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NGHIEN CUU XAY DUNG TRUONG VAN TOC
CHUYEN DICH KHONG GIAN KHU VU'C MIEN BAC
VIET NAM BANG PHUONG PHAP BIEN POI SONG NHO

LAI VAN THUY®, DUONG CHI CONG®
DVien Khoa hoc Po d‘gc va Ban do
@Hi Trdc dia-Ban do-Vién tham Viét Nam
Tom tit:

Vin toc chuyén dich tuyét doi (chuyén dich so voi tam cua hé toa do dia tam Trai dcft) tai cdc
diém trong mang luoi trdc dia dia dong luc do bcfng cong nghé GNSS la dai luong biéu dién sy dich
chuyén vé Trdi dat khu vuee nghién curu. Do ddc diém hoat dong dia chat kién tao c¢6 nhitng dac thu
riéng nén cdc dai leong nay con chira nhiéu yéu té bdt thwong va khong tuyén tinh véi nhau. Bdi
bdo nay trinh bay co sé Iy thuyét phirong phdp bién doi séng nhé phuc vu tinh todn ndi suy truong
vdn téc chuyén dich khéng gian ddc trung cho khu viee Mién Bdc Viét Nam tir két qua xir Iy dir liéu
do GNSS 4 chu ky (2012 2015). Do lon va hu"()’ng cua truong van toc chuyen dich ngang kha phu
hop véi xu thé chuyén dich cua MangA -Au. Con vé trieong vén téc chuyén dich d‘u’ng thz ta chwa thé
co dwge bat ky nhan xét gi vé chuyén dong nang ha tai khu viec nghzen ciru. Két qua vé gid tri van
téc ha ¢ phia Tay Bdc va Bdc la qud I6n (dén -2cm/nam) va chuyén dich ha (6 viing miii) va ndng
(o vung triing phia Pong Nam) o day la chwa thdt phu hop.

1. Pit van dé

Cung voi sy phat trién manh mé cua cudc cach mang khoa hoc, k¥ thuat, cong nghé do dac, dinh
vi dan duong GNSS ciing c6 nhitng budc tién nhay vot va duge ing dung rong rii trong moi linh
vuce kinh té, x3 hoi, dic biét 1a ung dung dé tinh toan, xac dinh cac dai luong chuyén dich vo Trai
Dit tai khu vuc cac déi dut gy hoat dong di cho két qua chinh xac hon cac phuong phap trudce day.

Trén thé gidi Kumar et al. (2002) da xay dung truong van toc ddc trung chuyén dich ngang vo
Trai Dat (secular velocity) (Santamaria-Gomez and Mémin, 2015) tir két qua do GPS lién tuc mot
phan mang ludi GEONET (1996-1999) khu vuc mién Trung Nhat Ban. O My Tape et al. (2009) da
xé4c dinh trudng van tc chuyén dich 3 thanh phan (2 ngang va 1 dung) khu vuc Nam California tur
két qua do GPS trong 11,6 nam (1997-2008). Tai Trung Qudc Ji et al. (2014) da xéc dinh trudong van
toe chuyen dich ngang tur dir liéu do GPS (1999- 2007) va truong van toc chuyén dich du:ng tur do
thuy chuan 2 1an nam 1970 va 1990 dé nghién ctru bién dang vo Trai Dat khu vuc Pong Bac Trung
Quéc. Trinh Bang Phi va nnk (2015) da xay du:ng truong van toc chuyén dich ngang tur két qua do
GPS (1999-2009) str dung bién doi song nho dé nghién ciru bién dang toan bo lanh thd Trung Qudc.

O Viét Nam, Nguyén Vian Huéng (2012) da ndi suy véan téc chuyén dich ngang theo ludi 1° x 1°
bang phwong phap Kriging khu vuc Bién Pong Viét Nam va cac ving lan can. Phan Trong Trinh va
nnk (2015) da ndi suy truong van toc chuyén dich ngang theo ludi 0,2° x 0,2° bang phuong phap
Kriging khu virc Ninh Thuédn va lan can tir két qua do 3 chu ky (2012-2013) ludi 13 diém GPS. Hai
nghién ctru trén di sir dung két qua ndi suy vén tdc chuyén dich dé mé ta truong van toc bién dang
lién tuc khu vuc nghién ciru. C6 thé thiy ring viéc tng dung cong nghé dinh vi dan dudng trong
nghién ctru chuyén dich dut giy & Viét Nam méi chi dimg lai & quy mé roi rac, theo timg déi dut
gdy nén chua dua ra dugc birc tranh khai quat vé chuyén dich bién dang trén cac khu vuc 16n hon,
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hoac trén pham vi toan lanh thd Viét Nam.

