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Hién nay ton tai mét s6 mé hinh trwdong trong lwc toan cdu. Tir cdc mé
hinh nay c6 thé tinh dwoc di thwong trong lwe, di thwong do cao, do
léch day doi va thé trong trwong cua cdc diém. Van dé ddt ra la trén
khu vwc Bién Péng, mé hinh nao la chinh xdc nhdt? D€ gidi quyét vdn
dé nay, bai bdo da gi¢i thiéu 4 mé hinh trwong trong lwc toan cdu la
EGM96, EGM2008, GO_CONS_EGM_DIR 21, GOCE-DIR4 va cdch tinh di
thwong trong luc tir cdc hé sé diéu hoa cua cdc mé hinh nay. Cdc két
qud tinh di thwong trong lyc tir cdc mé hinh nay dwoc so sanh voi 28
158 s6 liéu do trong lwc bién trwc tiép. Két qua so sdnh cho thdy mé
hinh EGM2008 la chinh xdc nhdt trén Bién Pong. Di thwong trong lwc
tinh tir mo hinh nay c6 do léch chudn 4,9 mgal. Tuy nhién, trong do léch

di thwong trong lwc van con chiva sai s6 hé thong.

© 2016 Trwong Pai hoc M6 - Dia chat. T4t ca cac quyén dwoc bao dam.

1. bat van dé

Xac dinh hinh dang, kich thwéc va thé
trong trwong cta Trai dit 1a bai todn quan
trong cta Trac dia cao cip. Thé trong trudng
cda Trai dit 1a mot ham tich phan ba 16p va
phu thudc vao mat do vat chat trong long dat
va khong thé xac dinh dwoc mot cach chit ché
duwoc. DE khic phuc diéu nay, Laplace da dé
xudt phwong phap trién khai thé trong trueomg
vao chubi ham diéu hoa ciu (Bernhard
Hofmann, Wellenhof Helmut Moritz. 2005).
Theo phwong phap nay thi thé trong treong,
di thuwong trong luc, di thuwong do cao hay do
l1éch day doi ciia mot diém sé dwoc xac dinh
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néu biét cac hé sd cia ham diéu hoa ciu Som
va Com. Tt d6, cac nha trac dia trén thé gidi tap
trung di xac dinh cac hé sé cia ham diéu hoa
cau. M6i bd hé s6 khac nhau cho ta moét mo
hinh trweong trong lyc ctia Trai dat khac nhau.
Gan day, cung voi s phat trién khoa hoc va
cong nghé, dac biét la sy xuat hién cta do cao
vé tinh (Altimetry), cac chwong trinh vé tinh
trong lwc nhw CHAMP, GRACE, GOCE, nhiéu
mo hinh thé trong treong da dwoc xay dung.
Trong s6 d6, c6 thé ké tén cac mé hinh nhu:
EGM96, EGM2008, GO_CONS_EGM_DIR_2I,
GOCE-DIR4, ...

Cac nghién ctru gan day cho thdy mo hinh
EGM2008 t6t hon nhiéu m6 hinh EGM96; cac
mo hinh dwoc thanh 14p dwa vao sé liéu cia vé
tinh trong lwc GOCE c6 d6 chinh xac tét hon
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mo hinh EGM2008 & nhitng ving khong c6 s6
liéu do truec tiép.

Trén lanh tho Viét Nam, két qua nghién
ctru cho thiy di thwong dd cao xac dinh tir mé
hinh GO_CONS_EGM_DIR_2I dén cip va bic
240 c6 do chinh xac khong thua kém di
thwong do cao xac dinh ttr mé hinh EGM2008
(Nguyén Vin Sang, 2013). Vin dé dit ra la
trén Bién Pong, mo6 hinh trwong trong lyc nao
chinh xac nhit, phu hop nhit? Bai bdo sé tra
11 cAu héi nay bang cach tinh toadn di thwong
trong luc tir cic mo6 hinh va so sanh ching véi
két qua do trong lwc trwc tiép.

2. Mot s6 mo hinh trwong trong luwc

2.1. M6 hinh trwong trong Ilwc toan cdu
EGM96

EGMO96 (Earth Gravitational Model 1996)
1a m6 hinh trwdong trong luwc toan ciu do NASA
(National Aeronautics and Space
Administration) va DMA (Defense Mapping
Agency) xay dung nam 1996. M6 hinh c6 cac
hé s6 ham diéu hoa cau dén cip va bac 360. S6
liéu dau vao c6 st dung so liéu cua vé tinh do
cao GEOSAT. Cac tham s6 co ban cia mo hinh
nay la:

GM = 3986004.415E+08 m3/s2,

a=6378136.3m.

