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Tém tz'lt Bai bao trinh bay két qua xac dinh anh huong ciia dich chuyén vo Trai dat dén cac
tham s6 chuyen d6i toa do gitra hé toa d9 tinh (VN2000) va h¢ toa d6 dong (ITRF). Phu:orng
phap xéc dinh tdc d6 thay doi cua cac tham sb chuyen d6i toa do theo véc to van téc chuyén
dich vo Trai dat da duoc xay dung. Tbe 36 thay d6i cua 7 tham sb chuyen ddi toa do trén
lanh thd Viét Nam da dugc tinh toan theo vén toc dich chuyén vo Trai dét tai 21 diém
Geodetic CORS. Téc d6 nay dugc kiém tra bang cach so sanh v6i phuong phép tinh theo
toa do ¢ 2 chu ky. Ket qua kiém tra cho thay chénh 1éch gitra hai phuong phap ve toa do
nho hon 0,11 mm; vé& hudng nhod hon 0,387x10°5; vé ty 1é chidu dai 13 0,004x10°°. Diéu nay
ching té phuong phép xac dinh anh huong cua dich chuyén vo Trai dét dén cac tham s
chuyén doi toa do ciia bai bao va két qua tinh toan hoan toan chinh xac.

Twr khoa: Dich chuyén v6 Trai dat; Tham s6 chuyén ddi toa do; Geodetic CORS.

1. Giéi thi¢u

Theo thuyét kién tao mang, 16p vo cimg cua Trai dat goi 1a thach quyén nam trén 16p
quyen mém. Thach quyén duoc chia ra lam nhleu phan dugc goi 1a cac mang. Cac mang
chuyén dong theo cac hudng khac nhau véi van tde tir 1,0 cm/nim dén 16,0 cm/nam, ranh
gidi gita cac mang goi 1a dut gdy. Trén lanh tho Viét Nam c6 hai khéi kién tao lién ké khdi
Nam Trung Hoa (South China Block) va khéi Sunda (Sundaland Block). Ranh gi61 cua hai
khdi nay 1a dut gdy Song Hong [1]. Lanh tho Viét Nam lai duoc chia ra cac khéi cau tric
kién tao nhu: Khdi Mudng T¢, kh01 Dong Bic, khoi Tay Bic - Bic Trung B9 ... M&i khéi co
dic diém hinh thanh va phat trién riéng. Giita cac khoi 1a cac dut giy nhu: Dut giy Song
Hong, dut giy Lai Chau - Dién Bién ...[2]. |

Do céc hoat dong kién tao mang, tAm vét ly cua Trai dat va cyc trai dat bi dich chuyén
Do d6, hé toa do, khung toa d6 cling bi thay d6i theo thoi gian. Khung quy chiéu quéc té
(ITRF) la hién thyc hoa hé quy chiéu ITRS tai mot thoi diém cu thé. Thé gisi di xay dung
khung toa do quoc té ITRF theo cac phién ban khac nhau: ITRF1992 [3], ITRF1996 [4],
ITRF1997 [5], ITRF2000 [6], ITRF2005 [7], ITRF2008 [3], ITRF2014 [8] va gan day nhat
1a ITRF2020 [9]. Khi xay dung ITRF, nhimg cong ngh¢ do dac va xir Iy s0 li¢u tién tlen nhu
VIBL [10] va phep loc Kalman [11] da duoc st dung. Nhimg nam gan déy, nhiéu qudc gia da
nghién ctru dnh huong cua hoat dong kién tao dén hé toa do qudc gia va hién dai hoa hé toa do
qudc gia gan véi ITRF vi dy nhu: nim 2020, Malaysia di xay dung khung quy chiéu tric dia
ban dong hoc dua trén ITRF2014 cho Malaysia (GDM2020) [12]. O Viét Nam, c6 mot sb
cong trinh nghién ctru két ndi hé toa d6 qudc gia v6i ITRF nhu: nghién ctru [3] da xdy dung
dugc phan mém tinh chuyén toa do giita hé quy chiéu VN2000 voi khung quy chiéu trai dat
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quoc té (ITRF); nghién ctru [ 13] da x4c dinh dugc cac tham sO chuyen d6i toa do gitra hé quy
chleu VN-2000 va ITRF2005; nghién ciru [14] d4 tong hop mot s6 két qua nghién ciru quic
té lién quan dén ITRF, phuong phap xac dinh d6 léch tam cuia Trai dat, va anh huong cua sur
dich chuyén tdm ctia Trai dat dén ITRF; nghién ciu [15] dd nghién ciru kha ning thich tng
cta VN-2000 voi ITRF.