Trong mot sé cac nghién ciru ké trén da ap dung phuong phap xap xi song nho - phép bién doi
song nho (Wavelet Transforms) dé xac dinh truong véan toc chuyén dich vo Trai Dat & quy mé va
mirc d6 chi tiét hon (Kumar et al. 2002, Tape et al. 2009, Trinh Bang Phi va nnk. 2015). Theo Tape
et al. (2009) day 1a cong cu thuan tién phan tich cac két qua tinh toan tir cac mang ludi GPS day dic:
truong véc to van tdc da ty 1€ lién tuc str dung ham song nhd cAu c6 thé dugc trién khai mot cach cu
thé va nhat quén 6 moi vi tri, pham vi nhd nhét xac dinh truong van tdc da ty 1¢ duogc kiém soat béng
mat do cac diém do tai chd, bao gdm ca chuyén dong thang ding. .. va trién khai truong véan toc theo
cach nay co6 thé chi ra cac thay ddi co & khu vuc nghién ciru nhay bén hon ca phuong phap sir dung
chudi toa do theo thoi gian. ..

Bai b4o nay gi6i thiéu co s 1y thuyét va két qua tinh toan truong véan tde chuyén dich ngang va
dung vo Trai dat trén khu vuc Mién Béc Viét Nam bang phuong phap bién ddi song nho. Két qua
nghién ctru ndi suy truong van toc bién dang bang bién d6i song nho s& dugce trinh bay trong bai bao
tiép theo.

2. Co s& Iy thuyét ciia phwong phap bién doi séng nho

Trudng vén téc chuyén dich trén mit cau Trai dat dugc biéu dién bai cac véc to van tdc theo cac
huéng Nam, huéng Dong va ban kinh ctia mit cau . Theo Tape et al. (2009), truong van tde trén mit
cau duoc biéu dién dudi dang sau:

V(6,d) = v,F +vgh + vy (1)
Trong do:
v, - 12 van tdc chuyén dich theo hudng ban kinh cta mat cau;
Ve - 12 van toc chuyén dich theo huéng Nam,;
Ve - 1 van toc chuyén dich theo huéng Pong;

r, 9 $-1la cac véc to don vi doc theo huéng ban kinh Trai dat, huéng Nam va huéng Pong trén
mat cau cua diém xét dugc tinh theo cong thuec:
F = sinBcosd. X + sinbsind. ¥ + cos. Z
0 = cosBcosd. & + cosfsind. § — sind. Z 2)
¢ = —sin.& + cosd. §
O day: x.¥.Z 1a cac véc to don vi thanh phan trong hé toa d6 khong gian Trai dat.

Theo 1y thuyét song nho, néu c6 mot ham vo hudng f(¥) € L7(5*) (Khong gian cta cac ham co
binh phuong kha tich, Tu dién Toan hoc Anh - Viét, 1976) vé6i bac xac dinh khong vuot qua bac nho
nhét g, thi ham f{x) dugc biéu dién dudi dang ham song nho trén hinh cau, theo d6 tai diém xét ta
¢6 thé xac dinh duoc van toc chuyén dich trén mat cAu nhu sau:

k=1

trong do:

€ - 1a vi do cau cua dieém xét;
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& - 1a kinh do cu cta diém xét;
M - 14 s6 ham khung trén mit cAu duoc tinh bang cach phén chia lién tiép mot khdi ban dau Gy

¢6 20 mat (20 = 20 x 49 v6i bac q = 0) theo nguyen tac mdi tam giac duoc chia thanh bdn tam giac
déu méi va cac dinh méi duoe dwa vao mit cau.

