hinh
MDT quéc té dugc trinh bay trong bai bao nay 1a cach
tiép can mdi, chua dugc cong bd trén thé gidi. Khi
danh gia mit bién trung binh toan ciu so v6i mit bién
trung binh cuc bo trén cic tram nghiém tridu trong lanh
hai qubc gia, mot sb nude nhu Anh, Na Uy thuong sir
dung m6 hinh mat bién trung binh (Mean Sea Surface
- MSS) x4c dinh d6 cao ctia mat bién trung binh toan
cau so v6i mit ellipsoid qudc & WGS84.

Van dé mau chdt cua viée dé xuat phuong phap xay
dung m6é hinh MDTVN duogc trinh bay ¢ trén la xac
dinh duoc thé trong trudng WO’= 62636847,2911 m?.s?
cua mat geoid cuc by Hon Dau, d6 cao 0,890 m cua
mat mat geoid cuc bo Hon DAu so voi mat geoid toan
cau va su khong ddi cua do cao nay trén toan bo lanh
thd Viét Nam [8-10]. Do d6, phuong phap xiy dung
mo hinh MDTVN duoc trinh bay ¢ trén 1a phuong
phép hoan toan méi.

Trong khuon khé thuc hién dé tai cip nha nudc
KC09.19/11-15, m6 hinh MDTVN trén toan by lanh
hai Viét Nam 1a san pham quan trong ctia dé tai s& tao
ranén thong tin dia ly trén Bién bong, phuc vu déc luc
cho viéc thanh 1ap cac ban dd chuyén dé vé bién va
cong tac do dac - thanh 1ap ban d6 dia hinh day bién.

Két luan

Céac phuong phap duogc st dung dé xay dung md
hinh MDTVN phii hop nhat véi mét bién trung binh
trén lanh hai Viét Nam dua trén mo hinh DTU10 MDT
c6 co s& khoa hoc chat ché va dap Gmg day du cac yéu
cau hién dai cua cong tac xu ly cac dir li€u tric dia trén
co s& quy chiéu cac dit liéu vé hé triéu 0, quy chiéu cac
giatri MDT - dugcxac dinh tir mé hinh DTU10 MDT
vé mat geoid cuc by Hon Déu, danh gia so sanh cac gia
tri MDTVN ; vOi cac dd cao nha nudc cua cac mat
bién trung binh cuc bd tai cac tram nghi¢m triéu dé
phat hién sai s6 hé théng ctia mat bién trung binh toan
cau cua mo6 hinh DTUL0 MDT va hiéu chinh tuong
tmg dé loai bo sai s6 hé théng trong cac gia tri
MDTVN -. Cac két qua thyc nghiém cho thdy, mo
hinh MDTVN c¢6 d¢ chinh xac rat cao (& muc +6,1
cm). Viée str dung tiép theo cac mit bién trung binh
cuc b0 tai cac tram nghiém triéu Bach Long Vi, Ctra
Ong, Bii Chay, Sam Son, Con C6, Phti Quy, Thé Chu



s€ nang cao do chinh xac cua m6 hinh MDTVN trén
toan bd lanh hai Viét Nam.

Loi cam on

Tdc gia cam on Chwong trinh KH&CN trong diém
cap nha nuwée KC09/11-15 “Nghién ciru KH&CN phuc
vu quan 1y bién, hdi déao va phat trién kinh té bién” da
ho tro thuc hién bai bao nay.
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. 4

Pic diém dia hinh, cau tric dia chat va dién bién

dudng bo déi bo bién Tay Ca Mau
Tran Thi Thu Hién’, Dang Hoa Vinh

Vién Dja ly Tai nguyén TP H6 Chi Minh, Vién Han lam KH&CN Viét Nam
Ngay nhan bai 23.2.2015, ngay chuyén phan bién 28.2.2015, ngay nhan phan bién 26.3.2015, ngay chap nhan dang 1.4.2015

Mot trong nhirng thach thirc ma tinh Ca Mau dang phai d6i mit 13 tinh trang x6i 16' bo bién. Binh quén
mdi nim dwong bo bién & Ca Mau bi x6i 16 khoing 5 km trén chiéu dai 254 km. Nhw vy, mdi nim tinh
Ca Mau bi mit khoang 927 ha dit do sat 16. Trong d6 tinh trang x6i 16 khu vure bo bién TAy 1a rat dang
lo ngai. Cac két qua phan tich cho thiy dwong bo bién TAy tinh Ca Mau c6 xu huéng x6i 16 13 chinh, khu
vure x6i 16 manh nhit 13 bo phai vam séng Ong Péc, tiép dén 1a cira Hwong Mai. Khu vue boi chii yéu nim
& vung Miii Ca Mau.

Nhin chung, hién twong x6i 16 bo bién, cac cira sdng xay ra trén hau hét dia ban tinh Ca Mau véi nhiéu
nguyén nhan khac nhau nhu: dic diém dia hinh déi bo, ciu tric dia chit viing bo bién, séng, gié, thiy
triéu, dong chay song - bién va con ngudi... da va dang la méi de doa 16m t6i 6n dinh dén sinh, kinh té, xi
hdi ciia tinh. Bai viét gioi thiéu két qua khio sat thyc trang thay doi dwong bo, dia hinh va cu tric dia
chit d6i b bién Tay Ca Mau nhim gop phan danh gia cac nguyén nhan gay xo6i 16’ bo bién, tir 46 dwa ra

cac gidi phap aé han ché tac dong xau.

Tir khéa: boi ldng, bo bién T, ay, cdu triic dia chat, dién bién dwong bo bién, dia hinh, xoi lo.

Chi s6 phén logi 1.5

Pat van de

Ca Mau la mot trong nhiing tinh ndm trong ving
nguy hiém boi sy de doa cua bién ddi khi hau, nuée
bién dang. P4y la vung c6 dia hinh thap (cao hon 1-3 m
s0 v6i mit nude bién) va 1a tinh duy nhét chiu tac dong
ctia ca hai ché do nhat triéu va ban nhat triéu. Tinh ¢
duong bo bién dai khoang 254 km va tong chiéu dai
cua kénh, rach trén 8000 km, cung vdi nhiéu ctra song
thong ra bién. Trong nhitng nam gan day tinh hinh sat
16 b bién, cira song & Dong bang séng Ciru Long nodi
chung va & Ca Mau ndi riéng tré nén kha phd bién.
Tinh trang sat 16 bo bién tinh Ca Mau dang c6 xu thé
ngdy mot gia ting, ca vé mirc dd va pham vi. Nhing
khu vuc nhu Bat Miii trude ddy duge bdi nay ciing da
bi sat 16 nghiém trong. Thiét hai do sat 16 bo bién gay
ra la rat 1on, nhidu cong trinh nhu cng, dé bién, duong
giao thong, bo bao... bi hu hdong, nhiéu dién tich rung
ngdp man bi mat, nhiéu ao dAm tém bj pha hai, de doa
dén cac khu du lich cta dia phuong, rat nhiéu nha dan
da bi sap, hang ngan hd dan phai di doi di noi khac...
C6 thé noi, tinh trang x6i 10 b bién, ddc biét 1a khu
vuc bo bién Tay dang 1a méi de doa nghiém trong dén
tinh mang, tai san ciia nha nudc, nhan dan va giy mét

*Tac gid chinh: ttthien@hcmig.vast.vn
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dién tich déat ven bo, mét tham thuc vat, moéi truong
tu nhién, mat on dinh kinh t€, xa hdi cta khu vuc, anh
huong dén quy hoach st dung dat cua tinh.

Dé c6 cai nhin toan canh cting nhu danh gia dugc
thuce trang x6i 16 khu vuc ven bién Tay, nhung gi dang
dién ra va mirc do nguy hai do sat 16 bd bién, chung
t6i da tién hanh diéu tra, danh gia thuc trang dién bién
duong bo va do dac, phan tich bién doi dia hinh, dia
chat d6i bo va luu tde dong chay bo blen Tay, trén co
50 do xac dinh cac nguyén nhan chu yeu gop phan dé
xudt cac giai phap nham bao vé ving dat quy gia ny.

Phuong phap nghién cuu

Dé danh gia dia hinh va dia chit doi bo bién Tay
tinh Ca Mau, trong khudn kho dé tai: “Piéu tra, ddnh
gid thiee trang va dién bién dia hinh déi bo bién Tay
tinh Ca Mau phuc vu quy hoach xdy dung hé thong
cong trinh ven bién”, ching t6i tién hanh khao sat do
dac dia hinh va cau tric dia chét bé“mg viéc st dung Kkét
hop may do ADCP va hé théng may do Sub-bottom
profile cung hé xu Iy 3200 XS kém theo.

Céc tuyén do sat dia chin duoc thuc hién bang hé
thong thiét bi thu - phat SB-216S hé don kénh vai
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CHARACTERICTICS OF
TOPOGRAPHY, GEOLOGIC
STRUCTURE AND BANKLINE
EVOLUTION FOR THE WESTERN
COAST OF CA MAU PROVINCE

Summary

At present, one of the challenges which Ca Mau
province is facing is the coastal erosion. Each
year, its coastal line has been averagely eroded by
5 km within its total length of 254 km; therefore,
Ca Mau province has yearly lost by 927 ha
of land. Especially, the erosion of the western
coastal region of Ca Mau is extremely worrying.
The analysis results have shown that the western
coastal line has been eroded most in the right
bank region of Ong Doc river and then Huong
Mai estuary. In the other hand, the deposit region
has been the cape of Ca Mau.

In general, the coastal and estuarial erosion
phenomenon has occurred in almost the Ca
Mau province due to such reasons as: the
characteristic of coastal line topography, geologic
structure, wave, wind, tide, flow in river - sea and
human, etc. The reasons have affected hugely
the stability of provincial habitant, and social
and economic situation. This paper introduces
the result of investigating the change of coastal
line, topography, and geologic structure in the
western coast of Ca Mau to contribute to the
evaluation of erosion reasons and then proposing
the solutions to limit the negative effects.

Keywords: coastline happenings, erosion, geologic
structure, sedimentation, topography, Western
coast.

Classification numbers 1.5

cac dai tan s6 2-15 kHz/20 ms, 2-12 kHz/20 ms, 2-10
kHz/20 ms va phan mém diéu khién doc 1ap EdgeTech
DISCOVER 3200SB do hang EdgeTech cia My san
xuat. S lidu thu duoc c6 d6 phan giai cao, cho phép
phan tich chi tiét cac dic diém cau triic phan 16p cua
tang tram tich day song, bién va kénh rach véi do phan
giai 6-10 cm theo phuong thing dung.

Chung t6i da do dac 19 tuyén vudng goc vdi bo,
chiéu dai mdi tuyén thay doi trong khoang 5-20 km.

TAP CHI

HOA HOC

ONG NGHE I} Nam 57(10) 102015

Toéng chiéu dai mat cat do dac gdbm 177 km.

Luu téc dong chay doc bd bién Tay dugc do dac
bang may ADCP. B4 tri quan tric luu toc dong chay tai
3 vi tri (vam Khanh Hoi, vam song Ong Ddc va vam
Céi boi Vam), khoang cach khao sat tir bo ra 20 km.

Str dung phuong phap phan tich danh gia tong hop
cac tai li¢u quan trac song gio, dong chay bién, dic
diém dia chat dia mao...

Dé danh gia thuc trang dién bién dudng bo bién
chung t6i su dung phuong phap phan tich anh vién
tham trong nhiéu nam (st dung kénh phd xanh lam
cda anh landsat-7 nam 1995, 2001, 2005, 2013 véi do
phan giai khong gian 30 m) va phuong phap chong xép
ban do.

Két qua nghién ciu va thao luan

Diic diém dia hinh, céu triic dia chat, thiiy vin ddi
bo bién Tay tinh Ca Mau

Bdc diém dia hinh:

Két qua khao sat phan b duong dia hinh d6i bo
bién Tay dugc trinh bay trong hinh 1. Cac mit cat
ngang dudng bo tai cac vi tri: miii Ca Mau tir bo ra 20
km, vam song Ong bdc va vi tri cra Khanh Hoi duoc
trinh bay trong hinh 2. Trén céc hinh trinh bay khoang
cach, cao d6 dia hinh & cac diém cudi mat cét va diém
chuyén tiép.

Hinh 1: dong mirc dia hinh déi bo bién Tay theo tdi liéu do dac 2014

M



15.230m - 2.87m

Miit cit ngang Miii Ca Mau

17.349m - 5.72m

Miit ciit ngang vim Khanh Hgi

17.132m - 13.91m

Hinh 2: mdt cdt ngang cdc tuyén do dia hinh
Két qua cho ta nhan xét:

- Pia hinh khu vuc Miii Ca Mau kha bang phéng,
d6 doc rat nho. Khi ra t6i khoang cach khoang 15-18
km, dia hinh bit ddu thay ddi nhanh chong. Tur khu
vuc nay tro ra do dbc 18n dén 6,4%o. Téi khoang cao
trinh -15,0+-16,0 m do dbc giam nhanh, dia hinh tro lai
bang phing hon. Ta c6 thé xem dudng ddng dia hinh
-15 m 1a duong gi6i han phét trién ciia Miii Ca Mau.
Trén co s& d6 cho phép nhan xét chiéu rong ciia khu
vuc bai bdi dat Miii khoang 18 km, diéu d6 ding véi
cac nhan dinh trude day [1-3].

- Khu vuc vam Bay Hép va cira Ong Trang dia hinh
dang thay d6i nhanh, dic biét 1a dang c6 su phat trién
ctia con ngam trudc cira song Ong Trang.

- Qua clra vam Bay Hap dia hinh day bién thap dan
ra bién v6i d6 doc déu khoang 1%o. S6 liéu do dac
cho t&i pham vi 20 km ké tir bo déu co do dbc thay
d6i khong dang ké. Pi vé phia Rach Gia duong dang
sau c6 xu hudng ap sat hon vao bo. Dia hinh day bién
tuong dbi bang phing voi do doc kha 6n dinh.
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Hinh 3: mdt cdt dia chan - dia chat tuyén T1 (Miii Ca Mau)
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Hinh 4: mdt cdt dia chin - dia chat tuyén T9 (cira song Ong Pic)

Cdu tric dia chat:

Két qua khao sat dia chan tuyén Mai Ca Mau (hinh
3) va tuyén vam song Ong Ddc (hinh 4) cho thiy: ciu
trac dia chit d6i bo bién Ty bao gdm 3 16p: 16p 1 ¢6
truong song dia chin phan xa manh va rd. Thanh phan
chu yéu cua 16p nay 1a sét bot, sét déo mém. Do day
thay d6i trong khoang 2-20 m tuy theo khu vuc khao
sat; 10p 2 chi yéu 1a thanh phan bot sét, do day khoang
8-20 m; 16p 3: thanh phan thach hoc 14 sét pha cat, bot
cat. Pay 1a 16p 16t day ctia tram tich Holocen. Lép nay
¢6 chiéu day khoang 18-42 m. Diéu nay kha phu hop
v6i cac két qua trude day vé dac diém tram tich khu
vue Miii Ca Mau [2], theo d6 c6 thé chia thanh cac 16p
chinh 14 trAm tich bién nong - tam giac chau ngam, 16p
tram tich bién nong va 16p bai tridu.

