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Chap nhan 06/02/2019 bay va dién gidi co s ly thuyét xdc dinh cdc tham sé gdc Euler st dung cdc
bang online 28/02/2019 véc to vdn toc chuyén dich ngang clia mgt tdp hop cac tram do hé thong vé
T khéa: tinh dinh vi va dan d,‘w(‘)'n_g toAdn cau (1 E}NSS).AT&_' ydn toc cdc diém thuéc“mqgg
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. dé bong: -92.1° va vi do Bac cuc quay Euler: 36.5° cho khéi Sundaland.
Khéi Sundaland
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1. Mé& dau chuyén dong ciia mot vat cirng trén bé mat cla

Géc quay Euler mot dic trung mé ta chuyén
déng cta cdc mang kién tao trén bé mat Trai dit
(Ha Minh Hoa, 2017) thwong dwoc xac dinh theo
nhiéu phwong phap khic nhau nhw st dung
phwong vi dit giy (ranh gi¢i) chuyén dang
(Transform Fault Azimuths), véc to truot gay ra
déng dat (Earthquake Slip Vectors), van toc m&
rong song nui dai dwong (Spreading Rates At Mid-
Ocean Ridges), phwong phap trac dia... (Goudarzi
et al, 2013). S&r dung phwong phdp trac dia, gan
day (Goudarzi et al, 2013) da nghién cru va dé
xuat thuit todn xac dinh géc quay Euler dya trén
dinh ly Euler vé quay vong trén mit ciu: Sw

“Tdc gid lién hé
E - mail: laivanthuy68@gmail.com

hinh ciu c6 thé dwgc mo td nhw mot vong quay
xung quanh mét truc di qua trung tim qua cau.
Tic 1a sy dich chuyén ciia mot mang kién tao
twong d6i so véi cac mang khac la sy quay quanh
cuwc Euler cia phép quay twong ddi gitra cac mang.
Goudarzi (Goudarzi et al,, 2013) da xay dung mé6
hinh to4n hoc dé xac dinh cac tham sé goc quay
Euler st dung cac vecto van téc ciia mot tip hop
cac tram do trong Hé thong toa dé vudng goc
khong gian dia tAm Trai dat hodc trong Hé toa do
dia dién.

DE xac dinh dwgc cac tham s6 goc quay Euler
cac diém GNSS tham gia tinh toan phai théa man
cac diéu kién sau: (a) Cac diém do phai dwoc tinh
trong khung quy chiéu, (b) cé thoi gian do tir 3
nam tré 1én, (c) ndm trong mang hodc khdi kién
tao, (d) co vi tri 6n dinh va cach ranh gi¢i mang
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hodc khoi kién tao t6i thiéu 5km,(B6 Tai nguyén
va Méi trwong, 2011; Goudarzi et al,, 2015).

Theo (Simons et al,, 2007; Tran Pinh T6 va
Pham Vin Hung, 2011) déi dat gdy Song Hong
(Hinh 1) 1a ranh gi¢i cia hai khoi kién tao

Sundaland va Nam Trung Hoa. Nhw vy, vé phin
khdi kién tao thi Viét Nam nam trén hai khéi kién
tao thuéc mang A - Au, do d6 trong nghién ciru
hoat dongkién tao trén lanh tho Viét Nam can phai
tinh dén chuyén dich hai khai kién tao ndi trén.

e Thakag € o 0 Wl

BIEN DONG L

Hinh 1. Sor d6 cdc diém thwc nghiém tinh tham sé géc quay Euler & Viét Nam.
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Trong bai bdo nay tac gia gidi thiéu co sé ly
thuyét xac dinh cac tham s6 goc quay Euler theo
phuwong phap trac dia da dwoc (Goudarzi et al,
2013) dé xuit va lan dau tién trinh bay két qua
tinh cic tham s0 goc quay Euler cho khoi
Sundaland v&i dir liéu dau vao 1a véc to vain tdc
chuyén dich ngang trong hé toa d6 dia dién cta cac
diém do GNSS trén lanh thé Viét Nam trong ITRF-
2008.

