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TIEP CAN PHUONG PHAP HOAN THIEN VA HIEN DAI HOA
HE PQ CAO QUOC GIA

PGS. TSKH. HA MINH HOA
Vién Khoa hoc Do dac va Ban db

Tém tat:

Bai bao khoa hoc nay nghién ctru phwrong phap hoan thién va hién dai héa hé do cao
qudc gia, theo dé trén co sé thuc nghiém mé hinh quasigeoid VIGAC2014 cho thdy né cho
phép nhén duoc céc db cao chuén doé chinh xac cao trong hé dé cao HP72 trén ca dat lién
va céc hai ddo. Viéc xac dinh cac diém do cao hang I, Il quéc gia c6 do GPS ma trén dé
cac hiéu gitra dj thwong do cao trong luc (dwoc xac dinh tte mé hinh quasigeoid
VIGAC2014) va dj thuong dé cao GPS/thiy chudn c6 céc gié tri di nhé sé cho phép gidi
quyét dong thoi céac bai toan lam twong thich mé hinh quasigeoid VIGAC2014 v&i mé hinh
quasigeoid GPS/thiy chuén va hién dai héa hé do cao HP72 duwa trén mé hinh quasigeoid
VIGAC 2014 dwoc lam twong thich. Theo céch tiép can nay, chung ta sé hiéu chinh lai cac
gi tri do cao chuén cho phu hop véi mé hinh quasigeoid duoc xady dung déi véi cac diém
dd cao hang I, Il ma trén dé cac hiéu gitra di thuong dd cao trong luc va di thuong dé cao
GPS/thiy chuén cé céc gié tri Ién vuot han sai.

1. D4t van dé

Viét Nam ciing nhw tat c& cac qubc gia khac trén thé gi¢i da xay dwng va khai thac hé
dod cao quéc gia véi mat khéi tinh 1a mat bién trung binh nhiéu ndm trén mot tram nghiém
tridu (dwoc goi la tram nghiém tridu 0). Vi duy, hé d6 cao Hai Phong 1972 & Viét Nam duoc
xay dwng dwa trén mat bién trung binh nhiéu nam tai tram nghiém triéu Hon D4Au. Qua trinh
xay dwng hé do cao nay bang phuwong phap do thiy chuén truyén théng doi hdi kinh phi
rat Ion ctia Nha nwéc va thuwong kéo dai hang thap ky. Mang lwéi dd cao hang |, Il quéc
gia & Viét Nam da duoc xay dwng, do dac bd sung va hoan chinh trong vong 43 nam tw
1963 dén 2007 (xem B&o céo téng két ky thuat (2008)). Tai Vwong qudc Anh, theo tai liéu
(lliffe J.C., Ziebart M., Cross PA., Forsberg R., Strykowski G., Tscherning C.C. (2003)), cac
mang lwéi d6 cao qudc gia cla nwéc Anh dwoc xay dwng trong nhiéu giai doan 1912 -
1921, 1936 - 1952 va 1952 - 1956. Hé dd cao qudc gia clia Canada 1a hé CGVD 28 (the
Canadian Geodetic Vertical Datum of 1928) vé&i mat kh&i tinh 1& mé&t nwéce bién trung binh
tai tram nghiém triéu Rimouski, Quebec, Canada. Hé dd cao nay chinh thirc dwoc siv dung
& Canada vao nam 1935 véi khoang 70.000 mébc thdy chuén va chd yéu nam doc cac qubc
16, cac tuyén dwong sét & Nam Canada (Veronneau M., J. Huang J. (2007)).