Tai tuyén khao sat tir Miii Ca Mau ra bién (tuyén 1),
16p 1 chi xuét hién trong khoang 3,5 km trd ra, noi do
débc dia hinh bat dau thay d6i nhanh. Cé thé xem 16p 1
chinh 1a 16p trAm tich bién ndng - tam giac chau ngam.
L6p 2 xuét hién tir bd ra t6i noi bat dau xuét hién 16p
1, 16p 2 nam phii 1én 16p 3, ta c6 thé xem 16p 2 1a 16p
bai triéu. Tai vi tri chuyén tiép nay bé mat 16p 3 ciing
c6 thay doi dot bién xudng sau hon. Tur vi tri nay tré
ra ngoai khoi bé mat 16p 3 kha bang phang & do sau
khoang 20 m (d¢ sau dia hinh khoang -14 m). Lép 4
¢6 thé duoc xem 1 16p tram tich bién ndng. Chiéu sau
bé mat day tang Pleitocen khu vuc Miii Ca Mau nam
& 40-50 m. Ciing twong tu nhu vay cho mit cit ndi tir
diém cubi tuyén 1 t6i cira vam Bay Hap.

Tai mit cat trudc vam song Ong Ddc, 16p 1 kéo dai
tir trong bo ra t&i hét mat cit do. Khoang cach tir bo ra
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khoang 11 km, trudng song dia chan 16p 2 bi hap thu
hoan toan chiing to trAm tich c¢6 do gén két kém, do
rong cao, thanh phan thach hoc chu yéu cat pha, tuong

ung voi tram tich Holocen.

Theo tudn tu phan 16p nhu trén c6 thé cho phép suy
doan 16p 1 & day 1a 16p bai triéu, 16p 2 14 16p tram tich
bién néng - tam giac chau, 16p 3 1a 16p trAm tich bién
nong. Ngoai trir bé mat dia hinh tuong ddi bang phang
v6i d6 dbc on dinh khoang 1%, cac 16p dudi bé mat
bién doi kha manh. Chiéu sau bé mit ting Pleitocen
thay d6i trong khoang 40-55 m.

Dic diém thuy vin viing bién Tay

Céc hinh 5, 6, 7 trinh bay phan bd luu tde theo mat
cit ngang cac tuyén do tai vam Khanh Hoi, vam song
Ong Pdc va vam Cai Doi Vam, khoang cach khao sat
tir bo ra 20 km. Bang 1 trinh bay két qua tong luong
dong chay trong ngay do dac tai 3 mat cit.
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Hinh 5: luu toc dong chdy trén mdt cdt ngang tai Khanh Hpi
lic 11h ngay 1.4.2013
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Hinh 6: luu toc dong chay trén mdt cat ngang tai song Ong Doc -
ven bién 7h ngay 25.3.2013

P Sau (m)

B
o3
o

I R R T ™ R "R TR TR
Khodng Cich (m)

Hinh 7: heu toc dong chay trén mdt cdt ngang tai Cdi P6i Vam
lic 2h ngay 26.3.2013
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Bing 1: tong lirong dong chay chuyén qua mdt cdt trong ngay triéu

AP . e Song Cai Doi
Vi tri mét cat Khéanh Héi Ong Pbc Vam
Téng lugng dong chay chuyén
qua mat cit trong 1 ngay tridu -15,028 126,331 186,996
(triéu m®)
Két qua cho thay:

- Luu tdc dong chay ven bd cao hon nhiéu so véi
lru tdc phia ngoai bién. Noi tap trung luu toc dong
chay cao ndm trong pham vi 0-1200 m ké tir bo bién.
Ngoai ra, luu tbc dong chay phia mit cao hon so voi
dong chay phia dudi. Luu téc dong chay ven bo va
dong chay mat cao la nhitng nguyén nhan chinh gay
x6i 1& bo bién Tay.

- Luu tdc tirc thoi cua dong chay ven bo c6 thé dat
cac gia tri rat cao. Tai ctira Ong Pdc gid tri luu tdc cao
nhat do duogc dat téi 3,26 m/s; tai Cai Doi Vam gia tri
nay dat 2,74 m/s; phia Khanh Hoi gia tri luu téc max
diéu hoa hon nhung van dat 2 m/s. Pay la cac gia tri rat
cao, chinh nhitng gia tri ot bién tirc thoi nay 1a nguyén
nhan gay ra x6i 16 d6i b bién.

- Luu tc dong chay ven bo thay doi theo quy luat:
giam dén tir cira Cai D6i Vam 1én cira Ong Déc va thip
nhat 1a Khanh Hoi, cho thiy su tac dong cua dong chay

ven b tir phia bién Dong.

- Trong mdt ngay triéu do dac, xu hudng dong chay
¢6 xu thé chuyén vé phia Rach Gia. Tai truée cira Cai
Do6i Vam, dong chay ven bo ¢6 hudng chuyén manh vé
phia Rach Gia. Cang di dan vé hudng Rach Gi4, lwong
dong chay chuyén sang giam dan. Khi t6i Khanh Hoi
thi xu huéng chuyén nudc 1én phia bic khong con.

Thuc trang dién bién dwong bo bién Tay tinh Ca
Mau

Hinh 8 trinh bay so d6 dién bién duong b bién Tay
tinh Ca Mau, ciing 2 khu vuc trong diém vé boi ling va
x6i 16 bo bién Tay. Bang 2 trinh bay cac dic trung bdi

léng - x0i 1& theo cac khu vue doc theo bo bién Tay.
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Hinh 8: 5o d6 dién bién duong bo bién Tay tinh Ca Mau,
cung 2 khu vuc trong diém vé boi lang va xoi lo bo bién Tay

Bang 2: dién tich (DT) cdc khu vuc boi tu va x6i 16 tai cde vi tri ciia bo bién T ay

Qua phan tich anh vién tham landsat cac nam 1995,
2001, 2005 va 2013 cho thay [4]:

- Vung bién tai khu vuc rach Tho chu yéu duoc boi.
Néu so véi thue trang nam 1995, nam 2001 di¢n tich
vung bién khu vyc rach Tho di duoc bdi thém 0,091
km?, nam 2005 téng dién tich duoc boi thém 1a 0,278
km?, nim 2013 tong dién tich dugc boi thém 13 0,752
km?. Nhu vay, trong giai doan 1995-2001 binh quan
vung bién nay duoc boi 0,02 km?/nam, giai doan 2001-
2005 dién tich bdi binh quan 14 0,05 km?/nim va giai
doan 2005-2013 dién tich bdi binh quan la 0,06 km?/
nam.

- Viing bién tai kénh Nam O G6 bi x6i 16 1a chi yéu.
Néu so voi thuc trang nam 1995 thi nam 2001 di¢n tich
vung bién khu vuc kénh Nam O G6 d3 bi x6i 1& 0,453
km?, ndm 2005 tong dién tich x6i 101 0,675 km2, nim
2013 tong dién tich bi xo6i 16 1a 1,218 km?. Nhu vy,
trong giai doan 1995-2001 ving bién nay bi x6i binh
quéan la 0,08 km?/nam; 2001-2005: 0,06 km*nam va
2005-2013: 0,07 km?*/nam.

- Vung bd bién tir kénh Hai Thién dén rach Hang
Mai Trén, xi Dat Miii

tir nam 1995 dén nam

DT bbdi I DT x6i o ) A 1 A1
. Vi Nim Dién tich 50 véi DT bdi bi‘;]: ;’l‘l’;n 50 véi DT x6i m[.:l: ;-‘.):;n Chidu siu 2013 chu ycu bl X01
khio sat (km?) na(rl:ll:l?)% (km?) ndm na(rlr(nnll?)% (km?) nim boi/x6i (m) lé nhung dlén‘tich X’(’)I
1995 1,591 1& khéng nhiéu. Néu
U | RachTho o Low o0 o o 9-%0 so vGi thyc trang nam
2005 1,869 0278 0,187 0,05 0-280 . o
2013 2343 0.752 0474 0.06 20- 640 1995, nam 2001 dién
tich ving bién khu
Kénh Nam 2001 2,875 0,453 0,453 0,08 20 - 260 ~ . A
2 0Go 2005 2,653 0,675 0,222 0,06 0-300 vuc kenh Hal Thlen
2013 2,110 1218 0,543 0,07 0-450 dén rach Hang Mai
] 1995 20,46 - ~ .1 e 1
, Kﬁ:;:a' 2001 18,96 -1,50 1,50 025 10 - 200 Trén da bl x0i 16 ql,S
Rﬁc;i\?raé;g 2005 18,83 -1,63 0,13 0.03 0-70 km2’ nam 2005 t@ng
2013 18,72 1,74 0,11 0,01 0-150 A Lr SRR
o v P dién tich xoilo1a 1,63
.\ Song Cai 2001 17,304 2,059 2,509 034 0-330 ka’ nam 2013 téng
Moi 2005 18,036 2,791 0,73 0,18 0-320 A ’ . reo12 1
2013 19,432 4,187 1,40 0,17 0-750 d1¢n tich bl xoi lo la
1995 32,02 1,74 km?. TI'llIlg binh
S Cus’géy 2001 36,26 424 424 0,71 0- 144 khu vue l’léy bi x6i 16
ip 2005 36,49 447 023 0,06 0-310 ~ o
2013 38,11 6,09 1,62 0,20 0-520 mo1 nam khoang 0,27
1995 2,409 2
p Vam song 2001 2,145 0,264 0,264 0,04 0-560 km?.
Ong Béc 2005 1,741 0,668 0,404 0,1 0-210 Vine séne Cai
2013 0,906 -1,503 0,835 0,1 0-220 ) g g
e 1995 0,498 - Moi - xa An Vién, la
5 H%‘;f‘ 2001 0,645 0,034 0,034 0,01 0-65 khu vuce du oc b (,\) 1 lén g
uong 2005 0,340 -0,158 0,124 0,03 0-110 o LS
2013 0,138 -0,361 0,203 0,03 20- 150 l’l’lallh O cahaibotava
Bén phai 1993 0707 htru. Néu so vo1 thuc
. Rach 2001 0,582 -0,125 0,125 0,02 18- 44 - U
H;\’/[‘T*?g 2005 0,405 40,302 0,178 0,04 0-157 trang nam 1995, nam
. 2013 0,164 0,543 0,241 0,03 0-134 2001 khu vuc nély da
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duge boi thém 2,059 km?, nim 2005 tong dién tich
duogc boi thém 1a 2,791 km? va nam 2013 tong dién
tich dugc boi them 14 4,187 km> Mot diém kha rd
1a khu vyc phia bd phai duge bdi ling manh hon rat
nhiéu, cho thay rang ngudn vat liéu dé bdi dap co 18
dén chu yéu tir phia séng Cira Lon.

- Tai viing bién khu vuc ctra Bay Hap, phia bd phai
dién bién duong bo it thay ddi, tuy nhién phia bo trai
dugc bdi ling manh. Két qua phan tich cho thiy, so véi
hién trang nam 1995, ndm 2001 khu vuc cua Bay Hap
da duoc bdi thém 4,24 km?, cic ndm tiép theo la: nam
2005: 4,47 km?, nam 2013: 6,09 km?. Giai doan 1995-
2001 binh quan vung bién nay dugc b6i 0,71 km*/nam;
2001-2005: 0,06 km*nam va 2005-2013: 0,2 km?/
nam. Két qua nay cho thay thuc trang bdi phia b phai
ving bd bién khu vuc ctra Bay Hap trong giai doan
2001-2005 14 thdp nhét. Nhitng ndm gan day, khu vuc
bo trai cira Bay Hap dién tich boi ngay cang gia ting.

- Tai khu vuc bo trai vam séng Ong Ddc thude xi
Phong Dién, dién tich boi lang khong nhiéu nhung bo
phai dang bi x6i 16 manh. Giai doan 1995-2001 bi x061
0,264 km?, binh quan 0,04 km*nam; 2001-2005 binh
quan la: 0,1 km?nam; 2005-2013 binh quan la 0,1
km?/nam. Két qua nay cho thay thuc trang x6i 16 hién
nay tai khu vuc bd phai vam song Ong Ddc co chiéu
hudng gia tang.

- Rach Huong Mai tai vi tri bo bién xa Khanh Tién
la mot khu vuc x6i 16 trong diém. Tinh trang x0i 1o
anh huong manh ca hai bén bo trai va phai cua rach
Huong Mai, di¢n tich x6i 1¢ gia tang theo tirng nam.
Binh quan khu vyc nay bi mét 0,05 km?nim, chiéu
sau x06i 16 trung binh trong giai doan 1995-2011 1én toi
hon 200 m.

Bang viéc phan tich anh vién tham qua céc thoi ky
cho thay: tinh trang x6i 16 duong bo ving bién Tay
tinh Ca Mau c6 xu hudéng ngay cang gia tang. Két qua
phan tich da dua ra dugc con s6 cu thé bao dong vé
tinh hinh x6i 16 hién nay ctia viing bién tinh Ca Mau.
Hién tuong x6i 16 va boi tu duong bd 14 do cc nguyén
nhan: song gid, dong chay ven bd va sy phat trién cac
con ngam trude cac cira song.

Két luan

Dia hinh khu vire Miii Ca Mau kha bang phang, d6
ddc rat nho. Khi ra t6i khoang cach khoang 15-18 km,
dia hinh bat du thay d6i nhanh chong, day co6 thé xem
la pham vi cia Miii Ca Mau. Bg cao d§ trung binh
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khoang -3,0 m. Qua pham vi do, dia hinh nhanh chong
giam sau. Ta ¢ thé xem duong ding dia hinh -15 m
1a duong gidi han phat trién toi da cua Mii Ca Mau.
Qua clra vam Bay Hap, dia hinh day bién thap dan ra
bién v6i do doc déu khoang 1%e.. Di vé phia Rach Gia,
duong dang sau c6 xu hudng ap sat hon vao bo. Dia
hinh d4y bién twong ddi bang phang, vdi d6 doc kha on
dinh, khong ghd ghé, khong dao khoét.

Két qua khao sat dia chan cho thdy, cdu trac dia chat
trong tram tich Holocen & ddy c6 3 16p: trim tich bién
ndng, tram tich bién ndng - tam giac chau va tram tich
bai thuy triéu. Bé mit phu sa ¢ nam trong khoang do
sau tir 40-55 m.

