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Tém tit

Quan tric dich chuyén bé mit Trai dit bang ludi cac diém do GNSS lién tuc 1a phuong phap phd bién trén thé
gidi, cho phép xac dinh chinh xac cac tham s6 dich chuyén cuia bé mat dat nhu toc do dich chuyén, budc nhay
do dong dat, dich chuyén hau dong dat. Pé xac dinh chinh xac dich chuyén hau dong dat, cin c6 mo hinh mé
ta duoc hién tuong nay va can biét dugc thoi gian tit din hau dong dét. Trong bai bao nay, ching t6i dé xuét
phuong phép xac dinh thoi gian tit dan sau dong dat tir mo hinh chuyén dong téng hop cuia chudi toa @ GNSS
lién tyc, tir d6 cho phép xac dinh chinh xac nhét cac dich chuyén cua bé mat dat ghi nhan dugc trong chudi
toa d0 GNSS lién tuc nhu vén toc dich chuyén, dich chuyén theo mua, budc nhay, dich chuyén sau dong dét.
Phuong phép duoc da duoc chung toi t1nh toan kiém tra trén s6 lieu thiét ké va s liéu thuc té chudi toa do
GNSS lién tuc. Két qua cho thay, v6i s6 lidu thiét ké, cac tham sb dich chuyén cho truéc duoc xac dinh gan
nhu diing hoan toan, con véi s6 lidu thuc té thi cac tham sb dich chuyén duoc xac dinh véi do chinh xéac cao va
tuong duong khi so sdnh véi cac nghién ctiu tuong ty.

Tir khod: chudi toa 6 GNSS lién tuc; dich chuyén bé mat Trai dat béng GNSS; dich chuyén sau dong dét; thoi
gian tat dan sau dong dat; mo hinh dich chuyeén.

STUDY FOR DETERMINATION OF POST-SEISMIC RELAXATION TIME IN GNSS POSITION TIME
SERIES

Abstract

Monitoring the Earth’s surface deformation using a continuous GNSS network is widely used throughout the
world, allowing for the accurate determination of displacement velocity, seismic step, and post-seismic displace-
ment. To determine the post-seismic displacement accurately, a synthetic model that describes this phenomenon,
as well as the post-seismic relaxation time, is required. In this paper, we propose a method for determining the
post-seismic relaxation time on the synthetic model of GNSS position time series, thereby allowing for the most
accurate determination of the recorded motions of the Earth’s surface. Our method was calculated and tested
using both model data and actual data of GNSS position time series. The results of the study show that for
model data, the design displacement parameters are almost correctly determined, whereas for the actual data,
the displacement parameters are determined with high accuracy and are comparable to similar studies.

Keywords: GNSS time series; crustal Earth displacement monitoring by GNSS; post-seismic deformation; post-
seismic relaxation time; synthetic model of GNSS time series.
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1. Giédi thi¢u

Chudi toa dd GNSS lién tuc cua diém quan tric dich chuyén bé mit Trai dit 1a cc toa do theo thoi
gian cua mot tram do GNSS trong h¢ toa d¢ khong gian ba chiéu, thé hién su bién dbi theo thoi gian
cua toa do diém do GNSS lién tuc. Cac diém do GNSS lién tuc nay dugc xay dung c¢d dinh trén bé
mit dat, do d6 no cling bi anh huong bdi sy thay ddi ciia bé mat dat nhu sy dich chuyén, su dao dong
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chu ky do thay d6i muc nudc ngém dia triéu, thoi tiét,... va bai cac hoat dong dia kién tao nhu dong
dat, di chuyén theo hudng chuyén dich ciia mang kién tao. Vi d6 chinh xac cao vé khong gian va s
lién tuc theo thoi gian, nhimng sy anh huéng d6 duoc ghi nhan rd rét trong chudi toa do cua diém do
GNSS. Chudi toa d GNSS lién tuc duong tng dung rong rai va hiéu qua trong quan trac dich chuyén
céc mang kién tao [1-3], bién dang bé mit Trai dat [4—6],... cho cac nghién ctru dia vét 1y. Trong xir
1y chudi toa d6 GNSS ctia diém do lién tuc theo phuong phap trac dia, mé hinh chuyén dong ctia chudi
toa do dugc su dung 1a phuong trinh toan hoc biéu dién theo cac thanh phﬁn toa do 3 chiéu [7]. Viéc
xac dinh mo hinh chuyén dong trong xir 1y chudi toa do cua cac diém GNSS 1a rit quan trong nham
xéac dinh chinh xéac van toc chuyén dich va cac hién tugng c6 trong chudi. M6 hinh chuyén dong cta
chudi cang don gian thi tinh todn cang nhanh, nhung d¢ chinh xac xac dinh van tdc dich chuyén va
céc tham sb chuyén dich khac lai giam di, va khong phan anh rd dic trung chuyén dich cta diém, nhat
1a véi cac chudi toa do phuc tap. Do vay, tiy theo cac hién twong ma chudi toa do ghi nhan dugc ma
chung ta sir dung cac mé hinh chuyén dong khac nhau dé dam bao hiéu ning tinh toan nhanh va chinh
xac. M6 hinh chuyen dong tong hop gbm céc chuyén dich tuyén tinh, dich chuyen chu ky theo mua,
budc nhay va bién dang sau dong dit duoc sir dung trong cac nghién ciru [7—11] dé xac dinh cac hién
tuong phd bién ghi nhan dugc trong chudi toa d6 hang ngay ctia cac tram do GNSS lién tyc, tir d6 xéc
dinh van tdc dich chuyén chinh xac cta cac tram do nay cho cac nghién ctru dia kién tao.