Trong sudt ca qua trinh xay dwng va khai thac hé d6 cao quéc gia, tly theo cac khu vuc
dia ly khac nhau trén Ianh thd quéc gia, nhiéu méc do cao da bi troi, 1n hodc bi mat do cac
tac nhan tw nhién (dich chuyén dung do chuyén déng hién dai ctia vé Trai dét, dong dat,
sy thay ddi clia cadc muc nwdc ngam v.v...) va cac tac nhan nhan sinh (phat trién cac hé
thdng giao thdng, phat trién cac khu d6 thi, sw IGn bé mat dat do khai thac mé, khai thac
nwdc ngam v...v). Sw thay dbi lén d6 cao ctia cac mébc d6 cao québc gia dan t&i sw khac
nhau I&n gitra di thwerng dé cao GPS/thlly chuan va di thwdng dd cao trong lwe. Trong tai
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liéu (Ha Minh Hoa (2014a)) da thong ké sy thay dbi lon d6 cao clia cac moc do cao do cac
hién twong néu trén & My, Nhat Ban, Anh, Ai Cap, Thé Nhi Ky, Trung Quéc. O Viét Nam,
két quéa danh gia do chinh xac ciia mé hinh EGM2008 trén Ianh thd quoc gia cho thay trong
téng sb6 269 diém dd cao hang | dwgc kiém tra, chi c6 185 diém (chiém 68,77%) c6 cac do
chénh gitra di thuwong giIC) cao G:PS/thCIy chuan va di thuc‘yng dd cao trong Iwc théa man he_,m
sai, trong khi d6 c6 dén 17 diém cé dé chénh néu trén nam trong khoang tir 0,40m dén
0,82m bao gdm cac diém I(BH-HN)33, I(BH-HN)39, I(BH-HN)42, I(BH-HN)48, I(HN-HP)2A,
I(HN-HP)5, I(HN-HP)7, I(HN-HP)11A, I(DN-BMT)47A, I(HN-VL)4-1, I(HN-VL)6-1, I(HN-
VL)10A, I(LS-HN)22, I(LS-HN)29, I(LS-HN)36, I(HP-NB)14A, I(BH-TH)99.

Trong thdi dai hién nay, do théi gian va kinh phi khdng 16, khéng mét qudc gia ndo trén
thé gi¢i hoan thién hé dé cao qubc gia bang cach do 13p lai toan béd mang lwdi dd cao qubc
gia bang phwong phap do thily chuan truyén théng.

Van dé giai quyét bai toan hoan thién va hién dai hoa hé do cao quéc gia dwa trén viéc
str dung md hinh quasigeoid qudc gia dé chinh xac cao sé dwgc nghién clru trong bai bao
khoa hoc nay.

2. Giai quyét van dé

2.1. Xu hwéng chung

Nhuw da chi ra trong tai liéu (Ha Minh Hoa (2012a)), viéc xac dinh mé hinh quasigeoid
dd chinh xac cao (ddi véi cac qudc gia hodc nhém nwée stv dung cac hé do cao chuan,
trong d6 cé Viét Nam) hodc mé hinh geoid dé chinh xac cao (déi véi cac qudc gia hodc
nhém nwéc st dung cac hé do cao chinh) la bai toan khoa hoc - ki thuat then chét dé xay
dwng hé dd cao va hé quy chiéu toa dd khéng gian hién dai. Viéc xay dwng mé hinh qua-
sigeoid d6 chinh xac cao trén lanh thé qubc gia khéng chi phuc vu viéc hoan thién va hién
dai héa hé doé cao québc gia, ma con tao co s& cho viéc xay dwng hé quy chiéu khéng gian
quéc gia. Theo danh gia trong tai liéu (Ha Minh Hoa (2013b)), khi xay dwng hé quy chiéu
khéng gian qubc gia, dé dat dwoc dd chinh xac twong dbi ctia cac toa dd khéng gian &
mirc 1.10°, dd chinh xac clia mé hinh quasigeoid quéc gia (hodc md hinh geoid québc gia)
phai cao hon = 4cm. Hién nay mé hinh geoid CGG2013 (Canadian Gravimetric Geoid of
2013) ctia Canada da dat dd chinh xac cao hon + 3cm trén 80% phan luc dia, thém vao
dé mé hinh geoid nay dwoc xay dwng dwa trén mét geoid toan ciu véi thé trong tredng
W, =626368560 m>.s2 va cac di¥ liéu do trong lwc chi tiét khu vwc Bac My, cac mé hinh
trong trudng Qua dat GRACE, GOCE bao gdm EGM2008, EIGEN-6C, EIGEN-6C2, DIR-
3, TIM-R3, GOCOO03S va mé hinh sb d cao DEM (Huang J., Véronneau M. (2013);
Véronneau M. (2014)). M6 hinh geoid trong lwvc OSGMO02 (Ordnance Survey Geoid Model
of 2002) d6 phan gidi 1,5km x 1,5km cta Vwong qudc Anh dugc xay dwng dua trén cac
dir liéu do trong lwc trén dat lién va trén bién cia Co quan Khao sat dia chat (BGS) cla
Anh, mé hinh EGM96 ctia My, mé hinh trong lwvc KMS98 dwoc xac dinh tlr cac di liéu alt-
imetry cla Dan Mach, cac di¥ liéu trong lwc cla Cuc trong lwc qubc té (BGI) ciia Phap va
mo hinh s6 d cao dd phan giai 50m x 50m ctia Anh. M hinh geoid OSGMO02 dat d6 chinh
Xac + 3,2cm trén co s& danh gia trén 179 diém co s& do cao cta nwéc Anh.
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Ngay nay, v&i viéc st dung Khung quy chiéu quéc té ITRF va lich vé tinh chinh xac &
cac mire + 2,5cm va + 5,0cm do Té chire IGS cung cép, ching ta cé thé dat dwoc dd chinh
x&c clia do cao tréc dia m;,; & cac mirc + 2,5cm va + 5,0cm. Véi sai sb trung phwong ms
cta di thwéng dd cao £ & mirc + 3cm va sai sb trung phuwong cta dd cao tric dia
my =+ 2.5 cm, t cdng thiec  m,, =+ /m}; +m?  ching ta s& nhan duwoc sai sb trung
phwong cla dd cao chudn dwoc xac dinh tr cong nghé GNSS va méd hinh quasigeoid &
mirc + 3,9cm. D6 chinh xac nay twong dwong véi dd chinh xac ctia dd cao chuén hang |.

