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Tém tit:

Pé cao geoid la dai lwong quan trong trong trdc dia, phuc vu chuyén doi giita do cao
ellipsoid va d¢ cao vit Iy, dong thoi la co sé cho cdc vmg dung nhir xdy dung hé thong do cao
quoc gia, xir Iy dit liéu GNSS—thity chudn va nghién cieu trirong trong lec Trdi dat. Sw phdt trién
clia cde mé hinh thé trong trwong toan cau c6 dg phan gidi cao cho phép xdc dinh d cao geoid
ngdy cang chinh xac tir cdc mé hinh ndy. Nhw vy, viéc xdy dung chuong trinh tinh toan d¢ cao
geoid tur cac hé $6 diéu hoa cau cia mé hinh thé trong truong toan cau coé y nghia quan trong
trong nghién citu va g dung. Dé dat diroc muc tiéu nay, Iy thuyét xac dinh dg cao geoid tir cdc
hé s6 diéu hoa cau va mo hinh dia hinh da dwoc tim hiéu. Chuong trinh xac dinh do cao geoid da
dwoc xdy dung. Cdc tinh toan thuc nghiém dwoc thuc hién doi véi mé hinh thé trong truong
XGM2019e_2159 va mé hinh dia hinh ETOPOI. Chirong trinh diwgc kiém chitng bang cdch so
sanh véi két qua tinh ciia ICGEM trén 13.041 diém phii toan b lanh thé Viét Nam. Két qua so
sanh cho thcfy: do cao geoid tai mat ellipsoid co d¢ léch trung binh 0,01 cm va do léch chudn 0,02
cm; do cao dia hinh néi suy tw ETOPOI trung khép hoan toan. Sai léch dd cao geoid tai mat dia
hinh co gia tri trung binh —0,14 cm voi d¢ léch chudn +1,97 cm, la do su khdc biét trong cach xu
Iy anh hwéng dia hinh giita hai phwong phdp. Cdc két qua khdng dinh do tin cdy ciia chwong trinh
va tiém nang iing dung trong cdc bai todn trdc dia dé chinh xdc cao.
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Abstract:

Geoid height is a fundamental quantity in geodesy, providing the link between ellipsoidal
and physical heights and supporting applications such as the realization of national height
systems, GNSS—levelling data processing, and studies of the Earth’s gravity field. Recent high-
resolution global gravity field models enable increasingly accurate geoid determination directly
from spherical harmonic coefficients. This study investigates the theoretical framework for
computing geoid height from spherical harmonic coefficients in combination with topographic
information and develops a computational program for this purpose. Numerical experiments were
conducted using the global gravity field model XGM2019e 2159 and the topographic model
ETOPOI. The developed program was validated through comparison with results provided by
ICGEM at 13,041 points covering the entire territory of Vietnam. The comparison indicates that
the geoid height on the ellipsoid surface shows a mean difference of 0.01 cm with a standard
deviation of 0.02 cm, while the terrain heights interpolated from ETOPOI are fully consistent.
Differences in geoid height at the topographic surface have a mean value of —0.14 cm with a
standard deviation of £1.97 cm, mainly caused by differences in the treatment of topographic
effects between the two approaches. These results demonstrate the reliability of the developed
program and highlight its potential for applications in high-precision geodetic studies.
Keywords: Geoid height, XGM2019e 2159, ICGEM, ETOPOI, accuracy evaluation.
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1. Giéi thi¢u

Do cao geoid (N) 1a dai luong co ban trong trac dia vat 1y, dong vai tro trung
gian trong viéc chuyén doi gilta dg cao tric dia (H) xdc dinh tir GNSS va d6 cao vat
Iy (h). Trong nhitng nim gan ddy, v6i su phat trién ciia cac md hinh thé trong truong
toan cau (Global Geopotential Models — GGMs) c6 do phan giai ngay cang cao, bac
khai trién lén dén 2.190 — tham chi md hinh XGM2019¢ dat dén bac 5.540 — viée
xéac dinh do cao geoid dat 6 chinh x4c ngay cang cao trén pham vi toan cau va khu
vuc, dap timg yéu cdu ngay cang cao cua cac ung dung tric dia hién dai.