2. Co sé ly thuyét

Tr két qua tinh toan binh sai (tir 2 chu ky do
tré 1én) mang luGi tric dia bang phin mém
Bernese, ta c6 dworc vi tri toa do: B (vi do tric dia,
trong bai bo 1a @), L (kinh dd tric dia, trong bai
béo 1 ¢), H (d0 cao tric dia), cac thanh phan van
téc chuyén dich Vy, Vg, Vy va sai s6 trung phwong
cac thanh phan van téc chuyén dich Myy, Myg, Myy
twong &ng trong Khung quy chiéu trai dat quoc té
ITRF-2008.

Cac gia tri van t6c chuyén dich cia cac diém
quan trac trong hé toa do dia dién gdbm cac thanh
phan: chuyén dich do hoat dong cia mang kién
tao: V§, VE,V5; chuyén dich do hoat dong ctia cac
doi dirt gay trén khu vuc: vie Vg g,VSg; chuyén
dong do tac dong ngoai sinh: V®, Vg5, V{j® va cac
sai s6 do dac: f;, €, £¢. Vi vay, tac gia dé xuit van
téc chuyén dich ctia diém i theo cic truc trong hé
toa do dia dién nhin dwoc tir két qua tinh toan
binh sai mang lwéi trac dia c6 thé dwoc viét dwdi
dang cong thixc (1).

ag
Vn 144 W Vi en
Ve| =|VE| + (v +|vas| + [k D)
. p ns 4
Yoli V7l v i Vi'l,  leg),

Thanh phan van t6c chuyén dich do hoat dong
clia déi dirt gy gay ra thudng 1a nhé (khoadng mot
vai mm) so véi chuyén dich cia cidc mang, khoi
kién tao nhw cta khéi Sundaland 1a vao khoang
30mm nén khi tinh toan chuyén dich mang ta c6
thé coi anh huwdng nay nhw la sai s6 do dac.

Dai voi thanh phéan chuyén dich do tic dong
ngoai sinh ciing da dwoc loai bo dang ké trong quy
trinh chon diém, chon mdc, trong quy trinh do dac,
tinh toan véc to dich chuyén va dit liéu quan trac
tham gia tinh toan dwoc do tir 3 chu ky tré 1én
(mdi chu ky cach nhau ~ 1 ndm). Nhw vy, thanh
phén sai s6 chuyén dich ngoai sinh 1a nhé khong

dang ké va c6 thé coi anh hwdng nay nhw 1a sai s6
do dac. Khi d6, cac cong thikc trén cé thé duoc viét
lai nhw cong thirc (2).

Vn Vi EN
VE] = Vi | + |2 )
Vu i _VUp ; €ul;
Trong do:
dan
EN Vn ! vy® eN
[55 = VEdg + (VB + |z
uli|yae] V'l ledl,

-1

Theo (Goudarzi et al.,, 2013), van t6c chuyén
dich mang kién tao dwogc biéu dién qua cac tham
s6 goc quay Euler nhw cong thirc (3).

Vil® 0 7 —v] 2
Wl =l-z o x| |o (3)
[V, Y —-X 0102,

Trong do:

VX-P

Vy| lavécto cacvan téc chuyén dich diém i

'

trén mang kién tao P trong Khung quy chiéu ITRF-
2008;

0 7Z -
-Z 0 X‘ la ma trn hé s6 T c6 cic phan
Y X o}

tl la cac toa d6 X, Y, Z cta diém i trong Khung quy
chiéu ITRF-2008;
Qx1°
Qy| 1a véc to cac thanh phin goc quay
Q7
Euler 0.

Viéc chuyén d6i gitra véc to van téc chuyén
dich tir Khung quy chiéu Trai dat Vy, Vy, V, vé hé
toa do dia dién c6 thé thuc hién théng qua ma trin
xo0ay R, theo cong thirc (4) (Goudarzi et al,, 2013).

Vi1t
-
Vy
—sinfcos¢p —sinfsing cosO1[Vyx1"
—sing cos¢p 0 ] Vy]
cosfcos¢p  cosOsing sinfl1lV;

O day: ¢ 1a kinh d6 tric dia va cling 1a kinh d6
trong hé toa do cau cia diém, 6 1a vi d6 trong hé
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toa dd cau dwoc tinh tir vi dd tric dia ¢ cia diém
theo cong thirc (5).

0= g — arctan((1 — e?).tany) (5)

Trong d6: e? 1a do 1éch tAm thi nhat cda
ellipsoid quy chiéu twong tng véi quy chiéu quoc
té ITRF-2008, e2=0.00669437999013.

