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Bai bo trinh bay cac két qua nghién ctru ciia dé tai cap nha nuéc “Nghién ctru dinh gia cic mit chuin
muc nwéc bién (mit “0” dd siu, trung binh va cao nhét) theo cic phuong phap tric dia, hai viin va kién
tao hién dai phuc vu xay dung cac cﬁng trinh va quy hoach déi bo Viét Nam trong xu thé bién ddi khi hau”,
mi s6 KC09.19/11-15 lién quan dén Vlec xay dung mé hinh quasigeoid quoc gla khéi diu VIGAC2014
1am co s¢ dé xac dinh cac dd cao qudc gia ciia cac mit bién trung binh, cao nhét, thip nhit tai cic tram
nghié¢m tridu dugc bd tri trén cac dio xa by, nhaim xiy dung cac md hinh mit bién trung binh, cao nhit,
thip nhét trén vang bién Viét Nam.

Ngoai ra, bai bao ciing trinh bay cic phwong phap va cic két qua xay dung cic md hinh dia hinh mit
bién trung binh MDTVN, mit bién cao nhit HSS2015 va mit bién thip nhat LSS2015 trén ving bién Viét
Nam.

Tir khéa: GPS, mit bién cao nhit, mit bién thap nhit, mdt bién trung binh, MDT, mdt geoid cuc bj, tram

nghiém triéu.

Chi s6 phén loai 1.5

pat van de

Mo hinh dia hinh dong lyc trung binh MDTVN
(Local Mean Dynamic Topography of Viet Nam) trén
vung bién Viét Nam thyuc chit 12 mo hinh dia hinh mat
bién trung binh cuc bo duge st dung dé 1am nén théng
tin dia 1y trén bién, quy chiéu cac d6 sau dia hinh day
bién do dugc vé hé do cao qudc gia HP72 phuc vu
viéc thanh 1ap ban dd dia hinh day bién va cac ban d6
chuyén dé vé bién. Trong tai liéu [1] da trinh bay quy
trinh xay dung mo hinh MDTVN cung voi d§ chinh
xac cia md hinh nay dua trén cac do cao chuén nha
nudc clia cac mit bién trung binh cuc b dugc tinh toan
theo phuong phap hai vin tai 9 tram nghiém triéu c6
dinh c6 thoi gian do myc nudce bién 16n hon 18,6 nam:
C6 T6, Hon Dau, Hon Ngu, Tién Sa (Son Tra), Quy
Nhon, Nha Trang, Phu Quéc, Viing Tau va Coén bdo,
trong d6 co cac tram nghiém triéu nam trén cac dao
nhu C6 T6, Hon Ngu, Con Pao va Pha Qudc. Doi véi
céc tram nghiém triéu nam doc bd bién Viét Nam, viéc
truyén d6 cao nha nudc 1én cac mit bién trung binh cuc
bd duge tinh toan theo cac cac sé lieu do muc nude
16n hon 18,6 nam dé dang dugc thuc hién nho do dan
d6 cao tir cac diém d6 cao hang I, II qudc gia vao cac
”0” tram cua cac tram nghi¢m triéu nay. Tuy nhién, van
dé khoa hoc mau chét 1a truyén d6 cao qudc gia lén cac
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mat bién trung binh tai cac tram nghiém triéu duogc bo
tri trén cac ddo. Noi dung chinh cua bai bao nay nham
giai quyét van dé khoa hoc néu trén.