Bién dang sau dong dét (post-seismic deformation) 1a nhing dich chuyén dién ra cham va kéo dai
theo cac hudng khac nhau sau dong dat. Nguyén nhan 1a do co ché giai phong tmg suit do dong chay
nhét trong phan mém ciia vo Trai dat bt dau hoat dong ngay sau khi xay ra dong dat [12]. Cac bién
dang nay c6 thé dién ra trong vai ngdy, nhung ciing c6 khi dién ra t6i 7 nam sau dong dat [13] véi su
thay d6i bé mat Trai dat rat cham khong cam nhan dugc, ciing khong ghi nhan duogc béng céc thiét b
do dia chan. Trong cac phuong phap xéac dinh bién dang sau dong dat, chi c6 s6 liéu do GNSS lién tuc
méi ghi nhan duoc cac bién dang nay trong chudi. Thoi gian dién ra hién twong sau dong déat dugc goi
1a thoi gian tat dan sau dong dét (decay time hodc post-seismic relaxation time), thong thu’(‘mg duoc
xé4c dinh dua vao mé hinh dong dit [14], dya Vao qua trinh van dong vat 1y cua dong dat, hodc bang
luat Omori [15, 16] Viéc xac dinh cac tham s6 cua bién dang sau dong dat nham giam thiéu nhu‘ng
ri ro do bé mat dit bién dang, 1a cac tham sb quan trong cho cac mo hinh dia vat 1y du bao dong dat,
va gitip cho chung ta nghién ciru k¥ hon va hiéu biét tot hon vé quy luat van dong kién tao mang trén
khu vye nghién curu.

Trong bai bao nay, chiing toi gioi thiéu phuong phap xac dinh thoi gian tit dan sau dong dét tir
mo hinh chuyén dong tong hop cua chudi toa @6 GNSS lién tuc, tham sb nay cho phép xéac dinh tri
binh sai cua cac toa do trong chudi, tir 6 tinh duge chinh x4c céc tham sb khac cua chudi toa do nhu
van toc, dich theo mua, budc nhay, chuyén dich sau dong dat.

2. Phwong phap nghién ciru
2.1. Mo hinh chuyén dich tuyén tinh cia chudi toa a6 GNSS

Chudi toa d0 GNSS lién tuc 1a cac toa do theo thoi gian cia mot tram do GNSS trong toa do khong
gian 3 chiéu dia tim (X, Y, Z) hodc trong hé toa d6 vuong goc khong gian 3 chiéu dja dién (north -
n, east - e, up - u) [17, 18]. N6i cach khéc, chudi toa d6 GNSS thé hién sy bién d6i theo thoi gian cua
toa d6 diém do GNSS lién tuc.

