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6NG DUNG MO HiNH THAM SO BIEN DANG 
"' . _,{ / . / .,.z " . 

HAl CHIEU DE DANH GIA CHUYEN DONG NGAI'IG 
DUT GAY SONG HONG 

I. M d DAU 

D6i d(rt gay Song Hong (DGSH ) dai tren 1.000 
km, chay tlr Tay Tang, qua Van Nam (Trung 
Quae) , mien Bac Vi ~t Nam ra t6i Bie'n Dong. 
DGSH dvoc thl!a nhan la ranh gi6'i d!a chat 4uan 
tn;mg 0 chau A, phan chia khoi Dong Duong v6i 
khoi Nam Trung Hoa. 

V6'i mu c dich nghien cu·u hoat d¢ng ki e'n t\[o 
hi ~ n da i DGSH, vao Mtm 1982 lv6i nghien cfru 
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bie'n dang Thac Ba - Yen Bai da dvac thi e't l ~p tren 
ca sa Iva chon do lai 12 die'm tam giac Nha nv6c 
hang I, II phan bo tren cac dinh cua DGSH va d(rt 
gay Song Chay thu ()c dia phan cac tinh Yen Bai , 
Tuyen Quang, Vinh Phuc, Phu ThQ. De' nang cao 
do chinh xac die ke't qua nghien Clrll , nam 1993 Vi~n 
D!a chat phoi hap v6i Trung tam Nghien cfru Khoa 
hoc Quae gia Phap da thie't lap them 8 die'm vao 
lv6'i va thang 10/ 1994 Uin dau frn g dung ky th uat 
hi ~n dai GPS do tren lu6i m6 rong nay (hinh 1) . 
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Hinh 1. Sa do Iva i nghien cfru chuye'n d!ch ngang v6 Trai da't khu v11c Thac Ba-Yen Bai 

... - die'm tam giac nha nVOC, 6. - cite diem b6 sung, A (trong ban do thu nho) - cac die'm cua lu6i nghien 
cfru dia d¢ng lvc Nam va Dong Nam A, • - cac thi xa, - - dfrt gay chinh , -....r-- - song 

Mo hinh tham so bie'n dang dan hoi 2 chi€u trong 
moi trvang lien tt,~ c dvQ'c frng dung de' xi1ly ba chuoi 

so li ~u do n6i tren, nhftm xac d!nh chuye'n d!ch va 

bie'n dang ngang DGSH khu vvc Thac Ba - Yen Bai. 

Bai bao gioi thi~u noi dung mo hinh tham so 
bie'n dang dan hoi 2 ch ieu trong moi twa ng lien 
tuc va qua trinh frng dung de' xi1 ly tap so li ~u do 

tren luoi Thac Ba - Yen Bai. 
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II. MO HiNH THAM so BIEN DANG 2 CHIEU 

Chuy~n dich v6 Trai ctat dw;c xiic dinh thong 
qua su so sanh toa dO cua cac die'm moe a nhctng 
thai di~m khac nhau trong m9t he quy chie'u duQc 
gia thie't Ia khOng thay d6i . Mu'on dam bao th6a man 
gia thie't nay, trong nghien eCru chuy€n dich bie'n 
dang ngang, phai tinh de'n anh huang cua 4 tham so 
dinh vi he tQa d<? ph[mg xy, bao gom 2 toa do di~m 
goc, g6c dinh hu·ang true tQa dQ vii h~ so ty 1 ~ . 

De' giam anh huang cua cac ye'u to dinh vi h ~ 
toa dQ khi XU ly cac SO li~u do l ~p , nguai ta Slr 
dung 1110 hinh tham so bie'n dang d~l!l hoi trong moi 
trvang lien tu c. Phuong phap nay xi'tc dinh cac 
tham so tlr tensor bie'n dang cua tung tam giac cua 
!u·ai trtu: dia. Vi?c phan chia nhG'ng tham so bie'n 
dang nay th anh ciic nh6m tucmg duong nhau giCtp 
chCtn g ta su dung chung tri et de' han vii cu th e' han 
doi veri cac Iva i do g6c, do canh hay do b?mg 
GPS ... Nhieu tac giit da Slr dung cac tham so bi e'n 
dang dan h6i trong mOi trll'O'ng li en tuc theo Ill , 91 
de' mota chu ye'n dich ngang I I, 4, 6 ... 1. 