O Viét Nam, nhiéu cong trinh nghién ctru xac dinh van tbc dich chuyén vo Trai dat bang
cong nghé GNSS da duoc thyc hién, vi du nhu: Trong nghién ctiru [16] da xr Iy sO liéu ludi
GPS tai dit gay Song Hong, quan tric tir nim 1994 dén 2007. Két qua cho thay rang: cac
diém dich chuyén vé phia Pong - Pong - Nam vdi van tdc trung binh 34,5 + 1,0 mm/nim.
Trong nghién ctru [17] d4 sir dung s liéu GPS dé nghién ctru chuyén dong hién dai vo Trai
dat tai ving Son La. Nghién ciru [ 18] d xac dinh chuyén dong hién dai doi dut gay Lai Chau
- Pién Bién tir s6 liéu do GPS do trong giai doan 2002-2004. Nam 2014, s6 liéu cua 5 tram
GNSS quan trac lién tuc & Viét Nam tir nam 2005 dén 2013 di duge xu Iy véi s6 liéu cac
tram IGS quéc té dé tinh ra van tdc dich chuyén [19]. S6 liéu luéi VNGEONET d3 duoc xi
Iy trong ITRF2014 bang phan mém BERNESE va tinh ra van tdc dich chuyén cua cac diém
trong hé toa do dia dién chan troi [20]. Két qua cho théy chuyén dich ngang cac tram 1a theo
hu:orng Pong - Pong - Nam, ¢6 gia tri tir 2,7 cm/ndm dén 4,0 cm/ndm. Nhu vy, do hoat dong
kién tao mang, lanh thd Viét Nam dich chuyén theo huéng Pong - Pong - Nam véi van tdc
trung binh khoang 3 cm/nam.

H¢ toa d0 VN2000 duoc xay dung nam 2000 1a h¢ toa do tinh. Toa dd cua cac diém trong
hé nay khong thay doi theo thoi gian [21]. ITRF 1a khung quy chiéu trai dit dong. Toa do cua
cac diém trong ITRF thay doi theo thoi gian [9]. Nhu vay, cac tham s chuyén doi toa do tir
VN2000 sang ITRF s& thay doi theo thoi gian. Tdc d6 thay ddi nay c6 thé dwoc tinh dya vao
toa d6 cua cac diém khdng ché & cac chu ky do trong 2 hé toa d6. Tuy nhién, khong phai luc
nao ciing c6 duoc gia tri toa do nay. Cac cong trinh nghién ctru thudng chi cong bd cac gia
tri van téc dich chuyén cta cac diém. Vay, van tbe chuyén dich vo trai dit anh hudng thé nao
dén cac tham sb chuyén ddi gitra hé toa d¢ tinh sang h¢ toa do dong. Hay nodi cach khac, tur
cac gia tri van tbe chuyén dich cua cac diém, 1am thé nao dé tinh dugc tée do thay ddi cua
cac tham s6 chuyén doi giita hé toa  24° ' ' L ' . ' .
do tinh sang h¢ toa d§ dong. Day la
vin dé ma bai bao nay tap trung 99e
nghién cuu.
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Miéng Australia bi hit chim xuéng duéi khdi Sundaland véi toc d6 trén 9 cm/ndm & phia
Nam theo hudng Béc - Pong Béc [22]. Theo cac két qua nghién ciru dia chat va dia kién tao
¢ Viét Nam, khu vuc nghién ctru dugc chia ra céac khdi cAu tric kién tao nhu: Khdi Muong
Té, khéi Dbong Bic, khdi Bién Dong, khéi Tay Bic - Béc Trung Bo, va khdi Nam Trung Bo
- Nam Bo. Cac khéi nay c6 nhimng dic trung riéng vé lich sir hinh thanh va phat trién. Giira
cac khdi nay 1a cac dit gay nho [2].

2.2. 86 liéu nghién citu

Trong nghién cru nay, sb lidu van toc dich chuyén cta 21 diém ludi Geodetic CORS
trén lanh thd Viét Nam duoc sir dung. S6 liéu nay duge do dac tir nam 2019 dén 2021, duoc
xir Iy bang phan mém BERNESE trong ITRF 2014, dugc cong bd trong tai lidu [20]. Vi tri
va van toc dich chuyén trong hé toa dJ dia dién cia cac diém nay dugc trinh bay trén Hinh 1
va Bang 1 [20].

Bang 1. S6 liéu van toc dich chuyén cua 21 diém ludi Geodetic CORS trén lanh thd Viét Nam [20].