Hé thoéng ICGEM (International Centre for Global Earth Models) [1] cung
cap dich vu tinh toan truc tuyen cho phép xac dinh cdc thanh phan thé trong truong
tir cac md hinh GGM chuén — bao gom do cao geoid, di thuong do cao va di thuong
trong luc — v6i kha ning xir Iy t6i da khoang 50.000 diém cho mdi lan tinh. Tuy
nhién, dbi v6i bai toan ¢ sb diém 16n, ngudi dung budc phai chia nho dit liéu thanh
nhiéu tép, dan dén thoi gian xir Iy kéo dai va phu thudc vao két ndi Internet. Bén
canh do, cac yéu cau vé tinh chu dong trong xur 1y dir liéu va bao mat thong tin dat
ra nhu cau cap thiét phai xdy dung cac chuong trinh tinh toan doc lap.

Pi c6 mot sd chuong trinh tinh toan do cao geoid tir mé hinh thé trong
truong Trai dat toan cau dugc xay dung, trong d6 bd chuong trinh Gravsoft [2]
dugc nhidu qubc gia va nha khoa hoc str dung rong rai. Chuong trinh dugc viét bang
ngon ngir Fortran vdi dinh dang dir liéu dau vao chat ché. Do d6 khi sur dung chuong
trinh nay cho cac mé hinh thé trong truong Trai dét tai tr ICGEM can chuan hoa sb
liéu dau vao, vi cac tep dir licu hién nay dugc cung cap theo dinh dang méi, chua
hoan toan tuong thich véi Gravsoft. O Viét Nam, cac nghién ctru vé tinh toan do
cao geoid tir md hinh thé trong truong Trai dat con twong ddi han ché. Hai nghién
ctru tiéu biéu la [3] va [4]. Cac nghién ctru nay dd xdy dung chuong trinh
“Geomat2015” cho phép tinh toan d6 cao geoid tir mo hinh toan cau. Két qua tinh
toan véi mo hinh EGM2008 khi so sanh véi két qua tinh truc tiép tir ICGEM cho
thdy d6 sai khac khoang +£0,0015 m. Tuy nhién, cac chuong trinh nay chi thyc hién
tinh toan tai mat ellipsoid, chua xét dén viéc tinh truc tiép tai mat dia hinh.

Trong nghién ctru nay, nhom tac gia hudng t61 xay dung mot chuong trinh
tinh toan ddc 1ap do cao geoid trén mat dia hinh tr m6 hinh thé trong truong Trai
dat toan cau (GGM), véi cac ndi dung chinh 1: (i) tim hiéu co s& 1y thuyét va thuat
toan tinh toan; (ii) xay dung va danh gia toan dién d¢ chinh xac ctia chuong trinh
bang cach so sanh véi két qua chuan tir ICGEM trén tap dit liéu gdm 13.041 diém
phén b6 trén toan bo lanh thd Viét Nam; va (iii) phan tich nguyén nhén gay sai léch
nham 1am 13 gii han ciing nhu dinh hudng cai tién cua phuong phap.

2. Khu vuc nghién ctru va dir liéu sir dung
2.1. Co s6 Iy thuyét xdc dinh dp cao Geoid

Trong tric dia vat 1y, su sai khac giita thé trong truong thuc va thé trong
truong chuan dugc dic trung bai thé nhiéu [5]:

Tr=w-U (1)
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Theo cong thire kinh dién Bruns [6], d6 cao geoid N duogc x4p xi bic nhit qua
thé nhidu:

NzT (2)

v
trong d6 vy 1a trong lyc chuén tai diém tuong tng trén ellipsoid. Tuy nhién,
cong thirc Bruns & dang don gian chi 13 xap xi bac nhit va chua xét day du cac hiéu
g phi tuyén ciing nhu sy khac biét hinh hoc giita cac mit thé..

Trong tai li€u [7], Barthelmes da phat trién cach tiép can chat ché dya trén ly
thuyét mit thé va khai trién Taylor ctia thé chuan xung quanh ellipsoid tham chiéu.
Khi x4c dinh geoid tir mé hinh GGM, thé nhiéu c6 tinh lién tuc tai bé mat ellipsoid
(r =a). Thay vao cong thirc Bruns, ta dugc do cao geoid tai mat ellipsoid:

T°(0,4,9)

MO0

(3)

trong do: T° (0,2,(/5) va }/(O,¢) lan luot 13 thé nhidu va trong luc chuan tai
mit ellipsoid. Trong luc chuan y(0,¢) dugc tinh theo cong thirc Somigliana [8]:

vy 1+ ksin® @
= T 4
J1-ésin’ ¢ @)

by

v6i e 1a tAm sai thir nhét, ¢ vi d6 cua diém tinh va k 1a hang s6, k = —£ (3
a e
trong luc tai cuc; y. trong luc tai xich dao) cua ellipsoid WGS84.