- ay, by, ¢, 1an luot 1a cac tham s6 can xac dinh theo hudng ban kinh véc to ctia diém, huéng Nam
va huéng Pong (trén diém mit ludi k) (Trinh Bang Phi va nnk, 2015);

2.(6,4) - 1a ham sb song nho mit ciu DOG (Difference of Gaussians) thir k twong tng va dugc
tinh theo cong thurc:

tan? (g) 1 1 tan? (g )

1
gk = 2.exp|— ——A 2.exp | —
gx = A, (0)z.exp " = «al@)2.exp (ca)? 4

O day:

@ 12 hang s0 va duoc chon 16n hon 1 (a > 1), dé su bién doi bién do theo duong kinh tuyén cua
ham séng nho cau DOG la nho nhat, chung t61 da chon a = 1,25.

0 1a goc giita diém ludi (0, & ) va diém xét (0°, &) trén mat cau (goc ¢ tim hinh cau);

A 14 ham tham sé duoc tinh theo cong thirc:

43>

A.(0) = [(@a2 —1)cosD+ (aZ + 1)]? ®)

Trong d6: a 1a ty 1€ roi rac hoa dugce tinh theo cong thirc: ag =29 v6i q =0, 1, 2,..., qpqx

Trong cong thirc (3) cac thanh phan van tdc theo cac hudng ban kinh Trai dat, vi do va kinh do
trén mat cau dugc goi 1a van toc chuyén dich udce tinh va dugc ky hiéu nhu sau:

vit(,¢) =

k

vEO.8) = ) be.gi(6,0)

k=1

a,.g;(6,¢)

M
=1

(6)

M

vE©ed) = ) 60c@.0)

k=1

Ttr van toc chuyén dich tai diém quan tric thir i (van téc do) va van toc ude tinh twong tmg ta c6
thé l1ap duoc 3 phuong trinh tri do (thanh phan van toéc do) dang:

v,(6, ) = vi*(8, d) + o,
vs(8,d) = vg (6, d) + i
Vq;(ﬁ. ¢) = m(ﬁ d) + O

(7

Trong do:
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- v, (8, 9): ve(8,d); vy (6, ¢) 1a cac thanh phan van tc do duoc trén mang ludi quan tric bang
cong nghé GNSS;

- vI(6,d): vi'(6,d): vi(8, &) la cac thanh phan van tbc wde tinh;

- @3 05 O 13 sd cai chinh cac thanh phan van tdc twong ung;

Thay chc gié tri véan tbc trong cong t}n’xc (6) Véoqc()ng thirc (7) sau d6 chuyén vé ta c6 hé phuong
trinh s0 cai chinh cac thanh phan vén toc cho N diém do ¢ dang sau:

—w, = Gm, — L,
—Wg = Gmb = Le (8)
—wg = Gm, — Ly
Trong do:

L 1a véc to thanh phan tuong tng (v, vj v}) cla véan téc chuyén dich tai N diém do:

T =t ... vN]..
1{\ [ 1 I ] (9)
m 12 véc to cac tham sd tuong ung (a, b, ¢) trén M diém mo hinh:
my =[a; ... ay]..
(1.M) (10)
G 1a ma tran cac gia tri ham séng nhé tuong tmg véi N diém c6 dang:
81019 .. gm(81,9,)
G =
Y lg Gndn) - gm(Oxdn) (11)

M la s6 ham khung trén mit cau.
o 12 véc to sb cai chinh thanh phﬁn tuong Umg (w}. wh wy) cla van tdc tai N diém:
w! =[w} .. of.. (12)

(1.N)

Mot cach viét gon lai hé phuong trinh s6 cai chinh cac thanh phan van tdc cho N diém do (8) nhu
sau:

—w=G6Gm-L (13)

Ap dung nguyén tic sé binh phuong nho nhat dbi v6i sb cai chinh van téc o (13) ta c6 hé phuwong
trinh chuan cua N diém trong mang ludi nhu sau:

G'"PG.m - G'PL=0 (14)
Trong do:
- P 12 ma tran trong sb tinh theo phwong sai cac thanh phan van tc chuyén dich twong tmg
(111\‘1_.111\.9.111%):