VE VN VU VE VN VU
STT  Tram (mm/nim) (mm/nim) (mm/nim) STT  Tram (mm/nim) (mm/ndm) (mm/nim)

1 CBAN 33,7 -11,6 3,6 12 MCAI 32,7 -13,2 0.2
2 CRKH 28,9 -11,6 1,5 13 MCHA 32,1 -4.4 2.1
3 DIEB 33,8 -9,3 2,1 14  MGTE 34,0 9,1 1.9
4 DNON 28,6 -94 -0,3 15 QNAM 30,9 -10,2 -1.2
5 DSON 32,8 -10,0 1,6 16 TDUO 32,2 -9,0 2.4
6 HGIA 34,5 -84 4,6 17  THOA 31,1 -9.9 0.9
7 HTIE 27,5 -8,5 -1,6 18  TNIN 28,3 -9,0 1.7
8 KANH 31,4 -9.9 3,0 19 TQUA 33,7 -10,1 4.1
9 KSAN 31,8 -7,1 0,1 20  VINH 31,5 -9.9 L.5
10 KTUM 31,0 -11,3 -0,9 21 VUNT 29,5 -11,2 -0.5
11 LCAI 38,0 -14,2 2,6 Trung binh 31.81 -9,87 1,40

2.3. Xdy dung phuong phap xdc dinh t6c dé thay doi ciia cac tham sé chuyén doi toa do theo
véc to vin toc chuyén dich vé Trdi dat
2.3.1. Phuong phap xéc dinh cac tham sé chuyén doi giira hai hé toa do

Goi toa do vudng goc khong gian trong h¢ toa d¢ thir nhat (XM, YO, z). Toa d nay
duoc tinh chuyén sang hé toa do thir 2 (X®, Y®, Z®) theo cong thirc sau [23]:

X (2) Xo 1 e, —e]rx®
Y Yo[+ m|—e, 1 ex ||lYy® (1)
7.(2) Zy ey & 1 |[LlzM

Trong d6 Xo, Yo, Zo 1a tham sb 1éch gdc giita hai h¢ toa do (toa do cua gdc hé toa do thir
nhét trong h¢ toa do thir 2); ey, ey, e, 1a cac tham s6 goc xoay Ole, xoay cho cac tryc toa do
ctia hai hé vé twong tng song song voi nhau; m 1a tham s ty 1& chidu dai gifra hai hé toa do.
Day chinh 1a 7 tham s6 chuyén doi giira hai hé toa do.

Pé xac dinh 7 tham sb trén can co it nhit 3 diém song trung (c6 toa d6 vudng goc khong
gian trong ca hai h¢ toa do). Néu s diém song trung nhiéu hon 3, cac tham sb s& dugc xac
dinh theo nguyén 1y s6 binh phuong nho nhat [23, 24]. Khi d6, voi diém j ta c6 phwong trinh
s6 hiéu chinh:

Vy Xo] [dm e —ey]x® XD — x@
[Vy Y, —e, dm e; [|[YD| +|Y®D —y®@ 2
vzl Zy e, —e dm]|lz® ]. 7MW _7(2) ].

Trgng giéj =1,2,3..n, n la sb diém song trung (n > 3); dm = m-1.
Bién doi ta duoc:
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"X, ]
Yo
Vy 100 0 -zO YO xO1|z,] [k
[Vy] :[0 1 0 z@® 0 X YOI | e |+l 3)
vzl 0 01 Yy®» x®» 0 Z(l)]. ey lz]-
eZ
Ldm-
Trong do:
Iy X - x@
L =[y®-—y® 4)
1, j 7D _7(2) ].

Giai hé phuong trinh (3) s& x4c dinh dwoc 7 tham s6 chuyén ddi toa do.

2.3.2. Xay dung phuong phap xac dinh anh huong cua dich chuyén vé Trdi dit dén cdc tham
s0 chuyén doi toa do

Dich chuyén vo Trai dit duge biéu thi bﬁng cac véc to van tde dich chuyén toa do Vy,
Vy, Vz. Anh huong cua dich chuyén nay s& lam cho céc tham sO chuyén d6i toa do bi thay
doi. Trong phan nay s& xdy dung phuong phap xac dinh téc do thay d6i cia cac tham sb
chuyén doi toa do theo cac véc to dich chuyén vo Trai dat. Day la van dé Iy thuyét mai, chua
dugc trinh bay trong céc tai li¢u trong va ngoai nudc.

Gia sir hé toa do thir nhét 1a hé toa do tinh (X, Y, Z)1, khong thay d6i theo thoi gian; h¢
toa d thir hai 14 hé toa d6 dong (X, Y, Z)», thay ddi theo thoi gian. O thoi diém khoi dau t,
hé toa d6 thir nhat va thir hai trung nhau. Nhu vay, tai diém j, toa d6 ctia n6 trong ca 2 h¢ la
nhu nhau, déu 1a (X, YO, ZM);. Cac tham s6 chuyén ddi giira hé toa do thir nhat va thi hai
déu bang khong.

Pén thoi diém to, do hoat dong kién tao (chuyén dich vo Trai dat) nén hé toa do dong (X,
Y, Z), thay d6i, 1am cho hé toa do thir 2 khac hé toa do thu nhét boi 7 tham sb. Toa d6 diém
j trong hé toa do thtr 2 1a (X@, Y@, Z®);. Cac tham sb dé chuyén dbi tir hé toa do thir nhét
sang h¢ toa do thur hai dugc xéc dinh theo ly thuyét trinh bay ¢ muc 2.3.1.

