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Tém tiit:

Muc dich cia nghién ciru nay la xdac dinh sy khdac nhau gitka di thuwong do cao va dé cao geoid &
Viét Nam. Cdc cong thirc tinh toan di thuwong do cao, dé cao geoid va sy khdc nhau giita chung da dwoc
tim hiéu. Thuc nghiém dwoc tién hanh trén khu vuc Viét Nam c¢6 gidi han do vi B: 8°N - 24°N; d¢ kinh L.
102°E - 114°E véi 56 liéu tir mé hinh truong trong luc toan cau SGG-UGM-2 va mé hinh dia hinh ETOPOI.
Két qua thiee nghiém cho thdy: Trén khu vue nghién ciru, dé cao geoid tang dan theo heéng Tay Bic -
Péng Nam, ¢6 gid tri dm & phia Tdy Bac, gid tri dwong & phia Péng Nam, va cé gid tri nhé hon di thuong
do cao. Sw khac nhau giita di thwong do cao va do cao geoid bién thién tir 0 dén 0,445 m, ¢6 gid tri co
decimet & cdc khu viee mién mii, ¢6 gid tri nhé ¢ centimet va nhé hon ¢ cdc khu viee dong bang, va cé gida
tri bang khong trén Bién Péng. Nghién ciru ndy cung cap nhitng hiéu biét vé sw khdc nhau giita geoid va
quasigeoid trén lanh thé va lanh hai Viét Nam.
Tir khéa: Di thuong do cao, D9 cao geoid, Su khdac nhau giita geoid va quasigeoid. )
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Abstract:

The purpose of this study is to determine the difference between height anomaly and geoid height
in Vietnam. The formulas for calculating height anomalies, geoid heights and the differences between them
have been studied. The experiment was performed in the Vietnam area with latitude limit: 8°N - 24°N;
longitude: 102°E - 114°E with data from the global Earth Gravity Model SGG-UGM-2 and the Terrain
Model ETOPOI. The experimental results show that: In the study area, the geoid height increases
gradually in the Northwest - Southeast direction, has a negative value in the Northwest, has a positive value
in the Southeast, and has a value smaller than the height anomaly. The difference between the height
anomaly and the geoid height varies from 0 to 0.445 m, with decimeter-scale values in mountainous areas,
centimeter-scale values and smaller in plain areas, and zero over the East Sea. This study provides an
understanding of the differences between geoid and quasigeoid in the territory and territorial waters of
Vietnam.
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1. Giéi thi¢u

Hién nay, trén thé gi6i, hai loai d6 cao dugc st dung phd bién 1 d6 cao chinh va do
cao chuin. P9 cao chinh ¢6 mat khoi tinh 1a geoid. Do cao chuin c¢6 mat khoi tinh 1a
quasigeoid. Khoang cach tir geoid dén mit ellipsoid 1a d6 cao geoid. Khoang cach tir mit
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quasigeoid dén ellipsoid bang v&i di thudng do cao. Nhu vay, su khac nhau giita di thuong
dd cao va do cao geoid tuong trng véi su khac nhau gitra d6 cao chuin va do cao chinh,

va cling twong ing vai sy khac nhau gitra quasigeoid va geoid.

Trén thé gioi, & nhiéu nude Chau Au, d6 cao chuin duge duoc vu tién sit dung hon
d6 cao chinh. Co s¢ ly luan cho sy lya chon nay dugc cho 1a trong hé théng d6 cao chinh,
khong thé biét dugc do cao geoid hay d6 cao chinh véi do chinh xac dén tung centimet
vi ngudi ta s€ can biét mat do khéi lugng dia hinh dén murc khong bao gid co thé dat duoc

[1]. Trong khi do, cac nude phuong Tay thi thuong dung do cao chinh.

C6 nhiéu cong trinh nghién ctru su khac nhau gitta geoid va quasigeoid: Trong tai
liéu [2], cac tac gia chi ra rang khoang cach gitra geoid va quasigeoid thudng & muc vai
decimet nhung c6 thé dat t6i gin 3m trong nhing trudng hop dic biét. Xac dinh sy khac
nhau gitta geoid va quasigeoid véi d6 chinh xac dén cm hodc cao hon 1 can thiét dé hién
thuc cac hé quy chiéu do cao qudc gia va qudc té ciing nhu dé xac dinh do cao chinh xac
trong k¥ thuat trac dia. Pong gép 16n nhat vao sy phan tach geoid-quasigeoid 1a do su
phan b cta cac khéi dia hinh. Do 10n ctia su phéan tach geoid-quasigeoid va do chinh xac,
do dbc, do nham va mdi tuong quan véi chiéu cao dugce cac tac gid phan tich. B chinh
xac cua sy dong gop cua dia hinh vao su phan tdch geoid-quasigeoid trong nghién ctru
nay dugc udc tinh 1a 2-3 cm ddi véi cac khu vuc ¢ dia hinh phtc tap. Trong luc va
gradient trong lyc thang ding bén trong cac khdi dia hinh va trong lyc trung binh doc
theo dudng stc 14 cac dai lugng trung gian quan trong dé xac dinh sy phéan tach geoid-

quasigeoid;