Luu tbc dong chay ven bo khé cao, dac biét la cac
gia trj luu tde tie thoi co thé 1én rat cao, vuot qué toe
d6 khoi dong cua bun cat. Bay co thé duoc xem 1a mot
trong nhitng nguyén nhan gay tinh trang x6i 15 bd bién
Tay.

Két qua phan tich dién bién dudng bo qua cac thoi
ky cho thiy bo bién Tay tinh Ca Mau c6 xu hudng x6i
16. Khu vuc boi chii yéu nim & ving Miii Ca Mau.
Céc khu vuc con lai xu thé 1& 1a chinh. Khu vue x6i
16 manh nhét 13 bd phai vam séng Ong Pdc, tiép 46 1a
ctra Huong Mai.

Céc két qua nghién ctru méi chi mé ta dugc thuc
trang thay doi duong bo, dia hinh va clu trac dia chat
d6i bo bién Tay. Dé co thé danh gia nguyén nhan xo6i
10 bd bién can phai c6 nhitg nghién ctru sau hon, dic
biét 1a ché d6 thuy dong luc hoc ving ddi bo bién Tay,
tir d6 dua ra cac giai phap dé han ché tac dong x4u.
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Trong khudn kho bai bio nay, cic tac gia tién hanh nghién ctru danh gia nguy hiém nit sut dat, truot 16
dat va dong dat khu vuc cong trinh thuy dién Khe Bo - Ban V§é, tinh Nghé An. Keét qua cho thay:

Tai cong trinh thily dién Khe Bo: nguy co dong dét 16n nhét c6 cip do manh Mmax=6,0; gia toc dao dong
nen cuc dai tai nen dap 1a 210 cm/s> (PGA=210 cm/s?); nguy co’ nirt sut dat va trwgt 16 dat cao tai khu vuce
long ho; tai tuyén dap nguy co nirt sut dat cao, trong khi nguy co trugt 16 dat & mirc trung binh.

Trong pham vi cong trinh thiy dién Bin V&: nguy co dong dét 16n nhit ¢é cAp do manh Mmax=6,0; gia
toc dao dong nén cuc dai tai nén dap l1a 210 cm/s?> (PGA=210 cm/s?); nguy co nirt sut dat va truot 16 dat rat
cao tai khu vuc long ho; tai tuyén dap nguy co nut sut dat trung binh va trugt 16 dat rat cao.

Nguy co xdy ra dong dit kich thich tai viing hd thuy dién Khe B va Bin V& hau nhw khong c6. Néu dong
dat kién tao xay ra voi M=6,0 tai khu vuc gan ho Khe Bo va Ban VE ciing sé khong giay nén hoa 16ng nén

dang ké.

Tir khéa: dong dit, dong dit kich thich, niet sut ddt, thity dign Bin Ve, thiiy dién Khe Bo, trwot 16 dit.

Chi s6 phén logi 1.5

Mé dau

Khu vyc thuy dién Khe Bé - Ban V& (hinh 1) ¢6 vi
tri quan trong trong phat trién kinh té - xa hoi (KT-XH)
0 Nghé An. Noi day co cac diéu kién tu nhién thuan
loi, tai nguyén khodng san phong phu va da dang. Tuy
nhién, khu vuc nay thuong xuyén gap khong it nhiing
kho khin do tai bién nat sut dat (NSD), truot 16 dat
(TLD) va dong dat (PP) gay nén.

Trong thoi gian qua da c6 nhidu cong trinh nghién
ctru van dé nay, nhung ¢ ty 1& nho, mirc d6 nghién ctru
con khai quat, so sai, va theo nhiing khia canh nhét
dinh [1-11]. Do d6, chwa c6 dugc nhiing két qua nghién
ctru ¢6 do chi tiét cao phuc vu cho phong tranh giam
nhe thiét hai do cic dang tai bién giy ra. Pung trudc
thuc trang cac tai bién NSD, TLD, PP di va dang dién
ra v4i tan suat 10n, cuong do ngdy cang gia ting, giy
nén nhitng hdu qua kho luong dbi v6i an toan hoat
dong cua thuy dién Khe BS va Ban V@, dé tai nghién
cuu cép nha nudc "Nghién ctru dia dong luc hién dai,

* Tac gid chinh: Email: cdtrieu@gmail.com
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dut giy hoat dong va tai bién tu nhién c6 lién quan
(bb, TLD, NSDP) ¢ cac luu vyc song Ca - Rao Nay,
dé xuat cac bién phap ing ph6 giam nhe thién tai phuc
vu quy hoach xay dung cac cong trinh trén khu vuc",
mi s6 KC08.11/11-15 di duoc trién khai. Trong khudn
kho bai bao nay, cac tac gia trinh bay mot phan nghién
ctru vé danh gia d6 nguy hiém NSB, TLD va PD khu
vuc cac cong trinh thuy dién Khe B6 - Ban V& & ty 16
1/50000 [8].

Nguy hiém NSD khu vuc thiy dién Khe B - Ban
Ve

Hién trang NSD

NSD khu vuyc thuy dién Khe B - Ban V& chu yéu
duogc hinh thanh va phat trién boi tap hop cac khe nat
kién tao hoat dong voi nhiing kiéu nguon goc khac
nhau [7, 8]: khe nut cat, khe nut tach gidn va khe nirt
nén ép. Chiing duoc hinh thanh va phat trién trong bbi
canh dia dong lyc hién dai voi truong ung suét nén ép
theo phuong 4 kinh tuyén, kiéu trudng 1a truot - gian;



FRACTURE, LANDSLIDE
AND EARTHQUAKE HAZARDS
OF THE KHE BO - BAN VE
HYDROPOWER AREA

Summary

In this paper, the authors present some results
of assessments on fracture, landslide and
earthquake hazards of the Khe Bo - Ban Ve
Hydropower area, Nghe An Province. The results
have shown that:

- In the Khe Bo Hydropower area: the earthquake
occurrence could reach the maximum magnitude
of 6.0 (Mmax=6.0); the maximum ground
acceleration of the dam basement gains the value
of 210 cm/s? (PGA=210 cm/s?); the high fracture
and landslide hazards belong to the reservoir;
meawhile, along to the dam profile, the fracture
hazard is high, and the landslide hazard is at the
average level.

- In the Ban Ve Hydropower area: the earthquake
occurrence could reach the maximum magnitude
of 6.0 (Mmax=6.0); the maximum ground
acceleration of the dam basement has the value
of 210 cm/s*> (PGA=210 cm/s?); the very high
fracture and landslide hazards belong to the
reservoir; and along to the dam profile, the
fracture hazard is at the average level, but the
landslide hazard is at the very high level.

- There is insignificant risk of triggered
earthquake occurrence in the Khe Bo and Ban
Ve reservoirs. If the natural earthquake occurs
near by the Khe Bo and Ban Ve dams with the
magnitude 6.0, it cannot cause the remarkable
ground liquefaction.

Keywords: Ban Ve Hydropower, earthquake,
fracture, Khe Bo Hydropower, landslide, triggered
earthquake.
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hoat dong truot béng - thuan cua céac dut gy hoat dong
¢6 phuong tay bac - dong nam, tach sut clia cac dut giy
¢6 phuong 4 kinh tuyén. NSP boc 16 rd ¢ nhimng diém
nat giao nhau cua cac dut gay hoat dong, noi mat do
khe ntrt hién dai dat gid tri 16n. Trong céc diém NSD,
phan 16n cac khe nirt chinh déu 1a nhimng khe nut cat
¢6 phuong tiy béc - déng nam. Cac khe nut phu la cac
khe nut tach gian co phuong a kinh tuyen khe nut nén
ép co6 phuong a vi tuyen va dong béc - tdy nam. NSD
dién ra tir lau, c6 xu hudng ngay cang gia ting ca vé
mirc d6 va quy mé phan bé trong khong gian, giy ton
that khong nho vé kinh té. NSD di nhiéu 1an pha huy
cac doan duong, gdy ach tic giao thong nghiém trong
(tinh 19, huyén 19, QL7A); pha huy ruéng vuon, nha
clra, gay nguy hiém cho nhiéu khu dan cu, tham chi
phai di doi. Trong pham vi khu vuc thuy dién Khe B6
- Ban V& da xéc 1ap 30 diém NSP. Chung phan bb tap
trung thanh nhirng dai doc cac doi dut gy hoat dong
va trong doi anh hudng dong luc ctua chung. Trong do
ndi 1én cac doi dat gdy co phuong tiy bic - dong nam
Song Ca, Nam Non va Nam Chou (hinh 1) [8].

G
(7] [®]

Hinh 1: hién trang va nguy hiém NSP khu viee thiy dién Khe B6 - Ban Veé:
1- Vi tri thily dién Khe Bé va Bin Vé; 2- Vi tri NSD;
cdp do NSD: 3- Rt thép, 4- Thdp, 5- Trung binh, 6- Cao, 7- Rét cao

Nguy hiém NSD

Co so phuong phap luan xay dung ban dd nguy
hiém NSP khu vyc thuy dién Khe BS - Ban V& la dua

a1



vao cac dic trung chu yéu sau day [7, 8]: 1) muc do
pha huy giy bién dang céac loai dat d4 tao cac ddi ca
nat, xiét ép v& vun; 2) mic do pha huy dia hinh thé
hién ¢ cac qua trinh dia mao - tan kién tao; 3) muc do
hinh thanh khe nut hién dai, thé hién & mat do khe nirt,
dut gdy; 4) bién d6 va toc do dich chuyén cua dat gy;
5) vai tro phan dinh cac bac kién tric; 6) muc do pha
huy cac di twong trén bé mit cia tai bién NSD di dién
ra (phd huy cong trinh giao thong, xay dung dan dung,
dé dap, nui, doi, rudng vuon).

Két qua nghién ciru cho phép rut ra mot sé nhan
dinh sau (hinh 1) [8]:

1- Vung c6 nguy hiém NS rat cao phan bd doc
d6i dut gay hoat dong Song Ca. Chuyén dich cia hai
canh dat gdy da thuc day phat sinh tai bién NSD phat
trién. Poan Twong Duong - Anh Son hoat dong tich
cuc véi bién do va tde do dich chuyén 16m, muc do pha
huy dét da 16n, mat do khe nut, dat gdy dat trén 0,372
km/km?2. Viing ¢6 nguy hiém NSP rét cao tao thanh 2
dai: dai Tuong Duong - Anh Son va dai Qué Phong -
Quy Chau. Dai Twong Duong - Anh Son chay dai theo
phuong tiy bac - dong nam, c6 chiéu dai khoang 50
km, rong tir 10-15 km. Cac diém NSD ¢6 quy mé 16n
phan bd ¢ huyén Tuong Duong, Con Cudng, Anh Son
va Quy Chau.

2- Nam trong pham vi anh huong cua déi dut giy
S6ng Ca nén nguy co NS cao tai khu vuc long hd
(gan thi tran Hoa Binh) va tuyén dap (Tam Quang) ctia
cong trinh thity dién Khe B6.

3- Bdi v6i cong trinh thuy dién Ban V& thi nguy co
NSD rit cao nam & khu vyc trung tam long ho (tai Hiru
Khuong), trung binh tai tuyén dap.

Nguy hiém TLD khu vuc thiy dién Khe Bo - Ban
Ve

Hién trang TLD

Trén khu vyc thuy dién Khe B - Ban V&, TLD dién
ra ¢6 xu hudng ngdy cang gia ting ca vé muc do va
quy mo phén b trong khong gian, gdy ton that khong
nho vé kinh té (hinh 2) [7, 8]. TLD chu yéu dién ra
trong cac vo phong hoa ciia cac thanh tao bién chit, c¢6
chiéu day 16n (>20 m) va trong céc thanh tao cacbonat.
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Mat d6 TLD 16n tap trung ¢ doc déi anh hudng dong
luc dat gay va nhitng noi c6 vé phong hoa day. Trén
dia ban cac xd Mai Son, Muong Long, Luan Mai, Bao
Thing, Ludng Minh, Yén Na, Thach Giam, Tam Thai,
Tam Dinh, TLD phan bd rai rac doc theo mot sd dut
gy hoat dong co phuong tay bac - dong nam va dong
béc - tdy nam. TLD dién ra kha manh mé doc theo
tuyén QL7 tir Con Cudng dén ctra khau Nam Cin (ban
Tién Tiéu, xi Nam Can, huyén Ky Son, dit da bén
taluy duong va am QL7 bi trugt sut kéo dai lam hong
doan duong dai 250 m). Pac biét, 120 hd dan thudc
khu tai dinh cu cua thuy dién Ban V& nam tai khu vuc
ban Khe Choong, xa Yén Na, huyén Tuong Duong
bi dat d4 sut xudng, d6 4p vao nha, lam nit tuong, gay
nguy hiém dén tinh mang ngudi dan, budc 8 ho dan &
day phai di lanh nan, 24 ho khac dang ¢ trong khu vuc
c¢6 nguy hiém TLD cao.

Nguy hiém TLD

Co s& phuong phap luan thanh 1ap ban do do nguy
hiém TLD khu vyc cong trinh thity dién Khe B va
Ban V& dugc mo ta chi tiét trong [7, 8]. Cac yéu to tac
dong dbi véi TLD gf)m: ddc diém d6 dbc suon; mat do
chia cét sau dja hinh; mat do chia ct ngang dia hinh;
vo phong hod; dac diém dija chat thuy van; dac diém

dat gy hoat dong.

Trén co so phan tich tong hop hién trang TLD, xac
1ap mdi quan hé cua hién trang TLD ddi véi timg yéu
t6 tac dong phat sinh cho phép xdy dung ban do nguy
hiém TLD khu vyc cong trinh thity dién Khe B6 - Ban
V&. Két qua nghién ctru cho thay [8]:

1- D6i v6i cong trinh thity dién Khe B6: khu vuc
long hd chiu anh huong TLD cao; nguy co TLD tai
tuyén dap & mirc trung binh.