Do 1éch gitra vi d6 tric dia va vi do cau khong
lam thay doi dang ké gia tri cta van toc. Goudarzi
(Goudarzi et al., 2013) ciing da dé xuat 2 cach lam
nhw sau trong bai toan xac dinh van téc Euler: a)
Néu str dung vi d6 tric dia cho vi tri cac diém do
GNSS thi sau dé phai chuyén déi vi d6 ciu diém
cuc Euler sang vi d trac dia; b) Str dung vi do cAu
cho vi tri cac diém do GNSS. Trong bai bdo nay tac
gia lwa chon str dung toa do cau cua cac diém do.

Bién d6i ma tran (3x3) tir cong thirc (3) thanh
dang sau thé hién méi quan hé gitra toa d6 khéng
gian dia tAm X, Y, Z va toa d6 cau 6, ¢ nhw cong
thire (6).

0 Z Y (6)
-Z 0 X|=
Yy -X 0
0 sinf —cosOsing
Te [ —sinf 0 cosfcose
cosOsing —cosOcosp 0 ;

Trong dé r.= 6.378.137m la ban kinh cta Trai
dat.

Thay cong thic (4) va (6) vao cong thirc (3)
sau d6 bién doi va chuyén vé ta ¢ van téc chuyén
dich trong hé toa do dia dién nhw (7).

Vn1®
V, =
v (7)
sing —cos¢ 0 71"
T, [—sin@cosd) —sinfsing cosO
0 0 0 1;L0z

Cong thirc (7) 1a méi quan hé ham so gitra cac
thanh phan véc to van téc chuyén dich cia diém
do GNSS véi cac tham s6 thanh phan goc quay
Euler cAn tim. Tl (7) c6 thé thdy van tdc thing
déng Vy = 0 tire 1a chuyén dong xoay quanh cuc
Euler trén mit ciu khong lam thay déi do cao.

Két hop cong thixc (2) véi (7) va bién doi, ta
nhin dwoc phwong trinh s6 cai chinh cia cac
thanh phin véc to van toc chuyén dich ngang cta
diém do i nhw sau (8).

VN _
I:VE]l - (8)
. 017
[ sing —cos¢ 0 ] +[£N]
—sinfcos¢ —sinfsing cosb], QY €gl;
Z

Biéu dién phuwong trinh (8) dwéi dang ma
tran twong &ng, ta cé (9).

—AL.Q + Li =& (9)

Trong d6: Ma tran hé s6 A; cia diém i la ma
tran (2x3) dang (10).

(10)
A = [ sing —cos¢p 0 ]
sinfcos¢p —sinfsing cosb],
Véc to cac thanh phan van toc chuyén dich
. %4
ngang clia diém do thirico dang: L; = VN ] ;
Elj

- Véc toso cdi chinh ctia cac thanh phan véc tor
g o 1 , eN
van toc chuyén dich ngang c6 dang: &; = [ € ]
Elj

Ap dung nguyén tic s6 binh phwong nhé nhat
doi véi €, ta ¢ hé phwong trinh chuin déi véi
diém i trong Khung quy chiéu trai dat quoc té
ITRF-2008 nhu (11).

ATPA;. Q-ATPL; = 0 (11)

Trong d6, ma tran trong s6 P;nhw (12).

2 9
P — M‘%N
i 0 1 [12)
MZg

Khi mang lwéi do GNSS c¢6 n diém, két hop
(11) va (12) theo cac buwérc sau:

Lan lwot goi véc to L , ma trdn A
(2n,1)

(2n,3)
P Vavecto e lé:

(2n,2n)
(2n 1) (Zn 3) (Zn Zn)
n

(P
L (2 1) [ ]

Ta c6 hé phwong trinh chudn dang nhu (13)
ATPA.Q —ATPL=0 (13)

Trong do:
ATPA =31 ATPA;; ATPL = Y1, ATPL;

Giai hé phwong trinh chuin (13), ta nhin



68 Lai Vin Thily /Tap chi Khoa hoc Ky thudt M6 - Dia chdt 60 (1), 64 - 71

dwoc cac tham sé goc quay Euler cia mang (khoi)
kién tao khu virc nghién ctru nhw (14).
N =(ATPA)™1.ATPL

14
Sau khi tinh dwgc cic thanh phan goc cguagf

Euler, ta c6 thé xac dinh dwoc vi tri clia cuc quay
va tinh dworc gia tri géc quay ctia mang nhw (15).

