Nghién ciru

MO HINH CHUYEN POI PQ CAO GIUA CAC HE TRIEU TREN
KHU VUC VIET NAM VA VUNG PHU CAN

Ngo Thi Mén Thwong
Truong Pai hoc Tai nguyén va Méi truong Ha Noi
Tém tit
Hién nay, hé thong dg cao cdc quoc gia thuong dwoc xdy dwng gan véi mé hinh
geoid hodc quasigeoid lam mdt khéi tinh dg cao. Trong d6, phan I6n cac mé hinh thé
trong truong dwoc cung cdp dwdi dang hé sé ham diéu hoa cau trong hé khéng phu
thude triéu. Déng thoi, do cao cdc moc trong mang luoi do cao Nha nuoc sw dung
trong hé triéu trung binh di qua diém géc do cao Hon Déu. Trong bai todn xdy dung
mé hinh geoid/quasigeoid sir dung cdc mé hinh thé trong trwong toan cau két hop dir
liéu do GNSS va thiy chudn, can phdi chuyén cac nguon sé liéu trén vé mot hé triéu
thong nhat. Nghién cieu thwe hién xdy dung mé hinh chuyén doi dé cao dang lwéi 6
vuéng 1° % 1’ gidi han béi khu vuee tir 0 dén 30 dg Vi Bdc, tir 95 dén 125 dg Kinh Dong
gitta 3 hé triéu: Hé trieu trung binh (Mean Tide System), hé triéu khong (Zero Tide
System), hé khong phu thudc triéu (Free Tide System) trén khu viee lanh tho, ving bién
cua Viet Nam va vung phu can.
Tir khéa: Hé triéu; Hé khong phu thudc triéu; Hé tridu khong; HE triéu trung binh.
Abstract
Model of elevation conversion between tide systems in the area of Vietnam
and its vicinity
Currently, national elevation systems are often built with geoid or quasigeoid
models as the elevation starting surface. In which, most of the gravity potential models
are provided in the form of the bridge harmonic coefficients in the tidal-independent
system. At the same time, the elevations of landmarks in the State elevation network
used in the mean tidal system pass through the origin of Hon Dau. In the problem of
building a geoid/quasigeoid model using global gravity potential models combining
GNSS and leveling data, it is necessary to convert the above data sources into a unified
tidal system. Research and build a model of elevation conversion in the form of a 1’
x [’ grid grid bounded by the area from 0 to 30 degrees North latitude, from 95 to
125 degrees East longitude between 3 tidal systems: Mean tidal system (Mean Tide
System), Zero Tide System, and Free Tide System in Vietnams territorial waters and
waters and. its vicinity.

Keywords: Tide system; Free Tide System; Zero Tide System; Mean Tide System.
1. Pit van dé quy chiéu quéc gia trong twong lai doi hoi
Viée xay dung hé théng do cao labai hé thong do cao sir dung mit quasigeoid
toan co ban trong nhiém vu xac dinh hinh  1d&m mat khai tinh d¢ cao. Muc ti€u lon
dang va kich thuéc Trai dat. Viéc hoan nhit cua viéc thiét 14p hé théng do cao
thién hé do cao qudc gia gan v4i khung méi la img dung cong nghé dinh vi vé tinh
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vao phuc vu do cao (do cao GPS hodc do
cao GNSS) vé6i nhiéu wu diém hon hin
so v6i phuong phap truyén théng. Trong
tric dia c6 nhiéu hé do cao khac nhau,
nhung phan 16n chung c6 thé xac dinh
theo truong trong luc hodc 1a mot sb mo
hinh gan véi trong truong thuc cua Trai
dat. Mbi quan hé giira cac do cao thong
dung st dung trong nganh do dac va ban
dd duoc thé hién nhu Hinh 1.

= BE mdt Tral ddt
W =W(P)

Teluroid Uy =15

Ouasigeoid

Geoid W =17,
Ellipsoid U=U,
Hinh 1: Cdc hé théng dé cao
Cong thirc co ban dé lién hé cac loai
d6 cao thong dung nhu sau:

HTD =N+ Hchinh. — { + HY (1)

Trong d6: H™ - DJ cao tric dia cua
diém (nhan duoc tir két qua do GNSS/GPS);

N - DJ cao geoid (déi v6i1 hé do cao
chinh);

Heinh - P cao cia diém trong hé do
cao chinh;

¢ - Di thuong do cao (gén vo1 moO
hinh quasigeoid trong hé d6 cao chuan);

H' - D0 cao cia diém trong h¢ do cao
chuén.