Céc chudi toa dd GNSS lién tuc duoc thé hién bang do thi toan hoc, dugc dung dé phén tich, xac
dinh cac gia tri, cac tham $0,... trong chudi. Chudi toa do lién tuc cho phép chung ta hiéu duoc qua
trinh bién d6i vi tri cia diém do va du doan duoc qua trinh bién d6i cia vi tri ciia nd trong twong lai.
Mo hinh chuyén dong téng hop cta chudi toa do theo ting thanh phan toa do n, e, u gdm cac chuyén
dich [7-11]: (1) dich chuyén tuyén tinh theo duong thing (trend line), (2) dich chuyén chu ky theo
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mua (seasonal motion), (3) budc nhay (step) va (4) dich chuyén bién dang sau dong dat (post-seismic
deformation) duoc mé ta lan lugt trong cac dau “[]” trong phwong trinh (1):

y(t;) = [a + bt;] + [csin(2nt;) + d cos(2nt;) + e sin(4nt;) + f cos(4nt;)]
g Ny, 4Ty 1
+ [ D giH = Tep| +| ) hjH(t = Thjti] + [Zk e T H(ti = Tip| +vi )
j=1 j=1

trong do: ¢ 1a thoi diém cua tri do toa do y; a la vi tri ban dau tai thoi diém tham chiéu 7o; b 12 van tdc
chuyén dich; ¢,d va e, f 1a cac tham s6 diéu hoa cua chuyén dong chu ki theo mua va theo nira mua,
g; 1a bién d¢ (d6 16n) budc nhay tai thoi diém T, (n, 1a s6 budc nhay trong chudi), H(1; = Tg) 12
ham Heaviside, H(t; — Tyj) = 0 néu s < TeivaH({ti—Tg) =0 néu 7; > T,j, hj 1a su thay ddi van
tde tai thoi diém T, j(ny 1a s6 1an van toc thay df)i), k; 1a bién do (do 16n) chuyen dich sau dong dét
tai thoi diém T} (i la s6 lan xay ra chuyén dich sau dong dat); 7 ; thoti gian kéo dai cta chuyén dong
sau dong dat; v; 1a sai sd.

Chudi toa d6 GNSS lién tuc ghi nhan rat rd nét budc nhay do dong dét [19] va sau d6 thuong la
chuyén dich sau dong dit (post-seismic relaxation). Ngoai ra, sau dong dt, tbc do chuyén dich cua
diém do c6 thé thay dbi ca vé hudng va do 1on. Bude nhay dong déat va chuyén dich sau dong dat
phu thudc vao vi tri tdm chan, cudng d6 dong dat va khoang cach tir tim chén t6i tram do GNSS [7].
Trong phuong trinh (1), dich chuyén sau dong dat dién ra sau budc nhay dong dét, dugc mé ta trong
dau “[]” cudi ctia phuong trinh, n6 gdm sy thay ddi van tdc (thay doi ca hudng va gia tri van tdc) va
chuyén dong sau dong dét (dugc mo ta theo dang ham sé mil cua sb e).

Nhu véy, cac tham s6 can xac dinh ciia chudi toa 4 GNSS theo mé hinh hinh hoc tong quat 1a
a,b,c,d,e, f,gi(j=1+ng),hj(j=1+mn,)vak;j(j=1+mn)mo tacho cac dich chuyén, cac hién
tugng phd bién ghi nhan duoc trong chudi. Tiép theo, ching toi gidi thiéu phuong phap xac dinh cac
tham s6 cua chudi.

V6i gia thiét 1a thoi diém T, cia bude nhéy, céc thoi diém T, cua sy thay doi vén toc, thoi diem
Ty, cua chuyén dlCh sau dong dat va thoi gian tat dan sau dong dat (th01 gian phan rd) 7 1a da biét.
V6i chudi toa d6 gdm n vi tri twong ing véi cac thoi diém 7;, ta c6 hé gdbm n phuong trinh (1). Viét
dudi dang ma tran:

y=Ax+v 2)

Cong thic (2) gdm c6 ma tran vector an x 1a cic tham s6 mé ta chuyén dich ciia chudi, ma tran hé
s0 A va ma tran vector s0 hiéu chinh v, dugc trinh bay lan lugt theo cac cong thirc tir (3) dén (5).