Chinh tir co' s& ly luan nay da hinh thanh 02 khuynh huéng rat cap tién trong viéc xay
dwng hé do cao hién dai gan lién v&i viéc xay dwng md hinh quasigeoid quoc gia (hoac mé
hinh geoid qudc gia). Chung ta sé nghién ctru cac khuynh hwéng nay.

Khuynh hwéng 1: Do rat nhiéu mébc dod cao bi mét, sw thay dbi lén dd cao ctia cac mbc
dd cao do cac tac nhan tw nhién va nhan sinh, thém vao do kinh phi va théi gian do lap
mang lwdi dd cao rat Ién dbi vai 1anh thd rong Ién nhw Canada, nén nuéc nay da bé hoan
toan hé d6 cao cli CGVD 28 va xay dwng hé dé cao m¢&i CGVD2013 dwa trén md hinh
geoid CGG2013 (Véronneau M., Huang J. (2007)). Trén dat nwéc Canada da xay dwng
250 tram thudc hé théng kiém soat tich cwc Canada (Canadian Active Control System)
mang lu¢i co sé Canada (Canadlan Base Network) bang cbéng nghe GNSS. Tw he thdng
nay xac dinh cac do cao trac dia do chinh xac cao trén tat ca cac mbc dd cao qudc gia va
tlep theo xac dinh dé cao chinh cla cac mbc dd cao quoc gia trong hé dé cao mai
CGVD2013 dwa trén mdé hinh geoid CGG2013 (Huang J., Véronneau M. (2013);
Véronneau M. (2014)).

Khuynh hwéng nay doi héi phai hién chinh tht c& cac dwdng binh d6 trén cac ban dd
dia hinh cac ty Ié cia qudc gia.

Khuynh hwéng 2: Xac dinh trén 1anh thd qubc gia cac méc dd cao qubc gia 6n dinh
nhat (cac diém nay dwoc goi la cac diém co sé), tirc cac dd cao clia cac mbc nay thuc té
khéng bi thay déi Ién dwdi tac dong clia cac nhan té tw nhién va nhan sinh, thém vao do
trén cac mbc do cao nay cac hiéu gitra di thwdng d6 cao GPS/thly chuan va dj thwdng do
cao trong lyc (hodc cac hiéu gitra d6 cao geoid GPS/thlly chuan va d6 cao geoid trong lwc)
thda man han sai va c6 gia tri twong déi nhd. S&r dung cac hiéu néu trén dé lam twong
thich (fitting) di thwong d6 cao trong lwc véi di thwong dé cao GPS/thly chuan (hodc do
cao geoid trong lwc véi dd cao geoid GPS/thlly chuan) nhdm xac dinh mé hinh quasigeoid
(hodc mé hinh geoid) sat nhat véi hé dd cao hién hanh. Xu hwéng nay dwoc ap dung &
Anh v&i viéc 1am twong thich mé hinh geoid trong lwc OSGMO02 sat nhat véi hé dd cao hién
hanh ODN (Ordnance Datum Newlyn) ctia nwéc Anh dya trén 179 diém doé cao 6n dinh
theo phwong phap callocation trung phwong (Forsberg R., Strykowski G., lliffe J.C., Ziebart
M., Cross PA., Tscherning C.C., Cruddace P. (2001); lliffe J.C., Ziebart M., Cross PA.,
Forsberg R., Strykowski G., Tscherning C.C. (2003)).