2- Péi voi cong trinh thuy dién Ban vé: khu vuc
1ong hd chiu anh huong TLD tir trung binh dén rt cao,
dac biét 1a tai Hiru Khuong c6 nguy co 1¢ da; nguy co
TLD tai tuyén dap 6 muic rat cao, diém sat 16 nghiém

trong tai Ban V& nam & ha du tuyén dap.
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Hinh 2: hién trang va nguy hiém TLD khu viee thity dién Khe Bo - Ban Vé:
1- Vi tri thiiy dién Khe B va Ban Vé; 2- Vi tri TLD;
cdp dp TLP: 3- Thdp, 4- Trung binh, 5- Cao, 6- Rdt cao, 7- Nguy co ¢ dd

Do nguy hiem DD khu vuc cong trinh thiy dién
Khe B0 - Ban Vé

Phuwong phdp nghién ciru

D6 nguy hiém DD cong trinh thuy dién Ban V& va
Khe B6 da dugc tién hanh trude khi xdy dung [1-6,
11-15]. Chiing t6i nghién ctru mot cach tong thé nguy
hiém PP cho toan khu vuc cong trinh thity dién Khe
B6 - Ban V&. Phuong phap luan nghién ctru d6 nguy
hiém PP da duogc trinh bay cu thé trong [8, 12-15].
Trong khudn khé cong trinh nay, chung t6i tién hanh
2 tiép can trong danh gia do nguy hiém PD: tiép can
thong ké [1] va tiép can tat dinh méi [2-6].

1. Ving ngudn phét sinh dong dit duoc xac dinh
nhu sau [8]:

a) Xéc lap cac hé théng dut gay khu vuc nghién ctru
trén co so to hop tai liéu dia chat, dia vat Iy va cac ket
qua nghién ctru vé ddc trung cau trac vo trai dat.

b) Xac lap cac dut giy hoat dong trén co s¢ biéu
hién hoat dong theo tai li¢u dia chat, dia vat ly.

¢) Xac dinh ngudn phat sinh dong dét trén co s¢ biéu
hién hoat dong PP gan lién véi cac dat gay hoat dong.
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d) Céc ngudn phat sinh DD ¢6 dic trung chung nhat
vé co cdu chin tiéu, dic diém cu trac, kién tric dia
dong luc, dac diém bién dang duogc gdp lai thanh mot
ving nguodn. Ranh gidi ca ving ngudn 1a dudng bién
trung véi gidi co6 do hoat dong dia chin thép nhét. Ranh
gidi clia cac ving ngudn khong duoc chdng 1én nhau.

e) Xac dinh co cau chan tiéu va cuc dai PD c¢o6 thé
xay ra tai moi vung nguon.

2. Panh gia d6 nguy hiém PD trén co s6 tiép can
thong ké tai mot diém 1a xac sudt xay ra chin dong
cuong do I tai diém d6 trong mot khoang thoi gian
xac dinh. Khoang thoi gian xéc dinh ¢ day phu thudc
vao timg yéu cau cu thé cia bai toan (c6 thé 1a 10,
20, 50, 100, 150, 200, 500, 1.000, 2.000, 5.000 hay
10.000 nam) [6]. Trong danh gia do nguy hiém PD
phuc vu thiét ké cong trinh thi: d6i v6i PP co s& van
hanh (Operating Basic Earthquake - OBE), thoi gian
lga chon thuong 1a 475 nam, twong Ung véi muc xac
sut vuot qua 10% trong 50 nam; dbi voi BD cuc dai
tin cdy la 145 nam, mirc xac sudt vuot qua 50% trong
50 nam.

3. Panh gia do nguy hiém DD trén co sé tiép can tat
dinh méi tai mot diém 1 xac dinh cuong d6 I tai diém
d6 theo kich ban dong dt 16n nhat c6 nguy co xay ra
trong ving nghién ctru [6, 8]. Cuong d6 chan dong (1)
& day la: gia téc dao dong nén (A); van toc dao dong
nén (V); hodc dich chuyén nén (D). Do viéc sir dung
DD 16n nhit c6 nguy co xay ra lam kich ban cho nén
sir dung tiép can tat dinh mai s& cho ta két qua mang
tinh du bao cuc doan. C6 nghia Ia trudng hop xau nhat
c6 thé xay ra DD pha hiy va tuong tmg véi né 1a gia
tdc dao dong nén cuc dai.

Dj nguy hiém PP khu vwe cong trinh thity dién
Khe B - Bin Vé

Céc hinh tir 3 dén 6 trinh bay dai dién mot s6 két
qua nghién ctru danh gia d6 nguy hiém PP khu vyc
cong trinh thiy dién Khe B6 - Ban V&. Céac két qua
nghién ciru cho thay [8]:

1. Trong pham vi khu vuc nghién ctru ton tai 5 ving
ngudn phat sinh DD (Séng Ca, Nam Chou, Hu6i Com,
Nam Nom va Ban Chiéng - Ban Ban) véi cap d6 manh
ciia PD ¢6 nguy co xay ra toi da (du bao cuc doan)
1a 6,6. Trén mdi ving ngudn ton tai cic doan ngudn
khéac nhau va mac do hoat dong DD cling khac nhau.
Véi chu ky 1ap lai dong dat 500 nam, gia toc dao dong
nén khu vic Khe B4 - Ban V& bién ddi trong gidi han



tr 190 cm/s? (PGA=190 cm/s?) dén trén 290 cm/s>
(PGA=290 cm/s?). Két qua xac dinh d6 nguy hiém DD
theo tiép can tat dinh méi cho thdy gia téc dao dong
nén cuc dai (Amax) thay doi tir 80+240 cm/s%. Tuong
duong véi cuong do chan dong tir cAp VI dén VIII theo
thang cuong d6 chan dong MSK-64.

2. Coéng trinh thuy dién Khe B chiu anh huong
truc tiép cua doan ngudn thudc ving ngudn Song Ca
va voi nguy co DD 16n nhét c6 cip d6 manh tdi da 1a
6,0 (theo Coulomb la 5,3 va theo tat dinh méi 1a 6,0).
Véi chu ky lap lai DD 500 nam, gia tdc dao dong nén
tai nén dap 1a 280 cm/s? (PGA=280 cm/s?). Theo két
qua tinh toan du bao cuc doan (tiép cin tit dinh méi)
thi tai nén dap thuy dién Khe B6 c6 gia tri gia tdc dao
dong nén 1a 210 cm/s? (PGA=210 cm/s?).

3. Cong trinh thuy di¢n Ban V& chiu anh huong truc
tiép ctia doan ngudn thudc ving ngudén Nam Chou va
v6i nguy co DD 16n nhit c6 cdp do manh téi da 14 6,0
(theo Coulomb 1a 5,2 va theo tat dinh méi 1a 6,0). Vbi
chu ky 1ap lai P 500 niam, gia toc dao dong nén tai
nén dap 1a 280 cm/s* (PGA=280 cm/s?). Theo két qua
tinh toan dy bao cuc doan (tiép can tat dinh mai) thi tai
nén dap thiry dién Ban V& co gia tri gia téc dao dong
nén 1a 210 cm/s* (PGA=210 cm/s?).
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Hinh 3: nguon phat sinh PP khu viee Khe Bé - Bin Vé:
1- Vi tri thity dién Khe B6 va Ban Vé; 2- Dirt gy cap 2;
3- Puit gdy cdp 3; 4- Géc cim dit gdy a: dit gdiy thudn, b: dirt gy nghich;
5- Phuwong dich chuyén dit géiy; 6- Chén tam DD M=3-4; 7- Chdn tim PP
M=5-6; 7- Mmax tinh theo coulomb; 8-Mmax tinh theo coppersmith
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104.4 104.5 104.6 104.7
19.5
194
A(cmis?)
“Thuy dién Ban Vé 200
195
19.3
190
‘ 185
Hoa Binh 190
175
19.2 70
. 165
Thuy dién Khe Bo 160
155
150
19.1 145
140
104.4 104.5 104.6 104.7

Hinh 4: gia t6c dao déng nén khu viee Khe Bé - Ban Ve
tinh toan voi chu ky lap lai BD 150 nam

Thiy di¢n Ban Vé

1044 104.5 1046 1047

1044 104.5 104.6 1047

Hinh 5: gia toc dao dgng nén
khu viee Khe B - Ban Vé tinh toan
voi chu ky lgp lai PP 500 nam

Hinh 6: du béo gia téc dao dong

tinh todn trén co s6 tiép cn
tat dinh moi

Nguy co hod long nén khu vuwe thuy dién Khe Bé
- Bdn Vé

Phuong phap luan danh giad nguy co TLD va nguy
co hoa long nén do PP giy ra tai cong trinh thuy dién
Khe B va Ban vé& dugc dé cap chi tiét trong [8].

Nguy co TLD do PP gay ra:

Nguy co TLD do Pb cuyc dai gy ra dugc xac dinh

trong hinh 7 (theo nhay cam truot 16 nén) va hinh 8
(theo xéc suat truot 16 nén). Két qua cho thay:

nén cuc dai khu vuee Khe Bé - Ban Vé



- Nha may thuy dién Ban V& va nha may thuy dién
Khe B6 nam trén nhitng vi tri c6 kha nang trugt 16 nén
khac nhau khi BD xay ra.

- Nha may thiy dién Khe B6 ndm & vi tri kha an
toan, c6 do nhay cam truot 1& nén cép IV trén thang do
IX cép va v6i xac sudt truot 16 khong vuot qua 10%.

- Trong khi d6, nha may thily dién Ban V& nam &
ranh gi6i giira hai ving c6 d6 nhay cam truot 16 cip V
va cép IX, v6i xac sut trugt 16 cuc dai vao khoang 25%.

1042 104

10a22e 10avsE

Hinh 7: ban do dé nhay cam trugt lo nén khu viee Khe Bé - Ban Vé

ressarn rorsarn

inVe

Thily dién Khe BS.

1av08 N
042z

1av08

Hinh 8: ban do xdc sudt trugt 16 nén khu vuc Khe Bé - Ban Vé

Nguy co hod long nén:

Ban d6 nguy co (46 nhay cam) hod long nén duoc
xdy dung theo hai yéu té 13: do nhay cam va xac suét
(hinh 9 va hinh 10). Két qua cho thay, kha ning hoa long
nén do PP tai hai nha may thiy dién Khe B6 va Ban V&
chi & mtrc nhay cam thap va xac suat dudi 10%.
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Hinh 9: ban do d¢ nhay cam hoa {o’ng nén do BD khu vuc Khe B -
Ban Vé. Cac ky hiéu mau den biéu thi vi tri hai nha may thuy dién
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Hinh 10: ban dé xdc sudt hda long nén do PP khu vuc Khe Bé - Bin Ve.
Cac ky hiéu mau den biéu thi vi tri hai nha may thuy dién

D§ nguy hiém PP kich thich hé thuy dién Khe Bo
vi Bin Vé

Hoat déng PP ho thuy dién Khe Bé - Ban Vé nam
2012-2014:

Trong 3 nam thuc hi¢n nhiém vu “Quan trdc bién
déng méi trwong sinh chan khu viee nha may thity dién
Khe Bo - Ban Vé trong qud trinh tich nwée va hoat
dong” thude dé tai KC08.11/11-15, mang ludi tram dia
chan ving ho thuy dién Khe B - Ban V& (gom 4 tram)
da ghi duoc gan 200 tran DD 16n nho tai khu vuc Khe
B6 - Ban V& va lan céan [8]. Cac PP ghi dugc chu yéu
tap trung doc theo hé théng dut giy Song Ca va lan
can, chi mot sd it tran PP tap trung & khu vuc hd thuy
dién Khe B6 va hd thuy dién Ban V.

a1



Tir nhitng sb liéu quan tric PP nam 2012-2014,
chung t6i tinh toéu} ty sd V,/V, cho tran Db M=3,2
ngay 30.6.2012. Két qua tinh toan dugc trinh bay trén
hinh 11.
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Hinh 11: dé thi Wadati xéc dinh 1y s6 van toc Vp/Vs.
Két qua tdp hop cho khu viee nghién cieu xdc dinh Vp/Vs = 1,71

Két qua cho thay, ty sb V./V trung binh cho khu
vuc nghién cuu 1a 1,71. Gia tri nay xap xi gia tri trung
binh ty s6 Vp/Vs cua Bic Viét Nam. N6 phan 4nh tinh
dap v kém ciia 16p sinh chan trong khu vuc hd thuy
dién Khe B6 va Ban V& (trong moi trudng dong nhat
gia tri Vp/Vs xap xi 7,3). D6i voi dong dat hd thuy dién
Song Tranh 2, DD kich thich xay ra trong doi dap vo,
noi c6 Vp/Vs bién dong trong gidi han 1,63-1,67. Diéu
nay ciing chirng minh mét diéu rang nguy co thim thau
nuée doc déi dut giy lam thay doi trang thai tmg sudt,
nguyén nhan cha yéu gay nén D kich thich tai hai ho
thuy dién Khe B6 va Ban V& 1 rat thap.

Tac dong cua viéc tich nuwdc gay nén do lun va ung
sudt gia tang long ho thuy dién Khe Bé va Bdn Vé:

Gia tri d6 16n va ung suit gia ting 1én day hod thuy
dién Khe B4 va Ban V& duoc tinh toan & mire do sau
1,3 va 5 km. Cac thong s6 long ho duoc st dung trong
tinh toan gom [8]:

- Ho thay dién Khe Bé: dién tich mat thoang ho
9,324 km?, myc nudc dang binh thuong 65 m, dung
tich hd chtra 97,8 triéu m’.

- HO thuy dién Ban Vé&: di¢n tich mat thoang hd
45,74 km?, myc nude dang binh thuong 200 m, dung
tich chira 1,8 ty m?.

Két qua tinh dwoc dé cap trong bang 1 va bang 2
cho thay:
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- Tai trung tdm ho thuy dién Ban V& c6 d6 lun 1ong
hd t6i da dat 0,0159 m, trong khi tai trung tdm long hd
Khe B9 chi dat 0,036 m.

- Ung suat gia tang tbi da, dat gia tri 2,7395 bar tai
1ong hd Ban V& va 0,3079 bar tai long ho Khe B6.

- Vi gia tri Gng suét gia ting rat nho nay s& khong
truc tiép gdy ra PP ma nd chi ¢6 gia trj thiic ¢y mirc
dd tham thiu nude xuéng sau hon doc theo cac doi
dap v kién tao lién thong hd. Nude thim sdu xudng
dudi gy nén thay ddi ing suit 156 rong, lam thay d6i
tinh chat ciia da theo chiéu hudng xuét hién PP sém
hon. Trong thuc té, viéc tich nudc 1én cao trinh tdi da
ctia ho thuy dién Ban V& va Khe B6 da khong xay ra
hién twong thay d6i méi truong sinh chin tai déy (ty
s6 Vp/Vs khong thay d6i). Didu d6 ching to rang viéc
tich nudc da khong gay anh huong dang ké dén moi
truong sinh chin nén nguy co phat sinh DD ciing s&
1a rat thap.