T
x=la b cd e f g . g M o g Mo hw ko 3)
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1 1 1 17
2] Ing thi Ink
sin(27ty) sin(2nt,g) sin(2xt,,) sin(27t,)
cos(2nty) cos(2mtyg) cos(2mt,y) cos(2mtyy)
sin(4rtq) sin(4rt,g) sin(4t,,;,) sin(47t,;)
cos(4rnty) cos(4rtyg) cos(4nt,n) cos(4rtyr)
0 1 tuh 1
A= 4)
0 0 1 1
0 tng Inh Lok
0 0 thn Thk
0 1 1 1
0 0 1 1
T
V= [vl Vo oo vn] %)
T
y=D) yn) .. yt)l (6)

Coi chudi chi bi anh huong ciia nhidu tring (white noise), ma tran phuong sai — hiép phuong sai
c6 dang:
C = diag( 0'% 0'% 0',21) @)

trong d6 o; 1a phuong sai cia toa do diém.
Cac tham s chuyén dong ctia chudi dugc xac dinh theo phwong phap sb binh phuwong nho nhat:

x=ATc A AT cly) ®)

Do chinh xac xac dinh cac tham s6 ciia chudi duoc tinh theo:

Oy = j14/diag(ATC-1A) ©)

trong d6 diag 14 cac phan tir trén dudng chéo chinh.
Do chinh x4c x4c dinh cac tham s6 chuyén dong ctia chudi duoc dic trung boi sai s6 trung phuong

trong sb6 don vi :
/ vICc-ly
- 10
H n —dim(x) (10)
trong d6 dim 1a chiéu cta vector.

Sau khi xac dinh dugc vector 4n x chia cdc tham sb cia md hinh téng hop ctia chudi, chudi toa
d6 cta diém sau binh sai hay mo hinh (predicted time series) dugc tinh theo:

v =Ax (1D
Va sb hiéu chinh cua céc toa do cua chudi (residual time series) duoc tinh theo:

v=—Ax+y (12)
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Chudi sb hiéu chinh cua toa dd xac dinh theo cong thirc (12) thé hién hai y nghia, d6 1a néu chudi
s6 hiéu chinh x4c dinh duoc sau binh sai cang gén duong “0” thi m6 hinh dugc xac dinh cang chinh
xac (cc tham sé chuyén dong ctia chudi dugc xac dinh chinh x4c), va gia tri trung binh cta chudi s6
hiéu chinh cta toa d6 thé hién d6 chinh x4c cua chudi toa d6 do. Do vay, khi xem xét danh gia két qua
xtr 1y s6 lidu chudi GNSS lién tyc, chudi s6 hiéu chinh ciia toa do duge dung dé xem xét va tinh cac
sai sb cua chudi toa do do.

Bién d9 A va pha ¢ ctia chuyén dong chu ky theo nim va nira nim ctia chudi toa o diém GNSS
duoc tinh tir cac tham sbc,d,e,d [20]:

|
A = N+ L5 bum = EatanZ(g) (13)

[ 1 e
Asemi—ann = e + fZ; ¢semi—ann = —atan2|— (14)
4 f

2.2. Xdc dinh thoi gian ciia chuyén dich sau dong dat

Nhu da noi 6 phﬁn Gidi thi€u, thoi gian tat dan sau dong dét thong thuong dugc xac dinh dua vao
mo hinh dong dét [14], dua vao qua trinh van dong vat 1y cua dong dat, hoac bé“mg luat Omori [15, 16].
Céc phuong phap xéac dinh nhu vay 1a phirc tap, han ché vé do chinh xac do phu thudc vao cac tham
s6 ciia mo hinh dija vat 1y nhu thoi diém dong dat, cuong d9, toa do tam chén,... T d6, viée xac dinh
van toc dich chuyén cta tram do GNSS lién tuc va cac tham sb dich chuyén khac khong chinh xac.

O day, chung t6i dé xuét phuong phap tinh toan thoi gian tit dan sau dong dat 7 truc tiép tir chudi
toa 6 diém dwa vao phuong trinh ctia mé hinh téng hop (1). T duoc tinh lap theo 2 budc nhu sau:

Bude dau tién, chon gia tri khoi dau 7o, chung t6i chon 79 = 0,0027 ndm, twong duong véi 01
ngay [8]. ’ 7 )

Gia thiét thoi diém cac bude nhay T'; da biét. Thay 1o vao hé cac phuong trinh (1) va gidi theo
nguyén 1y s6 binh phuong nho nhat, nhan dugc vector nghiém:

T
S L L L A S ORI EA S (15)
Khi d6, phén tich phwong trinh (1) thanh 2 phan: mot phan gdm budc nhay do dong dat, thay ddi

vén tdc sau dong dat va chuyén dich sau dong dat; mot phan 1a cac tham sé con lai. Hai phan nay dugc
phan biét boi dau {} trong phuwong trinh (3).

ng—nj
(&) = {a + bt + csinnt;) + d cos(2ty) + esin(dnt;) + f cos(dnty) + Y giH(ti = Ty)))
. (16)
LK
+ {Z [giH(ti — Tyj) + hjH(t; — Tyt + kje ™7 H(t; — Tipl} + vi
j=1