Cac mit bién trung binh, cao nhét, thép nhét duoc
xé4c dinh dua trén cac sb liéu do muc nude bién nhiéu
nam theo phuwong phap hai van tai cac tram nghiém
triéu c6 quan h¢ mat thiét véi nhau. Do dé, khi da xéc
dinh duoc d6 cao chuan ciia mit bién trung binh trong
hé do cao quéc gia HP72 tai mot tram nghiém triéu,
chung ta ciing s& xac dinh duoc cac dd cao chuan cua
cic mit bién cao nhat, thrflp nhat trong h¢ do cao quéc
gia tai tram nghiém triéu do. Piéu nay tao tién dé dé
xdy dung mo hinh mat bién cao nhat HSS2015 (Highest
Sea Surface of 2015) trén ving bién Viét Nam phuc vu
thiét ké, quy hoach cac cong trinh cong nghiép, dan sy,
an ninh - qubc phong, cac tuyen dé bién doc ven bién
va ven céc dao thudc lanh thd Viét Nam; xay dung mo
hinh mat bién thdp nhat LSS2015 (Lowest Sea Surface
2015) trén vung bién Viét Nam phuc vu viéc lya chon
mit quy chiéu hai dd quéc gia, xac dinh cac duong co
sO cho cong tac phéan dinh 1anh hai.

Céc két qua xdy dung cic md hinh MDTVN,
HSS2015 va LSS2015 s€ dugc trinh bay trong bai bao
nay.
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The preliminary national quasigeoid model
VIGAC2014 - The basis for construction
of the mean sea surface, highest sea
surface and lowest sea surface models on
territorial waters of Vietnam

Summary

This scientific article describes the research
results of the national scientific and technological
project “Estimative research of a standard
surfaces of the sea level (“zero” depth, mean, and
highest sea surfaces) by the methods of geodesy,
oceanography and modern tectonics serving the
construction of works and planning the coast of
Vietnam in trend of climate changes” with the
code KC09.19/11-15 related to the construction
of the preliminary national quasigeoid model
VIGAC2014 that creates the basis for the
determination of national heights of the mean sea
surface, highest sea surface, lowest sea surface at
the tide gauges located on off-shore islands with
the purpose of bulding the mean sea surface,
highest sea surface, lowest sea surface models on
the territorial waters of Vietnam.

Additionally, this paper introduces methods
and results of constructing the mean sea surface
model MDTVN, highest sea surface model
HSS2015, lowest sea surface model L.SS2015 on
the territorial waters of Vietnam.

Keywords: GPS, highest sea surface, local
geoid, lowest sea surface, MDT (Mean Dynamic
Topography), mean sea surface, tide gauge station.

Classification number 1.5

Poi twong va phuong phap nghién ciu

béi tuong can xéac dinh 12 d6 cao chudn nha nudc cia
cac mit bién trung binh, cao nhit va thap nhét trén cac
tram nghiém triéu duoc bd tri trén cac dao xa bo. Cac
phuong phap duoc st dung 1a phuong phap xay dung
mo hinh quasigeoid qudc gia khai dau (preliminary
national quasigeoid) VIGAC2014 (VIGAC- Vietnam
Institute of Geodesy and Cartography) trén toan bo
lanh thd Viét Nam, phuong phap xac dinh do cao tric
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dia cla diém la hinh chiéu cua diém GPS dugc bd
tri tai tram nghiém tridu dya trén cong nghé GPS va
phuong phap do thuy chuan Ngoai ra, chung ta phai
chuyen cac dai lwong tric dla nhu d6 cao chuan, do cao
trac dia, di thuong do cao vé hé triéu 0 theo quy dinh
trong tai liéu [2].

Mit geoid cuc bo Hon Dau sat nhat v6i mit bién
trung binh nhiéu nim tai tram nghiém triéu Hon Déu
1a mat khoi tinh cho hé do cao qudc gia HP72. Trong
nhiéu tai liéu nghién ctru [3-6] da cong bd cac két qua
xéc dinh thé trong truong W, =62636847,2911 m*s™?
cia mit geoid cuc bdo Hon Dau va do cao

Wo %
Hy=———"=
}/N
Hon Déu so véi mat geoid toan cau, thém vao d6 do

0,890 m cua mat geoid cuc bo

cao H j1a khong doi trén toan bo lanh thd Viét Nam. O

day W, =62636856,0 m>.s > la thé trong truong

ctia mat geoid toan cau [7], 7~ 1a gid tri trung binh cua

gia toc trong truong chudn tai diém N bt ky trén lanh
th6 Viét Nam.