P = (1/md .. 1/m’).. (>
(N.N) r o
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Do ham song nho G duoc tinh dya trén viéc phan tich tin hiéu ban du thanh tin hiéu tan sb thap
va tan sd cao nén cac hé s6 ham sb song nho trén cau cé thé ton tai du thira va khi str dung ham nay
dé udc tinh truong van toc s& dan dén 10i giai khong duy nhét, ngoai ra sai léch tri quan tric va phan
b s6 liéu khong theo quy tic s& tao ra sai sot. Dé giai quyét cc ton tai trén va ciing gitip giai quyét
véan dé khong truc giao hoan toan giita cic ham sd séng nho trén mit cau. Tape et al. (2009) bd sung
thém diéu kién d6i voi mo hinh séng nho trén mat cau thong qua phuong phéap chinh tic hoa dé giai
quyét bai toan suy bién khi giai vécto mo hinh m béng ma tran chinh tic hoa R € L*(5)°. Tham sb
chinh tic hoa ¢ nay duoc tinh theo phuong phép tiép can dang dudng cong dic trung bang viéc ap
dung cach klem tra chéo (ordinary cross-validation, OCV). Khi d6 h¢ phuong trinh (14) s€ c6 dang:

(GTPG+ R).m - GTPL =0
(16)
Ma trén R 1a ma tran vuong co kich thudc (MxM) va duoc tinh dua vao téng sb bac tir imin dén

Qumax Nhu sau:

2:‘!::1111 0 0
Rmam = 0 0

0 0 22%max (1 7)

Dé tinh & trudc tién ta bo so liéu ciia mot diém quan trdc va tién hanh tinh toan thong s6 cia mo
hinh, sau d6 tinh chénh léch giira gi4 tri quan tric va gia tri wéc tinh mo hinh ciia cac diém (L; - L)),
tiép d6 chon ra thong sb chinh tic hoa tot nhét khi phuwong trinh duong cong dic trung H({) dat gia
tri cuc tiéu. Cong thirc ham sb ctia thong s6 chinh tic hoa ma phuong phap OCV chon lua dugc thé

hién nhu sau:
L-L |
Ty CE
’\TZ — Nu(© (18)

Trong do:
N 1a s6 lugng tri do tham gia udc tinh;
L; 1a gi4 tri van toc chuyén dich ciia diém do thir i;
iﬂ la gia tri van tde chuyén dich cua diém thr i tir mé hinh wdc tinh cia N-1 diém do;
N;;(©) 1a ma tran 101 gidi dir liéu chinh tac hoa dugc tinh theo cong thirc:
N© = G(GTG + *R)*GT (19)

Tham sb chinh tic héa ctia mé hinh ¢ dugc chon bang gia tri nhan dwoc khi phuong trinh duong
cong dac trung H({) dat cyc ticu.

Giai hé phuong trinh chuin (16) ta nhan duoc cac tham s6 cia mo hinh nhu sau:
m = (GTPG + Z°R)” GTPL (20)

Sau khi x4c dinh duogc cac tham s6 ciia mo hinh m thay vao cong thirc (6) ta s€ nhan dugc van
toc dich chuyén udc tinh cta cac diém trong mang ludi.

Twr cac gié tri van toc dich chuyén do dugc va sau udc tinh ta s€ tinh dugce sai so trung phuong
udce tinh van toc dich chuyén cua diém theo cong thurc: [ =

[

g N ey

my =+
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Trong do:
N la s6 diém tham gia udc tinh;

o la gia tri chénh léch gilra truong van tde trude va sau ude tinh duoc xac dinh theo cong thure
(13) & trén.

Tru’émg van tdc chuyén dich cua khu vuc nghién cuu dugc biéu dién duéi dang ludi 6 Vuéng trén
mat cau (spherlcal grld) mat do cua ludi duoc thiét ké theo yéu cau ciia ngudi dung. Tai mdi diém
mat lu6i van tde chuyén dich ndi suy dugce tinh theo cac bude sau:

Budc 1: Xac dinh gia tri toa do cau cua diém mat luéi 6 vudng trén mat cau.

Budc 2: Tinh ma tran hé s6 g; cia diém mat lugi tuong tng v6i ham khung M duoc chon khi tinh
tham s6 m & trén (tir Qimin dén Qunax)-

Budc 3: Tinh van tc chuyén dich ndi suy cho diém mat ludi theo cong thirc (6).