Cac loai do cao trén hién dugc do
dac, tinh toan trong cac hé triéu khac
nhau. Pé khai thac st dung cac loai do
cao trén can chuyén do6i dong bo vé thong
nhit trong cung 1 hé triéu. Vi mé hinh
geoid/quasigeoid (mat khéi tinh hé do
cao qudc gia) dugc xay dung dang ludi

Nghién ciru

6 vuong (grid), nén can xay dung cac mo
hinh chuyén d6i do cao twong tng giita
céc hé triéu dé thuan loi cho viée déng bo,
théng nhat.

Trén thé gi6i, tir ndm 1984 tai Nghi
quyét s6 16 cua Hiép hoi Tric dia quéc
té (IAG - International Association of
Geodesy) di khuyén nghi st dung sir
dung “hé triéu khong” dé xdy dung cac hé
théng dd cao [1]. Tuy nhién, dir li€u céc
loai do cao trong cac hé triéu khac nhau
va khong phai qudc gia nao cling hoan
thanh xay dung mo hinh geoid/quasigeoid
d6 chinh xac cao dé ung dung cong nghé
do cao GNSS. Vi vay, viéc chuyén Ve sur
dung hé d6 cao thong nhat trong ciing mot
hé triéu & nhiéu nudce con chua thuc hién
dugc. Tai Vi¢t Nam, tai cac cong trinh
[2, 3, 4] d3 c6 nghién ctru ban dau vé
viéc chuyén ddi cac loai d6 cao. Chua co
nghién ctru tinh todn, xay dung mo hinh
chuyén d6i do cao dong bo giita cac hé
triéu phuc vu chuyén mé hinh quasigeoid
khoi tinh hé do cao qudc gia ciing nhu cac
loai do cao su dung trong nganh do dac
va ban d6. Chinh vi vay, nghién ctru nay
tap trung giai quyét bai toan xay dung mo
hinh dang luéi dé déng b0 cac loai do cao
vé hé triéu théng nhét trén khu vue Viét
Nam va vung lan can.

2. Co s6 ly thuyét va phuwong phap
nghién ciru

Péi tugng can xac dinh 1a cic mod
hinh chuyén d6i qua lai d cao dang luéi
(grid) 1’ x 1’ cho khu vyc Viét Nam va
vung phu can gi6i han tir 0 dén 30 d6 Vi
Bic, tir 95 dén 125 d6 Kinh Déng giira
cac hé triéu, bao gém:

- M6 hinh chuyén d6i giita hé giita hé
triéu khong va hé khong phu thude triéu;
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- M6 hinh chuyén d6i giira hé triéu
trung binh va h¢ khong phu thudc tridu;

- M6 hinh chuyén d6i giira hé triéu
trung binh vé hé triéu khong.

Phuong phap xay dung mo hinh dya
trén cac cong thirc tong quat chuyén doi
d6 cao gitra cac hé triéu dé chuyén vé
thanh cac cong thirc chi tiét chuyén doi do
cao gitra cac cap hé triéu. Tir do, tinh toan
gid tri chuyén doi do cao gitra cac hé triéu
tai tat ca cac diém mét lugi 1° x 1 néu trén
theo toa do ctia chung. Cac gia tri chuyén
d6i d6 cao gin véi toa do chinh 13 mo
hinh dang Iuéi duoc luu dudi dang ASCII
theo dinh dang Gravsoft *.gri. Dinh dang
mo hinh nay c6 thé mé tryc tiép trén phan
mém Global Mapper [5] dé biéu dién duéi
dang hinh anh hodc chuyén d6i thanh céac
dinh dang grid khac dé co thé khai thac,
st dung mot cach linh hoat.

Hinh dang va kich thudc cta Trai dat
c6 kha nang bién dang dan hodi dudi tac
dong cua luc hat cac thién thé nhu cua
Mat trang, Mat tro1 va cac hanh tinh, thay
ddi van toc quay,... Trén bién va céac dai
dwong bién do bién dang 16n hon nhiéu 1an
so voi trén cac luc dia. Nguyén nhan la do
mat do vat chat cia phﬁn luc dia 16n hon
(bé mat luc dia c6 mat do khoang 2,67 g/
cm® so véi 1,03 g/em® mat do khoi luong
nude bién) va lién két vat chat cua khoi
dat da luc dia viing chéc hon rét nhiéu so
v6i khdi nude cua cac bién va dai duong.
Tuy nhién tac dong cua cac hanh tinh
trong hé Mit troi 1a rat nho nén thuong
b6 qua trong qua trinh tinh toan, xir 1y s6
liéu. Su dich chuyén cua mat geoid va mat
vat 1y cta Trai dat chiu tac dong cuia song
vung gay ra boi suc hut cua ca Mat trang
va Mit troi. Do Mat trang gan Trai dat
hon, nén du Mit trdi c6 khéi luong 16n
hon nhiéu triéu 1an, anh huong cua Mat
trang van chiém 68,5 % so v&i 31,5 % do
anh hudng ctia Mat troi [6, 7].