Néu t - t; = 1 nam thi cac tham s6 chuyén ddi chinh 1a toc d6 thay doi ciia cac tham sb
d6 trén nam (Vxo, Vvo, Vzo, Vex, Vey, Vim); d6 1éch toa do cua dlem j trong hé toa do thur 2
giita thoi diém t; va t, chinh 1a téc d6 thay d6i toa do (chinh 1a van téc chuyén dich cua diém
trong h¢ toa d§ vudng goc khong gian dia tam) Vy, Vy, Vz. Nghia la:

IX X(l) — X(Z) VX
L] =lyw _yo| = —|v (5)
IZ . Z(l) — Z(Z) j VZ

)

Thay vao phuong trinh (3), phuong trinh s6 hiéu chinh dé xac dinh téc do thay d6i 7
tham so6 la:

Vo1
Vyo
Vy 1 0 0 0 —7)  y@®  x®71 [ Vzo Vx
[Vy] = [0 1 0 Z(l) 0 —X(l) Y(l) Vex - VY (6)
vl looo 1 ym xm 0 zZWL|Vey| LVzl,
VEZ
[V, ]
Giai hé phuong trinh nay, s& xac dinh duoc téc do6 thay d6i ciia 7 tham sd. Pat:
Vy 1 0 0 o -z y®» x®
Vi=|[Y%]|;A=|0 1 0 z® o —Xx® YO (7)
vl 0 0 1 yO x® 0ozl
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Vio
Vyo
Vx Vzo
Lj = — [Vy[; AX = [ Vex
Vzl, Vey
Vez
L Vi,
Ta c¢6 hé phuong trinh dang ma tran d6i vé6i diém j.
V; = AjAX + L (8)
Khi ¢6 n diém ta s& 1ap duoc hé 3n phwong trinh c6 dang
V=AAX+L 9)
Trong do6:
A Vi Ly
A=zl v= |21 L=l (10)
A, Vi |
Ta c6 hé phuong trinh chuan véi P 1a ma tran trong so:
(ATPA)AX + (ATPL) = 0 (11)
Giai ra ta duogc:
AX = —(ATPA)~1(ATPL) (12)

Két qua xéc dinh duogc tde do thay ddi cua 7 tham s chuyén ddi gitra hai hé toa do:
Vo Vyo, V20, Vexs Vey, Vez, Vin. Toc d6 nay biéu thi anh hudng cua dich chuyén vo Trai dat
dén cac tham sd chuyen doi toa do.

3. Két qua va thao luin

3.1. Két qua tinh chuyén van toc dich chuyén tir hé toa do dia dién sang hé toa do dia tam

Pé tinh dugc toc do thay doi 7 tham s, trude hét can tinh chuyén van tdc dich chuyen
tir he toa do dia dién Ve, Vn, Vy sang h¢ toa d6 dia tdm Vx, Vy, Vz. Phuong phap tinh chuyén
van tdc da duoc trinh bay chi tiét trong tai lidu [25]. Két qua tinh chuyén van tdc tir hé toa do
dia dién sang h¢ toa d¢ dia tdim dugc trinh bay trén Bang 2.

Bang 2. Két qua tinh chuyén van tde tur hé toa do dia dién sang h¢ toa do dia tam.

. Vx Vy Vg . Vx Vy Vz

STT PDiém < < < STT Piém (mm (mm/ (mm/

(mm /nidm) (mm/nim) (mm /nam) < < <

/nam) nam) nam)

1 CBAN -34,5 -1,9 93 12 MCAI -32,7 -53 -12.2
2 CRKH -28,6 -5,8 -11,0 13 MCHA  -31,9 -4,7 -3.4
3 DIEB -34,1 -2,4 -7,9 14 MGTE -34,3 -2,4 -7.7
4 DNON -27,8 -7,1 93 15 QOQNAM  -29.8 -8,2 -10.1
5 DSON -32,9 -4,7 -8,8 16 TDUO -32,5 -3,0 -1.7
6 HGIA -35,3 -1,7 -6,0 17 THOA 31,1 -4.4 -9.0
7 HTIE -26,6 -6,9 -8,6 18 TNIN -28,1 -4.5 -8.5
8 KANH -31,8 -3,1 -8,5 19 TQUA -34,5 -1,5 -7.9
9 KSAN 31,1 -7,1 -6,8 20 VINH -31,6 -4,1 -8.9
10 KTUM -30,1 -7,8 -11,2 21 VUNT -28,6 -7,2 -11.1