van toe bie'n dang tren ,mat ph itng xy theo true 
x (Ox duong chi huang dong), true y (Oy du·ang 
chi huang b{tc) cua mOt vat th e' deo nho tu y y dUQ'C 
dinh nghia theo : 

. 0 u , 
E = - -· 

. .;·'' O X 
. 0 Uv vii c - · 

0 I ' - --;;---- ' 
. u y 

(I ) 

trong dO U ,. U 1 - C~lC van tOC thanh phan s:;ua SU thay 
d6i rftt nho kich thuac vat th e' va b<ln than kich 
thu6c vat the'~ 0. 

ChCmg duoc gQi Ia van toe dan no khi c6 gia_tri 
duong vii van toe nen ep khi c6 gia tri am. Van toe 
bie'n dang truot khOng kem theo Sli' xoay dUQC dinh 
nghla nhu sau : 

. I . I (o u_, ou") 
c: ,,.=2r,,. =2 ~+ ox (2) 

Su dich chuy~n tuong doi gicta hai phan tv A va 
B 6 gan nhap trong mQt vat th€ lien tuc se duQc mo 
ta chi ti e't nhu sau : sau m<)t don vi tha i gian do vat 
th e' bie'n cl ang nen chung cljch chuye'n trong m~t 
phang song song veri milt phang xy vii c6 vi tri m6i 
tai A' va B'. Dich chuye'n tuong doi cua B so veri A 
sau.khi xay ra bie'n cl ang Iii : 

U = U s - U A, (3) 

trong d6 U A ' U s Ia cac vecto AA', BB ' tuong iing. 
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Goi khoang each AB Iii S, ta c6 van t6c chu ye'n 
dich tuong doi cua B so vai Sse Ia : u!S. Do u vaS 
c6 giii tri rat nh6 nen u/S c6 th e' coi Iii : 

u du 
- ;::::::: - khi S zdS ~ 0. (4) 
S dS 

Theo dinh nghia gradient trvang vecto u trong 
m6i truang I ien tuc ta c6 : 

du _ 
1 - 1111 

dS 
(5) 

Ma triln 1 11 duoc gQi Iii ma ti··an gradien van toe 
chuye'n clich ngang, ma tran van toe chuye'n clich 
tvong doi, hoac ma tran Jacobi. Vecto n g6m cac 
eosin chi phuong cua AB : . 

X dx 
n, "" s dS va d y 
n, 

y 
:::::=: ____:__ 

s dS 

veri X"' dx vii y "'dy Iii chieu diii cua AB theo tru e 
X, y khi s"' dS ~ 0. 

Bi €u clien (5) clLra i clang nia tran ta c6 : 

C6 th ~ ph an tich .!" thanh t6ng cua ma tran 
tenso van toe bie'n clang E. va ma tran van toe 
xoay Q : 

J = [i:; ' i:: xy ] + [0 6 '"] = E + 6 
I I · · · 

cy.r c,, o .".\ 0 
(7) 

trong d6 : (0 ) .!. __!!_::_ + 0 u .1' 

E rx.= 2 OX oy = E rr' 

(8) 

Q II = .!_ [0 u .1' - 0 u,J = - 6 I ' .1' 

2 oy ox 

Da ch(rng minh duQc tenso van toe bie'n dang E. 
khOng phu thuOc viio su tinh ti e'n cua he toa do va 
anh hua ng khong dang ke' viio phep xoay toa d6 ; 
ma tran van t6c-xoay 6 khong phu thuOc vao phep 
tinh tie'n h~ tQa do. -

Do nhu·ng Li'U die'm tren cua tenso van toe bi e'n 
clang ngu(Ji ta thli'Ong Sll' clung CaC tham SO tinh tlr 



cite thanh ph an ci:ta n6 de' mo ta bie'n dang be m~t 
vo Trai Dat : van toe dan no theo true X, y ( I) : i ,, 
i,., van toe bie'n dang truQ't (2) :Y.n·. Tv nhu·ng van 
toe bie'n dang co ban nay ta c6 the xac dinh them 
mot so van toe bie'n dang khac nhu van toe tru·ong 
no (hoac co ng6t) di~n tich : 

