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Tém tit: Xac dinh chuyén dich méang ciing nhu chuyén dich cia cac déi dit gay 1a cong
viéc can duoc thyc hién thudng xuyén gop phan xéac dinh ciing nhu du bao su van dong ciia vo
trai dat cling nhu tai bién thién tai. Mang lu6i tram CORS ra doi c6 uu diém rat 16n trong cong
tac nghién ctru xac dinh chuyén dich mang, dut gay do 1a cung cap dir liéu do mot cach lién tuc
theo thoi gian vai chat luong cao. V6i dir lidu thu duge tir cac tram CORS trong mot thoi gian
dai, sir dung cac mo hinh toan hoc dé phén tich cac quy lut chuyén dich cho phép xac dinh
chinh x4c chuyén dich cua cac diém theo thoi gian. Béo céo gidi thiéu két qua bude dau xac
dinh chuyén dich cua cac tram CORS & mién Bic Viét Nam str dung phdn mém Gamit/Globk.
Két qua x4c dinh chuyén dich ctia bao cao hoan toan phii hop véi két qua xac dinh chuyén dich
clia cac cong bd da co. Céc tac gia ciing kién nghi xac dinh chuyén dich cua cac diém sir dung
chudi thoi gian dai hon va sir dung cac mé hinh toan hoc dé xac dinh cac quy luat chuyén dich
cling nhu sai s6 con ton tai trong két qua xac dinh chuyén dich xac dinh bang cac phan mém xir
1y s liéu GNSSS.

Tw khoa: Bernese, Gamit/Globk, Plate tectonics, Crustal movement, GNSS processing,
GNSS CORS
1. Pit van @é

Quan tric chuyén dich bao gdm chuyén dich mang luc dia (Plate tectonics), quan tréc sut lin
bé miit (Subsidence) va quan tric chuyén dich cc cong trinh nhan tao. Trong khuén khé bao cao nay,
gi6i thiéu két qua nghién ctu xir 1y s liéu duoc cung cip boi mdt sb tram GNSS CORS ung dung
trong xac dinh chuyén dich mang luc dia ciing nhu quan tric syt 1an bé mit.

Dé quan tric chuyén dich, tir nhitng nam 1990, da ap dung phuong phap do GNSS tuong
dbi tinh truyén thng cho phép xac dinh lugng chuyén dich mot cach chinh xac giira hai thoi
diém c6 thu tin hiéu vé tinh [2]. Nhugc diém cua phuong phap nay do 1a chi xac dinh duoc
chuyén dich giira cac thoi diém cu thé ma khong phan anh duoc chuyén dich mang tinh chat
chu ky nhu chuyén dich hang ngay, theo muia, xu hudng chuyén dich ciing nhu anh huong cua
cac yéu té gay nhidu trong két qua xac dinh chuyén dich.

Phuong phap (cong nghé) tram thu tin hi¢u GNSS lién tuc (CORS) ra doi vao nam 1995
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[2] 1a mdt cudc cach mang mai trong ung dung tin hi€u cia cac v€ tinh GNSS. Vi dit lidu thu
duge tir cac tram CORS cho phép phan tich dir liéu chuyén dich theo chudi thoi gian dé xac
dinh dugc cac xu hudng chuyén dich ciing nhu anh hudng cia cac ngudn giy nhidu ddi voi két
qua xac dinh chuyén dich.

Co6 hai phuong phép xur 1y s6 liéu GNSS do chinh xac cao dugc img dung trong xéac dinh
luong chuyén dich d6 1a phuong phép dinh vi tuyét dbi chinh xac (PPP) va xir Iy s6 liéu dinh
vi tuong ddi do chinh x4c cao st dung cac phan mém chuyén dung (khoa hoc) nhu Bernese,
Gamit/Globk, Gipsy-Oasis ...

Str dung cac phan mém Bernese [22], Gamit/Globk [21] cho phép xéac dinh chuyén dich
dua trén bo dir liéu do GNSS theo chudi thoi gian (time series). Gino Dardanelli va nhitng ngudi
khac [9] da xur Iy s6 liéu mang ludi tram CORS ciia Dai hoc Palermo giai doan 2008 - 2012 six
dung phin mém Gamit/Globk va phan mém Bernese. Ciing véi myc dich xac dinh chuyén dich
dua vao cong nghé GNSS, Stephane Mazzotti [14] d so sanh két qua duoc tinh bing cac phan
mém khac nhau cho cac tram thu c¢6 diéu kién thu tin hiéu khac nhau.