11 LCAI -38,8 -1,6 -12,1 Trung binh -31,75 -4,54 -8,86

3.2. Két qud tinh téc do thay déi cac tham s6 chuyén déi toa dé theo vén toc dich chuyén Vo
Trai dat
Theo phuwong phap dugc xay dung trong myc 2.3, tdc do thay dbi caa 7 tham sb chuyen

toa d¢ duogc tinh todn theo van toc dich chuyén vo Trai d4t cia 21 diém Geodetic CORS. Két
qué thanh 1ap hé phuong trinh s6 hiéu chinh dugc trinh bay trén Bang 3.
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Bing 3. Hé phuong trinh s6 hi¢u chinh.
STT Vxo Vyo Vzo Vex Vey Ve Vm L

1 1.00E+00 0.00E+00 0.00E+00  0.00E+00 -2.44E+06 5.65E+06 -1.64E+06 3.45E-02
2 0.00E+00 1.00E+00 0.00E+00 2.44E+06 0.00E+00 1.64E+06 5.65E+06 1.90E-03
3 0.00E+00 0.00E+00 1.00E+00 -5.65E+06 -1.64E+06 0.00E+00 2.44E+06 9.30E-03
4 1.00E+00 0.00E+00 0.00E+00  0.00E+00 -1.31E+06 5.90E+06 -2.05E+06 2.86E-02
5 0.00E+00 1.00E+00 0.00E+00 1.31E+06 0.00E+00 2.05E+06  5.90E+06 5.80E-03
6 0.00E+00 0.00E+00 1.00E+00 -5.90E+06 -2.05E+06 0.00E+00 1.31E+06 1.10E-02
7 1.00E+00 0.00E+00 0.00E+00  0.00E+00 -2.32E+06 5.79E+06 -1.34E+06 3.41E-02
8 0.00E+00 1.00E+00 0.00E+00 2.32E+06  0.00E+00  1.34E+06 5.79E+06 2.40E-03
9 0.00E+00 0.00E+00 1.00E+00 -5.79E+06 -1.34E+06 0.00E+00 2.32E+06 7.90E-03
10  1.00E+00 0.00E+00 0.00E+00 0.00E+00 -1.32E+06 5.95E+06 -1.89E+06 2.78E-02
11 0.00E+00 1.00E+00 0.00E+00 1.32E+06  0.00E+00 1.89E+06 5.95E+06 7.10E-03
12 0.00E+00 0.00E+00 1.00E+00 -5.95E+06 -1.89E+06 0.00E+00  1.32E+06 9.30E-03
13 1.00E+00 0.00E+00 0.00E+00 0.00E+00 -2.24E+06 5.71E+06 -1.72E+06 3.29E-02
14  0.00E+00 1.00E+00 0.00E+00 2.24E+06  0.00E+00 1.72E+06 5.71E+06 4.70E-03
15 0.00E+00 0.00E+00 1.00E+00 -5.71E+06 -1.72E+06 0.00E+00 2.24E+06 8.80E-03
16  1.00E+00 0.00E+00 0.00E+00  0.00E+00 -2.46E+06 5.68E+06 -1.52E+06 3.53E-02
17 0.00E+00 1.00E+00 0.00E+00 2.46E+06 0.00E+00 1.52E+06 5.68E+06 1.70E-03
18  0.00E+00 0.00E+00 1.00E+00 -5.68E+06 -1.52E+06 0.00E+00 2.46E+06 6.00E-03
19  1.00E+00 0.00E+00 0.00E+00 0.00E+00 -1.14E+06 6.08E+06 -1.57E+06 2.66E-02
20  0.00E+00 1.00E+00 0.00E+00 1.14E+06 0.00E+00 1.57E+06  6.08E+06 6.90E-03
21 0.00E+00 0.00E+00 1.00E+00 -6.08E+06 -1.57E+06 0.00E+00 1.14E+06 8.60E-03
22 1.00E+00 0.00E+00 0.00E+00 0.00E+00 -1.97E+06 5.82E+06 -1.70E+06 3.18E-02
23 0.00E+00 1.00E+00 0.00E+00 1.97E+06 0.00E+00 1.70E+06 5.82E+06 3.10E-03
24 0.00E+00 0.00E+00 1.00E+00 -5.82E+06 -1.70E+06 0.00E+00 1.97E+06 8.50E-03
25  1.00E+00 0.00E+00 0.00E+00 0.00E+00 -1.81E+06 5.85E+06 -1.76E+06 3.11E-02
26 0.00E+00 1.00E+00 0.00E+00 1.81E+06 0.00E+00 1.76E+06  5.85E+06 7.10E-03
27  0.00E+00 0.00E+00 1.00E+00 -5.85E+06 -1.76E+06 0.00E+00 1.81E+06 6.80E-03
28  1.00E+00 0.00E+00 0.00E+00 0.00E+00 -1.57E+06 5.88E+06 -1.91E+06 3.01E-02
29  0.00E+00 1.00E+00 0.00E+00 1.57E+06 0.00E+00 1.91E+06 5.88E+06 7.80E-03
30  0.00E+00 0.00E+00 1.00E+00 -5.88E+06 -1.91E+06 0.00E+00 1.57E+06 1.12E-02
31  1.00E+00 0.00E+00 0.00E+00 0.00E+00 -2.43E+06 5.72E+06 -1.42E+06 3.88E-02
32 0.00E+00 1.00E+00 0.00E+00 2.43E+06 0.00E+00 1.42E+06 5.72E+06 1.60E-03
33 0.00E+00 0.00E+00 1.00E+00 -5.72E+06 -1.42E+06 0.00E+00 2.43E+06 1.21E-02
34  1.00E+00 0.00E+00 0.00E+00 0.00E+00 -2.32E+06 5.65E+06 -1.83E+06 3.27E-02
35 0.00E+00 1.00E+00 0.00E+00 2.32E+06  0.00E+00 1.83E+06 5.65E+06 5.30E-03
36  0.00E+00 0.00E+00 1.00E+00 -5.65E+06 -1.83E+06 0.00E+00 2.32E+06 1.22E-02
37 1.00E+00 0.00E+00 0.00E+00  0.00E+00 -2.25E+06 5.77E+06 -1.51E+06 3.19E-02
38  0.00E+00 1.00E+00 0.00E+00 2.25E+06 0.00E+00 1.51E+06 5.77E+06 4.70E-03
39  0.00E+00 0.00E+00 1.00E+00 -5.77E+06 -1.51E+06 0.00E+00 2.25E+06 3.40E-03
40  1.00E+00 0.00E+00 0.00E+00 0.00E+00 -2.41E+06 5.75E+06 -1.31E+06 3.43E-02
41  0.00E+00 1.00E+00 0.00E+00 2.41E+06 0.00E+00 1.31E+06 5.75E+06 2.40E-03
42 0.00E+00 0.00E+00 1.00E+00 -5.75E+06 -1.31E+06 0.00E+00 2.41E+06 7.70E-03
43 1.00E+00 0.00E+00 0.00E+00 0.00E+00 -1.72E+06 5.82E+06 -1.94E+06 2.98E-02
44  0.00E+00 1.00E+00 0.00E+00 1.72E+06 0.00E+00 1.94E+06 5.82E+06 8.20E-03
45  0.00E+00 0.00E+00 1.00E+00 -5.82E+06 -1.94E+06 0.00E+00 1.72E+06 1.01E-02
46  1.00E+00 0.00E+00 0.00E+00 0.00E+00 -2.09E+06 5.83E+06 -1.50E+06 3.25E-02
47  0.00E+00 1.00E+00 0.00E+00 2.09E+06 0.00E+00 1.50E+06 5.83E+06 3.00E-03