Céc két qua nghién ctru dd dan dén cong thic
chuyén doi di thuong do cao toan cau tir mé hinh trong
truong trai dat EGM2008 tuong Gng voi mit geoid
toan cau vé mat geoid cuc bd Hon Dau dudi dang sau:

C. =Z +0,890 m+d 1)

O day ¢ 1a gia tri di thuong do cao toan cau tir md
hinh trong truong trai dat EGM2008 tuong tmg véi
mit geoid toan cau, 5¢, . 1a sO cai chinh chuyén di
thuong do cao toan cau tir hé khong phu thude triéu
vé hé triéu 0 (xem trong [6]) va o dang:

o :(0,02871—0,08584.sin2B) <m>, con B
n—z

14 vi d9 trdc dia cta diém.

Duya trén cong thuc (1) da xay dung duge mé hinh
quasigeoid qudc gia khoi dau VIGAC2014 dua trén co
3o dit liéu (CSDL) di thudng do cao toan cau cia md
hinh EGM2008 bao gém cac 6 chudn ciia mang lu6i
cac 6 vuong (grid) kich thudce 2,5” x 2,5°. Cac dit liéu
trén mdi dinh cua 6 chudn bao gém céc toa do tric dia
B,L tuong tng véi ellipsoid WGS84 qudc té va di
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thuong do cao toan cau £ trong hé khong phu thudc
tridu. Cac dinh cta cic 6 chuan trong CSDL di
thuong do cao toan cu duge sép xép theo thir tu ting
dan cua vi do tric dia B theo cac vi tuyén va trén mot
vi tuyén céac kinh d6 L duoc sip xép theo thtr tu ting
dan. Phan lanh thé Viét Nam, mot phan lanh thd
Trung Qudc, Lao, Campuchia, Thai Lan dugc sap xép
1an luot tir vi do tric dia 6° dén 25° véi budc thay doi
AB=2"5 theo cac vi tuyén va trén mdi vi tuyén kinh
d6 L thay ddi tir 100° dén 118° véi budce thay dbi
AL=2'5.CSDL di thudong d9 cao toan cdu cua md
hinh EGM2008 dugc st dung c6 tong s6 65536 dinh
clia cac 6 chuan hinh vudng kich thude 2,5'x2,5'.

Céc két qua danh gia trén 162 diém d6 cao hang I
qudc gia c6 do GPS va xir Iy dir liéu do GPS trong
Khung quy chiéu tréi dit qudc té ITRF (International
Terrestrial Reference Frame) twong ung vai ellipsoid
WGS84 cho théiy, di thuong do cao cuc bd Q%Z cua
diém GPS duoc xac dinh tir md hinh VIGAC2014 ¢6
d6 chinh xac & mtrc +7 ¢m [8]. Khi xur ly dir li¢u do
GPS trong ITRF véi viéc st dung lich vé tinh chinh
xac 0 mirc 2,5 cm va 5 cm, chung ta xac dinh duogc do
cao tric dia H_ cua diém GPS véi d6 chinh xac &
muc tir £ (1,4 - 2,8) cm. Piéu nay cho phép xéc dinh
dugc do cao chuan qudc gia H! cua diém GPS theo

cong thure:
H! =H_+(, (2)

v6i do chinh xac twong duong hang I1.

Cong thure (2) 1a co sé dé xac dinh cac d6 cao chuan
nha nudc ciia cac mdt bién trung binh tai cac tram
nghiém triéu dugc bo tri trén cac dao xa bo.

Dé kiém tra do tin cdy cia md hinh VIGAC2014,
dua trén nguyén tic nho bo qua da xac dinh dugc tidu
chi ciia diém co s& cia mo hinh nay, theo d6 do chénh
cua di thuong do cao cuc bo duoc xac dinh tr mo6 hinh
VIGAC2014 so véi di thuong do cao GPS/thuy chuan
khong vuot qua + 1 em. T ti€u chi nay da xac dinh
duoc 9 diém d¢ cao hang I qudc gia la cic diém co
so ctia md hinh VIGAC2014 bao gom I(HN-VL)6-1,
I(HN-VL)28-1, I(HN-VL)64, I(HN-VL)72,
I(VL-HT)98, I(VL-HT)158, I(BH-HN)33,
I(BH-TH)65, I(BH-TH)122A dugc phan bd turong doi
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déu trén dat lién thudc lanh thd Viét Nam. Céc gia tri
dd cao chuan H 7, di thuong dd cao cuc bo &, (duge
xac dinh tr m6 hinh VIGAC2014), d6 cao tric dia
H_ (duoc xac dinh tir cac két qua do va xu ly céc dur
liéu GPS trong ITRF tuong Gng voi ellipsoid quéc té
WGS84) trong hé tridu 0 cua cac diém co s& nay di
dugc cong bd trong tai liu [6].