Dé c6 thé xac dinh gia tri sut lin bé mat, doi hoi phai c6 cong nghé cho phép xac dinh
lugng chuyén dich trén ca viing nghién ctru (khao sat). Dé thuc hién dugc nodi dung cong viéc
nay, cong nghé GNSS duoc sir dung nhim nang cao do chinh xac xac dinh lugng chuyén dich
xac dinh dugc [20].

Két qua xac dinh chuyén dich theo chudi thoi gian cho phép thé hién cac gia tri chuyén
dich bat thuong do cac nguyén nhan khac nhau. Rimvydas Baniulis va nhiing nguoi khac [8]
da str dung phan mém Bernese 5.2 dé xu 1y s6 liéu thu duoc tir mang ludi 30 tram CORS phu
tram lanh thd Lithuania trong giai doan 2007 - 2015. Céc gia tri toa do thu duoc khi xur 1y bang
Bernese duoc phan tich sir dung chuong trinh con GITSA viét bang ngdn ngit Matlab va mo
dun FODITS ctia phan mém Bernese. Qua phan tich, di xac dinh duoc 108 gia trj chuyén dich
vuot ra ngoai quy luét chung.

C6 nhiéu nghién ctru str dung cac mé hinh toan hoc nhim phan tich quy luat chuyén dich
theo cac xu thé khac nhau. Nguyén Ngoc Lau va céc tac gia [12] sir dung phuong phap PPP dé
xtr 1y s6 liéu thu boi mot s tram CORS duge quan 1y boi cong ty cung cép thiét bi tric dia
Tudng Anh nham xac dinh chuyén dich mang tai Viét Nam giai doan 2016 - 2018. Dé xac dinh
chuyén dich theo chudi thoi gian, cic tac gia st dung ham cia cac yéu t6 nhu lugng chuyén
dich ban dau, chu ky, pha khoi ddu va goc nghiéng. Két qua tinh thuc nghiém & ddy co so sanh
v6i két qua xac dinh chuyén dich sir dung phan mém Bernese v6i do 1éch 2,3mm vé huéng Bic
va 6,5mm vé hudng Pong.

ismail SANLIOGLU d4 phan tich dit liéu cac tram thudng truc cta IGS trén lanh thd Thé
Nhi Ky st dung hai mé hinh toan hoc 1a mé hinh tu dong hdi quy (autoregressive) va mo hinh
tu dong hdi quy dich chuyén trung binh (autoregressive moving average) 1a cac phuong phap
tuyén tinh theo chudi thoi gian. Cac ham sd trén biéu dién duoc chuyén dich theo cac yéu td

nhu xu huéng theo chudi thoi gian dai, chuyén dich theo chu ky, chuyén dich theo mua ciing
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nhu 14 céc tac dong ciia sai s6 ngau nhién va sai sd hé thong trong gia tri chuyén dich xéac dinh
duoc [17].

Trong nghién ctru chuyén dich, viéc lua chon mé hinh toan hoc dé phan tich phu thudc
vao tdc do chuyén dich thuc té. Tac gia Christine Masson va nhiing ngudi khac [13] sir dung
cac phan tich thdng ké theo chudi thoi gian cua vi tri d& wdc tinh do chinh xac ¢ thé cia van
tdc chuyén dich bang cong nghé GPS. Chudi thoi gian tdng hop biéu dién khoang cach dai dién
cho d6 nhiéu, chuyén dich theo mia va xu huéng chuyén dich chung. Vi két qua tinh toan s
dung phuong phap cay hdi quy, céac tic gia dua ra khuyén céo vé chudi thoi gian can thiét dé
xéc dinh trong trudng hop véan tdc chuyén dich nho.