Tap chi Khi twong Thuy van 2025, 773, 65-74; doi:10.36335/VNJHM.2025(773).65-74 71

STT Vxo Vyo Vzo Vex Vey Ve Vm L

48  0.00E+00 0.00E+00 1.00E+00 -5.83E+06 -1.50E+06 0.00E+00 2.09E+06 7.70E-03
49  1.00E+00 0.00E+00 0.00E+00 0.00E+00 -2.14E+06 5.78E+06 -1.63E+06 3.11E-02
50  0.00E+00 1.00E+00 0.00E+00 2.14E+06 0.00E+00 1.63E+06 5.78E+06 4.40E-03
51 0.00E+00 0.00E+00 1.00E+00 -5.78E+06 -1.63E+06 0.00E+00 2.14E+06 9.00E-03
52 1.00E+00 0.00E+00 0.00E+00 0.00E+00 -1.25E+06 6.01E+06 -1.73E+06 2.81E-02
53  0.00E+00 1.00E+00 0.00E+00 1.25E+06 0.00E+00 1.73E+06 6.01E+06 4.60E-03
54  0.00E+00 0.00E+00 1.00E+00 -6.01E+06 -1.73E+06 0.00E+00 1.25E+06 8.50E-03
55 1.00E+00 0.00E+00 0.00E+00 0.00E+00 -2.36E+06 5.72E+06 -1.55E+06 3.45E-02
56  0.00E+00 1.00E+00 0.00E+00 2.36E+06 0.00E+00 1.55E+06 5.72E+06 1.50E-03
57  0.00E+00 0.00E+00 1.00E+00 -5.72E+06 -1.55E+06 0.00E+00 2.36E+06 7.80E-03
58 1.00E+00 0.00E+00 0.00E+00 0.00E+00 -2.03E+06 5.82E+06 -1.63E+06 3.16E-02
59  0.00E+00 1.00E+00 0.00E+00 2.03E+06 0.00E+00 1.63E+06 5.82E+06 4.10E-03
60  0.00E+00 0.00E+00 1.00E+00 -5.82E+06 -1.63E+06 0.00E+00 2.03E+06 8.90E-03
61 1.00E+00 0.00E+00 0.00E+00  0.00E+00 -1.14E+06 6.00E+06 -1.85E+06 2.86E-02
62  0.00E+00 1.00E+00 0.00E+00 1.14E+06 0.00E+00 1.85E+06 6.00E+06 7.20E-03
63 0.00E+00 0.00E+00 1.00E+00 -6.00E+06 -1.85E+06 0.00E+00 1.14E+06 1.11E-02