3. Ung dung phwong phap bién déi séng nhé xic dinh truong van téc chuyén dich khong
gian trén khu viee Mién Bic Viét Nam

Trén co so ly thuyét da trinh bay, tién hanh tinh toan thyc nghiém cho 11 diém trong mang lugi
GNSS thude khu vuc Mién Béc Viét Nam. S6 liéu thuc nghiém la cac véc to chuyén dich do duoc
trong 4 chu ky do Vién Khoa hoc Do dac va Ban do thi cong trong giai doan tir nim 2012 dén nim
2015. Két qua thuc nghiém dugc tong hop trong cac bang sau:

Bdng 1: Tong hop vén toc chuyén dich do ciia mang luéi GPS

Tén diém | Kinh d¢ (d6) | Vi do (d0) | VN (m) Mvn (m) VE (m) Muve (m) VU (m) Mvu (m)

C004 103.23829 | 21.92577 | -0.01234 0.00049 0.03758 0.00046 -0.01460 0.00137

C014 105.13620 | 20.14654 | -0.01175 0.00048 0.03594 0.00047 -0.00985 0.00135

C022 104.31162 | 21.02883 | -0.01072 0.00046 0.03004 0.00044 -0.00704 0.00123

C033 104.03565 21.54916 | -0.01005 0.00049 0.03470 0.00048 -0.01556 0.00149

C045 104.98187 21.11869 | -0.00992 0.00048 0.03179 0.00046 -0.02924 0.00132

C049 104.44530 22.22540 -0.01215 0.00050 0.03934 0.00048 -0.02671 0.00147

C052 104.78723 21.63566 | -0.01386 0.00049 0.03408 0.00046 -0.03045 0.00136

C056 105.49742 | 20.87954 | -0.01138 0.00048 0.03155 0.00046 0.01531 0.00131

C065 105.43834 | 21.81049 | -0.01350 0.00049 0.03646 0.00048 -0.01832 0.00139

C070 106.79372 | 21.92980 | -0.01291 0.00048 0.03140 0.00047 0.00897 0.00137

C075 106.81632 | 20.98755 | -0.01368 0.00048 0.03468 0.00048 0.00782 0.00141

Céac van toc chuyén dich da duoc xac dinh v6i do chinh xac tuong ddi cao: sai sd van tbc mat
bang la £0,001m va sai s0 van toc do cao la tir 0,001 dén +0,002m.

Lap va giai hé phuong trinh (16) dé tinh tham s ctia mo hinh va 4p dung cong thirc (6) dé tinh
van toc noi suy tai cac diém trong mang ludi. Ket qua ndi suy song nho van toc chuyén dich dugc
tong hop trong Bang 2 dudi day:
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Bdng 2: Két qua tinh néi suy séng nhé vin téc chuyén dich tai cac diém do

Tén diém Kinh d¢ (d9) Vi do (do) vt (m) vy (m) vt (m)
C004 103.23829 21.92577 -0.01150 0.03742 -0.01335
Cco14 105.13620 20.14654 -0.01104 0.03555 -0.00383
C022 104.31162 21.02883 -0.01025 0.03028 -0.01461
C033 104.03565 21.54916 -0.01127 0.03456 -0.01837
C045 104.98187 21.11869 -0.01122 0.03117 -0.01306
C049 104.44530 22.22540 -0.01235 0.03917 -0.02254
C052 104.78723 21.63566 -0.01215 0.03472 -0.02009
C056 105.49742 20.87954 -0.01180 0.03227 -0.00419
C065 105.43834 21.81049 -0.01337 0.03594 -0.01414
C070 106.79372 21.92980 -0.01273 0.03155 0.00313
C075 106.81632 20.98755 -0.01318 0.03437 0.00779

Ap dung cong thirc (21) ta tinh duoc sai s6 trung phuong vén tdc chuyén dich ndi suy séng nho
theo cac hudng nhu sau:

m = +0.00915 m; mi; = £0.000857 m; mjf; = +0.00043 m

C6 thé nhan thdy rang do chinh xac cac thanh phan van tdc mit bang sau noi suy song nho thay
do6i chut it: khoang +0,001m trong d6 thanh phan hudng Bac giam di mot ntra va thanh phan hudng
Doéng hau nhu van giit nguyén con doi véi do cao thi giam di nhiéu £0,009m.

Két qua van toc chuyén dich ngang (mit bang) trong Bang 1 va Bang 2 duoc biéu dién trén so
do ¢ Hinh 1.