Khong sir dung céc gia tri chuyén dich truc tiép dé phan tich quy luét chuyén dich, Engin
Giilal [11] da str dung gia tri chuyén dich gian tiép trong do6 gia tri chuyén dich cua thoi diém
dang xét ¢6 lién quan t6i luong chuyén dich cta hai thoi diém lién ké duoc x4c dinh bing phan
mém Gamit/Globk. Tac gia da xu 1y dit liéu do 788 ngay ctia 20 tram CORS va phat hién 19/20
tram chuyén dich véi toc d6 21.7mm/nam. Két qua xac dinh d6 nhat quan v6i chuyén dich mang
ctia khu vuc nghién ctru. Trong nghién ctru nay da phan tich cac thanh phan mang tinh dinh ky
nhu chuyén dong hang ngay, hang thang, theo muia, va tham chi hai nam 1 1an do anh hudng
ctia khi quyén, tai lugng hai van, khi hau va cac tac dong khac.

Xac dinh chinh x4c luong chuyén dich ngoai muc tiéu phuc vu nghién ctru tai bién thién
tai con duoc ung dung trong xay dung cac hé quy chiéu (khung quy chiéu) hién dai. Céc tac gia
[10] da trinh bay mot phuong an Iya chon dé thiét 1ap hé quy chiéu dong hién dai cia Uzbekistan.
Céc tac gia di dua thém vao mdt md hinh dé udc tinh (du doan) cac gia tri theo chudi thoi gian
va nghién ciru y nghia ctia viéc xay dung mo hinh chudi thdi gian trong twong lai. Nghién ctru
chi ra rang, xu hudéng phi tuyén tinh theo mua xay ra dbi vai tit ca cac tram trong khi xu thé
nay dbi voi thanh phan hudng dong chi xay ra véi cac tram ¢ do cao 1on. Cac két qua nghién
ctru & ddy ciing gép phan giai thich dugc cac tin hiéu thuy vin trong khu vuc va cai thién chat
luong quan tric.

2. Dir liéu va phwong phap nghién ciru

Dir li€u str dung trong bai bao la dir li¢u thu dugc cua 10 tram CORS dugc quan 1y boi
Cuc Do dac, Ban dd va Thong tin dia ly Viét Nam gdm: CPHU, HYEN, KANH, MCAI, MGTE,
SDON, TDUO, THOA, TQUA va VINH dugc cung cap boi Cuc Po dac, Ban dd va Thong tin
dia 1y Viét Nam. Bang | dudi ddy cung cdp mot sd thong tin lién quan dén may thu ciing nhu
dir liéu cua cac tram néu trén.

Gamit/Globk 1a phdn mém dugc phat trién boi Vién Cong nghé Massachusett (MIT), Vién
Hai duong hoc Scipps va Dai hoc Harvard véi su hd tro tir Quy Khoa hoc Quéc gia Hoa Ky.
Day 1a phan mém chuyén dung dé phan tich s6 liéu GNSS phuc vu cha yéu cho cac muc dich
vé nghién ctu bién dang va chuyén dich Vo Trai dat. Gamit/Globk 1a mot phdn mém rat déng
tin cdy, da duoc sir dung nhiéu trong cac nghién ctru st dung s liéu vé tinh GNSS. Nhiéu cong

trinh nghién ctru, bai bao uy tin trén thé gidi di sir dung phan mém nay trong cac phén tich s6
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Nasina jogy

liéu ctia minh [5].

Bang 1. Théng tin vé may thu va dit liéu

A 4R ., . Gian cach | Thoi gian c6 dir
TT | Tén di€m | Loai may thu | Loai ang ten o o
dit liéu liéu

1 | CPHU

2 | HYEN

3 | KANH

4 | MCAI

5 | MGTE LEICA LETAR25.R4 30 03/08/2019 -
6 | SDON GR50 LEIT 17/09/2020
7 | TDUO

8 | THOA

9 | TQUA

10 | VINH

Nhom nghién ctru di str dung phan mém Gamit/Globk dé xac dinh chuyén dich véi bo dir
liéu nhu miéu ta trong bang 1 v6i két qua 1a (1) luong chuyén dich trung binh theo nim va (2)
chuyén dich theo chudi thoi gian (hang ngay).

Két qua xac dinh chuyén dich ¢ day dugc so sanh véi két qua chuyén dich st dung chudi
thoi gian dai.
3. Két qua nghién ciru va thio luin

Két qua chuyén dich trung binh 1 nim ctia cac tram dugc cho trong bang 2 dudi day.