Nhu vy, voi 21 diém dich chuyen chiing ta 1ap dugc 63 phuong trinh sb hiéu chinh. Tir
hé phuong trinh nay, dé giai ra 7 4n sb, ta 1ap dugc hé 7 phuong trinh chuin (Bang 4).

Bing 4. Hé phuong trinh chuan.

Vxo Vyo Vzo Vex Vey Ve Vi LTPL
2.10E+01  0.00E+00  0.00E+00 0.00E+00 -4.07E+07  1.22E+08 -3.50E+07 6.67E-01
2.10E+01  0.00E+00 4.07E+07  0.00E+00  3.50E+07  1.22E+08 9.56E-02
2.10E+01 -1.22E+08 -3.50E+07  0.00E+00  4.07E+07 1.86E-01
7.95E+14  2.04E+14  6.67E+13  -1.30E-03  -9.13E+05
1.43E+14 -2.36E+14 7.00E-04 -1.63E+06
7.70E+14  -1.60E-03  4.04E+06
8.54E+14  -1.90E+05
2.36E-02

Giai hé phuong trinh chuén, toc d6 thay doi ciia 7 tham sé do dich chuyén cua vo Trai
dat duoc xac dinh. Két qua tinh toan duoc trinh bay trén Bang 5 (dong thir 2). Tur két qua nay
cho thiy: do dich chuyén vo Trai dat lam cho 7 tham s6 chuyen d6i toa do tir hé toa do tinh
(VN2000) sang h¢ toa do dong (ITRF) thay dbi. Toc do thay dbi theo truc X 1a 6,68 mm/nim,
theo truc Y 1a 5,04 mm/nam, theo truc Z la 15,79 mm/nam. Céac tham sb vé hudng va ty 1¢
chiéu dai ciing thay doi.

Bang 5. Két qua xac dinh toc d6 thay doi cua 7 tham sé chuyén toa d do anh hudng cta dich chuyén

vo Trai dat.
Vxo Vyo Vzo Vex Vey Ve v
Phuong 4n tinh tedin  (mm/ (mm/ (mm/ (0.001”/ (0.001”/  (0.001%/ ™
< < < < < < (ppb/nam)
nam) nam) nam) nam) nam) nam)

Theo phuong phép 6,68 504 1579 04241 13334 -0,9753 -0,9777
cua bai bao

Theo toa d6 2 chu ky 6,57 5,06 15,79 0,4212 1,3342 -0,9751 -0,9816
Chénh 1éch -0,11 0,02 -0,08 -0,0029 0,0003 -0,0038 -0,0040

Dé kiém tra phuong phap ciing nhur két qua tinh toan, chung toi tinh toan téc do thay d6i
ctia 7 tham sb theo phuong phap khac da co nhu sau: tir toa do ctia cic diém trong hai hé toa
dd ¢ 2 chu ky tinh ra 2 bo tham ) chuyén ddi. Sau do, léy hiéu 2 bd tham sd nay va chia cho
thoi gian giita 2 chu ky. Chi tiét vé phuong phap tinh niay dwoc trinh bay trong céc tai liéu
nhu [3, 13, 15]. Két qua tinh theo phuong phap toa do nay dugc trinh bay & dong 3, Bang 3.
Chénh léch gitta 2 phuong phép tinh dugc trinh bay trén Bang 3 (dong 4).
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3.3. Thdo ludn

Bang 2 cho thiy: cac diém dich chuyen theo cac truc toa do khong bang nhau: dich
chuyén theo truc X 1a nhiéu nhat, sau d6 dén truc Z, it nhat 1a truc Y. Trén mdi truc, cac diém
cling dich chuyen khac nhau: Theo truc X, dich chuyen nhiéu nhit 1a diém LCAI (-38.8
mm/nam), it nhat 1a diém HTIE (-26,6 mm/nam). Theo truc Y, dich chuyén nhiéu nhit 1a
diém QNAM (-8,2 mm/ndm), it nhit 13 diém TQUA (-1,5 mm/nam). Theo truc Z, dich chuyén
nhiéu nhit 13 diém MCAI (12,2 mm/nim), it nht 13 diém MCHA (-3,4 mm/nam). Mdi nim
toa do cac diém dich chuyén trung binh theo truc X l1a -31,75 mm/nam, tryc Y la -4,54
mm/nim, truc Z 13 -8,86 mm/nam. Su dich chuyén nay s& anh hudng dén toc do thay doi cua
7 tham sé tinh chuyén toa do.