Trong tai liéu [3], cac tac gia chi ra rang: geoid (chtr khong phai quasigeoid) 1a bé
mit dang thé trong truong ciia Trai dat, vira co thé dong vai tro 1a s6 liéu gde trac dia vira
1a b& mit tham chiéu trong dia vat Iy. N6 ciing 1a bé mat bang “0” tu nhién, vi no phu hop
v6i muc nude bién trung binh. PO cao chuin va quasigeoid co thé dugc xic dinh ma
khong can bét ky thong tin ndo vé phan bd mat do vat chat cua Trai dat, diéu nay khong
xay ra ddi v6i do cao chinh va geoid. Su khac biét giita d6 cao geoid va quasigeoid, co

thé dat dén 5 m.

Vi can biét mat do khéi lugng dia hinh nén trong nhiing nd luc xac dinh d6 cao

chinh, voi1 cac céach tinh khac nhau, nguoi ta con dua ra nhirng khai niém do cao chinh
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nhu: dd cao chinh nghiém ngat (chat ch€); do cao chinh Helmert (Helmert 1890); dd cao
chinh Mader (Mader 1954); @6 cao chinh Neithammer (Neithammer 1932); va do cao
chuén-chinh [4]. Nghién ctru nay ciing khuyén nghi ¢ Uc thi viéc hién thuc hoa hé théng
d6 cao chuén sé& 12 lya chon tot nhét. Trong [1] cling chi ra réng: su khac biét gitta d6 cao
chuén va do cao chinh cua Helmert tai cac diém mdc thuy chudn nim trong khoang tir
—9.5 cm dén 0 cm, su khac biét gitra do cao chinh cua Helmert va d¢ cao chinh nghiém

ngit khac nhau trong khoang —3,6 d&én 1,1 cm.

Trong nghién ctu [5], céc tac gid nghién ciru ¢ khu vyc Himalaya va Tay Tang,
thdy rang su phéan tach giita geoid va quasi-geoid tdi da dat t6i —4,06 m. Sy phan tach
geoid va quasi-geoid phu thudc vao do phan giai ciia cdc mo hinh trong luc va dia hinh
da sir dung. Két qua cling chi ra rang su thay d6i mat do dia hinh trong trim tich va da
gbc cling 1am thay d6i sy phan tach geoid va quasi-geoid & muc 5%. Tuy nhién, khia canh
nay van con mo dé phan tich sau hon, bdi vi cac mo hinh mat do vo luc dia hién c6 do
phan gidi va do chinh xac thap. Nghién ctru chimg minh rang hi¢u chinh dia hinh hinh
cau trung binh phai duoc ap dung thay vi hiéu chinh mit phing trong cac phuong phap
ciia Mader, Niethammer hodc Wirth dé chuyén ddi chinh xac gitra d§ cao chuan va do

cao chinh.

O Viét Nam, chwa c6 nhiéu nghién ciru ddy du, chi tiét vé sy khac nhau giita geoid
va quasigeoid. Theo [6], tai khu vuc mién Bic Viét Nam, chénh 1éch gitta geoid va
quasigeoid c6 thé 1én dén £15 cm. Nghién ciru [7] ciing cho thdy & viing dong bang song
Cuu Long, sai khac nay la dudi 10 cm. Trong tai liéu [8], tdc gid da trinh bay cac nghién
ctru 1y thuyét vé sy khac nhau giira do cao geoid va quasigeoid. Nghién ctru ciing khing
dinh viéc tinh toan chinh xdc gia tri nay la kho khan. Tuy nhién, nghién ctru nay chua
thuc nghiém tinh toan sy khac nhau gitra 4o cao geoid va quasigeoid ¢ Viét Nam. Trong
bdi canh do, bai bao nay tap trung nghién ctru sy khac nhau giita d6 cao geoid va di

thudng do cao, cling chinh la sy khac nhau gitra geoid va quasigeoid ¢ Viét Nam.