Tir 9 diém nay, chung ta kiém tra d6 cao chuén cia
diém j co do GPS duoc xac dinh theo cong thirc (2)
dua trén cong thic sau:

i (#7),
(7)), - 55— ®)
O day do cao chuin

(1), =)+, )~ @)1 {()) (&) | vo
(H,.y )Z, (ﬁi)z va (flj l1a dd cao chuan, do cao tric
dia va di thuong do c;o cuc bd da biét cua diém co s
thtr i; (ﬁj )Z va (g:j) 1a d6 cao tric dia va di thuong
d0 cao cuc bo cua diézm kiém tra J-

Cac két qua kiém tra trén hai diém trong luc c6 do
GPS trén cac dao Pha Qudc, Con Pao, va trén 26 diém
GPS thudc cac mang luéi tric dia dia dong luc mién
Bic va dia dong luc Pong bang song Ctru Long cho
thdy cac do cao chuan (2) va (3) khong chénh nhau
qua 2 mm. Piéu nay khang dinh d6 tin ciy ctia md hinh
VIGAC2014.

Phuong phép xac dinh cac toa do tric dja B, L, H
ctia diém nam trén mit bién trung binh va 14 hinh chiéu
ctia diém do GPS dugc b tri trén khu vyc tram nghiém
triéu da dugc trinh bay trong tai liéu [6]. Trén hinh 1,
diém G 1a méc tram thu tin hiéu GPS, diém M 14 hinh
chiéu cua diém G 1én mit bién trung binh cuc bo duoc
xé4c dinh theo céc sb liéu do muc nudce bién nhiéu nim
tai tram nghiém tridu duge bé tri trén dao xa bo, thém
vao d6 mat bién trung binh cuc bd cit thude thuy chi
tai vach O. Chung ta chon trén thudc thiy chi vach V
bét ky c6 hinh anh 6 rang. Tai vi tri gan méc G dat
may do thuy chudn dé xac dinh chénh cao ¢ giita vach
V trén thudc thity chi va mdc G. Chénh cao ¢ chinh la
khoang cach theo thudc thiy chi gitta vach V va mat
nam ngang di qua mdc G (hinh 1). Vi khoang cach d
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gitta mbc vach V va vach O trén thudc thuy chi di biét,
ch}ing ta s€ xac dinh dugc do cao cua moc G so voi
diém M theo cong thuc b=d —c. Vi d6 cao anten
a cua tam pha may thu GPS so voi mdc G da duoc xac
dinh, chung ta xac dinh d6 cao % cta tAm pha may thu

GPS so v6i mit bién trung binh theo cong thirc

Két qua

Céc két qua xac dinh do cao chuan qudc gia cua
cac mat bién trung binh, mat bién cao nhat va mat bién
thép nhét tai 9 tram nghiém triéu ¢d dinh va 22 tram
nghiém triéu tam thoi (co6 thoi gian do myc nude bién