Bing 1: d¢ lin va iimg sudt gia ting long ho thuy dién Khe Bo

. Ung sut Ungsuat | by in dan hbi
Do siu phap tuyén tiép tuyén : .
. . s . cue dai
(km) gia tang cwc dai | gia ting cuc dai d : (n.l)

S7max (DAT) t .. (bar) max

1 0,3079 0,1547 0,0026
3 0,1166 0,0678 0,0032
5 0,0740 0,0445 0,0036

Bang 2: dé lin va g sudt gia tang long ho thuy dién Ban Vé

- Ung suat UngSUAt 1 b lin dan hoi
Do sau phap tuyén tiép tuyen ’ .
. . L . cure dai
(km) gia ting cwe dai | gia ting cuc dai d ’ (ll.l)

S ymas (DAT) t .. (bar) max

1 2,7395 1,5358 0,0159
3 1,1660 0,6705 0,0126
5 0,7399 0,4380 0,0106

Két ludn vé nguy co PD kich thich va do nhay cam
vé TLD va hod long nén do D gay ra:

Trén co s6 tinh toan ty s6 van tbe Vp/Vs ddi véi BD
trude va sau khi tich nudc dén cao trinh téi da, gia tri
g suét gia ting cua cot nudc t6i da va o nhay cam
truot 16 nén trong B cong trinh thuy dién Khe BS va
Ban V& cho thay: Vp/Vs khong thay ddi sau khi cac
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hé thuy dién tich nuéc dén cao trinh tdi da; ing suat
gia ting 1én day hd 1 nho hon 3,0 bar va d6 nhay cam
TLD la rat nho [8]. Piéu d6 chimg to rang, nguy co xay
ra DD kich thich tai ving hd thuy dién Khe B6 va Ban
v& hau nhu khong co. Néu PP kién tao xay ra tai khu
vuc gan hd Khe BS va Ban V& ciing sé khong giy nén
hoa 1ong nén dang ké.

Két luan

1. Trong pham vi khu vuc cong trinh thuy dién Khe
B6 - Ban V& ton tai 5 viing ngudn phat sinh DD (Song
Ca, Nam Chou, Hui Com, Nam Nom va Nam Chong)
v6i cap do manh cua PD co nguy co Xay ra tbi da (du
bao cuc doan) 13 6,6. Trén mdi viing ngudn ton tai cac
doan nguon khac nhau va mirc do hoat dong DD ciing
khac nhau. NSD va TLD xday ra manh mé trong pham
vi hoat dong cua céac dut gdy duogc xac dinh 1a cac vung
ngudn phat sinh PP nay.

2. Cong trinh thuy dién Khe B6 nam trong pham vi
anh huong cua duat gy hoat dong Song Ca. Nguy co
DD 16n nhit co cép d6 manh Mmax=6,0. Gia toc dao
dong nén cuc dai tai nén dap 1a 210 cm/s? (PGA=210
cm/s?). Nguy co NSD va TLD cao tai khu vuc long
ho. Tai tuyén dap nguy co NSB cao trong khi nguy co
TLD ¢ muc trung binh.

3. Nam trong pham vi dnh huong cia dut giy Nam
Chou nén cong trinh thuy dién Ban V€ chiu tac dong
cua hoat dong Db, NSD va TLD kha manh mé: nguy
co DD 16n nhit co cép dd manh Mmax=6,0; gia tdc dao
dong nén cuc dai tai nén dap 1a 210 cm/s? (PGA=210
cm/s?); nguy co NSP va TLD rét cao tai khu vuc long
ho. Tai tuyén dap, nguy co NSB trung binh va TLD
rat cao.

4. Nguy co xay ra PD kich thich tai ving hd thuy
dién Khe Bb va Ban vé& hau nhu khong c6. Néu PP
kién tao xay ra tai khu vuc gﬁn hd Khe B va Ban V&
ciing s& khong gy nén hoa long nén déng ké.
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Ghi nhan méi vé da dang sinh hoc va nguon Igi sinh vat
tai vung nudc ven cac dao Bach Long Vi, Con C6 va Tho Chu
Tran Dinh Lan’, Nguyén Thi Minh Huyén, Nguyén Thi Thu, Nguyén Dang Ngai

Vién Tai nguyén va Moi truong bién, Vién Han 1am KH&CN Viét Nam
Ngay nhan bai 6.4.2015, ngay chuyén phan bién: 20.4.2015, ngay nhan phan bién 19.5.2015, ngay chap nhan dang 22.5.2015

Qua diéu tra, khio sat vé sinh thai va méi trwomg & cic ving bién xung quanh cic dio Bach Long Vi
(Hai Phong), Con C6 (Quéng Tri) va Thé Chu (Kién Giang) giai doan 2013-2014 trong khuédn kho dé tai
KC09. 08/11 15, mot s6 phat hién moi da dlro’c ghi nhin & cac ving blen quanh cic dio vé da dang sinh
hgc va nguon lgi sinh vat cling nhu mot s0 hoat dong lam suy gidm nguon 10'1 va suy thoai hé sinh thai. Tai
viing bién quanh dio Bach Long Vi, di b6 sung méi 24 loai san hé cho quan xi san ho ctimg ciia diao Bach
Long Vi va loai sa sang Sipunculus nudus dwgc ghi nhian b sung viao danh muc cac ngudn lgi caa dio. Bo
sung méi 15 loai san hé cirng va 11 loai san hé mém trwéc diy chwa dugc ghi nhin & ving bién Con Cé;
loai trai tai twong Tridacna crocea 1An dau tién dwoc phat hién phan bo & ving bién quanh dao nay; 8 loai
san hd mém c6 tiém ning vé hoat chit sinh hoc ciing dwoe ghi nhan é vang dao Con Cé. O vang bién quan
dio Thd Chu va TAy Nam, bé sung méi 17 loai san hd va phat hién b6 sung 01 loai hii sAim thudc gidng
Actinopyga c6 gia tri kinh té cao chwa dwoc ghi nhin truée diy va ciing 1a doi twong dang bi khai thac

bang cac cong cu co6 thé hiiy hoai cac hé sinh thai bién trong vung.

Tir khéa: Bach Long Vi, Con C6, da dang sinh vit, nguon lgi, phdt hién méi, Thé Chu.

Chi sé phén logi 1.6

Mo dau

Bach Long Vi, Con Co6 va Thé Chu la cac dao tién
tiéu c6 vai trd quan trong trén ving bién ciia nudc ta
khong nhiing trong xac dinh ranh gidi cac vung lanh
hai cua Viét Nam ma con c6 gia tri cao vé bao ton va
phat trién ngudn gen sinh vt blen da dang sinh hoc va
ngudn loi sinh vat. Gia tri ngudn loi va da dang sinh vat
& vung bién cta cac dao nay da duoc quan tam diéu tra
nghién ciru trong nhitng ndm gan day va la co sé quan
trong dé dé xuat thanh lap cac khu bao ton bién & cic
quy md khac nhau. Céac gia trj bao tén cua cac hé sinh
thai (HST) bién & cac viing dao nay cang dugc khang
dinh chéc chén trong nhitng két qua diéu tra nghién ctru
clia dé tai cAp nha nudc “Lirong gid kmh té cac HST
blen ddo tiéu biéu phuc vu phdt trién bén viing mot
$6 ddo tiéu biéu ¢ ving bién ven bo Viét Nam”, ma sd
KC09.08/11-15 thuoc Chuong trinh khoa hoc va cong
nghé (KH&N) bién KC09/11-15.

Céc két qua nghién ctru vé ngudn loi sinh vat ving
nudc ven cac dao tién tiéu dugc phan tich dya vao tam
quan trong cua nhom, loai sinh vat chu dao dong gop
cho téng da dang sinh hoc cia dao ciing nhu vai tro
vé sinh thai, kinh té trong cac HST bién. Cac két qua

*Tac gid chinh: lantd@imer.ac.vn
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nghién ctru di chi ra ngudn loi tai cic ving nudc ven
cac dao dang bi suy giam va cac HST bi suy thoai do
nhiéu nguyén nhan khach quan va chi quan. Trong qua
trinh thue hién, mot sb phat hién da dugc ghi nhan bd
sung nang cao gia tri vé da dang sinh hoc va ngudn
loi sinh vat ¢ cac ddo tién tiéu nay. Cac ghi nhan méi
khong nhiing gop phan vao ngudn tu liéu dau vao quan
trong cho viéc luong gia kinh té cac HST bién & cac
dao tién tiéu ma con dong gop thém cac tu liéu méi
phuc vu cho viéc thanh 1ap va quan 1y, bao vé hé théng
khu bao ton bién & Viét Nam.

Phuong phap nghién ctiu

Céc phuong phap chu yéu duoc sir dung trong diéu
tra khao sat va nghién ctru bao gdm: phuong phép va
ky thudt thu mau, nghién ctru vé cdu trac HST, thanh
phﬁn, mat do cua cac nhom dbi tuong sinh vat sinh
song trong cac HST vung triéu va ran san ho theo quy
pham diéu tra tong hop bién ciia Uy ban Khoa hoc va
K¥ thuat Nha nudc (nay 1a B KH&CN) ban hanh nam
1981 va cua English S. et al. (1997) cho vung dudi
triéu. Cac phuong phap khao sat va thu mau di duoc
UNESCO cdng nhan cung céc tai li¢u phan loai chuyén
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NEW FINDINGS ON
BIODIVERSITY AND LIVING
RESOURCES IN WATER REGIONS
SURROUNDING BACH LONG VI,
CON CO AND THO CHU ISLANDS

Summary

From surveys and analyses of the ecosystems
and environments in the water regions
surrounding the islands including Bach Long
Vi (Hai Phong), Con Co (Quang Tri) and Tho
Chu (Kien Giang) from 2012 to 2014 within the
framework of the project KC09.08/11-15, some
new findings had been recorded on biodiversity
and living resources as well as human activities
having negative impact on living resources and
degrading the ecosystems. In the water region
surrounding Bach Long Vi island, 24 new coral
species were added to hard coral community
and one Sipunculus nudus species was firstly
recorded, adding to the list of living resources
of the island. Fifteen species of hard corals and
11 species of soft corals were firstly found in the
water region surrounding Con Co island. One
Tridacna crocea species was at the first time
recorded as a living resource in Con Co island,
and 8 species of soft coral with the potentials of
biological active substances were also recorded.
In the marine water region of Tho Chu island,
the total 17 new coral species and one Actinopyga
sp. species were firstly added to the list of living
resources and being also exploited with fishing
tools that may destruct the marine ecosystem.

Keywords: Bach Long Vi, bio-diversity, Con Co,
findings, living resources, Tho Chu.

Classification number 1.6

sdu clia cac nhom ddi tugng khac nhau [1]. St dung ky
thuat thu mau, quay phim va chup anh trén can va ddy
bién c6 su trg giup cua thiét bi lin SCUBA [2].

Diéu tra vé ngudn loi duge két hop giita cac sd
liéu nghién ctru khoa hoc trong cac HST bién va cac
phuong phap diéu tra xa hoi hoc dua trén cic phiéu
phong van tai cong dong dan cu, cac cAp quan Iy cua
cac dao nghién ctru va tau thuyén khai thac thiiy san
trong vung.
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Két qua nghién ciu

Ghi nhin méi vé da dang sinh hoc va nguén loi
sinh vdt tai vang nuwoc ven dao Bach Long Vi

Két qua diéu tra khao sat dén thang 4.2013 cho
thay, khu hé san ho & ddo Bach Long Vi kha phong
phu va da dang véi tong s6 118 loai thude 32 giéng, 15
ho ctia bo san hé cimg (Scleractinia) va 1 ho, 1 gidng,
1 loai san hé mém (Alcyonidae). So véi cong trinh ctia
Lang Vian Kén [3], két qua nghién ciru méi cia dé tai
KC09.08/11-15 bd sung thém 24 loai nira vao danh
muc san ho Bach Long Vi (bang 1).

Bdng I: thanh phan lodi san hé phdt hién mdi, bé sung thém cho quan xi
san hé tai ddo Bach Long Vi (nguon: KC09.08/11-15)

TT Tén loai TT Tén loai
Ho Acroporidae 13 | Goniastrea favulus
1 | Acropora aspera 14 | Platygyra pini Ch.
2 | Acropora monticulosa 15 | Platygyra carnosus
3 | Acropora rosaria 16 | Montastrea curta (Dana)
4 | Astreopora listeri 17 | Montastrea magnistellata
Ho Poritidae Ho Mussidae
5 | Goniopora stutchburyi 18 | Acanthastrea echinata (Dana)
Ho Faviidae 19 | Acanthastrea hillae
6 | Favia lizardensis 20 | Lobophyllia flabelliformis
7 | Favia veroni 21 | Symphyllia agaricia
8 | Favites compliata Ho Merulinidae
9

Favites halicora 22 | Hydnophora microconos (Lam.)

Hydnophora exesa (Pallas)
Hy Dendrophylliidae

10 | Favites pentagona (Esper) 23

11 | Goniastrea australiensis

12 | Goniastrea edwardsi 24 | Tubastrea aurea (Quoy & Gaimard)

Két qua khao sat ctia dé tai ciing chi ra 6 phu ran
san ho phia Tdy Bic dao Bach Long Vi da bi suy giam
nghiém trong so véi 20 nam trudc day. Theo tai licu
[3], 6 2 mit cat: phia Bic - Pong Bic ddo co do phu
san ho song dén 94% va phia Bac dao do phii khoang
59%, thudc bac 4 va 5 - rit cao. Két qua khao sat danh
gia vao thang 4.2013 cho théy, tai cAc mat cit nay do
pht san ho chi con lai bac 2 va 3. Nhu vay, cac ran san
h6 & Bach Long Vi di suy giam dang ké, khong con
ran rat tot. Ran c¢6 do phu cao nhét thudc bac 3 nam
trong khoang 31-50%, rd rang d¢ phu cua ran nay da
bi suy giam khoang 50% so voi trudc day (hinh 1).
Cac ran phia Pong Nam va Nam khong con nira do
d3 bi pha huy dé xay dung au tau, sé con lai phan bd
thua thot khong tao thanh ran. Tinh trung binh, d6 phu



san ho cua dao Bach Long Vi 1a 28%, dén nay con lai
khoang 15-20%, giam khoang 1/3.

Hinh 1: san 7h6 bi suy giam da nhu"o‘ng ché cho cdc lodi rong
phat trién tai Bach Long Vi (nguon: KC09.08/11-15)

Ngoai ra, loai sa sung - Sipunculus nudus (hinh 2),
duoc phat hién phan b tai vung triéu cat - vun san ho
ven bo phia Dong - Pong Bic dao Bach Long Vi (chua
tung dugc phat hién trong cac nghién cuu trude day),
bd sung méi loai nay vao danh sach céac loai dong vat
day co gia tri kinh té & Bach Long Vi (hinh 3). Két qua
nay da gop phan lam tang thém tu liéu da dang loai va
ngudn gen ctia khu hé sinh vét ving triéu ¢ ven déo.