Tur céc két qua tinh toan trong Bang 3,4 va 5 thiy rang: theo phuong phap cua bai bao
nay xdy dung, chung ta c6 thé tinh ‘ngay dugc anh hudng cua dich chuyén vo Trai dat (Vx,
Vv, Vz) dén cac tham sd chuyén ddi toa d6 ma khong can phai tinh theo tung chu ky. Diéu
nay rat thuan loi khi sir dung cac két qua nghién ctru chuyen dich trong qua khur khi khong
con luu trit dugc toa do hodc khong céan phai tinh chuyén toa do sang h¢ toa d§ mdi. Két qua
xac dinh toc do dich chuyen ctia cac tham sb s& dugc sir dung dé tinh chuyen toa do gilra
VN2000 va ITRF cho cac diém khac trén lanh thd Viét Nam theo timg thoi diém ma tai d6
chi ¢o6 toa d§ & mot trong hai hé toa do.

Két qua kiém tra trong Bang 5 cho thay: chénh léch giita 2 phuong phap tinh rat nho:
chénh 1éch vé toa d6 16n nhit chi 1a 0,11 mm; chénh léch vé huéng 16n nhit 1a 0,387x107%;
chénh 1éch vé ty 1¢ chiéu dai chi 12 0,004 phan ty. Chénh léch nay chi & mtc sai s tinh toan,
lam tron. Dleu nay ching to phuong phap tinh anh huéng cua dich chuyén vo Trai dat dén
cac tham sd chuyén doi toa ¢ ma bai bao xay dung va két qua tinh toan 1a hoan toan ding
dén, chinh xac.

4. Két luan

Bai bao da nghién ctru va xay dung dugc phuong phap xac dinh tryc tiép tdc do thay d6i
cua cac tham so chuyen d6i toa do theo véc to van toc chuyen dich vo Trai dat. Toc do thay
ddi cua 7 tham s chuyen ddi toa dd dugce tinh theo van tdc dich chuyen v6 Trai dat tai 21
diém Geodetic CORS trén lanh thd Viét Nam. Kiém tra bang cach so sanh v6i phuong phap
tinh theo toa d6 & 2 chu ky cho thay phuong phap ma bai bao xay dung va két qua tinh toan
hoan toan chinh xac.

Phuong phap ma bai bao duara c6 uu diém 1a co thé tinh ngay dugc anh huong cua dich
chuyen vo Trai dat dén cac tham s chuyén ddi toa do ma khong can phai tinh theo timg chu
ky. Diéu nay rat thuan loi khi sir dung céc két qua nghién ctru chuyén dich di co.

Phuong phap nay s€ duoc img dung dé nghién ciru xac dinh anh huéng cua dich chuyén
vo Trai dit dén cac tham sé chuyén ddi toa do tir hé toa do tinh sang hé toa do dong.

Pong gop ciia tic gia: Xay dung ¥ tuong nghién ciru: N.V.S.; Xir Iy s6 liéu: L.T.T.T.; Viét
ban thao bai bao: L.T.T.T.; Chinh sira bai bao: N.V.S.

Loi cam on: Nghién ctru nay duoc su hd tro cia dé tai cap bo cua Bo Tai nguyén va Moi
truong, ma so: TNMT.2024.04.09.

Loi cam doan: Tap thé tac gia cam doan bai bdo nay 1a cong trinh nghién ctru cua tap thé

tac gia, chua dugc cong bd ¢ dau, khong duoc sao chép tir nhitng nghién ciru trude day;

khong c6 sy tranh chap loi ich trong nhom téc gia.
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The effect of the crustal motion on the coordinate transformation
parameters

Le Thi Thanh Tam', Nguyen Van Sang'*

! Hanoi University of Mining and Geology; thanhtamtdcc@gmail.com;
nguyenvansangtd40@gmail.com

Abstract: The paper presents the results of determining the effect of the crustal motion on
the coordinate transformation parameters between static coordinate systems (VN2000) and
dynamic coordinate systems (ITRF). A method for determining the velocity of coordinate
transformation parameters according to the velocity vector of the crustal motion has been
developed. The velocities of 7 coordinate transformation parameters in Vietnam territory
have been calculated according to the crustal motion velocities at 21 Geodetic CORS points.
These calculated velocities are checked by comparing with the results of calculation method
according to the coordinates at two cycles. The test results show that the differences between
the velocities of two calculation methods are: in coordinates less than 0.11 mm; in direction
less than 0.38”x107; in length ratio is 0.004x10®. This proves that the method of
determining the effect of the crustal motion on the coordinate transformation parameters in
this paper and the calculation results are completely accurate.

Keywords: Crustal motion; Coordinate transformation parameters; Geodetic CORS.
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