lién tuc trong 30 ngay dém) dugc trinh bay trong bang

e 2 .o dudi day.
h=a+b. Khi xit ly cac dit liéu do GPS tai moc G Y
tI‘OIlg ITRF béng phén mém Bemese V. 52 Vé’l “dé cao Do cao chuin cia Do cao chuén cia Bﬁ caov dmé_':
99 A , o y , ~ 1'A cic mit bién trung | cic mit bién cao ;uf] t;z:c I:?t
anten” A, theo nguyén 1y xtr Iy cac dir liéu GPS (xem | sir Tén trgm binh twong img voi | nhit twong dmg | o " P MU
) h h d ) d , d geoid cuc by Hon vo6i geoid cuc by tg::;:ig ::cg ‘l:")l
[6]), ching ta s€ nhin dugc cac toa d0 trac dia Diu (m) Hon D) | po i (m)
7 A A 3 1A b Cic tram nghi¢m tridu cé thoi gian do mue nwée bién 16n hon 18,6 nim
B,,,L, ,H,, cuadiém M trén mat bién trung binh
M>=M>"" M : 1 CoTo 0,174 2352 1,798
tai tram n hlém tri éu 2 Hon Déu 0,000 2,140 -2,070
e ghie . 3 Hon Ngu 0,085 1.485 1,635
4 Tién Sa 0,103 0,623 0,547
Cot th_ﬁy chi 5 Quy Nhon 0,076 0,976 -0,894
6 Nha Trang 0,050 0,930 0,930
Tram Fhu GPS . N 7 Viing Tau -0,030 1,380 2,550
j j’ } a } ¢ L 8 Con Dao 0,044 1,294 -2,236
I L7 “ . T 008 oo s
G —— d h C#c tram nghiém triéu tam thoi cé thoi gian do mye nwée 30 ngay dém lién tuc
’—L Mit bién trung binh cuc b ™ b 0 Mai Ngoc 0.115 2.945 2505
M Ol 1 Bai Chay 0,008 2,492 2348
- 12 Ba Lat 0,189 2,479 2,001
13 Cira Pay 0,290 2,240 -1,840
-
- 14 |  Hoang Tan (Sim Son) 0,007 1.897 1813
- 15 Cam Nhugng 0,179 1,439 -1,281
- 16 Pong Hoi -0,001 0,809 - 1,141
17 Cira Vigt 0216 0,444 0916
18 Thuin An 0,142 0,438 0,592
Hinh 1: so dé xdc dinh dg cao ciia tdm pha mdy thu GPS so véi mdt bién trung binh 19 Cua Dai 0,049 0.759 -0.741
20 Cang SaKy 0,171 1,011 0,639
D¢ cao tric dja H,, dugc xac dinh trong ITRF tuong | Tuy Hoa 0,159 0821 - 1,189
2 Cam Ranh 0,162 1232 - 0,908
ung véi hé khong phu thudc tricu. Pé chuyén vé hé > Phan Rang 0059 D Los)
triéu 0 chung ta st dung cong thuc [6]: 24 Phan Thiét 0231 1281 -1,349
25 Vam Kénh 0,349 2,009 S2411
26 Binh Dai 0,103 1,923 2597
(Hy ). = Hy +(0,062073-0,185592.5in> B ) <m> |2 oo
z M 28 Tra Vinh 0,184 2,024 2,686
R 2 Z . B .2 . . 29 Trén D& 0,152 1,932 2,768
Do cao chuan qudc gia cua mat bién trung binh tai 30 Hon d Bac 0,065 0,585 0705
tram nghi€m triéu dugc xac dinh theo cong thire (2) va el Génh Hio 0133 1825 2653

dugc kiém tra theo cong thuc (3). Bang cach nhu vay,
ching ta da xac dinh dugc cac do cao chudn quéc gia
clia cac mat bién trung binh trén cac tram nghlem tricu
tai cac ddo Co T6, Hon Ngu, Con Dao Pht Quéc. Cac
két qua kiém tra cac do cao chuan quoc gia theo cong
thirc (3) cho thiy, cac d6 cao chuan qudc gia dugc xac
dinh theo cong thuc (2) va dugc kiém tra theo cong
thtrc (3) khong chénh nhau qua 2 mm. Tt cac do cao
chudn qudc gia ctia cac mat bién trung binh, thong qua
quan hé cta mit bién trung binh voi cac mit bién cao
nhét, thip nhat tai tram nghlem triéu, chiing ta xac dinh
dugc cac do cao chuan qudc gia clia cac mit bién cao
nhét, thap nhét trén cac tram nghiém triéu tai cac dao
C6 T6, Hon Ngu, Con Pao, Phu Quéc.
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Biéu d6 mit cit ciia cic mat bién trung binh, cao
nhét va thép nhét dua trén 31 tram nghiém triéu dugc
b tri doc theo ven bo bién Viét Nam duoc trinh bay
¢ hinh 2.