2. Khu vie va s liéu nghién ciru

2.1. Khu vwc nghién cuu

Khu vye nghién ctru 1a lanh thd va lanh hai Viét Nam, gidi han do vi B: 8°N - 24°N;
d6 kinh: 102°E - 114°E (xem Hinh 1). Pay la khu vuc c6 dia hinh da dang va phuec tap,
v6i su két hop gitra ndi cao, trung du, dong bang va ving ven bién. Dia hinh chu yéu 1a
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d6i nui, chiém khoang 3/4 dién tich ca nudc, trong d6 phan 16n 12 nai thap. Khu vyc mién
nai phia Bic ¢6 cac ddy nui cao va hiém trd nhuw Hoang Lién Son vé6i dinh Fansipan cao
3.143 m [10]. Mién Trung c6 dia hinh hep ngang, bi chia cit manh bdi cac diy nui chay
gan ra bién, tao nén nhiéu eo bién, déo cao nhu déo Hai Van. Pong bang tap trung chii
yéu & hai ving chu thé 16n 12 dong bang Song Hong va déng bang Séng Ciru Long, véi
dia hinh tvong d6i bang phang [11]. Pong bang ven bién dai hon 3.200 km. Sy da dang
vé dia hinh s& anh huong dén sy khac nhau gitra geoid va quasigeoid trén khu vuc nghién
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Hinh 1. Khu vuc nghién ciru va so liéu nghién ciru

2.2. 86 liéu nghién ciru
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Trong nghién ciru ndy, s6 liéu ciia mo hinh truong trong luc toan cau SGG-UGM-

2 duogc sir dung. SGG-UGM-2 duoc xay dung va cong bd vao nim 2020 bang cach két

hop nhiéu loai dit liéu vé tinh va mat dat nhu: dit liéu tir mé hinh EGM2008, dit liéu trong
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luc trén dat lién va trén bién, dit lidu trong luc tir vé tinh GRACE, dir liéu gradient trong
luc v€ tinh GOCE va dir li¢u do cao v¢€ tinh. M6 hinh nay dugc xay dung 1én dén do va
bac 2190. So véi dir liéu GNSS-Levelling ¢ Trung Quéc va Hoa Ky, dd chinh x4c cua
SGG-UGM-2 t6t hon cac mé hinh trude d6 [12].

S liéu dia hinh dugc 14y tir ETOPO1. P4y 1a mé hinh dja hinh toan cau do phan
giai 1 x 17 ctia bé mat Trai dat tich hop dia hinh dét lién va d6 sau dai dwong. N6 duoc
xay dung tir nhiéu tap dir liéu toan cau va khu vuc. Cac nha khoa hoc str dung cac ban d6
c¢6 d6 phan giai cao nhu ETOPO1 d¢é cai thién do chinh xac trong dy bio, mé hinh héa va
canh bao song than, dong thoi dé ting cudng mé hinh hoa lwu thong dai duong va hinh

anh hoa Trai dat [13].
3. Phwong phap nghién ciru

Theo tai liéu [9], [14], ta c6 mdi quan hé giita dd cao geoid N va di thudng d6 cao

€ nhu sau:

A
N=N0+c+$h 1)

v6i: Agpg 1a di thuong trong luc Bouguer; 7 14 trong luc chuan trung binh; véi Ny =

GMT_;;MO - WO;UO goi 1a dai lugng murc "0”. Pai lugng nay chi ton tai khi Ellipsoid tham

chiéu va Ellipsoid chuan khac nhau. Trong trudng hop Ellipsoid tham chiéu trung véi

Ellipsoid chuan thi NO = 0.
Thé nhidu T dugc tinh cong thuc sau [9], [14]:

B r

T=W-U
)

(g)n ZO(Cnm COS( m)') + Snm Sin( mﬂ))an (Slfl (p)

n=2
Dj thuong d6 cao duoc xac dinh theo thé nhidu T bing cong thirc tong quat cua
Bruns nhu sau:

T —W, —U)
¢= Y

)
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trong d6, WO 1a thé trong truong thuc ctia mit geoid toan cau; U0 1a thé trong truong

chuén cua mat ellipsoid; y 1a trong luc chuén tai diém xét.
Thay cong thire (2) vao cong thirc (3) ta co [15]:

)

n=2

_GM

{_r.y

(g)" Z (Crm cos(mA) + Sy sin(mA)) By (siii @) 4)
m=0

Két hop cong thic (4) va (1) ta c6 cong thic tong quat xac dinh d6 cao geoid tir cac

hé s6 ham diéu hoa cau nhu sau:

GM [ /ot
N =N, + W Z (;) z (Cypm cos(mA)
n=2 m=0 (5)
= . = _ Agp
+ Spm Sin(mA)) B, (st @) | + =2 h