Theo khuynh hwéng nay, hé dé cao hién hanh van dwoc gil lai, tuy nhién cac do cao
clia cac diém do cao qudc gia (trr cac diém co s&) phai duoc h|eu chinh lai nh& mé hinh
quasigeoid qudc gia dd chinh xac cao (hodc mé hinh geoid qudc gia dd chinh xac cao) va
cébng nghé GNSS.
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2.2. Cédch tiép can cua Viét Nam

Khuynh hwéng tht hai dwoc trinh bay & trén phu hop hon dbi véi 1anh thd Viét Nam.
Tuy nhién & Viét Nam g&p mot khé khan co ban: khéng du div liéu trong lwc trén Ianh thd
Viét Nam va vung xung quanh dé xac dinh viing gan véi ban kinh 2°5 - 5° trong bai toan
xac dinh di thwdng dé cao trong lwc theo tich phan Stokes. Hién nay Vién Khoa hoc Do
dac va Ban dd méi hoan thanh viéc xay dwng CSDL trong lwc & cac ving déng bang va
trung du cta Viét Nam bao gébm 67.790 diém trong Iwc chi tiét vao nam 2012, con viéc do
trong lwc chi tiét & cac khu vy ving nui va trén bién sé dwoc thwe hién trong giai doan
2015 - 2020. Viéc thu thap day da cac div liéu trong lwec & cac nwédc xung quanh Viét Nam
la mét diéu rat kho khan, dic biét & Lao va Cam Pu Chia thuc té co thé coi chwa co cac
di liéu trong luc.

Do d6, phwong huéng thuc té hon 1a st dung cac di liéu mé hinh trong trwérng Qua
dat EGM2008, d6 cao chuan québc gia va GNSS dé xay dwng md hinh quasigeoid québc gia
kh&i dau. Tién dé& cho phwong huwéng nay la xac dinh dwoc thé trong trwong W, =
62636847.2911 m2.s2 v&i sai s6 trung phwong 0.183 m2.s2 clia mat geoid cuc bd sat nhat
v&i mat bién trung binh tai tram nghiém triéu Hon D&u (xem céc tai lieu Ha Minh Hoa va
nnk (2012b); Ha Minh Hoa (2012c); Ha Minh Hoa (2013a); Ha Minh Hoa (2014c)). Tlr day
chung ta xac dinh dwoc cong thire xac dinh di thwdng dé cao cla mé hinh Quasigeoid
quéc gia khéi dau (dwoc dat tén la VIGAC2014) theo cong thirc (Ha Minh Hoa (2014b); Ha
Minh Hoa (2014c)):

L (1)

(o day % - gia tri tr mé hinh trong truo’ng Quéa dat EGM2008 tuo’ng rng v&i mat Geoid toan
cau; ¥ - gia tri trung binh cla gia téc lwc trong trwdng chuan (don vi mGal) tai diém can
Xac d!nh & ,. - sb caichinh chuyen di thwérng do cao tir hé khéng phu thudc triéu vé hé
tridu 0 va cé dang:

&  =(0,02871-0,08584 .sin?B) <m>,
n—-2z

Con B - vi dd trac dia cta diém.

0 N A > o . . < X ;o o .
—— -08% m |3 d6 cao cia mat quasigeoid Hon Dau so v&i mat quasige-

DPai lvong
oid toan cau va ciing bang d6 cao ctia mét geoid Hon D4u so véi mét geoid toan cau, &
day W, = 626368560 m>.s>, W, = 62636847.2911 m>.s?. Dai lwgng trén la dai lwong khéng déi
trén toan bd phan luc dia va lanh hai ctia Viét Nam (xem chi tiét trong cac tai liéu Ha Minh Hoa
va nnk (2012b); Ha Minh Hoa (2012c); Ha Minh Hoa (2013a); Ha Minh Hoa (2014c)).

Viéc st d,ung mo hinh EC}MZOO8 trong viéc xéy dwng md hinh quasigeoid quéc gia &
Viét Nam xuat phat t‘l‘.l’ thwe té la cac nwdce trén thé gidi da nghién cru thtr nghiém mo hinh
nay va thtra nhan rang mé hinh nay cho cac gia tri di thwd'ng dd cao trong Iwc phu hop

nhat véi cac gia tri di thwong d6 cao GPS/thlly chuén (Thomas Gruber (2008)) va cac két
qua nghién ctru rng dung mé hinh nay thuwdng xuyén duwgc cdng bo trong tap chi Newton’s
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Bulletin cﬂg IAG (International Association of Geodesy) va IGFS (International Gravity Field
Service). O Viét Nam mé hinh EGM2008 cling dang dwoc nghién clru va st dung réng rai.