Thé triéu gy ra cic song tridu trén
bé mit Trai dat. Cac song tridu bao gdm
cac song vung va cac song chu ky va gay
ra hiéu tng triéu tryc tiép, thém vao d6
tac dong cua cac song vung phu thudc vao
vi do cia cac diém trén bé mat Trai dat va
duoc goi 12 hidu Gmg tridu tryc tiép thuong
truc, tac dong cua cac song chu ky duoc
goi 13 hiéu tng tridu truc tiép chu ky. Doi
voi cac két qua do dac trén bé mit Trai dat
anh huong cla cac song chu ky c6 thé bi
loai bo nho viée 14y gia trj trung binh cua
cac tri do cua cung mot dai luong hodc
tinh s cai chinh vao thoi diém do [6, 7].

Hién nay trén thé gioi thuong sir
dung 3 h¢ triéu:

- Hé triéu trung binh (Mean Tide
System): Cac hiéu tmg triéu chu ky déu
bi loai bo, nhung bién dang triéu thudng
truc (ca truc tiép va gian tiép) van con
duoc luu lai;

- Hé triéu khong (Zero Tide System):
Hiéu uing triéu truc tiép bi loai bd, nhung
hiéu tng triéu gian tiép van con ton tai;

- H¢ khong phu thudc triéu (Free
Tide hodc Non - Tide System): T4t ca cac
hiéu tng triéu (truc tiép va gian tiép) déu
duoc loai bo.

Hé théng d6 cao cua timg qudc gia
thuong duoc xay dung gin lién véi mo
hinh geoid (h€ do cao chinh) hodac mé hinh
quasigeoid (hé do cao chuan). P9 cao geoid/
quasigeoid khong bat bién khi chuyén doi
gifta cac hé tridu khac nhau, thay doi cta
chung tuong tmg v&i anh hudng ctia moi hé
tridu. Viét Nam str dung hé d6 cao chuén di
qua diém gbc do cao tai tram nghiém triéu
Hon Déau. Nhu vay, dé thong nhat cac dir
liéu tric dia str dung trong qua trinh xay
dung quasigeoid can luu tim may diém lién
quan tdi viéc chuyén ddi cac dai luong do
cao phu thudc vao h¢ triéu nhu sau:

- M6 hinh thé trong truong toan cau
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dudi dang khai trién ham diéu hoa thudng
duoc cong bd trong hé khong phu thude
triéu. Di thuong do cao trong hé nay can phai
chuyén vé hé triéu khoéng. C6 thé chuyén doi
gid tri di thuong do cao trong hé khong phu
thudc triéu vé hé triéu khong theo hai cach:
Mot 1a thém vao hé s6 ham diéu hoa trong
hé khong phu thudc tricu C,  gié tr 4,153 x
10”%; Cach hai 1a thém vao di thuong do cao
mot gia tri chuyén doi tir hé khong phu thudc
triéu vé hé triéu khong nhu dudi day.

- Do cao tric dia nhan duoc thong
qua do GPS/GLONASS trong ITRF
khéng phu thudc triéu va can chuyén do6i
vé hé triéu khong.

- P cao chuéan H},/ cua diém P duoc
xéac dinh trong hé d6 cao Qudc gia di qua
mit bién trung binh Hon DAu tuong Gng
v6i hé triéu trung binh.

Gia tri d6 cao chuan cua diém HZ
trong hé tricu trung binh phdi chuyén
vé do cao chuin twong tmg véi hé triéu
khong bang biéu thirc:

H} = H} + Ah},

2)

Nghién ciru

Biéu thtrc tinh s6 hiéu chinh chuyén doi
do cao gitra cac hé triéu vé Heé khong phu
thudc tricu viét dudi dang tong quat sau:

A .
Ah = §(1 — 3sin? @) 3)

Trong do: ¢ - Vido trong hé toa do cau.

Hé sb A duoc tinh theo cac hé triéu

nhu sau:

Hé triéu 0 A=-0,296 kKLOVE

Hé triéu trung binh | A=-0,296 (1 + KLOVE)
kLOVE 0,3022

3. Két qua va thao luin

3.1. Khu vwe nghién cvuu va dit liéu
s dung

Khu vuc nghién ctru 1a cac vung lanh
thd, 1anh hai, vung bién cua Viét Nam va
vung phu can gi6i han boi khu vue tir 0 dén
30 d6 Vi Bic, tir 95 dén 125 d6 Kinh Pong.
Trén khu vuc nay da co6 nghién cuu xay
dung mé hinh quasigeoid ban dau tai cong
trinh [8]. M6 hinh quasigeoid trén khu vuc
nghién ctru dugc thé hién trén Hinh 2.
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Hinh 2: M6 hinh quasigeoid trén khu vuc nghién ciru
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Dir liéu dau vao sir dung trong tinh
toan 1a toa do (vi do va kinh d06) cac diém
tai cac diém mét ludi 1° x 17 trén khu vuc
vung lanh thd, lanh hai, ving bién cua
Viét Nam va vung phu can.