Bang 2. Két qua xdc dinh chuyén dich trung binh ndm cuia cdc diém

TT | Tén diém Vi do Kinh do Ve/saisd | Vn/saisd | Vu/saisd

i j (mm/nam) | (mm/nam) | (mm/nam)

1 | CPHU 20.24641 | 105.71999 32.45 -10.05 1.42
2.09 2.05

2 | HYEN 20.66645 | 106.05089 31.78 -6.46 -16.70
2.04 2.02

3 | KANH 18.08687 | 106.28541 31.44 -8.46 6.01
2.04 2.02

4 | MCAI 21.51838 | 107.98163 33.97 -10.83 -0.22
2.07 2.04

5 | MGTE 10.36954 | 104.45289 26.75 -10.51 0.69
2.07 2.05

6 | SDON 21.33510 | 106.84935 35.12 -13.54 -3.71
2.06 2.04

7 | TDUO 19.26309 | 104.47053 32.31 -8.76 7.83
2.08 2.04
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TT | Tén diém Vi do Kinh do Vi/saisd | Vn/saisd | Vu/saisd
i j (mm/nam) | (mm/nam) | (mm/nam)
8 | THOA 19.76207 | 105.77806 30.24 -10.71 1.41
2.05 2.02
9 | TQUA 21.82360 | 105.21007 32.02 -7.84 0.03
2.05 2.03
10 | VINH 18.67552 | 105.69104 30.67 -9.64 3.44
2.04 2.02

Tir két qua cta bang 2, c6 thé xac dinh chuyén dich vé mit bang st dung cac cong thirc

nhu sau:

A A qs s 1x . _ 2 2
Vé chuyén dich vi tri mgt bang: v = /vy + vy

Vé xé4c dinh phuong huéng chuyén dich:

Ngoai xac dinh chuyén dich theo nam, con xéc dinh dugc chuyén dich theo ngay cua ting

v A
a= 90" - (arctan V—N)(ISO0 / ) néu v;>0

E

v A
a= 270" - (arctan —L)(180° / 7) néu v, <0

Vg

diém. Sau day 1a vi du vé chuyén dich theo ngay cia diém CPHU:

Bang 3. Két qua xdc dinh chuyén dich vé huong Dong theo ngay cua diém CHPU

ombination of ALL networks GGVer 10.71.015 Tue Feb 2 16:13:21 EST 2021
CPHU_GPS to E Solution 1 + 11041625.695 m

2019 08

031159

11041625.69461

0.00308

-0.00101

0.00308

2019 08

041159

11041625.69643

0.00276

0.00072

0.00276

2019 08

051159

11041625.69776

0.00268

0.00196

0.00268

2019 08

061159

11041625.69721

0.00253

0.00132

0.00253

2019 08

07 1159

11041625.69689

0.00309

0.00091

0.00309

2019 08

08 1159

11041625.69704

0.00334

0.00097

0.00334

2019 08

0911 59

11041625.69914

0.00266

0.00298

0.00266

2019 08

10 11 59

11041625.69604

0.00278

-0.00021

0.00278
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ante Ehsione s Evinmet

CPHU North Offset 2253819.541 m
rate(mmfyr)= -4.68+ 0.52 nrms= 1.21 wrms= 3.0 /nm # 325

10} :

(mm)

)
=
Uy

1

20196 20198 20200 20202 20204 20206 20208
Hinh la. Chuyén dich theo huéng Béc ciia diém CPHU

CPHU East Offset 11041625695 m
rate(mmiyr)s 33.24 + 0.57 nrms= 0.88 wrms= 2.4 mm # 325

Ll T T T T T T

20196 2019.8 20200 20202 20204 2020.6 20208

Hinh 1b. Chuyén dich theo huéng Pong ciia diém CPHU

CPHU Up Offset 133.116m
rate(mm/iyr)= 13.18 + 1.94 nrms= 0.75 wrms= 6.8 mm # 325

20108 20198 2000 2002 204 2206 2028

Hinh Ic. Chuyén dich dé cao cia diém CPHU

Dé c6 thé xac dinh chinh xac dich chuyén cua diém theo chudi thoi gian nhu s liéu trong
bang 3, can phai dua thém cac mo hinh toan hoc dé phan tich dir liéu chuyén dich. V&i viéc sir
dung cac md hinh toan hoc, c¢6 thé xac dinh dugc quy luat dich chuyén ciing nhu udc luong sai
s6 ngau nhién con ton tai trong két qua xac dinh chuyén dich trude dé.