Cac hé so diéu hoa clia m6 hinh EGM96
dwoc chira trong file egm96_to360.ascii bao
gdm 65 338 dong, mdi dong c6 6 thanh phan:
(n, m, Com, Snm, 6Cnm, 0Snm) & dang format so
liéu (214, 2E20.12, 2E16.8). Trong d6 n, m 13
cip va bac ctia hé s6 diéu hoa; Cnm, Snm 12 gia
tri cda cac hé so diéu hoa; 0Cim, 0Sum la do
chinh xac cla cac hé s6 diéu hoa
(http://cddis.gsfc.nasa.gov/pub/egm96/gen
eral_info/)

2.2. M6 hinh trwong trong lwc toan cdu
EGM2008

EGM2008 (Earth Gravitational Model
2008) la mo6 hinh trwong trong lwc toan ciu do
NGA (National Geospatial-Intelligence
Agency) xay dung nam 2008. M6 hinh c6 cac
hé s6 diéu hoa dén cap va bac 2160 mé rong

dén 2190. Trong cac loai s liéu dwoc st dung
dé xay dwng mo hinh nay c6 s6 liéu ctia vé tinh
trong lwc GRACE (Gravity Recovery And
Climate Experiment), s0 liéu dia hinh mat bién
dong hoc DOT (Dynamic Ocean Topography)
va s0 liéu do cao vé tinh ctia nhiéu loai vé tinh
do cao. Cac hang s8 co ban ciia md hinh nay
gom:

Ban truc lén cua ellipsoid WGS 84, a
6378137.00 m;

D6 det cua ellipsoid WGS 84, f
1/298.257223563;

Hang s6 trong truong trai dat, GM
3.986004418 x 1014 m3/s?;

T6c d0 gbe quay cua Trai dat, w = 7292115
x 10-11 rad/s.
Cac hé s6 diéu hoa ctia md hinh EGM2008
dwoc lru trong file EGM2008_TideFree voi 2
401 333 dong, mbi dong c6 6 thanh phan (n,
m, Cnm, Snm, 6Cnm, 6Snm) va c6 dinh dang (215,
2D25.15, 2D20.10) (http://earth-
info.nga.mil/GandG/wgs84 /gravitymod/eg
2008/index.html).

2.3. Mé hinh trwong trong lwc toan cdu
GO_CONS_EGM_DIR 21

GO_CONS_EGM_DIR 21 la két qua san
phdm cip 2 cua vé tinh gradient trong luc
GOCE, 1a m6 hinh trwong trong lwc toan cau
dwogc xay duwng trén co s& str dung so liéu cla
gradient trong lwc vé tinh GOCE giai doan tuw
01-11-2009 dén 30-06-2010 (Bruinsma S.L.,
et al, 2010). Bic 1é6n nhit cia ham diéu hoa la
240. Mo hinh dwoc cong bo boi ESA. Cac thong
s6 co ban cia m6 hinh:

Hang s6 trong truwdng trai diat, GM
0,3986004415E+15 m3/sZ;

Ban truc 1én cia ellipsoid trai dat, a
0,6378136460E+07 m.

Cac hé s6 diéu hoa dwoc trinh bay trong
tép EGM_GOCE.txt bao gobm 29 161 dong, mdi
dong c6 6 thanh phan (n, m, Cam, Snm, 6Com,
6Snm) ¢6 dinh dang (215, 2D19.12, 2D11.8).

2.4. M6 hinh trwong trong lwc toan cdu
GOCE-DIR4
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GOCE-DIR4 ciing la san phdm cap 2 cta vé
tinh trong lwc GOCE, 1a mo6 hinh trwong trong
lwc toan ciu dwgc xay dung trén co sé so liéu
ctia GOCE giai doan tir 01-11-2009 dén 01-8-
2012. BAc cao nhit cia ham diéu hoa ciu la
260. Cac thong s6 co ban cia mé hinh:

Hang sd trong trwong trai dit, GM
0,3986004415E+15 m3/s2;

Ban truc lén cda ellipsoid trai dat, a
0,6378136460E+07 m.

Cac hé so diéu hoa dworc trinh bay trong
tép Goce_Dir4.txt bao gobm 34 191 dong, moi
dong c6 6 thanh phan (n, m, Cam, Snm, 6Cnm,
oSnm) c6 dinh dang (215, 2D19.15, 2D11.8)
(http://www.esa.int/SPECIALS/GOCE/index
html).