(9) 

viln tOC dan nO (h O~lC nen ep) 16n nhat i'max , nho 
nhat i

111
;

11
, van toe bie'n d ~ng truqt theo nhfrng g6c 

dac bi~t: y1 ,y~ van toe bie'n d~ng truqt 16n nhat : 
Ymax , nho nhat : Ymin · Theo [8 , 91 cong thfrc chung 
de' tinh van toe dan no (nen ep) theo phuong vi a Iii: 

i;a = i,s in2a+ 2i ,-" cosasina + 
. ? +£\' cos- a (I 0) 

v6i a Ia phuong vi cua v[ tri kho i dau cua phan tu· 
(vat the nh6 tuy y) so v6i true y, vii van toe bie'n 
dang twot (cung theo phu·ong vi a) : 

y a = ( £, - i , ) sin 2a - 2 i; ,,. cos 2a ( II) 

Gia tri i; ma' ' i· mi" dU'Q'C tinh theo cong th(rc : 

( I 2) 

Phuong cua chung duqc xac dinh tv ( I I) vii 
vuong g6c v6i nhau. 

y1 Ia van toe thay d6i cua g,6c vuong tao boi cac 
canh c6 plwong ray bttc vii dong bac , vii y2 Ia van 
toe thay d6i cua g6c vuong tao boi cac canh c6 
pllll'ong dong va nam. Gift tri ci'ta;i, vii Y2 dUQ'C xac 
dinh bang dtch thay Ian luot a = -45° vii 90° vao 
( I I ) : 

( 13) 

r. . duoc x£tc dinh theo cong thfrc sau : 
!ll<l .\ , llll ll . . 

(1 4) 

Phuong cua van toe bi e'n dang tnr<;it 16n nhat Ymax 

dLrQ'C tinh tlr ( I I). C6 the chi ra phuong cua Ymax va 
Ymin Ia vuong g6c v6i nhau va chia doi g6c vuong 
tao bai cftc duong phuong cua i;max ,i;min , c£tc duong 
phuong nay duoc cac nha dia chan goi Ia cac true 
T vii P tuong frng_ll31 . 

Cac van toe bie'n dang neu tren c6 the' dU'Q'C xac 
dinh trli'C tie'p tlr cac tri do j8, 121 hO~G llrViln toe 

chuy€n d[ch ngang 161. Tu· van toe chuyen dich 
ngang, cac thanh phan cua ma tran grad ien van toe 
Chuyen dich ] 11 Se dUQ'C XaC dinh th eO tlrng tam 
giac va duqc quy ve trong tam cua tam giac d6 v6i 
gia thie't van toe bi e'n dang Ia dong nhat trong mot 
tam giac. Nhu vay gia tri tinh duqc cua cac van toe 
bie'n dang doi v6i tung tam giac se ph{m anh khftch 
quan vii chi ti e't ha n thuc trang bie'n dang cua toan 
bo khu vvc nghien cult. 

Xet du6i g6c d<;J tinh toan , tren co so cac loai 
tr! do cua lu6i mat bang (toan canh, g6c-canh , toan 
g6c) c6 the xe'p cac van toe bie'n dang tren theo cac 
nh6m tuong duong nhu sau 161 : 

1) Nh6m tham s6 "gradien" gom bon phan tt1 
cua ma tra·n 111 . 

2) Nh6m tham s6 "gia tri rieng" duoc tao •nen 
boi i;"'"', i;min phuong .vi a cua i;min ho~c i;tn'ax' va 
n ,v · 

. 3) Nh6m tham s6 "ky thuat" c6 Y1, y2, 6. vii 
n ,r . 