Vi két qua xac dinh chuyén dich theo ngay cua chudi thoi gian, v& duoc db thi cac thanh
phan chuyén dich cia cac diém theo chudi thoi gian nhu hinh vé 1a, b, c.

Nguyén Ha Thanh [5], d4 st dung dit liéu do trong 8 nim cua cac diém DBIV (Dién Bién),
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PHUT (Phti Thuy - Ha Noi) va VINH (Nghé An) dé xac dinh dich chuyén sir dung phan mém
Gamit/Globk. Két qua nhu sau:
Bang 4. Két qua xdc dinh chuyén dich cia diém DBIV, PHUT va VINH véi chudi thoi gian 8 nam [5]

TT |Téndiém | Vido Kinh d6 Ve/ sai sb | Vn/sai s6
(mm/nam) (mm/nam)
1 |DBIV 103.01829 | 21.38992 31.91/0.76 -10.32/0.75
2 | PHUT 105.95872 | 21.02938 31.52/0.73 -10.60/0.72
3 | VINH 105.69659 | 18.64999 32.30/0.86 -11.48/0.85

Tir két qua & bang 2 va bang 4 c6 thé thy, van tc chuyén dich theo cac hudng cua diém
tai khu vuc Vinh - Nghé An 1éch nhau 1,63mm vé hudng Dong va 1,84 mm vé huéng Béic. Do
léch d6 c6 thé do sir dung chudi thoi gian khac nhau, do dai cuia chudi thoi gian khac nhau thé
hién qua gié tri sai s6 xac dinh céc thanh phan dich chuyén. Véi chudi thoi gian 8 nam, sai sb
xéc dinh dich chuyén cac thanh phan chi gan 1 mm; Ddi véi dit liéu thuc nghiém clia bao céo
nay, sai s xac dinh cac thanh phan dich chuyén 16n hon 2 mm.

4. Két luan

B4o c4o da sir dung phan mém Gamit/Globk dé xir 1y dir liéu thu duoc bai cac tram CORS
phan bd & mién Bic Viét Nam véi thoi gian thu dir liéu hon mot nam. Két qua tinh chuyén dich
cho thay, xu huéng chuyén dich cua tit ca thuoc khu vuc mién Bic Viét Nam la giéng nhau tuy
lugng chuyén dich khac nhau. Luong chuyén dich nho nhét vé huéng Dong 13 26,75 mm/ nim
va 16n nhét 1a 35,12 mm/ ndm; Lugng chuyén dich nho nhit va 16n nhét (tinh theo gia tri tuyét
dbi) vé hudng Béc tuong ung 1a -7,84 mm/ ndm va -13,54 mm/ nam. Tuy nhién, do sir dung
chudi thoi gian chua duoc dai nén sai s6 xac dinh cac thanh phan chuyén dich van dang & mirc
2 mm.

Trong thoi gian téi, can tiép tuc xtr 1y dir liéu mang ludi trén v6i thoi gian thu dir liéu dai
hon dé c6 thé thu duoc chuyén dich cta diém véi do chinh xéc cao hon.

Dé c6 thé thu duoc chuyén dich cua cac diém mot cach chinh xac, can st dung cac mo
hinh toan dé thu dugc quy luat chuyén dich phan anh chuyén dich thuc chit cia diém theo
chudi thoi gian.
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ABSTRACT
FIRST STEP DETERMINTATION THE MOVEMENT OF SOME CORS IN
THE NORTH OF VIETNAM USING GAMIT/GLOBK SOFTWARE
PACKAGE
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Determining the displacement of plates and the fault zones is a permanent work to identify
and forecasting the movement of the earth’s crust as well as disasters. A significant advantage
in researching the displacement of plates and fault zone of CORS network is supporting the
continuous data over time with high quality. With the measurement obtained from CORS
network over a period of time, using mathematical models to analyze displacement rules allows

to accurately determine the movement of points over time. This article introduces the early
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stage of determining the movement of CORS stations in the North of Vietnam using Gamit
Globk software. The movement determination results of this article are completely consistent
with the existing publications. The authors also recommend determining the movement of point
using longer time series and using mathematical models to determine the movement rules as
well as the remaining errors in the results of determining the movement by GNSS processing
software package.

Keywords: Bernese, Gamit/Globk, Plate tectonics, Crustal movement, GNSS processing,
GNSS CORS.
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