Hinh 2: mdu s sing
Sipunculus nudus
& vimg triéu
phia Péng Bdc ddo
(nguon: KC09.08/11-15)

Hinh 3: sa sung Sipunculus nudus
duoc khai thac va so ché d@é ban
tai Bach Long Vi
(nguén: KC09.08/11-15)

Ghi nhin méi vé da dang sinh hoc va nguén lgi
sinh vdt tgi ving nwoc ven ddo Con Co

Su da dang cua san ho dao Con Co di duge diéu tra
trong khuon khé ciia mot sé dé tai cip nha nude nim
1993, nam 1996, 2006-2010 v6i 114 loai san ho cung
(Scleractinia) thudc 41 gidng, 14 ho; khoang hon 10
loai san hé mém (Alcyonacea) va mot loai thuy tic
san h6 (Hydrozoa) 1a Millepora platyphyllia da dugc
phat hién. Két qua diu tra nghién ciru trong hai nim
2013-2014 da bd sung mdi 15 loai san ho cung va 11
loai san hd mém cho danh muc san ho dao Con Co
(bang 2), nang tong sb 1én 150 loai san ho. Nhu vay co
thé thay, mic du trong pham vi nho ving bién quanh
dao, sb loai san ho van tiép tuc dugc phat hi¢n trong
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cac chuyén khao sat, cho thdy su phong phu va da dang
quan xa san hé ciling nhu tiém an nhiéu loai méi chua
duogc phat hi¢n.

Bdng 2: danh muc lodi san hé méi bé sung cho quan xd san hé
& viing bién dio Con Co (nguon: KC09.08/11-15)

T Tén khoa hoe T Tén khoa hoe
Bj san hd cimg Scleractinia B3 san hd mém Aleyonacea
HoAooporie | Ho Alcyoniidae
1 fooporadigiifera Omre) | 1 Lobophytum microspiculatum Texier-Durivault
2 | Acropora divaricata (Dana) 2 Sarcophyton flexuosum Texier-Durivault
3 Acropora monticulosa (Brugg.) 3 Sinularia brassica May
4 Acropora spicifera (Dana) 4 Sinularia conferta Dana
5 S 5 N Sinularia densa Whitelegge
6 Montipora crassituberculata Bemard 6 Sinularia cruciata Texier-Durivault
7| owporadonae G&1) | 7 N Sinularia facile Texier-Durivault
8 Vontpora tgesconsBemad | Ho Nephtheidae
9 Y —————— 8 N Dendronepthya sp Kuekenthul
Ho Poritidag 9 Nephthea sp Audouin
10| Porites lichen Dana 10 Stereonephthya sp Kikkenthal
0| piens@oska) | Ho Ellisellidac
Ho Siderastreidac ll Juceella fragilis Ridley

12| Psammocora obtusangula (Lamarck)

Ho Agariciidae

13| Pavona duerdeni Vaughan

Ho Mussidae

14 | Acanthastrea hemprichii (Ehrenberg)

Ho Dendrophylliidae

15 | Turbinaria mesenterina (Lamarck)

Két qua khao sat nghién ciru trong cac nam 2013
va 2014 cho thdy, do phii cta san ho cimg kha cao
dao dong trong khoang 20-30%, d6 pht san ho mém &
mét s6 diém 1én dén 70-80%. Do phu cao nhat 1a cac
mat cit phia TAy Béc va phia Pong cua dao. O d6 san
hé mém phat trién rat manh xen k& voi nhitng tham
san ho cing. Cac mat cit con lai déu co do phu trong
khoang 20%. Dién tich phan b ciia san hé mém ven
dao dugc phat hién 1én t6i gan 100 ha. Trong d6 chiém
vu thé nhit 1a cac gidng Sinularia, Sarcophyton (hinh
4), Lobophytum t6i 64 ha va d6 phu t6i 80%, nhiéu chd
chung tao nén nhirng tham don loai rong hang tram
mét vudng. Su phat hién va bd sung cac loai méi cho
ving bién ven dao Con Co6 da lam ting gia tri da dang
sinh hoc cua HST ran san ho tai day. Mat khac, HST
ran san ho ven dao nam trong khu Béo ton bién ctia dao



Con Co6 nén duoc bao vé kha tot.

Trong danh sach cac loai san hé mém thu dugc
trong dot khao sat nam 2013-2014 tai ving bién quanh
déo Codn Co, c6 mot sd loai co tiém nang chura cac chét
hoat tinh sinh hoc (bang 3) va 1a ngudn duoc liéu c6
gia tri [4].

Bdng 3: cdc lodi san hé mém phdn bé ¢ ven dio Con Co

6 tiém ndng chira cdc chdt ¢é hoat tinh sinh hoc [4]

do, 17 loé}i san ho tao ran duoc bd sung vao danh muc
san ho bién Tay Nam (bang 4).

Bing 4: thanh phan lodi san hé citng b6 sung cho danh muc san hé bién
& vimng bién dio Thé Chu va Tay Nam [5]

T Tén khoa hoe T Tén khoa hoe
Acroporiidae 9 Lobophyllia dentata Veron, 2000
1 Acropora abrolhosensis Veron, 1985 10| Lobophyllia flabelliformis Veron, 2000
2 | Alveopora catalai Wells, 1968 1 Lobophyllia robusta Yabe & Sugiyama, 1936

3 Alveapora tizard; Bassett-Smith, 1890 Merulinidae

Hinh 5: trai Tai twong
Tridacna crocea
(nguon: KC09.08/11-15)

Hinh 4: lodi san hé mém
Sarcophyton sp. phé bién tai viing
nuée phia Tay Nam dio Con Co
(nguén: KC09.08/11-15)

Bén canh 15 loai san ho cimg va 11 loai san hé mém
dugc phat hién bd sung cho thanh phan loai san hd tai
dédo Con Cé, loai trai tai tuong Tridacna crocea dugc
phat hién méi, bd sung vao danh sach loai thin mém
hai manh v¢ (hinh 5). Day la mét loai c6 gia tri kinh
té cao trong cung cap thuc pham, my nghé chua duoc
dé cap dén trong cac nghién ciru trude day tai Con Co.

Ghi nhin méi vé da dang sinh hoc va nguén lgi
sinh vt tai vang nwoc ven ddao Tho Chu

Két qua khao sat nghién ctru ctia dé tai KC09.08/11-
15 ghi nhan duogc 202 loai san ho cimg thude 52 gidng
va 13 ho phan bd quanh dao Thé Chu, chiém 49% s6
loai san ho ven bo Viét Nam. Déi chiéu voi danh sach
thanh phan loai san ho bién Tay Nam, sb lugng loai
san ho dao Tho Chu chiém 75% tong s loai. Bén canh
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SIT Tén khoa h(_lc Chats;l]ihhﬁgi tith Chire nfmg Ngu(")n tii ]i@ll 4 Alveapora verrilliana Dana, 1872 12 Dipsastraea vietnamensis (Veron, 2000)
- ] - ] ) 5 Montipora cebuensis Nemenzo, 1976 13| Echinopora pacificus Veron, 1990
|| Sarcophyton ehrenbergi | Diterpenoids Khang virit Shang-Kwei Wang va mnk, 2013 : :
6 | Montipora danae (Milne Edwards & Haime, 1851) 14| Favites melicerum (Ehrenberg, 1834)
1| Sarcophyton elegans | Carotenoids Khang t¢ bao ung thir buong trimg | Zhifang Xi va nuk, 2013 7| Montpora hirsuta Nemenzo, 1967 15| Favies vsta (Klunzingr, 1879)
3| Simlaria brassica Steroids Khing  bio g thy Chinng-Yao Huang va nuk, 2013 Euphylliidae 16| Goniastrea minuta Veron, 2000
4| Sinalaria cruciata Steroids Khing  bio ing thy Quoc Hung Vo va nk, 2012 8 | Euphyllia divisa Veron & Pichon, 1980 Scleractinia incertae sedis
5| Sinularia facie Steroids Khing  bao ung th, Khing viém | Bo-Wei Chen v nk, 2008 Lobophytlidae 17| Leptastren insequalis Klunzinger, 1879
0 | Sinularia gibberosa | Steroids Khing t bao ung th Ahmed AF va nnk, 2006 . . i e
— — — — Su phéan bd cua cac loai hai sam trong HST ran
T | Sinalaria grosa Diterpenoids Khang viém Shi-Yie Cheng va nnk, 2010 o A - . R .
san ho va vung trieu cling dugc ghi nhan qua khao
§ | Juceella fragilis Diterpenoids Khang viém Liaw C.C va mnk, 2013 Sat nghién el trong ndm 2013-2014. Dic biét, mot

loai sinh vat c6 tén goi dia phuong la banh long tai
vung bién Thé Chu (hinh 6) ciing 1an dau tién duoc
phat hi¢én. Theo nhan dinh ban dau cua cac chuyén
gia nghién cuu dong vat day, day la mot loai sinh vat
thudc 16p hai sam Holothuroidea, b Aspidochirotida,
ho Holothuriidae, giéng Actinopyga. Hién do chua c6
du can cir khoa hoc va tai liéu dé dinh loai chi tiét dén
loai, nén tam thoi xac dinh loai hai sdm nay co tén la
Actinopyga sp.

e ; G ol VANIB T
Hinh 6: anh chup banh long Hinh 7: cdo st ding dé khai thic
Actinopyga sp. dwoc khai thac, banh long (hai sam)

s ché ¢ Thé Chu
(nguon: KC09.08/11-15)

(nguon: KC09.08/11-15)

Loai hai sdm co tén goi dia phuong la banh long
nay chua thiy dugc ghi nhan truée day trong cac két
qua nghién ctru khoa hoc & ven déao Thd Chu [6] ¢6 thé
do ching thudng phan bd & ving bién sau va vii minh
dudi bun cat sau tir 20-40 cm, rat khé thu mau trong
nghién ctru. Hién nay, loai nay dang 12 ngudn loi dugc
khai thac rat manh dé xuat khau sang Trung Qubc. C6
nhitng thoi diém (thang 1.2014) loai hai sdm nay tro

91



thanh ddi twong “néng” dugc khai thac ngay dém bang
nhiéu cach, thim chi 1a bang nhimng dung cu khai thac
c6 tinh hity diét nhu cao sit ¢6 gin gai dinh (hinh 7).
Theo thong tin dugc cung cap tir don bién phong trén
dao Tho Chu, trung binh hang thang c6 khoang 150
tau dén khai thac va dénh bat thity san tai ving bién
quanh dao, chu yéu 1a cac tau dén tir Binh Dinh va
Kién Giang. Viéc khai thac banh long bura bai ngay
trén cac HST ven dao, pha hity nén day va cac HST cua
dao, dac biét 1a HST ran san ho, lam giam nguén loi
ctia cac nhom c kinh té (KC09.08/11-15).

Két qua nghién ctru so bo ctia dé tai KC09.08/11-15
cling cho thay, dao Thd Chu cé gia tri ngudn loi thuy
san rat 1én. HST ran san ho & khu vuc Hon Tur va Hon
Cau Cat dang c6 cac déu hiéu phuc hdi sau sy tan pha
cua tran bao nam 1995 (hinh 8). Viéc khai thac cua cac
phuong tién dénh bat hay diét s& c6 thé 1am gdy nat san
ho, mat di cac noi cu tra ciia cac ngudn lgi ca bién va
cac sinh vat bién co gia tri kinh té, cting nhu mat di cac
bai gidng, bai dé, noi wom nudi con non cua hang ngan
cac loai sinh vat bién khac.

i Yo BI04
Hinh 8: anh chup HST ran san hé dang phuc héi tai Hon Cau Cét,
ddo Tho Chu (nguon: KC09.08/11-15)
Két luan

Céc ghi nhan m&i néu trén trong khudn khé diéu
tra, khao sat va nghién ctru trong hai ndm (2013-2014)
ctia dé tai cip nha nude c6 ma sb KC09.08/11-15 da bd
sung va cho thay tiém niang da dang sinh hoc va ngudn
loi & cac ving bién quanh cac dao tién tiéu. O Bach
Long Vi, 24 loai san hé méi dugc b sung vao quan xi
san ho cirng va phat hién thém loai sa sung Sipunculus
nudus c6 gia tri kinh té. Danh muc loai thudc quﬁn xa
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san ho ving bién dao Con C6 dugce bo sung 15 loai san
ho cting va 11 loai san hd mém, trong d6 c6 8 loai co
kha nang co cac hoat chét sinh hoc, déng thoi phat hién
su phan bd cua loai trai Tai tuong Tridacna crocea tai
vung nudc ven ddo nay. Phat hién thém 17 loai cho
danh muc loai san hé bién ¢ ving bién dao Thd Chu
va Tay Nam, dong thoi phat hién bo sung 01 loai hai
sam thudc gidng Actinopyga c6 gia tri kinh té cao cho
vung dao nay.

Tuy nhién, cac tac dong do khai thac su dung tai
nguyén & cac ving dao dang de doa nghiém trong dén
gia tri bao ton. Nhitng phat hién lién quan dén nhimng
de doa tir cac hoat dong nhan sinh & cac ving bién nay
cling da kip thoi dugc thong bédo tdi cac co quan chirc
nang thudc thanh phd Hai Phong, tinh Quang Tri va
tinh Kién Giang dé c6 nhiing giai phap han ché nhiing
tac dong x4u, 1am ton hai dén gia tri bao tdn cua cac
HST bién tai cac dao tién tiéu duoc nghién ctu.

Loi cam on

Tdp thé tdc gia xin cam on dé tai “Lwong gid kinh
1é mot s6 hé sinh thdi bién ciia cdc dao tién tiéu ven bo
Viet Nam” (ma 56 KC09. 08/11-15) da hé tro thue hién
cdc ngi dung nghién ciru nay.
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Xac dinh bién dong muc nudc ha du séng Hong
dudi tac dong cua hé thong cac cong trinh thiy dién thugng du

Vii Thi Thu Lan'*, Hoang Thanh Son?, Luong Hiru Diing?