Khi str dung mé hinh (1), mat quasigeoid VIGAC2014 trung vé&i mat geoid cuc bo tai
tram nghiém triéu Hon DAu, thém vao dé mat quasigeoid nay khéng hoan toan song song
véi mat quasigeoid toan ciu twong (rng véi mét geoid toan cdu do mat quasigeoid
VIGAC2014 da dwoc chuyén vé hé triéu 0, trong khi d6 méat quasigeoid toan ciu twong
&ng v&i hé khéng phu thudc triéu.

Dé danh gia do chinh xac ctia md hinh quasigeoid VIGAC2014 trén lanh thé Viét Nam,
chung ta phai lwa chon trén Ianh thé Viét Nam cac diém co sé |a cac diém dd cao hang |
c6 do GPS va céac di¥ liéu do GPS dwoc x( ly trong ITRF. Céc tiéu chi lwa chon cac diém
co s& nhw sau (Ha Minh Hoa (2014b)):

- Cac di thwdng dd cao trong lyc fw duoc xac dinh theo céng thiee (1);

- Gia tri tuyét dbi cua hiéu (d6 léch) d=(£), ¢, gitba di thwdng do cao GNSS/thuy
chuan (£). (da dwoc dwa vé hé trieu) va di thwdng dd cao trong lwc £, khong dwoc Ién
hon 1cm.

Co s& khoa hoc cua tiéu chi 2 da dwoc chirng minh trong tai liéu (Ha Minh Hoa
(2014b)). Trén co s& cac tiéu chi néu trén, trén phan dét lién cla lanh thé Viét Nam da chon
dwoc 09 mbc dd cao hang | 1am cac diém co s& bao gdbm cac méc (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,
|(BH-TH)122A. Néu chuing ta goi mat quasigeoid quéc gia dwoc xac dinh b&i cac gia tri di
thwdng d6 cao GPS/thly chudn trén cac diém thudc 1anh thé Viét Nam |a mét quasigeoid
GPS/thay chuén, thi tai cac diém co s& mat quasigeoid GPS/thly chuan thuwc té chénh nhd
bd qua so v&i mat quasigeoid trong lwc VIGAC2014.

Cac két qua danh gia sai sé trung phwong cia cac do chénh d=(), -£. trén 09 diém
co s® duwoc trinh bay & bang 1 & dwdi day.

Bang 1
D6 chénh
Tén diém d=(), -,
(m)
I(HN-VL)6-1 -0,006
I(HN-VL)28-1 0,009
I(HN-VL)64 -0,006
I(HN-VL)72 0,001
I(HN-HT)98 0,009
I(HN-HT)158 0,000
|(BH-HN)33 0,009
I(BH-TH)65 -0,008
|(BH-TH)122A 0,006
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Khi coi di thwong d6 cao GPS/thly chuén va di thwdng dé cao trong lwc twr mg‘n hinh
VIGAC2014 la cac tri do kép, doc lap, dwa trén bang 1, chiing ta xac dinh dwoc sai sb trung
phwong cla di thwong dé cao ttr mé hinh VIGAC2014 nhw sau:

> =4 | o 000G uiit8
S 2.N 18

Sai sb trung phwong dwoc tinh toan hoan toan nhd bé qua trong bai toan xac dinh mat
quasigeoid. Cac diém co s& nay dwoc coi la cac diém 6n dinh nhat vé mat dia chat kién
tao trong toan bo cac diém dd cao hang | qubc gia va dwoc ky hiéu theo thir twi=1,2,....n.
Trong trwvdng hop dang xem xét, n = 9.

m

Khi trén diém can xac dinh d6 cao chuén trong hé do cao qudc gia co do GPS va xt ly
cac dir liéu do GPS trong ITRF, ching ta nhan dwoc d6 cao chuén H,trong hé trieu 0 theo
cbng thirc (xem trong tai liéu Ha Minh Hoa (2014c)):

H, = H, +(0,602073 - 0,185592.sin’B)
& day H, - dd cao trac dia ctia diém trong hé khong phu thudc triéu duwoc xac dinh to két
qua xt ly cac dir lieu GPS trong ITRF, B - vi do trac dia cta diém.

Khi d6, do cao chuén H! cua diém dwoc xac dinh theo cong thire:

}' _ _ e
H:=H ¢, (2)
¢ day di thwong do cao trong lwc é’z duwoc xac dinh tir moé hinh quasigeoid VIGAC2014
theo cong thirc (1).