3.2. Két qua xdy dwng mé hinh
chuyén doi dp cao giita cac hé triéu

Dua vao cong thuce trén, thuc hién tinh
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chuyén cho cac diém mét ludi 17 x 1” trén
khu vuc Viét Nam va vung phu can, toa do
gi6i han boi khu vue tir 0 dén 30 d6 Vi Bic,
tir 95 dén 125 do Kinh Pong. Két qua tinh
chuyén giita hé triéu khong va hé khong phu
thudc triéu chuyén thanh mé hinh dang lu6i
1> x 1’ va dugc trinh bay bang phan mém
Global Mapper nhu Hinh 3.
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Hinh 3: Chuyén déi d cao tiv h¢ triéu khong vé hé khong phu thugc triéu

Nhan théy, gia tri chuyén ddi d6 cao
ttr hé triéu khong vé hé khong phu thude
triéu chi phu thudc vao vi do cua diém
xét, gia tri d6 bién thién tir -0,029 m dén
-0,009 m khi vi d6 thay doi tir 0 d6 dén 30
dd Vi Béc. Gia tri nay khong phu thudc
kinh d¢ cta dieém xét.

Cong thie tinh s hiéu chinh chuyén
ddi do cao tir hé trieu trung binh vé hé
khong phu thudc triéu nhu sau:

e -0,296 .(13+ 0,3022) (1-3sin’p) (4)

Két qua tinh mé hinh chuyén doi
giita hé triéu trung binh va hé khong phu
thudc triéu cho khu vuc Viét Nam va vung
phu can dugc trinh bay trén Hinh 4.

Tuong tu, gia tri chuyén doi do cao
tir hé tridu trung binh vé hé khong phu
thudc triéu chi phu thudc vao vi do cua
diém xét, gia tri d6 bién thién tir -0,128
m dén -0,040 m khi vi do thay d6i tir 0 d6
dén 30 do Vi Béc. Gia tri nay khong phu
thudc kinh d¢ cia diem xét.

Cong thire tinh s hiéu chinh chuyén
ddi do cao tir hé triéu trung binh vé hé
triéu khong nhu sau:

~-0,296

Ah (1-3sin’ @)

)

Két qua tinh mé hinh chuyén déi
giita hé tridu trung binh va hé triéu khong
cho khu vuc Viét Nam va vung phu can
duoc trinh bay trén Hinh 5.
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Hinh 5: Chuyén déi tiv hé triéu trung binh vé hé triéu khong

Tuong dong voi hai mé hinh & trén,
gia tri chuyén d6i do cao tir hé tridu trung
binh vé hé triéu khong chi phu thudc vao
vi d6 cua diém xét, gia tri d6 bién thién
tir -0,096 m dén -0,025 m khi vi d6 thay
do6i tir 0 d6 dén 30 do Vi Béc. Gia tri nay

khong phu thudc kinh d6 cta diém xét.

Khi chuyén d6i di thuong do cao
hodc dg cao geoid gitra cac h¢ triéu, van
sir dung céac cong thirc va két qua nhu da
néu & trén dé tinh toan sd hiéu chinh, chi
khac Iuc nay d6 cao h? duge thay bang di
thuong d6 cao ¢ va s6 hiéu chinh triéu Ah

dugc thay bang AL,
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4. Két luan

Trong khuon khd bai bao, tac gia
da thuc hién viéc tinh chuyén do cao
gifta cac hé triéu. Tir 40, tinh toan gid tri
chuyén ddi do cao gitra cac h¢ triéu va
chuyén thanh cac mé hinh dang ludi. Cac
mo hinh dang ludi trén khu vyc lanh thd,
lanh hai, ving bién cua Viét Nam va ving
phu can dugc biéu dién dudi dang ban dd
str dung phan mém Global Mapper. Dé dé
dang st dung trong viéc chuyén doi mé
hinh geoid/quasigeoid va gia tri d¢ cao
gilta cac hé tridu, cac gia tri chuyén doi
gitra cac h¢ triéu trén khu vuc xét da duoc
tac gia tinh tai cac diém mat ludi 17 x 1°.
Khi can tim dai luong chuyén d6i cho cac
diém cu thé, chi can dua toa do vao noi
suy ra gia tri dai lugng do. Trong truong
hop can chuyén doi mé hinh do cao trén
khu vyec tir hé triéu nay sang hé triéu khéc,
chi viéc cong hoac trir cac 16p phu theo
cac mo hinh chuyén doi do cao giita cac
hé triéu di xay dung.
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