O phuong trinh (16), coi cac tham s gjhj,kj,t;(j=1+n)lacac an s6, tuyén tinh hoa phuong
trinh (16) bang cac dao ham riéng phan theo cac 4n sb, chiing ta dugc:

ny Ty
y’(l‘,’) = Z [g?H(l‘[ - Tk‘,-)c’)gj + h?H(l‘l‘ - Tkj)tl-(’)hj + k?e Y H(t; — Tk.,-)ak‘,-
a (17

=Ty

e_ 7 H(l‘i - Tkj)aT?

ofi — Tk
Jj (77)2
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Vi s6 hang y’(#;) dugc tinh theo cong thirc:

a® + b1 + P sin2nt;) + d° cos(2nt;) + €° sin(4nt;) + 0 cos(dnt;)

N 3 o any (18)
+ Z g?H(Ii - ng) + h?H(ti - Thj)l‘i + E k?e OH(t — Tkj)
j=1 j=1 =

Y () = y(t;) -

Hé cac phuong trinh (17) dugc viét dudi dang ma tran:
Ad=y (19)

trong d6 vector 4n sb 9, vector s6 hang tur do y, ma tran hé sb6 A dugc thé hién 1an luogt theo cac phuong
trinh (20), (21) va (22):

T

d=1[0g1 .. 0gn Ohi .. Ohy Oki .. Oky 011 .. O] (20)
T
y=0'@) ... Y] (21
0 0 0
g g g
0 0
g) 6gnk gdlk
hlll' hlti+j hlln
0 0
0 hnkti+j hnktn
_tiTh T _in=Tp
0 0 0
k(l)e B k(l)e I k(l)e I
A= (22)
_’i+j‘Tknk _’”_Tknk
0 0
0 kye T kye
=T, tiyj=Tkn in=Typ
oti = Ty~ ofivj = Tin ——g otn = Ti1 ——a%
1 02 e lee R 1 02 e T
() () (7))
’H_j_Tkn =Tk,
0 0 tH—] Tknk _Tk k() In _Tknk - Tgkk
nk—O 3 nk—O 3 e
(T}’lk) (Tnk)

Vector 4n s6  duoc xac dinh bang cach giai hé phuong trinh (19) theo nguyén 1y s6 binh phuong
nho nhit: 1
d=@ATc'a) A cty (23)
Buwée thir 2, thoi gian tit dan sau dong dat T & bude lap tiép theo i dugc tinh:
i -1
Tj=T’j + 07| (24)

Cu thuc hién tinh 1dp cac budc nhu vay cho téi khi sy khac nhau cua 7 & hai lan lap lién ké nho
hon mot gidi han, gii han c6 thé duoc chon 14 0,0027 nam 14 thoi gian twong dwong 1 ngay [8].

Qué trinh tinh toan thoi gian tit dan sau dong dat dwoc tém tit theo so ¢6 @ Hinh 1.

Phuong phép tinh toén thdi gian tit dan sau dong dat dé xuét ¢ trén dugc chung toi 1ap trinh thanh
mot modul cua chuong trinh Pygts bang ngdn ngit Python. Phuong phap nay cho phép mé ta chinh
xac chuyén dich sau dong dat, nhanh chéng va khong phu thudc cac phuong phap mé hinh dia vét 1y,
Omori.
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n,eu
Tgj, Ty, Ty

l

10=0.0027 nam

|

y=Axl+v |*

1

N I e

Sai

i -5 00027

buing

Két thiic

Hinh 1. So db tinh toan x4c dinh thoi gian tit dan sau dong dat tir chudi toa do
3. S0 liéu, két qua xir 1y va thao luin
3.1. S6 liéu thiét ké, két qua xir 1y va thdo ludn

PAu tién, chuong trinh dugc kiém tra véi s6 lidu thiét ké 1a chudi toa 4o diém GNSS ctia mot diém
theo 3 thanh phan toa do north (n), east (¢) va up (u) lién tuc hang ngay tir 2020,0 dén 2022,0. Diém
GNSSS nay duoc dit tén 1a EXAM. Chudi toa do thiét ké cua diém EXAM duoc tao gém cac chuyén
dich: dich chuyén tuyén tinh theo dudng thang, dich chuyén chu ky theo mtia, budc nhay do dong dat
tai thoi diém 2021,0 va dich chuyén bién dang sau dong dét b::ing céc tham sb cho truge. Cac tham s
cho trude ctia chudi dugc trinh bay theo cac hang “Thiét ké” trong Bang 1.