Ap dung cong thirc (4) dé tinh gia tri ctia g, cho cac diém mit ludi 6 vudng trén mit ciu va tir
tham sé cia mé hinh w6c tinh m tién hinh tinh toan truong vén tde ndi suy cho khu vie quan tric
theo cong thirc (6). K&t qua ndi suy truong van toc chuyén dich ngang cua khu vuc duoc thé hién
trong Hinh 2 dudi day:

[ Wi loc chagen dich do dusc| y P % TANRPUIVIIL. Y . " EUIUIL WEURISPSIISIIRRRIS | Y 7" WSS, X
- i bt chuymen dech o sy 1 T

. : .
"4.;‘_\____\' o %
- __&"-;_ . '
Hinh 1: So do van toc chuyén dich ngang do Hinh 2: Ban do truong van toc chuyén dich
dwoc va ngi suy song nho trén 11 diéem luoi ngang sau ndi suy song nho khu viee Mién Bac

Dé dQHg nhan thdy d6 16n va hudng cta truong van téc chuyén dich ngang kha phu hop véi xu
the chuyén dich cia Mang A-Au (Simons et al., 2007).

Duya vao gia tri van toc chuyén dich dimg & Bang 1 da dung dugc ban d6 duong dong mirc truong
van toc chuyén dich ding khu vuc Mién Bac ¢ Hinh 3. Ciing tir Bang 2 ban do dudong dong mirc
truong van toc chuyén dich dirng sau ndi suy séng nho khu vuc Mién Bac duoc trinh bay ¢ Hinh 4.
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Hinh 3: Ban dé truong vin toc chuyén dich Hinh 4: Ban do trong vn toc chuyén dich
ding khu viee Mién Bdc dimg sau ndi suy séng nhé khu viee Mién Bdic
Nhu da ndi ¢ trén sau khi thuc hién ndi suy song nho truong van toc chuyén dich dtmg thi d6 chinh xac
da giam di rat nhiéu (+0,009m) nhung van con nhan thiy duoc xu thé ha (tir khoang -0,5 dén -2,0cm/nim)
& phia Tay Béc va phia Bic va nang it hon (tir 0 dén khoang 0,5/nam) tir Hinh 4, mic di xu thé ha ¢ dia
hinh viing nti va nang & dia hinh dong bang 1a chua that pht hop voi qua trinh phat trién lich sir dia chét
cua khu vuc.

4. Két luan

Trén co so 1y thuyét cua phuong phéap bién doi song nho va tmg dung dé tinh toan trudong van toc
chuyén dich khong gian trén khu vuc Mién Bic Viét Nam, c6 thé dua mot s6 két luan sau:

Phuong phap bién ddi song nho phan tich van tdc chuyén dich ra hai thanh phan: (1) Tin hiéu &
tan s cao gom thanh phan bién thién nhanh va bt thuong con an chira bén trong tri do dic trung
cho vén téc chuyén dich bit thuong & khu vuc phén tich; (2) Tin hiéu tan s thip 1a cac bién thién
dong dang dic trung cho van tc chuyén dich chung trén khu vuc nghién ctru, thanh phan nay phu
thudc vao cac tham sb ciia mé hinh (ay, by, ci). Do do, phuong phép nay da loai bd dugc cac yéu tb
anh huong bét thuong va khong tuyén tinh cua tri do dé nhan dugc gia tri dong dang tuyén tinh ciia
truong van toc chuyén dich trén khu vuc nghién ctu.

Phuong phap bién d6i song nhé duoc st dung dé tinh ma tran hé s tir vi tri toa d6 cua diém va
s6 bac q thong qua viéc roi rac hoa ) lugng vi tri diém do trén mat cau. Do d6, mirc d6 khai quat
cua trudng van tde chuyén dich phu thude vao sb lwong va sy phan bd cua diém do. Sb luong diém
do cang nhiéu va duoc phan bd déu trén toan khu vuc thi van tc chuyén dich xac dinh dugc cang
chinh x4c véi muc d6 chi tiét cang cao.