Bay gio, dé kiém tra mo hinh quasigeoid VIGAC2014 trén lanh thd Viét Nam, ching ta
xac dinh dd cao chuén cta diém j bat ky tr n diém co sé theo cong thirc:

> (117), @

(@), = 5—,

& day do cao chuan

GIRTAR CARCAR AREAR!

2

Viéc so sanh dd cao chuan (2) v&i dd cao chuan (3) sé cho phép khang dinh co s khoa
hoc cla viéc xay dwng mé hinh Quasigeoid qudc gia khéi dau VIGAC2014 dwoc néu &
trén va danh gia do chinh xac cia mé hinh nay.

Trong tai liéu (Ha Minh Hoa (2014b)) da tién hanh kiém tra mé hinh quasigeoid
VIGAC2014 trén co s& str dung 04 diém co s& I(HN-VL)64, I(HN-VL)72, I(VL-HT)98, I(VL-
HT)158 dé& chuyén do cao chuan ra hai diém GPS dwoc bd tri tai hai tram nghiém triéu trén
cac dao Phu Québc va Con Dao. Do chénh cla cac dd cao chuin dwoc xac dinh theo cac
cong thire (2) va (3) chi &@ mirc 2mm.

Trong bai bao khoa hoc nay, ching ta sé& tiép tuc kiém tra mé hinh quasigeoid
VIGAC2014 khi xac dinh d6 cao chuén trén khu vwe vang ndi Viét Nam. Chiang ta st dung
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04 didm C004 (Bién Bién), C022 (Son La), C065 (Tuyén Quang) va C075 (Quang Ninh)
thudc mang lwéi trac dia dia dong lwc mién Bac dwoc do lién tuc trong 4 ngay dém trong
thang 01/2013. Cac di liéu GPS do trén cac diém nay dwoc xt ly trong ITRF2008 twong
trng véi ellipsoid WGS84 qubc té bang phan mém Bernese v.5.2.

Céc khoang cach tir 09 diém co s& dén 04 diém kiém tra dwoc trinh bay & cac bang 2

va 3

Bang 2
STT Didm i Didm j Khoén?mc)éch Sij Didm j Khoén?mc)éch Sij
1 I(HN-VL)6-1 307240,2 169534,5
2 [(HN-VL)28-1 355432,1 206342,8
3 I(HN-VL)64 501402,0 357267,2
4 I(HN-VL)72 537910,3 392446,2
5 [(VL-HT)98 C004 1020279,2 C022 874099,4
6 I((VL-HT)158 1228657,8 1086642,9
7 [((BH-HN)33 234445,9 117693,9
8 I(BH-TH)65 24977,2 124646,3
9 [((BH-TH)122A 234207,4 87669,2
Béng 3
STT Didm i Didm | Khoén?mc)éch Sij Didm | Khoén?mc)éch Sij

1 I(HN-VL)6-1 129739,7 98797,8
2 [(HN-VL)28-1 227913,7 172556,1
3 I(HN-VL)64 400214,7 315685,4
4 I(HN-VL)72 426862,5 329105,2
5 [(VL-HT)98 C065 888496,9 Co75 749773,8
6 I(VL-HT)158 1115155,2 983925,3
7 [((BH-HN)33 55593,0 150797,1
8 I((BH-TH)65 212343,0 365502,5
9 [(BH-TH)122A 128658,9 183736,5

Cac két qua xt ly cac di liéu do GPS trong ITRF va xac dinh d6 cao chuan theo cong
thirc (2) dworc trinh bay & bang 4 dudi day.
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Béng 4
Céc toa d9 trac dia D0 cao trac dia cua Di thuong do cao
Cac diém GPS thuoc| trong ITRF2008 cae didm twong Gna|¢0@ €8¢ diém twong|Dd cao chudn cla
mang Iwdi tréc dia diattong tng vGi ellip- o1 ellinsoid W%SSg Ung véi mat  |cac diém so véi mat
dong luc mién Bac do| soid WGS84 quoc uécpté trona ha | Quasigeoid quéc gialQuasigeoid quoc gia
thang 01/2013 te quoc € NG NE 1 yhai dau trong he khéi dau, m
trieu 0, m X
o trieu 0, m
21 55 32,784
C004 335,009 -31,764 366,773
103 14 17,823
21 01 43,806
C022 408,747 -28,949 437,696
104 18 41,833
2148 37,766
C065 56,686 -28,755 85,441
105 26 18,013
2059 15,178
CQ75 -10,756 -24,324 13,568
106 48 58,755

Céc két qua tinh chuyén dd cao chuan theo cong thire (3) tr 09 diém co s& dwoc trinh
bay & bang 5. (Xem bang 5)

So sanh cac bang 4 va 5 ching ta nhan thay rang khi xac dinh d6 cao chuan theo mo
hinh quasigeoid VIGAC2014 theo cong thirc (2) va kiém tra theo cong thirc (3), cac gia tri
do cao chuén chi chénh nhau c6 2mm.