Nguoi ta su· dyn g cac van toe bie'n dang trli'ot 
;i,, r2 cua nh6m tham so "ky thuat" doi vai cac 
Iu·6i tam giac do toan g6c, khi d6 kh6ng xac dinh 
duqc cac van toe ~wong n6;., va van toe xoay n,v· 
Day cling chinh Ia nh6m tham ,so duqc siX dyng M 
xi1 Iy so Ii~u do Iu6i Thac Ba - Yen Bai , se n6i t6i 
a muc III . Hai nh6m tham so "gia tri rieng" va "ky 
thuat" deu tach van toe xoay r~ khoi cac van toe 
bie'n dang khac. Van toe xoay nhieu khi duoc xac 
dinh v6i dt) chinh xitc thap ho~c khong xac dinh 
duqc do tw6c day tr! do phu·ong vi thien van 
thuoilg it duqc quan tam t6i trong lu6i nghien cfru 
bie'n dang . Ngay nay kh6 khi'm nay da dL[qc khac 
phuc nho vao SU' phat tri €n frng dung cua cong 
nghe GPS. 

Y nghla kie'n t~o vat ly ci'ta cac van toe· b'ie'ri 
dang twot ;i, , Y2 ctuoc mo ta theo hinh 2 (tren ctl 
so !61 c6 sua d6i) nhu sau. Van toe bie'n dang tqrqt 
Y1 bieu thi SU' thay cl6i CUa g6c VUOng tao boi ,' cac 
canh c6 phuong tay bac va doi1g bk Van toe; ~i ~n 
d<;tng truqt r2 bie'u thi su· thay d6i cua goc ~uo~g 
tao boi cac canh c6 phuong dong va nam. Theo 1110 
hinh truqt don gian, doi v6i du't gay phuong tay 
bac- dong nam, gia tri y1 dut1ng bieu thi truc;t bang 
phai, gia tri y1 am bie'u thi twqt bang trai. Nguqc 
Iai doi v6i dfrt gay phuong dong bac - tay nam. 
Tuong tu trong mo hinh trli'Q'l thuan tuy theo 
phuong dong bac - tay nam , gia tri y2 duong bi e'u thi 
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Hinh 2. y nghla hinh hoc cua van t6c tnrQ't Yt, Yz 
Van t6c Yt duang bi ~u thi van t6c tang len cua g6c vuong c6 canh gach net a) va Ia van t6c (ttl' tren xu6ng 

du6'i) : I) tfU'Q't bang phai CLJa dfrt gily phuang tay bac, 2) lrtrQ't bang trai cua dfrt gily phuang dong bac, 
3) nen ep theo phuang bac - nam. Van t6c tfU'Q't Y2 duang bi ~u thi van t6c tang len cua g6c vuong c6 canh 
gach net b) va Ia van t6c (ttl' tren xu6ng du6' i) : I) trtrQ't bang tri'ti cua dfrt gily phuang bftc- nam, 2) trtrQ't 

bang phai cua dfrt gily phuang dong- tay, 3) tach dan theo phuang dong bk - tay nam 

al)y1 > 0, a2) y1 < 0, bl )Y2 > 0, b2) y2 < 0 

tach dan dfrt gily thu£m, gia tri y2 am bi~u thi nen 
ep dfrt gily cham nghich ho[tC u6n ne'p hoac Ca hai. 

C6 th~ th a'y Slr dung cac tham s6 xac dinh tlr 
thanh phan cua tenso van t6c bie'n dang M mo ta 
chuyen djch bien d:;mg v6 Trai Da't c6 nhieu IQ'i the' 
so vai phuong phap dung vecto chuyen djch. Gia 
tri CUa Chung bat bie'n d6i vai SU tjnh tie'n h~ t9a do 

' va hau nhu khong thay d6i d6i vai sai -s6 nh6 cua 
phep xoay t9a do. cac gia tri van t6c bie'n dang 
dLrQ'C tinh cho rieng tung tam giac va dtrOC gan cho 
di~m trong tam nen mai1g tinh khach quan han d6i 
v6'i su phan b6 tu nhien cua bien d <;~ng va chuy~n 
dich khu vue nghien cfru. Day cilng chinh Ia ly do 
tai sao lllO hinh tinh v~n t6c bie'n dang nay duac ap 
dung trong cftc phan mem xi'r I)' s6 li ~u trac dia do 
l~p phuc vu nghien cfru bie'n dang. 