Sau d6, chudi toa do thiét ké nay dugc 1am nhiu bang sai s6 ngau nhién 7= 0,001 m phan b theo
luédt phan phéi chuén dé tao thanh chudi toa do do ngau nhién (chudi toa d6 “do” cia diém EXAM
dugc thé hién trong Hinh 2(a)).

St dung chuong trinh Pygts dé xur 1y chudi toa d6 cta diém EXAM. Qua trinh tinh 13p xac dinh
thoi gian tat dan sau dong dat 7 cho chudi toa do ciia diém EXAM la 4 lan tinh ldp, thoi gian xir 1y
chudi rit nhanh, chi c& gidy. Cac tham s6 ctia chudi nhan duogc tir két qua tinh toan, cac tham s6 cho
trude va do léch giita chiing dugc trinh bay theo cac hang “Tinh toan” trong Bang 1. Chudi sé hiéu
chinh cua toa do sau binh sai duoc thé hién & Hinh 2(b).

So sanh cac tham s6 thiét ké va cac tham sd tinh toan duoc trong Bang 1 thay rang, su sai 1éch gitra
chung gan nhu bang nhau, su sai 1éch 1a rat nho ¢& phan nghin (cac hang “Sai léch” trong Bang 1).

Hinh 2(a), dudng mau d6 1a gia tri binh sai ctia chudi toa d9, cac diém mau xanh 14 toa do “do”
duoc thiét ké cua diém EXAM. Puong mau do (dudng mé hinh sau binh sai) x4c dinh dugc gan nhu
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Bang 1. So sanh cac tham sé thiét ké va cac tham sb tinh toan duoc

Vi Chuyén dich theo mua Dong dét
Thanh tri Vian Chuyén dich Chuyén dich  Buécnhay Thayddi Biéndd Chuyén dong
phdn  Tham ban toc chu ky chu ky do dong dat van toc sau saudong  sau dong
toa s6 déu hang nam ntra nam 2021,0 dong dat dét dét
do a b c d e f g h k T
(m)  (m/ndm)  (m) (m) (m) (m) (m) (m/ném) (m) (ndm)

N Thiétké 0,0100 0,0100 -0,0010 0,0010 -0,0010 -0,0020 0,2000 0,0100  -0,1000 0,2000
Tinh toan 0,0103 0,0106 -0,0008 -0,0020 -0,0009 0,0011 0,1991 0,0104  -0,9930 0,2003
Sailéch -0,0003 -0,0006 -0,0002 0,0030 -0,0001 -0,0031 0,0009 -0,0004  -0,0070 -0,0003

E  Thiétké -0,0300 -0,0100 -0,0020 0,0020 0,0010 -0,0010  0,3000 0,0200  -0,0500 0,2000
Tinh toan -0,0301 -0,0103 0,0009 -0,0010 -0,0021 0,0020  0,2999 0,0205  -0,0493 0,2003
Sailéch  0,0001 0,0003 -0,0029 0,0030 0,0031 -0,0030 0,000  -0,0005 -0,0007  -0,0003

U Thiétké 0,0004 0,0001 0,0001 0,0001 0,0001 0,0001 0,0004 0,0004 0,0004 0,0000
Tinh toan 0,0005 0,0003 0,0003 0,0001 0,0001 0,0001 0,0006 -0,0001 0,0009 0,0000
Sailéch  -0,0001 -0,0002 -0,0002 0,0000 0,0000 0,0000 -0,0002 0,0005 0,0005 0,0000

dung hoan toan véi mé hinh sé liéu cho trude, dudng nay da mé ta chuyén dich chu ky hinh sin theo
mua; budc nhay do dong dét tai thoi diém 2021,0 va chuyén dich sau dong dét voi thoi gian tat dan 7
=0,2003 nam & thanh phan toa do n va e, 7 = 0 & thanh phan u; sy thay d6i van toc tir 0,0103 m/nam
thanh 0,0104 m/nam & thanh phan n, tr —0,0103 m/ndm thanh 0,0205 m/ndm & thanh phan e va tir
0,0003 m/ndm thanh —0,0001 m/ndm & thanh phan u. Cac tham s6 chuyén dich nay bang ding céc gia
tri thiét ké cho trude, hodc c¢6 do léch rit nho (Bang 1).