Phuong phép bién ddi song nho cho phép ndi suy duoc trudng van téc chuyén dich ca ¢ cac khu
vuc ngoai bién cua diém do vi gia tri van tde chuyén dich chi phu thudc vao dién tich cta khu vuc
nghién ctru (duogc xac dinh theo sb bac q), khong phu thudc vao bién cua diém ndi suy. Bén canh do,
phuong phap nay con cho phép phan tich van tdc chuyén dich va ndi suy van tc cua nhidu diém
ddng thoi ma khong phu thude vao viée lya chon cac tam giac, da giac. Phuong phap bién doi song
nho cho két qua tdt hon dbi voi khu vue nghién ciru ¢6 dang dién rong va han ché khi ndi suy déi
v6i khu vuc dién hep dang hinh tuyén

Két qua thir nghiém d6i véi Mién Bic Viét Nam cho thy trudng van téc chuyén dich ngang sau
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ndi suy song nho tir dir liéu do GNSS ¢6 hudng va do 16n phi hop v6i chuyén dong cua mang kién
tao A-Au. Két qua noi suy song nho cuia truong van tde chuyén dich dimg con chua phu hop véi dic
diém phat trién dia chat dja mao ctia khu vuc. Hy vong véi nhiéu chu ky do hon trong thoi gian toi
s& c6 thé nhan dugc cac két qua chinh xac hon va cac két luan thuyét phuc hon phii hgp hon ddi voi
khu virc nghién ctu./.O

Tai liéu tham khao

[1]. Nguyén Van Hudng (2012): Pic diém bién dang, truong tmg sut kién tao hién dai va mbi
quan hé cua chung vai cac tai bién dia chit khu vuc Bién Dong Viét Nam va cac vung lan can, Ludn
an tién si dia chat, Ha Noi, 2012, 108 tr.

[2]. Ji Lingyun, Wang Qingliang and Wang Shuangxu (2014): Present-day 3D deformation field

of Northeast China, observed by GPS and leveling, Geodesy and Geodynamics 2014, 5(3): 34-40,
http://www.jgg09.com, Doi: 10.3724/SP.J.1246.2014.03034.

[3]. Kumar, K. V., K. Miyashita, and J. Li (2002): Secular crustal deformation in central Japan,
based on the wavelet analysis of GPS time-series data, Earth Planets Space, 54, 133—139, 2002.

[4]. Santamaria-Gomez, A. and A. Mémin (2015): Geodetic secular velocity errors due to inter-
annual surface loading deformation, Geophys. J. Int. (2015) 202, 763767, doi: 10.1093/gji/ggv190.

[5]. Simons, W. J. F., A. Socquet., C. Vigny., B. A. C. Ambrosius., S. Haji Abu., Chaiwat
Promthong., C. Subarya., D. A. Sarsito., S. Matheussen., P. Morgan., and W. Spakman. (2007), A
decade of GPS in Southeast Asia: Resolving Sundaland motion and boundaries, Journal of
Geophysical Research, vol.112, B06420, doi:10.1029/2005JB003868.

[6]. Tape, C., P. Muse, M. Simons, D. Dong, F. Webb (2009): Multiscale estimation of GPS
velocity fields, Geophys. J. Int., 179, 945-971, doi: 10.1111/j.1365-246X.2009.04337.x.

[7]. Trinh Bang Phi, Vin Han Giang, Tén La Khanh, Thanh Anh Yén, Truong Bang, Bi Kim
Chung, Vuong Hoa (2015): M6 hinh Wavelet mét cAu va phan tich dic trung da ti 18 cia trudng van
tbc GPS ¢ Trung Qudc dai luc [J]. Tap chi ban do, 2015, 44(10): 1063-1070, DOI:10.11947/j.
AGCS. 2015.20140141 (Tiéng Trung).

[8]. Phan Trong Trinh, Ngd Van Liém, Vy Qudc Hai, Trin Vin Phong, Nguyén Vin Hudng,
Nguyén Viét Thuan, Nguyén Quang Xuyén, Bui Van Thom, Nguyén Ding Ttc, Hoang Quang Vinh,
Nguyén Huy Thinh, Bui Thi Thao, Tran Qudc Hung (2015): Gradient kién tao hién dai khu vuc Ninh
thuan va lan can, Tap chi Khoa hoc va Cong nghé Bién, Tap 15, S 3; 2015: 209-224, DOI:
10.15625/1859-3097/15/3/7216, http://www.vjs.ac.vn/index.php/jmst

[9]. Tir dién Toan hoc Anh-Viét (1976): (Khoang 17 000 tir), Nha xuit ban KH va KT, In lan tht
2-1976, 451 tr.Q

(Xem tiép trang 41)

TAP CHi KHOA HOC DO DAC VA BAN PO SO 37-9/2018 19