Ill . U'NG DUNG MO HiNH THAM so BIEN 
DANG 2 CHIEU DE DANH GIA CHl.l'l:'EN 

DQNG NGANG DUT GAY SONG HONG KHU 
Vlj'C THAC BA-YEN BAI 

S6 li ~u do lilp lai ci.ia lu6'i Thac Ba - Yen Bai 
ma r¢ng bao gom tri do huang nam 1963, tri do 
huang nam 1983 va tri do GPS thang 10/ 1994. Do 
chinh xac cua cac tri do huang duoc danh gia Ia 
tuong tu nhau trong ca hai chu ky va dat ±0,70". 
Cac tri do GPS tren lua i Th ac Ba - Yen B~ti m6 
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rong : I 0 di ~m tam giac Nha nuac, 8 diem b6 
sung va 2 di~m eLla lu6'i ngh ien cfru dia d<;>ng Iuc 
Nam va Dong Nam A (hinh I ) dUQ'C Xlr 15' bfmg t6 
hQ'p phan mem GAMlT/GLOBK dat sai s6 tuang 
d6i do canh ye'u nh a't Ia 10 ·7. 

Sau khi dung kie'm dinh th6ng ke khi - binh 
phvong de kiem tra cho tha'y cac chuoi s6 li ~u tren 
khong chfra sai s6 tho, cac tri do huang nam 1963 , 
1983 va tr! do GPS thang 10/1994 da duoc Xlr ly 
theo phuong an binh sa i tu do. Ke't qua thu dUQ'C : 

1. Gi8 tr! v;Jn Me bien d{Jng trlf(Jt 

a) V~n t6c bien dang trUQ't trung binh ~ua cii lu6'i : 

y1 = - 0,019 ± 0,055 ~trad/nam 
va r2 = -0,094 ± 0,060 w ad/nam. 

b) van t6c r1 va r2 cua tung tam giac (bang 1). 

c) Van t6c bie'n dang trUQ't CU'C da i Ymax va 
phuang cua chung d6i v6'i cac tam giac cua Ju·ai 
dtrQ'C bi~u dien tren hinh 3 . 

2. D,1nh giii de kei qua tinh twin 

Til gia trj sai s6 trung phvong trung binh cua 
van toe bie'n dang trvot y 1 , y 2 (bang I) va frng vai 
xac sua't 95%, da tinh dtrQ'c sai s6 trung binh "gia i 
han" cua Yt · Y2 khu VU'C Thitc Ba- Yen Bai' !a 0,6 
wad/nam. Nhu vay frng v6i mfrc xac sua't 95 % c6 
th~ suy ra hai nhan dinh tuang duong sau : 



- Kh6ng c6 bie'n dang trli'Q't voi van t6c tren 0,6 
w ad/nam (Iuong duong voi van t6c chuyen dich 
ngang 6 mm/nam tren 10 km). 

- C6 the ky vong van t6c bie'n dang trli'Ot cua 
DGSH tai khu vue nghien cfru chi trong khoang 
0,6 wad/nam. 

Tuy nhien duoi g6c d6 hoat dong dfrt gay, ttl 
van toe y1 c6 gia trj duang tai 7 trong 10 tam giac 
va thong qua phua ng cua v~n t6c bie'n dang truat 
cue dai Ymax cua ba tam giac n.lm ke DGSH (hinh 
3) c6 the' cho phep ke't Juan xu the' lrLrQ't phai cua 
DGSH. Nhan xet nay phu hQ'p voi cac ke't qua 
nghien cfru dja chat tai khu vue. 
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+ ymax= (3 +/-1) x 10 rad/nam 

(xac suat 95 %) 