Hinh 2: biéu do mat cdt ciia cac mat bién trung binh, cao nhat, thdp nhat
trén 31 tram nghiém triéu trong hé do cao quoc gia HP-72
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Trén co s cc két qua nghién ctru trong tai liéu [1]
da xay dung dugc CSDL cuia m6 hinh MDTVN dua
trén CSDL ctia m6 hinh DTU10 MDT. Dya trén cac do
cao chuan qubc gia ctia cac mat bién trung binh tai 9
tram nghiém triéu ¢ dinh da danh gia dugc do chinh
xac cua mo hinh MDTVN ¢ muac + 6,1 cm. Dya trén
mé hinh MDTVN d3 tién hanh danh gia duoc d6 chinh
xéac cuia cac do cao chuin qudc gia ciia cac mat bién
trung binh tai 22 tram nghiém triéu tam thoi & muc +
0,142 m.

Dua trén cac do cao chuin cua cac mit bién cao
nhét, thap nhét tai 31 tram nghiém triéu va phin mém
ArcGIS da xay dung duogc cac CSDL ctia cac mo hinh
HSS2015 va LSS2015.

Cac CSDL MDTVN, HSS2015 va LSS2015 ¢6 do
phan giai 17 x 1” va c¢6 cic ciu trac nhu nhau, cy thé:
trong cac 6 chuan (grid) cua CSDL, thong tin tai mot
dinh ctia 6 chuan bao gom 3 so L (kinh d9, don vi d9),
B (vi d9, don vi do), H (don vi mét), & day
H = MDTVN d6i v6i m6 hinh MDTVN, H = H?
d6i v6i mo hinh HSS2015, H = H s d6i v6i mo hinh
LSS2015.

Céc dinh bat dau tir vi tuyén 24° thay d6i véi bude
nhay AB =1' cho dén vi tuyén 8°. Tai mot vi tuyén xac

dinh, cac dinh lai dugc bd tri theo kinh tuyén bit dau
tir kinh tuyén 100° thay d6i v6i budc nhay AL =1' cho

dén kinh tuyén 116°. Cac dinh ndm trong dit lién co

gia tri MDT » bang 0. Trong pham vi ving bién Viét

Nam c6 tat ca 17.103 dinh cta cac 6 chuén.

Két luan

Mb hinh quasigeoid qubc gia khoi dau VIGAC2014
c6 do chinh xéac cao 6 mirc = 7 cm, Trén co sé mo hinh
VIGAC2014 két hop véi cong nghé GPS, chung ta da
giai quyét dugc bai toan chuyén cic mit bién trung
binh, cao nht, thap nhét duoc xac dinh theo phuong
phap hai vin tai cac tram nghiém triéu dugc bd tri trén
cac dao xa thude vung bién Viét Nam.

Cac m6 hinh MDTVN, HSS2015, LSS2015 d6
chinh xac cao dugc xdy dung trén co sé cac phuong
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phap khoa hoc chat ché sé dong gop tich cuc cho cong
tac quy hoach, thiét ké cac cong trinh dan sy, cong
nghiép va an ninh - qudc phong ven bién, xac dinh
duong co so phuc vu viéc phan dinh 1anh hai, xac dinh
mat quy chiéu hai dd qudc gia phu hop, thanh 1ap cac
ban d6 chuyén dé vé bién phuc vu phat trién kinh té
bién.

Loi cam on

Tac gia tran trong cam on Chuong trinh KH&CN
trong diém cdp nha nuwée KC09/11-15 “Nghién ciru
KH&CN phuc vu qudn 1y bién, hai dao va phdt trién
kinh té bién” da ho tro néi dung bai bdo nay.
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