0P| = /0% + 02 + 02

6% 4 = arctan ( (15)

2y >
V25 + 0%

P — 2y
Pkinn ap = arctan (E)

Trong do: |QP| 1a gid tri van t6c goc quay
Omega ctia mang (don vi do: do/triéu nam); 6F- b
la vi @6 diém cuwc quay ciia mang (don vi do: dd);
dinn do 12 kinh d6 diém cuc quay ctia mang (don
vi do: do).

b€ danh gid do chinh xac cac tham s6 goc
quay Euler ta thyc hién cac bwéc tinh toan sau:

1. Pau tién tinh sai s6 trung phwong trong so
don vi theo cong thire (16).

I, (A PiAv;)
2n-3

(16)

Ho

Trong do: n la s6 diém trong mang lwdi; P; 1a
ma tran trong s6 (12) cua cac diém thi i trong
mang lwdi; AV;la gié tri chénh 1éch gitra véc to van
toc chuyén dich ngang do dworc tai cac diém trong
mang ludi va véc to van téc chuyén dich ngang cia
cac diém xac dinh tir cic tham sd goc quay Euler
theo cong thirc (8) nhw (17).

AV, =V, —vF

2.Sau d6 do chinh xac ctia 3 tham s6 goc Euler
(Qx Qy, Q7) dwgc xac dinh theo (18).
(17)
mﬂx = Ho Q.Qx (18)
VéiQ = (ATPA)~?!
Do chinh xac cta van toc goc Euler, kinh vi do
cuc quay Euler dwoc xac dinh theo cong thirc (18)
trong (Goudarzi et al., 2013). 3. Két qua tinh toan
thuc nghiém

3.1. Gi&i thiéu sé liéu thwc nghiém

Dit liéu d4u vao dé tinh tham s6 géc quay

Bdng 1. Vdn téc chuyén dich ngang trén 21 diém GNSS.

Tén diém | Kinhdo (°) | Vido (°) | Vv (m/nam) | My (m/ndm) | Ve(m/nidm) | Myg(m/nam)
C002 103.2425 | 22.2678 -0.01254 0.00027 0.03132 0.00028
C005 103.0284 | 21.7916 -0.01274 0.00026 0.03165 0.00028
C014 105.1362 | 20.1465 -0.01016 0.00035 0.03340 0.00036
€022 104.3116 | 21.0288 -0.00933 0.00033 0.03093 0.00035
C025 105.5552 | 20.4103 -0.01025 0.00037 0.03332 0.00043
C044 104.8212 | 21.4060 -0.00938 0.00031 0.03556 0.00033
C050 104.2525 | 22.0872 -0.00749 0.00032 0.03578 0.00034
C079 104.2368 | 19.5026 -0.00918 0.00027 0.03301 0.00039
C083 105.2517 | 19.0403 -0.00755 0.00029 0.03190 0.00041
C089 105.8950 | 18.2665 -0.01038 0.00027 0.02944 0.00040
C093 106.8505 | 17.1574 -0.00968 0.00029 0.03087 0.00045
C099 107.7325 | 16.3644 -0.01216 0.00039 0.03625 0.00048
C104 107.0096 | 16.3745 -0.01307 0.00040 0.03467 0.00045
C116 108.6813 | 15.4073 -0.00866 0.00055 0.03153 0.00069
C122 107.8309 | 14.7153 -0.01371 0.00031 0.03115 0.00035
C125 107.8693 | 13.6964 -0.01076 0.00028 0.03052 0.00032
C131 109.1950 | 12.9408 -0.01011 0.00023 0.02571 0.00027
C139 108.3941 | 11.9788 -0.00943 0.00022 0.02461 0.00026
C141 107.8545 | 11.2413 -0.00675 0.00029 0.02686 0.00032
C143 106.1955 | 11.6349 -0.00764 0.00027 0.02828 0.00027
A013 107.0837 | 10.3220 -0.00721 0.00026 0.02885 0.00027
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Euler la van t6c chuyén dich ngang cia 21 diém
GNSS nam trong mang lwdi trac dia dia dong luc
nghién ctru hoat ddng cac déi dirt giy 1anh thé Viét
Nam (B¢ Tai nguyén va Moi trweong, 2011; 2013).
Véc to'van tc chuyén dich ngang ctia 21 diém nay
da duwoc To tinh toan x ly dir liéu do cac mang
lwéi dia ddng luc tinh bang phan mém Bernese 5.2
trong Khung quy chiéu trai diat quoc té ITRF-2008
(Bang 1).