Nhuw vay, cac két qua thir nghiém moét Ian niva cho phép chiing ta cé thé 1am 02 két luan
sau:

- Khéng dinh lai m@t lan niva két luan: Trén Iénh t‘hé Viét Nam, dé cao gilra mat quasi-
geoid cuc bé HOon Dau va mat quasigeoid toan cau bang 0,890m va khéng doi trén toan bd
lanh tho;

- Mé&t Quasigeoid qudc gia khoi dau VIGAC2014 duoc xay dung theo cong thire (1) cho
phép xac dinh d6 cao chuan v&i dd chinh xac cao trén toan b lanh tho Viét Nam.

Mot van dé niva la sw ton tai sai s6 bi bd qua (omission errors) trong di thwdng dé cao
trong lwc & dwoc xac dinh tir mé hinh trong trwéng Qua dat EGM2008 trong cong thire
(1). Sai sb bi bd qua ndy sinh do I&nh thé Viét Nam nam trong khu vwe “Fill - in”, tirc khu
vwrc ma cac dir liéu trong lwc tai dé khong dwoc sir dung dé xay dwng mé hinh EGM2008
va dd lon cua sai s bi bd qua co thé dat téi mire + (15-22) cm (Pavlis N.K., Holmes S.A.,
Kenyon S.C. and Factor J.K. (2009)). Vay chung ta sé ly gidi nhw thé nao khi cac két qua
xac dinh do cao chuan theo coéng thirc (2) dwa trén mé hinh quasigeoid VIGAC2014 va
kiém tra theo cong thirc (3) dwa trén 09 diém co s& cho céc gia tri d6 cao chuan thuc té
la trting nhau?. Diéu nay chi cé thé x4y ra khi trén Ianh thd Viét Nam, cac gia tri di thuwong
do cao trong IL_JJC,;;7 dwgc xac dinh tr mo hinh trong trwd'ng Qua dat EGM2008 luén chtra
céac sai s6 bi bd qua, nhuwng gié tri ciia ching la dai lweng khong dbi va dwoc ky hiéu 1a €
That vay, khi ky hiéu di thwong dé cao trong lwc

g =

™)

+&,

(4)
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Béng 5

STT Diém i Diém j [Hj’ )z. Diém j [Hj’ )z.
1 I((HN-VL)6-1 366,779 437,702
2 [((HN-VL)28-1 366,764 437,687
3 I(HN-VL)64 366,779 437,702
4 I(HN-VL)72 366,772 437,695
5 I(VL-HT)98 C004 366,764 C022 437,687
6 I(VL-HT)158 366,773 437,696
7 I((BH-HN)33 366,764 437,687
8 I(BH-TH)65 366,781 437,704
9 I((BH-TH)122A 366,767 437,690
Trung binh 366,771 437,694

STT Diém i Diém j [Hj_’)z. Diém | [Hj_’)z.
1 I(HN-VL)6-1 85,447 13,574
2 I(HN-VL)28-1 85,432 13,559
3 I(HN-VL)64 85,447 13,574
4 I(HN-VL)72 85,440 13,567
5 I(VL-HT)98 C065 85,432 Co75 13,559
6 I(VL-HT)158 85,441 13,568
7 I(BH-HN)33 85,432 13,559
8 I(BH-TH)65 85,449 13,576
9 I((BH-TH)122A 85,435 13,562
Trung binh 85,439 13,566

& day & - gia tri chinh xac cta di thwdng dé cao trong lwe, thi tlr cdng thire xac dinh thé
trong trworng clia mat Geoid cuc bd tai tram nghiém triéu 0 trén M diém GPS/thiy chuan
(xem céac tai liéu Ha Minh Hoa va nnk (2012b); Ha Minh Hoa (2012c); Ha Minh Hoa
(2013a); Ha Minh Hoa (2014e)):

M
>0y,
Wo == —

2

Khi lwu y
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Wy); =Wy +107°7..(C; —£;) =Wy +107°7.(C; - &) +1075 7,6,
Chung ta cé:

~

Mo
S.ZIO i (5)
WO = W{] o ————

i=1
M

?