Theo [9], [14] ta c6 cOng thiic téng quat xac dinh di thuong trong luc khong khi tu

do (Free-air) tur cdc h¢ s6 ham di€u hoa cau cia mo hinh thé trong truong toan cau cod

dang:
GM [xO jayn
Ag =Ag0+r—2 Z(F) (Tl
n=2
. (©)
- 1) z (Cpm cos(mA) + Sy sin(ma)) By (sii @)
m=0
Trong do:
GM - GMO Z(WO - Uo)

A4go = — 7+ (7)

r r

Trong céc cong thirc trén, GM 1a hang s6 trong trudng dia tim cta Trai Dat; GMO
1a hang s6 trong truong dia tdm cua ellipsoid tham chiéu qudc té; r 1a ban kinh dia tam
cia diém xét; y la trong luc chuan tai diém xét; a 1a ban kinh ban truc 16n cua ellipsoid;
®, A 1an luot 12 vi d6 va kinh do dia tim cta diém xét; Cp,y, va S,y 1an luot 12 cac hé sb

di€éu hoa cau cua md hinh thé trong truong toan cau da dugc chuan héa day du;
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P, m(stii @) la ham Legendre két hop d3 chuan hoa; Ag0 1a dai lwong muc "0” cua di

thuong trong luc .
Di thuong trong luc Bouger trong cong thirc (1) dugc tinh theo cong thirc [14]:
Agg = Ag — 0.1119h (8)

4. Két qua tinh toan va thio luin

4.1. Két qua tinh sw khdc nhau gitra di thwong dj cao va dp cao geoid

Theo 1y thuyét d trinh bay & trén, cing v6i sy hd trg cia phan mém duoc cung cip
boi ICGEM [16], chiing t6i da tinh toan dd cao geoid, di thuong do cao va sy khac nhau
giita chung trén khu vyc nghién ctru & dang ludi 6 vudng véi kich thude mat ludi 1°x1°.
Do s6 lugng cac diém tinh rat nhiéu nén ching toi chi trich trinh bay mot s6 diém minh
hoa trong Bang 1.

Bdng 1. Két qua tinh d6 cao geoid, di thwong dé cao va sw khdc nhau giita ching trén khu viec nghién civu

STT L) B (9 h (m) ¢ (m) N (m) N-{(m)
1 102.0000 24.0000 1888 -33.795 -34.147 -0.353
2 102.0167 24.0000 1965 -33.776 -34.117 -0.340
3 102.0333 24.0000 2111 -33.777 -34.095 -0.319
4 102.0500 24.0000 2103 -33.781 -34.086 -0.305
5 102.0667 24.0000 1709 -33.784 -34.089 -0.305
6 102.0833 24.0000 1476 -33.809 -34.103 -0.294
7 102.1000 24.0000 1308 -33.843 -34.123 -0.280
8 102.1167 24.0000 1282 -33.873 -34.144 -0.271
9 102.1333 24.0000 1213 -33.895 -34.160 -0.265
991 102.4667 23.9667 2221 -32.661 -33.092 -0.431
992 102.4833 23.9667 2172 -32.641 -33.079 -0.438
993 102.5000 23.9667 2012 -32.627 -33.071 -0.444
994 102.5167 23.9667 2000 -32.629 -33.067 -0.438
995 102.5333 23.9667 1989 -32.634 -33.062 -0.428
996 102.5500 23.9667 1967 -32.641 -33.057 -0.416
997 102.5667 23.9667 1890 -32.646 -33.049 -0.403
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STT L) B (9 h (m) ¢(m) N (m) N-{(m)
998 102.5833 23.9667 1871 -32.651 -33.041 -0.390
999 102.6000 23.9667 1917 -32.655 -33.035 -0.380
189431 108.6167 17.4500 0 -13.006 -13.006 0.000
189432 108.6333 17.4500 0 -12.926 -12.926 0.000
189433 108.6500 17.4500 0 -12.846 -12.846 0.000
189434 108.6667 17.4500 0 -12.765 -12.766 0.000
189435 108.6833 17.4500 0 -12.685 -12.685 0.000
189436 108.7000 17.4500 0 -12.606 -12.606 0.000
189437 108.7167 17.4500 -12.527 -12.527 0.000
189438 108.7333 17.4500 0 -12.450 -12.450 0.000
189439 108.7500 17.4500 0 -12.374 -12.374 0.000
189511 109.9500 17.4500 0 -7.341 -7.341 0.000
189512 109.9667 17.4500 0 -7.290 -7.290 0.000
189513 109.9833 17.4500 0 -7.241 -7.240 0.000
189514 110.0000 17.4500 0 -7.193 -7.193 0.000
189515 102.0000 17.4333 299 -31.316 -31.332 -0.016
189516 102.0167 17.4333 315 -31.274 -31.291 -0.017
189517 102.0333 17.4333 327 -31.232 -31.249 -0.017
189518 102.0500 17.4333 426 -31.193 -31.209 -0.017
189519 102.0667 17.4333 411 -31.159 -31.175 -0.016
Max 36.859 36.859 0.000
Min -37.312 -37.409 -0.445