Hinh 2(b) 1a chudi s6 hiéu chinh cua toa do, tirc 1a chudi toa do do sau khi loai bé vén tdc, bién
d6i theo muia, bude nhay va chuyén dich sau dong dat véi sai sb wrms (sai sb trung phuong) lan luot
12 0,9 mm, 1,0 mm, 1,0 mm tuong Gng lan luot & cac thanh phﬁn toaddon, e, u, bé'mg dang hoac léch
rat nho véi gia tri sai s6 dugc dua vao mo hinh sd lidu.

EXAM

North wrms=100.0 mm #722

200 4 '
:
100

]

0 e rm e 3
—— ; - - . -
2020.00 2020.25 2020.50 2020.75 2021.00 2021.25 2021.50 2021.75 2022.00

North (mm)

East wrms=145.4 mm #722

200 4

East {mm)

T T T T T T
2020.00 2020.25 2020.50 2020.75 2021.00 2021.25 2021.50 2021.75 2022.00

Up wrms= 1.1 mm #722

Up (mm)

2020.00 2020.25 2020.50 2020.75 2021.00 2021.25 2021.50 2021.75 2022.00
year

(a) Chudi toa d6 do va md hinh xac dinh dwoc sau binh sai (nét lién do)
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EXAM
North Wrms= 0.9 mm #722
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up wrms= 1.0 mm #722

Up (mm}

T T T T
2020.75 2021.25 2021.50 2021.75

T
2020.25

2020.00 2020.50 2021.00

year

2022.00
(b) Chudi s6 hiéu chinh cia toa do
Hinh 2. Chudi toa d6 cua diém EXAM

Két qua kiém tra v6i sb liéu thiét ké cua ching t6i, dd chimg td mé hinh chuyén dich, phuong
phép xéac dinh thoi gian tit dan sau dong dat, phuong phap xir 1y chudi toa d6 GNSS 1a phu hop va
dam bdao chinh x4c.

3.2. 86 liéu thuc té, két qua xi ly va thao lugn

Phuong phéap xir 1y sb liéu chudi GNSS trén da dugc chung t6i 4p dung dé xir Iy nhiéu s6 lidu
chudi toa do GNSS lién tuc cia cac ludi GNSS thuc té, trong do6 c6 cac mang ludi GNSS phuc tap
khac nhuw GEONET (Nhat), RENAG (Phap),... Chiing t6i thay rang hau hét cac chudi toa d6 déu duogc
xu 1y tot, dac biét ddi voi cac chudi toa do khong co, hodc chi co di thuong, budc nhay. Dudi day,
chung t6i gi6i thiéu mot két qua xur 1y chudi GNSS cua diém do LONT (mang luéi GNSS Dai Loan),
mot chudi GNSS dién hinh véi cac dich chuyén phirc tap.

Két qua xir 1y chudi toa do lién tuc ciia diém LONT (Mang ludi GNSS Dai Loan), c6 sb liéu do
lién tuc tir nam 2003,0 dén nam 2011,0, thé hién trong Hinh 3. Trong d6, Hinh 3(a) 1a chudi toa do
trudce khi xtr Iy; Hinh 3(b) 1a chudi toa do sau khi loai bo di thuong, duong nét dirt mau xanh la budce
nhay va duong nét lién mau do 1a duong mo hinh (chudi toa do sau binh sai) xac dinh dugc; Hinh 3(c)
1a chudi s6 hiéu chinh ciia toa d6 sau binh sai. Pay 1a mot chudi phtc tap, trong d6 ¢ 3 budc nhay do
dong dat vao cac thoi diém 2003,9, 2006,2, 2010,0 va dich chuyén sau dong dat sau do.

Vi phuong phap dé xut ¢ trén, chuong trinh Pygts da loai bo cac di thuong, tinh toan binh sai v6i
mé hinh chuyén dong tong hop va xac dinh duge cac tham sb chuyén dong cia chudi trong Bang 2.
Dich chuyén sau dong dat nim 2003,9, 2006,2 va 2010,0 c6 thoi gian tat dan T xac dinh dugc truc
tiép tir chudi toa do ghi nhan duoc 1an luot 13 0,393 nam (khoang 143 ngay), 0,087 nam (31 ngay) va
0,063 nam (23 ngay).