& day $i va5ila cac gia tri di thwerng d6 cao trong lwc va GPS/thily chuan trén diém i, con

M -

20778, -¢)

Wo=Wyel
M Ve

hwéng cla cac sai so bi bé qua trong cac gia tri di thwdong dé cao trong lwc.

la gia tri thé trong trwong cliia mat geoid cuc bd khéng bi anh

Tuy nhién, nhw da tinh toan trong cac tai liéu (Ha Minh Hoa va nnk (2012b); Ha Minh
Hoa (2012c); Ha Minh Hoa (2013a); Ha Minh Hoa (2014c)), trén 1anh thd Viét Nam cac gia

tri 1077  thay dbi rat nhd va dwoc coi nhw hdng sé, didu nay dan dén dai lvong

T{;’:j—__”-=0-390 m |4 dai lwong khéng dbi trén toan bo 1anh thd Viét Nam. Do do, khi ky hiéu
7

1077, =107.7 = const, tir cong thirc (5) ching ta nhan dwoc quan hé W, =W, +£.107.7.
W —-W W -W .
Nhuw vay, trong dai lwong —>—2=—"_2_-£=0890 m da chlra sai sO bi bd qua £ . Khi d¢,

) 10755 10755
lwu y (4) chung ta viét lai cdng thrc (1) dwdi dang:
E_B WG_WO = H_/O_WO
é'z =§+8+W _€+§¢H—Z:€+W +5¢n—z’

Chung ta thay rang khi sai sé bi bé qua £ 1a dai lwong khong ddi trén toan bo lanh thd
qudc gia, no sé bi loai bd trong céng thire (1).

Mot van dé tiép theo la lam khép mé hinh quasigeoid VIGAC2014 véi md hinh quasi-
geoid GPS/thtly chuan. Vé&i muc dich xay dwng mé hinh quasigeoid quéc gia véi do chinh
xac cao hon + 4 cm, ching ta sé phai xay dwng tiéu chi xac dinh dé I&n cho phép cla cac
hiéu d =(¢), -, trén cac diém dd cao hang |, Il qubc gia c6 do GPS. Van dé nay sé duwoc
trinh bay trong bai bao khoa hoc tiép theo.

3. Két luan

V&i viéc kiém tra, danh gia mé hinh quasigeoid khé&i ddu VIGAC2014 trén lanh thd Viét
Nam va tiép tuc lam chinh xac né nhe 1am khép mé hinh quasigeoid VIGAC2014 v&i mo
hinh quasigeoid GPS/thly chudn, ching ta cé thé xay dwng hoan thién hé d6 cao HP72
bang cach do GPS va xt ly cac dir liéu do GPS trong ITRF trén cac diém dd cao hang |,
Il quéc gia (trir cac diém d6 cao qubc gia da duwoc do trong giai doan 2009 - 2010) va xac
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dinh cac gia tri d& cao chuan cla cac diém nay dwa trén mé hinh quasigeoid VIGAC.
Chung ta sé loai bd cac gia tri d6 cao chuan cla cac diém dd cao qubc gia cé do chénh
I&n so v&i d6 cao chuan duoc xac dinh tir mé hinh quasigeoid VIGAC. S dung cac hiéu
d=(4), ~§i: c6 d6 1&n di nhé dé 1am khdp mé hinh quasigeoid VIGAC2014 véi mé hinh
quasigeoid GPS/thily chuan. Chung ta sé& déng thdi nhan duwoc hé do cao HP72 duoc hién
dai héa va md hinh quasigeoid québc gia d6 chinh xac cao cudi cung.Q
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Summary

Approach to method of perfection and modernization of state vertical system
Assoc. Prof. Dr.Sc.Ha Minh Hoa

Vietnam Institute of Geodesy and Cartography

This scientific article researches method for perfection and modernization of state verti-
cal system based on results of experiments of quasigeoid model VIGAC2014 that allows to
obtain highly accurate normal heights on mainland and islands. Determination of GPS/first
and second leveling points, on which differences between gravimetric height anomaly (got
from the quasigeoid model VIGAC2014) and GPS/leveling height anomaly have enough
small values, allows to solve parallel tasks of fitting of quasigeoid model VIGAC2014 to
GPS/leveling quasigeoid model and modernization of the state vertical system HP72 based
on fitted quasigeoid model VIGAC2014. By this approach, we will recorrect normal heights
corresponding to constructed quasigeoid model for first and order leveling points on which
differences between gravimetric height anomaly and GPS/leveling height anomaly have
big values exceed error limit.O
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