3. Xac dinh di thwong trong lwc tir cac mo
hinh trwong trong lwc toan ciu

Di thwong trong lwc cia cac diém dwoc
xac dinh tir cic hé s6 diéu hoa ctia mé hinh
trueong trong lwc toan cau theo phwong trinh:

ag=S13 (rj< )

Zn:(Cnym cosmi+S, , sinm )P, . (sing)

m=0
trong do:
GM - hing s0 trong trwong clia Trai dat;
r - khoang cach tir tAm trai dit dén diém xét;
a - ban truc 1én cua ellipsoid trai dat;

(1)

¢, A - toa dd cta diém xét;
C”'”‘, Sam hé s diéu hoa cip n, bic m;

Pun (SN @) ham Legendre chuin hoa, dwoc
tinh bang phwong trinh (Bernhard Hofmann,
Wellenhof Helmut Moritz. 2005):

_ o [-mpen+k 7L
an(sm ¢)_{ (n+m)! } an(sm ¢)! (3)

m

P,.(5in ¢) = (c0s )" (d¢)[n@m¢n. @

Da thirc Legendre P, (sin ¢) dwgc tinh theo
phwong trinh:
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1 d"
2"nld(sin ¢)"

R, (sin ¢) = (sin“¢-1)", (5)

4. So sanh két qua tinh di thwong trong lwc
tir cic mo hinh véi s6 liéu do trong lwce trwc
tiép

4.1. S6'liéu do trong lwc trwc tiép

SO liéu do trong luc truc tiép dwoc s
dung & diy la s liéu ctia 28 158 diém do trong
lwc bang tau trén vung bién xung quanh dao
Bach Long Vi, thudc Bién DPong. Cac diém do
tao thanh cac tuyén do doc, ngang hoac xién.
S8 liéu nay dwoc do truc ti€p bang may do
trong lwc ZLS Dynamic Gravity Meter D06 do
hang ZLS Corperation san xudt nam 2005,
dwoc thwe hién béi Phan vién Khoa hocbo dac
va Ban d6 phia Nam - Vién Khoa hoc Po dac va
Ban d6 - Bo Tai nguyén va Méi trwdng vao
khoang thoi di€ém tir thang 8 dén thang 12
ndm 2007 (Nguyén Phic Hong, 2013). Toa do
cda cac diém do da dwoc tinh chuyén sang hé
toa do phu hop véi cac mo hinh treong trong
lwc dwoc str dung. Do chinh xac do trong luc
truc tiép dat 1.9 mal.

202

20009 <

20°08' -,

20003

10739 107242 10745 10748

Hinh 1. Sor do cdc diém do trong lyc khu vuc
xung quanh ddo Bach Long Vi

bé danh gia do chinh xac ctia cac mé hinh
néu trén doi véi khu vuee Bién Dong, ching toi
tién hanh tinh toan di thuwdong trong lwc tir mo
hinh theo phwong trinh (1), bang chwong
trinh GeoEGM (Rene Forsberg, C.C.
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Tscherning, 2008) va so sanh véi so liéu do
trong lwc truc tiép.

Két qua so sanh dwoc trinh bay trén Bang
1. Trong d6: &g la chénh léch di thuwdong trong
lwc gitra két qua tinh tlr mo hinh trwdong trong
lwc va s6 liéu do truc ti€p; 6gmax la chénh léch
16n nhat; 8gmin 1a chénh 1éch nho nhit; 8gmean
12 chénh léch trung binh dwgc tinh bang
phwong trinh:

18
5gmean :_z®i ’
L Ry

nla sd diém so sanh (n = 28 158);
ogla dd léch chudn, dwoc tinh bang

(6)

phwong trinh:

1 .
O Z\/mg(@| _®mean) : (7)

Hinh 2 1a biéu d6 tin suit xuit hién cta do
léch di thwong trong luc tinh theo mé hinh
treong trong luc toan ciu va so liéu do truc
tiép. Tlr két qua so sdnh & Bang 1 va Hinh 2 ta
thay:

Do léch di thwong trong lwc cia mo hinh
EGM96, GO_CONS_EGM_DIR_2Iva GOCE-DIR4
so v&i so liéu do truc ti€p khong tuan theo luét
phan bé chuin cla sai s6 ngau nhién. Do 1éch
cia mé hinh EGM2008 tuin theo luit phin bé
chuan nhwng dinh cua d6 thi léch khoi truc
tung khoang 14 mgal.