Tbc do dich chuyén va d06 chinh x4c cua tdc do cua diém LONT lan luot theo cac thanh phén n, €,
u xac dinh duoc la —10,45+0,43 mm/ndm, 11,97+0,41 mm/ndm va 1,92+1,33 mm/nam. Do chinh xac
xéac dinh van toc dich chuyén cua diém do nay 1a rat cao trong xir 1y chudi toa 6 GNSS néi chung.
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LONT LONT
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dinh dugc hay chudi toa do sau binh sai (nét lién do)
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(c) Chudi s6 hiéu chinh cta toa do
Hinh 3. Chudi toa do ctia diém LONT (Mang luéi GNSS Pai Loan)

Két qua xtr Iy chudi LONT di duoc chiing toi kiém tra véi cac nghién ctru twong ty nhu [8, 21]
cho thiy két qua 1a hoan toan twong tu, hodc c6 phan cai thién do chinh xac. Nhu vay, phuong phap
dé xudt xac dinh thoi gian tat dan sau dong dét truc tiép tlr chudi toa d6 cho phép mo ta chinh xac hon
chuyén dich sau dong dat.
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Bang 2. Cac tham s chuyén dich x4c dinh dwoc cua chudi toa d6 LONT

Dich chuyén  Dong dit & chuyén dich  Dong dit & chuyén dich DPong dat & chuyén dich

Thanh ' hing ni dong dAt 2003,9 dong dit 20062 Duoe  Bude dong d4t 2010,0

N A A ng nam n n n
phin Va_mtf)c ang na sau dong da , sau dong da § nhay  nhay sau dong da | wrms
tog ~ (mm/ndm) A 4 Dudc Bien Thoigan Buéc Bién Thigian (m) (m) Buéc Bién Thoigian (MM
do nhay  d6  titdan nhay do  titdin 20064 2007,0 nhay do  titdan

(mm) (&) ) @) @am) m) ) (ham) m) (m)  (oam)

n  -10,45+043 0,37 -0,11 0,009 -0,004 0393 0081 0026 0087 -0,000 -0,078 -0,037 -0,004 0,630 1,9
e 11,974#0,41 1,03 -024 -0,011 -0,022 0393 0,023 0,007 0087 0,001 -0,023 -0,079 0030 0630 20
u o -1,92+4133 420 -0,03 0,032 -0,011 0393 -0,030 -0,015 0087 -0,004 -0,009 0002 0073 0630 6,1

4. Két luan

Thoi gian tit dan sau dong dat, twong tw nhu cic tham s khac, 1a tham s6 quan trong cho mé hinh
dia vat ly kién tao dé tim hiéu quy luat vén dong cua cac mang kién tao. Viéc xac dinh tham sb nay
truc tiép tr chudi toa 46 GNSS lién tuc, sau d6 nd dugc sir dung lai dé tinh toan xac dinh cac tham sb
con lai nhu van tdc dich chuyén, bién do budc nhay do dong d4t, bién do6 dich Chuyén sau dong dat,...
cho phép tinh toan chinh xac hon.

Phuong phap xac dinh thoi gian sau dong dét duge tinh toan thuc nghiém trén bd sb liéu thiét ké,
két qua cho thiy cac dai lugng xac dinh co gid tri gan nhu bang véi gia tri thiét ké, v6i sai s6 trung
phuong bang sai sé dua vao.

Phuong phép chung t6i dé xuat da duoc str dung xtr 1y cac mang ludi thuc té nhu RENAG (Phép),
mang luéi GNSS lién tuc Dai Loan, khi so sanh véi cac két qua nghién ciru tuong tu cho thay két qua
¢06 d6 chinh xac cao.

Tir két qua nghién ctru, chung t6i thiy rang cac nghién ctru vé xu Iy chudi toa d6 cua cac diém
do GNSS dia dong nham xac dinh cac tham sé dich chuyén bé mat dat va dic biét cung cép s6 lidu
truong vector van toc chinh xac 1a nhitng nghién ciru budc dau ¢ Viét Nam, no 1 can thiét trong bdi
canh nudc ta hién nay, nhét 1a khi mang ludi tram dinh vi v€ tinh VNGEONET da di vao hoat dong,
s& thiic day linh vuc ung dung GNSS lién tuc trong cac nghién ciru vé khoa hoc Trai dat.

Loi cam on

Céc tac gia tran trong cam on sy hd tro tai chinh cia Truong Pai hoc Xay dung Ha Noi cho dé tai
khoa hoc cong nghé c6 ma sb 13-2022/KHXD.
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