105 00 

Tam giac Y! rwad/namj Y2 [~trad/nam j 

KTM-N NA-CHU 
CHU-NNA-VUA 
CHU-CDU-KTM 
MEN-CHU-VUA 
CDU-CHU-MEN 

NGD-VUA-MEN 
CDU-MEN-NLA 
NNS-NG D-MEN 
DEN-NNS-NGD 
NLA-ME -NNS 

0,284 ± 0,278 

0,133 ± 0,275 
0,033 ± 0,124 

- 0, 161 ±0,186 

- 0,057 ± 0,168 

0,14 1 ± 0,169 
0,203 ± 0,323 

- 0,1 I 8 ± 0, 179 
0,024 ± 0,149 
0,222 ± 0,265 

10 km 

I~ 

0,070 ± 0,283 
- 0,094 ± 0,301 
- 0,023 ± 0, 140 
- 0,150 ± 0,155 

- 0,128 ± 0,130 

- 0,004 ± 0, 136 
0,204 ± 0,299 

- 0,168 ± 0,144 
-0,239 ± 0,226 

0,628 ± 0,474 

I 
105 30 

Hln h 3 . Sa do van t6c bie'n dang truat cue dai Ymax cua cac tam giac trong luoi nghien c(ru bie'n dang. 
Cac Elip tin cay voi mfrc xac sua't 95 %. Cac vong tron t6 den bieu thi vi tri cac thi xa (hlnh f;) 

KifT LU~N 

Thieh t:rng v6i ba chuoi so li¢u do l ~p 1963 -
1983 - 10/ 1994, mo hinh tham so bie'n dang 2 ehieu 
da duQ'c ap dung thanh cong de danh gia chuye'n 
djch bie'n dang ngang DGSH khu vue Thac Bit - Yen 
Bai. Tlr nhfrng ke't qua thu duoc, c6 the' nh~n dinh ve 
chuyen dong hi ~n dai v6 Trai Dat DGSH khu vue 

Thac Ba - Yen Bai tCr 1963 de'n 1994 nhv sau : frng 
v6i mfrc xac suat 95 % khOng phat hi¢n tha'y van toe 
bie'n dang trli'Q't Ion han 0,6 ~rad/nam (tuang frng 
v6i van toe chuye'n djch ngang 6 mm/nam tren I 0 
km). Hay n6i each khac ch·i c6 the' ky vong van t6c 
bie'n dang truQ't DGSH tai khu vue nghien c(ru n.lm 
trong khoiing til 0 Mn 0,6 wact/nam. 
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Sau dqt do GPS dau tien (I 0/1994) tren Ivai 

Thac Bil - Yen Bai mo rong, tu cuoi nam 1994 Mn 
nam 2000, da tie'n hanh them 4 dot do GPS d<;>c 
theo DGSH : thang T 1/ 1994, 4/ 1996, 11 / 1998 tren 

Ivai Tam D ao - Ba Vi , 11 /2000 tren Ivai Tam D ao 
- Ba Vi , 8 diem b6 sung cua lv6i Thac Ba- Yen Bai 
m6 rong (Ivai GPS Thac Ba) va di~m CAM cua Ivai 
nghien ClrU dia dong lvc Nam va Dong Nam A. Chat 
luang dtc trj do duqc tang len r6 r~t. Ket qua xi1 ly 
toan bo d ie so lieu GPS (tu 10/ 1994 de'n 11 /2000) 
cho thily DGSH khong chuy~n djch ngang manh 
han 2 mm/nam trong khoang thai gian tu 1994 de'n 
2000 [7 j . 

Bai bao nay duac hoan thfmh v6i sv tai trQ' cua 
Chuang trinh Nghien cfru ca ban. 
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SUMMARY 

Application of two dimensional strain model for 
estimating horizontal movements across 

Red River Fault 

The Red River Fault (RRF) is over 1,000 km 
long, running from Tibet plateau , through Yunnan 
(China) and North Vietnam into the Bac Bo gu lf. It 
plays an important role in the tectonics of Asia , 
dividing Sundaland from the south China block. 

Two dimensional strain parameters are revised 
and their app licat ion for estimating horizontal 
movements across RRF near Thac Ba-Yen Bai 
from 1963-1983-1994 geodetic time series is shown. 
At this time no va lue of shear strain rate larger than 
0,6 wad/yr can be found at 95% confidence. 

From a recent studies one can cdnclude that 
the RRF did not slip faster than 1 or 2 mm/year 
between 1994 and 2000. 
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