Bdng 1. Két qud so sdnh di thwong trong lwe tinh tir cdc mé hinh trwong trong lwe toan cdu

v&i s6 lidu do truec tiép

M6 hinh Sgmax(mgal) | Sgmin(mgal) | §gmean(mgal) | 05 (Mmgal)
EGM96 41.5 -13.1 12.1 13.6
EGM2008 32.7 -1.9 13.4 4.9
GO_CONS_EGM_DIR_2I 58.1 -1.1 27.5 14.7
GOCE-DIR4 53.8 -7.9 21.5 15.7
skl 1 .: =
A I
: [N AN N
: I R I A
Lol \ |4
BLS \ o
-40 =20 a 20 40 (4] =20 b [i] 20 40
a a4 Wen (mgal) 5 kch (mgal)
] ] P
& :: f]\ & Fre \ ﬁ
I . \\ / \\
E oo ¥
3 MR ER 3 T v\
RSN AR
e 1 3
-&0 =20 0 20 &0 (=) 40 -20 i 20 40 a0
¢ 85 lch (mga) d 95 kch (mgal)

Hinh 2. Biéu do tdn sudt xudt hién cta d6 1éch di thwong trong lwce ctia cdc mé hinh so
v&i sé liéu do tryec tiép: a) M6 hinh EGM96; b) M6 hinh EGM2008; ¢) Mé hinh
GO_CONS_EGM_DIR_21; d) M6 hinh GOCE-DIR4
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Ca bén mo hinh déu c6 gia tri d6 1éch trung
binh (8gmean) 16n chirng to gitra két qua tinh tir
mo hinh trwong trong lwc va két qua do truc
ti€p van con chira sai s6 hé théng. Cin nghién
clru tim ra sai s6 hé théng nay va cé bién phap
dé hiéu chinh trwéc khi st dung két hop hai
loai s6 liéu nay.

Két qua so sdnh ciia m6 hinh EGM2008 c6
d6 1éch chuin nho nhit (4,9 mgal) chirng to
mé hinh EGM2008 trén Bién Déng phu hop
nhat, chinh xac nhit, pht hop hon ca cac md
hinh c6 str dung sé liéu trong lwc vé tinh GOCE.
biéu nay dwoc ly giai 1a do mé hinh EGM2008
da str dung s6 liéu do cao vé tinh cia nhiéu loai
vé tinh do cao nén mo hinh nay rit phu hop
trén bién ndi chung va Bién Pong néi riéng.

Hai m6 hinh trwong trong luc dwoc xay
dwng tlr s6 liéu cta vé tinh trong lwc GOCE la
GO_CONS_EGM_DIR_2I va GOCE-DIR4 c6 do
chinh xac twong dwong nhau, thé hién & do
léch chuin twong &ng la 14.7 mgal va 15.7
mgal.

5. Két luin

Gitra di thwong trong lwc tinh tir mo hinh
treong trong lwc toan cau va két qua do truc
ti€p van con chira sai s6 hé théng. Can loai b
sai s6 nay trwédc khi st dung két hop hai loai
s6 liéu nay.

Do léch di thwong trong lwc cia mo hinh
EGM96, GO_CONS_EGM_DIR_2Iva GOCE-DIR4
so v&i so liéu do tryc ti€p khong tuan theo luét
phan bd chuin cla sai s6 ngau nhién.

Trén Bién Pong, md hinh trwdng trong luc
toan cau EGM 2008 1a mo hinh chinh xac nhat,
phu hop nhat, di thwong trong lwc tinh tir mo
hinh nay c6 dé léch chuin 4,9 mgal.
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ABSTRACT

Consideration of accuracy of some Earth Gravitational Models in the
East Sea

Sang Van Nguyen
Hanoi University of Mining anh Geology, Vietnam

There are several earth gravitational models (EGM). Gravity anomalies, vertical deflections,
and gravity potential can be computed from these models. The question arises which model is
the most accurate model in East sea. To answer this question, the paper presents four earth
gravitational models: EGM96; EGM2008; GO_CONS_EGM_DIR 2I; GOCE-DIR4. The
computational method of the gravity anomalies is achieved from the gravitational coefficients
of the spherical harmonic function. These computed results of the gravity anomalies from the
earth gravitational models are compared with the marine gravity observations. The results of
comparison show that the Earth Gravitational Model 2008 (EGM2008) is the most accurate
model in the East Sea. The computed gravity anomalies from this model have standard
deviation of 4.9mgal. However, the gravity deviations contain the system errors.
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