Vién Khoa hoc Do dac va Ban d6 da tién hanh
do dac mang lwdi ndy bang may GPS 2 tan s6, voi
thoi gian quan tréc tir 3 ndm tré 1én (tir 2012 dén
2015). Cac diém GNSS 1a cac méc dwoc chon trén
nén da, c6 tim thong thoang va c6 chat lwong tin
hiéu t6t. Vi tri ctia 21 diém nay trai déu trén phin
datlién tir doi dut gy Song Hong dén déi dut gay
Song Hau nhw mo ta trong Hinh 1.

3.2. Két qud tinh thwc nghiém

Tl thudt toan trinh bay & trén cung véi so liéu

thuc nghiém & Bang 1 va lwu y chuyén déi vi do

trac dia sang vi do cAu twong ng (xem lwa chon
sau cong thirc (5)) tac gia da tinh toan xac dinh cac

tham s6 goc Euler cung sai s6 trung phwong (Bang
2) va vén toc quay, toa do cua cuc quay Euler
(Bang 3) dic trung cho chuyén dich cta khéi
Sundaland.

Ta c6 thé so sdnh két qua van tc quay va toa
dé6 cuc quay Euler trong Bang 3 véi cac két qua do
9 tac gia khac da cong bd trong (Simons et al,
2007) duogc trinh bay trong Bang 4.

Cac gia tri vin t6c quay va toa do diém cuc
quay Euler & Bang 4 da dwoc xac dinh tir cac mang
lwdi 6 s6 lwong diém do thay doi (2 + 28) vatrong
cac khung quy chiéu trai dit quéc té khac nhau: tir
ITRF94... dén ITRFO8 cung véi Khung quy chiéu
voi diéu kién mang lwéi khong quay NNR (No-
Net-Rotation).

Van toc quay va toa do diém cuc quay Euler &
Béng 4 nam trong khoadng cac gia tri nhw trénla do
dir liéu dau vao thay doi: s6 diém lwédi, vi tri phin
b6 cac diém lwdi. Con anh hwdng cua cac khung
quy chiéu 1a khong dang ké so v&i do chinh xac
tinh toan (0.0001°): theo (Bui Thi Hong Thim,
2013) do chénh toa do AX AY AZ 1a khéng dang ké
(lan lwot 1a ~0,9m ~0,2m ~0,1m) gitta 2 khung
quy chiéu ITRFO8 va ITRF94.

Bdng 2. Két qud tinh tham s6 goc Euler.

Tén khoi | Qy (rad/nam) |mqy (rad/nam) |, (rad/ndm)| mgy, (rad/nam) |2, (rad/nam)| mg, (rad/nam)
Sundaland | -0.0183E-08 | 0.1244E-09 |-0.4887E-08| 0.4129E-09 | 0.3617E-08 | 0.1318E-09
Bdng 3. Két qud tinh vdn téc quay va toa dé cwc quay Euler.
Tén khoi Vi dd (BAc) cuc quay (°) Kinh d6 (Péng) cwc quay (°) | Van t6c quay (°/triéu nam)
Sundaland 36.4875 -92.1405 0.348

Bdng 4. Cdc két qud tinh vdn téc géc quay va toa dé ctia cuc quay Euler ctia khéi Sundaland

(Simons et al, 2007).
T4c gié cong bd Khun% quy | S6diémstk | Vido (Béco) Kinh d6 (D(“)zlg) \Zén _tf)'c quay
chiéu dung cuc quay (°) cuc quay (°) (°/triéu nam)
Wilson et al.,, 1998 ITRF94 12 31,8 -46 0,28
Simons et al., 1999 ITRF96 12 51 -113 0,23
Michel et al., 2000b ITRF97 15 59,7 -102,7 0,34
Michel et al., 2000 ITRF97 10 56,0 -102,7 0,34
Sella etal,, 2002 ITRF97 2 38,9 -86,9 0,39
Kreemer et al., 2003 NNR 9 47,3 -90,2 0,39
Bock et al.,, 2003b ITRFOO 16 49,8 -95,9 0,32
Prawiro et al.,, 2004 ITRFOO 2 32,6 -86,8 0,46
Simons et al., 2007 ITRFOO 28 49,0 -94,2 0,34
Bai bao nay ITRF0O8 21 36,5 -92,1 0,35
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Két qua van toc quay va toa do cuc quay Euler
trong Bang 3 1a twong ddi phu hgp va nam trong
khoang cac gia tri twong rng & Bang 4 nhw sau:

- Vi dd cuc quay Euler: 36.5°Bac € [31.8°,
59.7°],

-Kinh d0 cyc quay Euler:-92.1°Pong € [-113°
) '460]7

- Van téc quay Euler: 0.35°/triéu ndam < [0.23
,0.46]°/triéu nam.

So v&i két qua gin nhit cda (Simons et al,
2007) c6 thé thiy do6 1éch cua van téc quay la it
nhat: 0.01°/triéu nam, cia kinh d6 cwc quay Euler
nhiéu hon 1a 2,1° va cta vi d6 cuc quay Euler 1a
nhiéu nhat: 12.5°. Diéu nay c6 thé do s6 lwong
diém do GNSS (dir liéu thtr nghiém diu vao) la it
hon, cling c6 thé 1a do vi tri phan b6 cta 21 diém
chi ndm trén lanh thé Viét Nam 1a khu vuc nhé
hon nhiéu so véi khéi Sundaland, hodc do s6 liéu
tinh to4n thwc nghiém mai dwgc quan trac trong
khodng thoi gian téi thiéu 1a 3 nam.

4. Két luan va kién nghi

Viéc tinh toan xac dinh cac tham sé van toc
quay va vi tri cwec quay Euler déc trueng cho chuyén
déng cla cac mang kién tao, cac khai kién tao tir
lau da dwoc tién hanh bang nhiéu phwong phap
khac nhau trén pham vi toan ciu ciing nhuw tai cac
khu vure hoat déng kién tao ndi bat va da dat duoc
nhitng két qua danh ké (Simons et al, 2007;
Goudarzi etal., 2013, 2015).

Trong bai bdo nay tac gia da trinh bay két qua
viéc trién khai thuit toan cling nhw xac dinh cu thé
van toc quay va toa dé cwc quay Euler cta khoi
Sundaland ttr van t6c chuyén dich ngang ctia cac
diém do GNSS trén lanh thé Viét Nam mac du két
qua dat dwoc con sai léch so véi cac két qua da
cong bd: cu thé€1a van con d6 1éch c6 gia tri nhé dai
vGi van toc quay, tang 1én & kinh dd va nhiéu nhit
déi véi vi do cuc quay Euler. Piéu nay cho thay s6
liéu tric dia dic biét 1a dit liéu do GNSS van ludén
déng vai tro rit quan trong trong cac nghién ctru
dinh lvgng chuyén dong hién dai vo Trai dat.

DE c6 thé nang cao hon nira dd chinh xac va
dé tin ciy cuda viéc xac dinh cac tham s6 goc quay
Euler thi cAn phai str dung s& liéu quan trac GNSS
v&i thoi gian 1au hon, & pham vi rong hon va trwée
khi tinh todn cAn phai kiém tra, loc bo cac dir liéu

bi tic dong ngoai sinh lam anh hwéng dén do

chinh x4c cta véc to van téc dich chuyén.
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ABSTRACT

Result of estimation of Euler pole parameters from horizontal
velocities at a sites of GNSS geodynamic network for Vietnam territory

Thuy Van Lai

Vietnam Institute of Geodesy and Cartography, Ministry of Natural Resources and Environment of the
Socialist Republic of Vietnam, Vietnam

In tectonic studies Euler angular velocity describes relative motion of the tectonic plates across the
Earth’s surface. This report presents and explains theoretical basics of the estimation of Euler pole
parameters using horizontal velocities at a set of GNSS stations. Using the observed velocities on GNSS
geodynamic network in Vietnam (2012-2015) the author at first estimated values of Euler rate of rotation
of 0.35°/Myr, longitude of -92.1°E, and latitude of Euler pole of 36.5°N for Sundaland block.