"Vién Han 1am KH&CN Viét Nam
2Vién Khoa hoc khi tugng thiy van va bién déi khi hau
3Vién Dja ly, Vién Han lam KH&CN Viét Nam

Ngay nhan bai 10.2.2015, ngay chuyén phan bién 25.2.2015, ngay nhan phan bién 18.3.2015, ngay chap nhan dang 26.3.2015

La luu vue 16m thir 2 trén lanh thd Viét Nam nhung hé thong song Hong ¢6 tiém nang nang lwgng du’ng diu
ca nuée. SO cong trinh thuy dién 16n dwge xay dung trén luu vue song Hong chiém 25% ciia toan quoc, tong
cong suit lip may chiém trén 46%. Trong qua trinh van hanh, cic ho chira tic ddong manh mé dén ché d9
dong chay, dac biét vao mua kiét da gay ra nhirng kho khan cho vung ha du. Pé ¢6 co sé khoa hoc danh gia
tac dong ciia vige diéu tiét cac ho chira 16m & thwgng du dén ché dd dong chay va kha ning liy nuée & ving
ha du séng Hong trong mua kiét, cac tac gia ing dung bé mé hinh MIKE DHI mé phéng dong chay va sy
van hanh cac ho chira trong thoi ky 2000-2012. Két qua cho thz'ly, voi didu kién nguf)n nudc va hé th(')ng h6
chira nhw hién nay cé thé du dap u’ng cAc nhu ciu hién tai 6 ha du song Hong trong mua Kiét. Vi vay, rit can

¢6 mot quy trinh van hanh lién hd chira hoan chinh cho hé thong hé chira trén luu vire song Hong

Tir khéa: bién dong muwe nwéc, lwu viee song Hong, mé hinh Mike, vin hanh hé chira.

Chi s6 phan logi 1.7

DETERMINATION OF THE WATER LEVEL CHANGES
IN THE LOW LANDS OF RED RIVER BASIN UNDER THE IMPACT
OF THE HIGHLANDS HYDROPOWER WORK SYSTEM

Summary

It is the 2" largest basin in the territory of Vietnam, but the Red River Basin system has
the highest potential of energy all over the country. In the course of “industrialisation and
modernisation” of the country, a series of large hydroelectric projects have been built and
put into operation; in which, the Red River Basin occupies for 25% of the construction
works (as for large hydropower plants in Vietnam), but its total installed capacity accounts
for more than 46%. However, during operation, the reservoirs have affected strongly
the flow regime of downstream, causing disputes among water users and simultaneously
increasing some types of natural disasters, including drought. To have scientific basis for
assessing the impact of the regulation of the large upstream reservoirs on the flow regime
and the ability to get water in the Red River downstream in the dry season, the authors
have applied MIKE DHI model to simulate the flow and operation of the reservoirs during
the period of 2000-2012. The results have shown that the water resources conditions and
reservoir system currently can meet the present demand of the Red River downstream in the
dry season. There fore, it is necessary to develop a complete inter-reservoir operation rule
for the reservoir system of the Red River Basin which will resolve the water use conflicts.

Keywords: Mike model, Red River Basin, reservoir operation, water level changes.

Classification numbers 1.7

*Tac gia chinh: Email: vuthulan68@yahoo.com; Email: hoangson97@gmail.com
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Pat van de

Nhim khai théc
cac ngudn tai nguyén
thién nhién phuc vu
phat trién kinh té - xa
hoi cta dit nuée, trong
nhimg nim gin day,
trén thuong ngudn luu
vuc song Hong da xdy
dung hé thong cac hod
chta 16n (Son La, Hoa
Binh, Tuyén Quang,
Thac Ba). Pay la hé
thong cong trinh khai
thac ngudn nudc tong
hop trong do6 chu trong
viéc phat dién, diéu tiét
nudc cho ha du (phong
1, ting cudng cip nudc
cho mua kig¢t...). Trong
qua trinh van hanh (tich
nude, phat dién), cac hd
chura tac dong manh mé
dén ché d6 dong chay,
dac biét vao mua kho



dd gy ra nhimg kho khan cho ving ha du. Lién tiép
trong nhitng nam dau cta thé ky XXI, han han da tac
dong rat 1on dén doi séng ciia nguoi dan ¢ day [1, 2].
Dé ¢ co sé khoa hoc danh gia tac dong cua vi¢e diéu
tiét cac ho chira 16n o thuong du dén ché do dong chay
va kha ning lay nu6c ¢ ving ha du song Hong trong
mua kiét, ching t61 da irmg dung Bo m6 hinh MIKE
DHI [3] mé phong dong chay va su van hanh cac hd
chira trong thoi ky 2000-2012. Trén co s& bg thong sd
moé hinh phu hop, cac phuong 4n van hanh ho chia
dugc d& nghi theo cac kich ban c¢6 3 hd (Hoa Binh,
Thac Ba, Tuyén Quang) hodc 4 hd (Son La, Hoa Binh,
Thac Ba, Tuyén Quang) diéu tiét dap Gmg nhu cau sir
dung ngudn nuéc & ha du nhim xac dinh bién dong
muc nuée ha du trong diéu kién sir dung hop 1y véi
nguyén tic chia sé tai nguyén nudc.

Co so tai lieu va phwong phap nghién ciu
Gidi thiéu chung vé luu vue song Hé‘ng

Hé thong song Hong 1a hé thong song 16n thi hai &
Viét Nam, bao g@)m toan b hay mot phﬁn dia phan ctia
cac tinh va thanh phé: Lai Chau, Dbién Bién, Son La,
Hoa Binh, Lao Cai, Yén Bai, Ha Giang, Tuyén Quang,
Phu Tho, Vinh Phuc, Ha N6i, Hung Yén, Ha Nam,
Ninh Binh, Nam Dinh, Thai Binh. O dia phan Viét
Nam phan thugng ngudn hé thong 14 tap hop 3 nhanh
16n gém: séng Pa, song Thao va song Lo - Gam, gip
nhau tai Viét Tri va chay vao ving Pong bang; song
Hong c6 nhiéu phan luu ra ca hai phia bo ta va b hiru;
hién tai bd ta con 3 phan luu 13 séng Pudng, song Ludce
va song Tra Ly, bo hitu con song Pao va song Ninh
Co. Hé théng séng Hong c6 615 song sudi (v6i chiéu
dai tir 10 km trg 1én), trong d6 c6 57 song nhanh cip 1;
195 song nhanh cap 2; 245 séng nhanh cap 3; 97 song
nhanh cap 4; 18 song nhanh cip 5 [4, 5].
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Téng luong dong chay trung binh nhiéu nim cta
hé théng song Héng dat 135,2 km?, trong do6 52,5 km?
(chiém 38,8%) tir Trung Qudc va Lao chay vao, 82,7
km? duogc hinh thanh trong lanh thé nudc ta (bang 1).
Trong nam, dong chay trén song tap trung vao mua li
(thdng 6-10) v&i tong lwong dong chay chiém khoang
70-80% luong dong chdy ndm. Lugong dong chay mua
kiét chi chiém (20-30% dong chay nam, trong d6 3
thang lién tuc c6 lugng dong chay nho nhét (chi chiém
dudi 10% dong chay nam) va xuét hién vao cac thang
1-3 hay 2-4.

Bdng 1: phan bé dién tich, tong lwong dong chdy trén leu viee
séng Hong [4, 5]

Dién tich (km?) Téng lwgng nude (10° m?)
Luru vire song - -
Tong ViétNam | Tong Viét Nam
Héng (tinh dén Viét tri) 143.300 |  60.800 119,70 67,2
Pa 52500 | 26.800 57,36 333
Lo 51.800 | 12.000 34,73 24.4
Thao 39.000 | 22.000 27,57 9,5
Thdi Binh (tinh dén Phd Lai) 13.000 | 13.000 7,00 70
Ding bing song Hong 12.700 | 12700 8,50 8,5
H¢ thing song Hong - Thdi Binh 169.000 |  86.500 | 135,20 82,7

Co s¢ tai liéu
S6 liéu quan trdac thity van:

- Hé thng tram thuy van: 7 tram trén hé thong séng
Hong gédm c6 Hoa Binh (séng Da), Yén Bai (song
Thao), Vu Quang (song Lo), Viét Tri, Son Tay, Ha Noi
(song Hong), Thuong Cat (song Pudng).

- Cac dic trung quan tric: luu luong, muc nudc
trung binh ngay tor nam 1960-2012.

- Cac thoi ky quan tric dugc phan chia theo hoat
dong cua cac cong trinh thuy dién:

+ Trudc nam 2007: ¢6 sy didu tiét cua cong trinh
thuy dién Thac Ba va Hoa Binh

+ Tir ndgm 2007-2012: hé théng 4 hd chira 16n bét
dau hoat dong. Thuy dién Son La bat dau thuc hién tich
nude tir gitta ndm 2010. Chudi s6 liéu tinh dén nay chua
du dai, do d6 viéc phén tich danh gia anh huong ciia ho
t6i dong chay ha luu song Hong sé khong tach ra thoi
ky riéng ma phan tich g0p vao trong thoi ky dong chay
song Pa va ha luu song Hong chiu su diéu tiét tong hop
cua thuy dién Hoa Binh.

S6 liéu vé cdc hé chira: cac hd chira 16n trén hé
thdng song Hong dugc dua vao xem xét gdm: hd Son



La va Hoa Binh (trén song Da), ho Thac Ba (trén song
Chay) va ho Tuyén Quang (trén song Gam) [6, 7].

- Cac thong s thiét ké van hanh ho chira gom: cac
duong dac tich ho chira, muc nude va dung tich thiét
ké ho chtra, ning lyuc xa ciia ho chira, biéu do didu phdi
ctia timg ho.

-S4 liéu thay van: s6 lidu luu luong bién dong chay
dén ho Son La, ho Thac Ba, ho Tuyén Quang va cic
tram thiy van Ham Yén, Yén Bai va cac khu gitra khac
theo budc thoi gian ngay.

S6 liéu nhu cau sir dung nwdc trong cdc nganh nong
nghiép, cong nghiép, sinh hoat duwoc tinh toan dya trén
s6 liéu thong ké cua cdc tinh thudc heu viee séng Hong
thoi ky 2000-2012 [5] va dugc phan chia theo cac hé
thong str dung nude (hinh 2) gdm cé:

a. Khu str dung nudc luu vuc song ba.
b. Khu str dung nudc luu vuc song Thao.
c. Khu str dung nude Iuu vuc song Lo + Gam + Chay.

d. Khu str dung nu6c phan hiru ha du song Hong
(khu Béc Pudng, khu séng Nhu¢, Hiru Day, song Tich
- Thanh Ha, Bic Nam Ha, Bic Ninh Binh, Nam Ninh
Binh, Trung Nam DPinh, Nam Nam Dinh).

e. Khu str dung nudc phan ta ha du séng Hong (Bic
Hung Hai, Bac Thai Binh, Nam Thai Binh).
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Hinh 2: so'd6 phan chia cdc tiéu leu viee thuge hé thong séng Hong
(phan lanh thé Viét Nam)

Phuwong phdp nghién ciru

Nhim dénh gia bién dong myc nudc trong hé thong
song Hong, chung t6i stir dung cac thong tin ve ho chura,
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s6 liéu khi tuong - thuy van tai cac tram, cong trinh
khai thac nudc... va cong cu mo hinh MIKE (hinh 3):

- MIKE 11: dién toan thity lwc nham xac dinh muc
nudc tai cac vi tri doi sanh.

- MIKE Basin: mé phong van hanh hd chira dap tmg
nhu cau st dung nudc ¢ ha du.

- 54 liu v& ha chita - 54 ligu dia hinh
- 5 ligu khi twiog thity vin - 53 ligu khi tuigng thily vin
- Nhu ciu sif dung nudic - Hé thing tram bom, cang
¥ ¥
MIKE BASIN MIKE 11
(V&n hanh ha chita) (M3 phang thiy )
5o sdnh, danh gid 3nh hudng cia ha

chia d&n mutc nurde ha leu

Hinh 3: so' @6 phirong phdp nghién ciru

Cac nam tinh toan duoc lua chon la cac ndm can
kiét dién hinh trén khu vuc nghién ctru: 2003-2004;
2004-2005; 2005-2006; 2006-2007; 2009-2010. Trong
nhitng ndm nay, hién tugng can kié¢t dong chay xay ra
ddng bo tai cac tuyén quan tric duogc.

Cac phwong an tinh toan:

- Phuong 4n 1: ¢6 3 hd chtra hoat dong: Hoa Binh,
Théc Ba, Tuyén Quang.

- Phuong an 2: c6 4 hd chtra hoat dong: Son La,
Hoa Binh, Thac Ba, Tuyén Quang.

Cac vi tri doi sanh muc nudc theo cdac phwong dan
tinh toan:

- Tram Son T4y, Ha Ni trén song Hong.
- Tram Thuong Cét trén song Buéng.
Thiét ldgp mé hinh Mike Basin va Mike 11HD:

Vi giao dién than thién tich hop trén nén ArcGIS,
MIKE Basin so d6 tinh toan dugc xdy dung theo kiéu
mo hinh mang luéi mé phong cic cong trinh ho chra,
mang ludi song, vi tri cac ho dung nudc, diém léy
nuée, diém chuyén dong déu duoc xac dinh truc quan
(hinh 4a). Kha ning tinh toan tiy bién nhanh, x4c dinh
qua trinh dong chay tai tat ca cac nut ciing dugc dua ra
cho phép xac dinh va danh gia dugc anh hudng tong
hop cua cac cong trinh cling nhu cac khu tuéi d6i voi
dong chay trong song.
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Hinh 4b: so dé tinh
trén Mike 11HD

Hinh 4a: so dé tinh
trén Mike Basin

Hinh 4: so do mang hedi tinh todn trén Mike

Mike 11HD mé phong mang song bao gdm 30 song
chinh va séng nhanh thudc hé thong séng Hong - Thai
Binh (hinh 4b) ctng véi hé théng 864 mit cit duge do
dac trong thoi ky 2000-2012: phia thuong luu cac song:
Pa, Thao, Chay, L6, Gam, Thuong, Ciu, Luc Nam;
phia ha luu cac song: Van Uc, Bach Béng, Lach Tray,
Tra Ly, Ninh Co, Cim, Pudng, Ludc, Py, Pao, Hoang
Long, Hoa.

- Bién trén: cac vi tri bit du mo phong tai cac song:
song Gam 13 qué trinh x4 cua hd Tuyén Quang, song
L6 tai Ham Yén, song Thao tai Yén Bai, song Da tai
Hoa Binh, song Chdy tai Thac Ba, song Day tai Ba Tha,
song Hoang Long tai Bén Dé, séng Cau tai Gia Bay,
song Thuong tai Cu Son, song Luc Nam tai Chii va cac
qua trinh khu gitra khac.

- Bién dudi: tai cac cua ra trén cac song: Da Bach
(tram Do Nghi), Cdm (Cira Cim), Lach Tray (Kién An),
Vin Uc (Quang Phuc), Thai Binh va Héa tinh bién muc
nudce theo tram Pong Xuyén, Tra Ly (Dinh Cu), Hong
(Ba Lat), Pay (Nhu Tan), Ninh Co (Phu Lé).

- Bién doc song: cac nhanh sudi gia nhap: cac vi tri
ldy nuéc tir séng; cac cong 1y nude (tong sb 46 cong
chinh); cac tram bom (111 tram).