Tir Bang 1 ta thay:

- Trén khu vyc nghién ctru, do cao geoid bién thién tir -37,312 m dén 36,859 m; Di

thuong dd cao bién thién tir -37,409 m dén 36,859 m; Hiéu gitrta d§ cao geoid va di thuong

dd cao bién thién tir 0,000 m dén -0,445 m; Pd cao geoid c6 gié tri nho hon di thuong do

cao.
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- Nhirng khu vye c6 do cao béng khong thi d§ cao geoid béng di thuong do cao; B9
cao khoang vai trdm mét thi su khac nhau gitra di thuong do cao va do cao geoid cd vai
centimet. Nhitng noi ¢6 d6 cao dia hinh vai nghin mét thi chénh 1éch gitta geoid va
quasigeoid dat dén vai decimet. Nhu vay, su khac nhau gitra di thuong d6 cao va do cao
geoid phu thudc vao dia hinh.

4.2. Biéu dién dp cao geoid, sw khdc nhau giira di thwong dj cao va do cao geoid
¢ dang dwong binh dp va mau sdc

Dé c6 cai nhin truc quan vé sy thay doi ciia do cao geoid va su khic nhau giita geoid
va quasigeoid theo vi tri, chiing t6i biéu dién d6 cao geoid ¢ dang dudng binh d6 va mau
sdc trén Hinh 2, su khac nhau gitra di thuong d6 cao va do cao geoid duoc biéu dién trén

Hinh 3.

Hinh 2 cho thy rang: Trén khu vuc nghién ciru, d6 cao geoid tang dan theo huéng
Tay Béc - Dong Nam; Gié tri nho nhét (c6 gia tri 4m) & goc Tay Bic; gid tri 16n nhit (co

gia tri duong) ¢ goc Pong Nam.
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Hinh 2. B¢ cao geoid trén khu vuc nghién ciru
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Hinh 3. Su khdc nhau giita d¢ cao geoid va di thuong @6 cao trén khu vire nghién ciiu

Hinh 3 cho thay rang: Trén khu vuc nghién ctru, su khac nhau giita do cao geoid
va di thuong d6 cao c6 gia tri 16n (c& decimet) & goc Tay Béc, khu vic mién nui phia
Bic, doc ddy Truong Son va Tay Nguyén; khu vuc dong bang Song Hong, dong bing
Séng Ctru Long, khu vuc dong bang ven bién dé ¢ gid tri nho (c& centimet va nho hon);
trén Bién Pong su khac nhau nay 1a bang khong. Nhu vdy, geoid va quasigeoid tring
nhau & bién, chénh léch nhau nho & dong bang va chénh 1éch nhau 16n dén vai decimet &

vung nui.
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5. Két luén
Bai bao da trinh bay két qua tinh toan di thuong do cao, do cao geoid va su khac

nhau gitra di thuong do cao va do cao geoid trén lanh thd va 1anh hai Viét Nam tur s6 liéu
mo hinh truong trong luc toan cau SGG-UGM-2 va mé hinh dia hinh ETOPOLI.

Trén khu vye nghién ctru, d6 cao geoid ting dan theo hudng Tay Bic - Dong Nam,
c6 gia tri am & phia Ty Béc, c6 gia tri duong ¢ phia Dong Nam. Do cao geoid o gia tri
nhd hon di thuong do cao.

Su khéac nhau giita di thuong do cao va do cao geoid bién thién tir 0 dén 0,445 m,
c6 gia tri ¢ decimet ¢ cac khu vuc mién ndi phia Bic, doc ddy Trudng Son va Tay
Nguyén, c6 gia tri nho ¢& centimet va nho hon & cac khu vure dong bang Song Hong, dong
bang Song Ciru Long, cac khu vire dong bang ven bién, va c6 gia tri bang khong trén Bién

bong.

Cam két ciia cac tac gia
Céc tac gia co tén trong bai bao cam két dong thuan va khong co xung dot loi ich

trong cong bd khoa hoc tai bai béo nay.
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