Mb hinh dugc thiét 1ap va kiém dinh cc thong sb
chinh véi 6 liéu nam 2002. Két qua thu duoc cho thiy
bd thong sb da dat yéu cau cua bai toan trén luu vuc
song Hong (két qua giira luu luong nude thyc do va tinh
toan cua 2 tram dai dién la Hoa Binh va Son Tay dugc
trinh bay ¢ hinh 5).
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Hinh 5a: dwong qua trinh luu lvong

thiee do va tinh toan tai hé Hoa Binh Iuu lwong thiee do va tinh

12000 12172000

Thoi gim

Hinh 5b: dwong qua trinh

todn

tai tram thuy van Son Tay

Két qua va thao luan

Tdac dong cua hoat dong cong trinh thuy dién trén
thuong lwu dén muc nuwoc ¢ ha du

Qua phan tich s6 liéu (luu luong, muc nudc) quan
tric thuc té tai cac tram thuy van Son Tay, Ha Noi,
Thuong Cét trong thoi ky 1960-2012 cho thay:

Tdc ddng bién doi vé gid tri:

Luu lugng dong chay mua ¢ ha du tai tram thuy
van Son Tay, Ha Noi va Thuong Cat sau khi c¢6 cac
ho chira hoat dong déu ting nhung & cac mirc d6 khac
nhau. Tang 16n nhat 13 tai tram thuy vin Thuong Cat
v6i tong luong dong chay mua kiét trung binh ting
khoang 9,67 ty m®. Tiép d6 1a tram Son Ty, tir thang
1-3 dong chay mua kiét tang tir 180-400 m?/s, tir thang
4-5 Iuu lugng trung binh thang tdng manh tir 200-1090
m?/s. Xét 5 thang mua kiét (tir thang 1-5), tong lugng
dong chay tai Son Tay da tang 1én khoang 5,7 ty m’
khi c6 hd hoat dong. Con ddi voi tram thuy van Ha
Noi, dong chay tai mua kiét ting 1én déng ké thoi ky tir
thang 2-5, trung binh tir 100-480 m?/s.

Dién bién téng lwrgng nwéc hang nam dén Son Tay
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Hinh 6: dién bién tong luong nuée tai tram Son Ty tir ndm 1960-2012
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Hinh 7: s thay déi myee mede tai tram Son Tdy qua cdc thoi ky

Maic du luu lugng nude co sy gia tang nhung muc
nudce trung binh thang tai Son Tay, Ha Noi suy giam.
Muc nudc trung binh thang va nim di véi tram thuy
van Ha Noi thoi ky 1991-2001 cao hon vai thoi ky
1960-1990 trong cac thang mua kiét (tir thang 2-4) do
diéu tiét cia hd Hoa Binh, nhung lai giam rd rét trong
thoi ky 2002-2012, myc nude trung binh ndm da giam
gin 1,0 m so v6i thoi ky 1960-1990. Muyc nuée trung
binh cac thang can nhat (1-3) nhiing nim gan day
(2002-2012) khi c6 sy diéu tiét tong hop cua ca 4 hd
chua (Son La, Hoa Binh, Tuyén Quang va Thac Ba)
thdp hon myc nudc ciing giai doan so véi thoi ky 1960-
1990 (chua co sy diéu tiét dong chay cta hd Hoa Binh)
khoang 0,4-0,7 m. Hién tugng ha thép muc nudc tuong
ty tram thuy van Ha Noi ciing quan tric duoc tai cac
tram thuy van lan can la Son Tay, Thuong Cat.

bac biét dac trung myuc nudc nhd nhét nam trung
binh theo cac thoi ky tinh toan duoc cho thiy xu thé
giam manh dac trung myc nudc nhd nhét nam cua thoi
ky 2007-2012, 1a thoi ky nhiéu hd chira thuong luu
tham gia diéu tiét dong chay so vdi cac thoi ky khéc.
Tai Son Tay, Ha Noi xuat hién myuc nude nhé nhit lich
sir trong chudi quan tric.

Tac dong lam bién doi dang quan hé luu lwong va
muc nuwoc:

1500
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Hinh 8: duong quan hé myc nudoc va luu luong tai tram Ha Noi
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Luu luong nudce trung binh trong cac thang can nhét
tir thang 1-3 trong nhitng nam gan day tai tram thiy vin
Ha Noi giam so véi thoi ky 1991-2000 nhung van 16n
hon dong chay tu nhién thoi ky 1960-1971. Bén canh do,
muc nudc trung binh cung thoi ky lai giam dang ké. Biéu
ndy chimg t6 quan hé luu luong - myc nude da co su thay
doi. Sy thay d01 quan hé nay cang dién ra manh trong
nhitng ndm gan day khi c6 anh huong dong thoi ciia 4 ho
chtra Son La, Hoa Binh, Thac Ba, Tuyén Quang va c6 xu
thé 1éch sang phai.

Phan tich quan hé Iuu luong - muc nudc tai tram thiy
van Ha Noi, Son T4y va Thuong Cat c6 thé thiy: vé mua
can, cung mot cép luu lugng, chénh muc nude gitra 2 thoi
ky la trén 1,5-2 m. Nhu vay, dé duy tri myc nuéce tai Ha
Nbi 2,2-2,3 m dap ing yéu cau lay nude trong thoi ky do
ai thi hién nay can c6 lugng dong chay trung binh khoang
1500-1800 m?/s so vdi khoang 750-850m’/s trudc day,
cac hd chira thugng ngudn can bd sung mot lugng nudc
rat 16m (gan gép d6i) cho ha luwu. Diéu nay anh huong rat
16n dén hidu quéa san xuat ctia cic nha may thuy dién, gy
ton that 16n ve kinh € - xa hoi.

Nhu vy, & rang cac hd chira trén phan thuong luu
song c6 tac dong rat 1on dén dong chay mua kiét o ha du,
dac biét 1a sy suy gidm muc nude la nguyén nhan chinh
gay han cho vung ha du.

Xic dinh muc nwéc song Hong theo cdc phwong dn
vin hanh ho chira dim béio hai hoa muc tiéu siv dung
nguon nuwéc

Voi myc tiéu hai hoa cho phat trién bén viing nén
trong mua kiét, hé théng hd chira duge van hanh phan bd
nguodn nudc duya trén cac nguyén tic sau:

-Pam bao cap nudc vu Dong xuan trong thoi ky d6 ai
(tinh trung binh thoi ky cap nudc gia ting tir gitra thang 1
dén cubi | thang 2). Muc nude tai Ha Noi phai dat toi thiéu
2,3 m dé bao dam cho cac cong trinh dau méi lay nudc
phuc vu san xuat néng nghiép [5].

- Pam bao phat dién theo cong suit dam bao va theo
biéu d6 didu phdi ctia mdi hd chira, twong dwong véi luu
lugng phat qua tuabin cta cac hd nhu sau: hd Son La 600
m?/s, ho Hoa Binh 800 m3/s, ho Thac Ba 140 m¥/s va hd
Tuyén Quang 131 m’/s [6, 7].

Két qua ciia mo hinh cho thiy khi cac hd van hanh véi
luu lugng dam bao va dugc duy tri thi myc nudc trén hé
thong song Hong (trung binh giai doan 2000-2012) phia
ha du c6 xu huong tang ro rét, cu thé:

Phurong dén 1 (3 ho chira hoat dong):

Muc nudc trung binh tai tram thily van Son Tay cao
hon myc nudce hién tai trong thang 1 1a 0,75 m (dao dong
tu 0,58-1,03 m); trong thang 2 1a 0,81 m (dao dong tur



0,38-1,42 m); trong thang 3 1a 0,53 m va trong thang 4 1a
0,48 m.

Muc nudc trung binh tai tram thity van Ha Noi cao hon
muyc nudc hién tai trong thang 1 1a 0,54 m (dao dong tir
0,39-0,72 m); trong thang 2 1a 0,61 m (dao dong tir 0,35-
1,02 m); trong thang 3 1a 0,35 m va trong thang 4 1a 0,31
m.

Muyc nude trung binh tai tram thily van Thuong Cat
cao hon muc nudce hién tai trong thang 1 13 0,53 m; trong
thang 2 1a 0,59 m; trong thang 3 1a 0,34 m va trong thang
412 0,31 m. Chénh léch myc nudc trung binh 10 ngay tai
céc tram quan tric thily vin theo phuong an van hanh 3 ho
duogc trinh bay trong bang 2.

Phwrong dén 2 (4 ho chika hoat dong):

Muc nudce trung binh tai tram thily van Son Tay cao
hon muc nuéc hién tai trong thang 1 1a 1,00 m; trong
thang 2 1a 1,12 m; trong thang 3 1a 0,98 m va trong thang
41a1,02 m.

Muc nudc trung binh tai tram thiy van Ha Noi cao hon
muyc nudc hién tai trong thang 1 1a 0,74 m; trong thang 2 1a
0,87 m; trong thang 3 14 0,72 m va trong thang 4 1a 0,75 m.

Muc nude trung binh tai tram thily van Thuong Cat
cao hon myc nudce hién tai trong thang 1 13 0,72 m; trong
thang 2 1a 0,84 m; trong thang 3 1a 0,69 m va trong thang
41a 0,73 m. Chénh l¢ch muc nude trung binh 10 ngay tai
cac tram quan tric thay van theo phuong an van hanh 4 hd
dugc trinh bay trong bang 2.

Bdng 2: chénh léch muc nude theo cdc phirong dn van hanh hé chira

Muec nude tai cac tram (m) Chénh I¢ch myce nwée (m)
. Thuc do Phuwong dn 3 ho | Phuong an4ho | Phwdng n3ho | Phudng dn 4 ho
Thdtdom | g 2015 ' ’ ’ ’

ST |HN |TC |ST [HN |TC |ST [HN |TC [ST |HN |TC |ST |HN |TC
Pauthing | | 4,79 (2,23 (239|538 2,62 277(5,67] 285|300 | 0,38 [039]039 | 0,88 | 0,62 061
Gitrathang | 4,83 12,22{239]5.86 [ 2,94 3,10 6,05 | 3,10 3,25 [ 1,03 0,72 [ 0,70 | 1,22 | 0,88 | 0,85
Cubithang 1 | 5,00 2,29 [ 246 | 5,65|2,80]2,95( 590|301 | 3,15 | 0,66 | 051|049 |091]0.72] 0,69
Diuthang2 | 5,01 230|245 | 540 | 265|277 (577|295 3,06 038 [ 035032076 | 0,64 | 0,61
Gilra thang 2 | 4,56 [ 2,04 [ 2,20 [ 5,98 [ 3,05 [ 3,19 | 6,14 (320 3,33 | 1,42 | 1,02 | 1,00 | 1,58 | 1,16 | 1,13
Cubithing2 | 455|202 | 2,18 |5,13] 247|262 556|281 [294 058 |045]043| 101079076
Diuthang3 | 4,51| 1,99 | 2,16 | 507 | 235 | 2,52 | 5,52 | 2,72 2,87 | 056 [ 036 | 0.36 | 1,01 | 0,73 | 0,70
Gitrathang3 449 | 1,97 [ 2,13 5,06 | 2,34 [ 2,50 | 5,50 | 2,71 | 2,84 0,57 { 0,38 | 0,37 [ 1,01 | 0,74 | 0,71
Cuithing3 | 4,69 | 2,14 | 2,28 | 5,15 | 2,44 | 2,58 | 5.61| 2,83 [ 294 | 046 | 031030 | 092 | 0,69 | 0.67
Diuthing4 | 4,58 2,04 220|521 [ 245|261 [ 5,75 | 2,89 (3,04 [ 0,63 [ 041 | 041 1,17]085 [ 0,83
Gitrathang4 | 4,73 2,16 | 2,30 { 5,26 | 2,50 | 2,65 | 5,79 | 2,95 [ 3,08 | 0,53 | 0,35] 0,35 | 1,07] 0,80 | 0,78
Cubi thing4 | 5,00 | 236 | 248 | 5,29 2,54 | 2,66 | 5,81 2,97 (3,07 030 | 0,19] 0,19 [ 081 | 0,61 | 0,59

Co thé thdy rang voi dung tich ctia 4 ho chira dé
diéu tiét trong mua ki¢t, myc nude 6 ha du song Hong
tang déng ké hon so véi 3 hd chira. Vi ngudn nude tir
nam 2000-2012 theo ché do van hanh cua tung hd, muc
nude song Hong ¢ ha du s& dép tng duoc véi cac thiét
Kké cong trinh léy nudc. Tai Ha Noi, muc nudce lién tuc
dam bao tur 2,3 m (vdi van hanh 3 hé) va 2,7 m (véi van
hanh 4 hé), rat thun loi cho viéc léy nudc vao cac hé
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thng cong trinh thily nong ¢ ha du.
Két luan

Tac dong ctia hé thong hd chira trén thuong luu (Son
La, Hoa Binh, Thac Ba, Tuyén Quang) dén dién bién
dong chay, cu thé 1a dong chay mua kiét trong cac nim
tir 2000-2012 rat rd rang: tong luu luong dong chay mua
kiét ha du song Hong gia ting nhung muc nudc trung
binh thang tai Son Tay, Thuong Cat, Ha Noi déu suy
giam.

Nguyén nhan gy han han, thiéu nu6c & ha du song
Hong trén dién rong vao cac nam 2004-2005, 2005-2006,
2006-2007, 2007-2008 va 2009-2010 la do viéc van hanh
x4 nude cla cac hd chira vé ha luu nho, khong lién tuc,
khong dat luu luong x4 tmg voi cong suat dam bao phuc
vu khai thac sir dung nudc trén song Hong, gay ra nhimg
thay doi bat loi dang ké vé ché do thiy van va thuy Iyc
ving ha du; tong luvong nude co xu thé ting nhung muc
nudc trén dong chinh cé xu hudng giam 1o nét.

Trén co s¢ tinh toan s dung mo hinh MIKE déanh gia
kha nang st dung ngudn nudc theo cac muc tiéu dam
bao hai hoa giita cac ho ding nudc cho thiy, vai viée
van hanh 4 hd chira myc nude ha luu séng Hong ting
dang ké so v&i ché d6 van hanh nhu hién tai; muc nudc
trung binh trong cac thang mua kiét c6 xu thé tang tir 0,3
dén 1,5 m; dic biét trong thang 2 c¢6 xu thé ting dang ké,
trung binh ting 0,8-1,1 m (dy ciing 1a thoi ky rat can
nuée dé db ai). Piéu nay ching to v6i hé thdng hd chira
va diéu kién ngudn nude nhu hién nay co thé du dap tmg
cac nhu cau hién tai ¢ ha du song H6ng trong mua kigt
khi ¢c6 mot quy trinh van hanh lién hd chira hoan chinh
cho hé théng hd chira trén luu vyc séng Hong.
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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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