Trong thuc té, cac diém tinh khong nam trén ellipsoid ma nam trén bé mat dia
hinh tuong tng v&i d6 cao h(),). Barthelmes [7] da khai trién thé nhiéu theo do
cao dia hinh, chi giir lai thanh phan bac mot. Véi gia thiét dia hinh 1a 16p dong nhat,
thé trong trudng do khéi lugng dia hinh sinh ra xap xi boi:

T'diahinh ~ 27Z'Gph2 (5)

trong d6 G 1a hang s6 hap dan va p 1a mat do trung binh cta khéi luong dja
hinh.

Tir cach tiép can trén, Barthelmes xay dung cong thirc xac dinh do cao geoid
tai bé mat dia hinh thuc [5, cong thuce (70)]:
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T°(0,4.4) - 227G ph
7(0,9)

) 272G ph?
N(A.¢)~ N (/1,¢)—;(Tf;)

N(/l,gb) r hay

(6)

Trong cong thirc (6): thanh phan thir nhat Ne(A,) 12 do cao geoid tai mit
ellipsoid; thanh ph'?ln thir hai 2nGph?/y 1a hi€u chinh dia hinh bac mdt, phan anh anh
huong cia khdi lwong dia hinh giita bé mit ellipsoid va bé mat thuc cta Trai Dat.

Hiéu chinh bac khong “0” (zero-degree term) duoc ap dung khi hang s6 hap
dan ctia m6 hinh (GMueder) khac voi hing sb hap dan cua hé quy chiéu (GMwasss)
theo cong thirc [6], [7]:

— GMmodel — GM

AN, =
' 7(0,8)r

wWGS84

(7)

v6i 7 14 ban kinh dia tm ctia diém tinh.

Can luu y rang hiéu chinh dia hinh trong cong thirc Barthelmes chi mang tinh
xap xi bac mot, khong twong duwong véi cac phuong phép xt 1y dia hinh chi tiét nhu
md hinh dia hinh phan du (RTM) hay quy chiéu theo Helmert. Trong cac mo hinh
GGM hién dai, mot phan anh hudng cua dia hinh da duoc phan anh gian tiép thong
qua hé s6 diéu hoa cau. Do d6, hidu chinh trong cong thirc (6) chi yéu nham dam
bao tinh nhét quan 1y thuyét giira thé nhidu va vi tri thuc ctia diém tinh.

2.2. Thé nhiéu tir mé hinh XGM2019e 2159
XGM2019¢e 2159 1a m6 hinh GGM két hop, dugc xay dung tir dir li€u vé€ tinh

(GRACE, GOCE) va trong lyc mit dat, voi bac khai trién toi da Nmax = 2.190 [9].
Thé nhidu duogc biéu dién bang chudi diéu hoa cau [6]:

Ny ntl _ _ _
T(r,0,4)= oM {ﬁj Z(Cnm cosmA+S, Sinmxl)an (cos@)  (8)
a

n=2 \ m=0

trong d6: GM 1a héng sb hép dan dia tam; a 1a ban tryc 16n ellipsoid; r, 0, A 1a
toa d6 cau cua diém tinh; Cum, Sum 12 hé s§ diéu hoa cau chuin héa diy du cua
XGM2019¢e 2159; 0 = 90° — ¢ 1a colatitude; Pum(cos0) 12 ham Legendre chuan hoa
day du.

Ham Legendre chuan hoa ddy dii Pom(x) lién hé v6i ham Legendre lién két
thong thuong Pym(x) qua [10]:
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= :nll(,z)_ /m)'/ﬁnm (x) (©)

P,.(x)=,/(2=4,)

Vi Som = 1 néum = 0 va Som = 0 néu m # 0. Cac gia tri cos(mL) va sin(mA)
duoc tinh theo cong thic truy hoi [11]:

cos(mA)= cos/tcos[(m —1)/1] —sin A sin [(m — l)l]

sin(mA ) = cos A sin [(m — l)ﬂ,] —sinA cos[(m — 1)/1] (o

v6i diéu kién dau: cos(0,1) = 1 va sin(0,1) = 0.
2.3. M6 hinh sé d¢ cao ETOPO1

MB® hinh s6 d6 cao ETOPO1 [12] c6 d6 phén giai 1'x 1', cung cép do cao dia
hinh luc dia va do sdu day bién trén pham vi toan cau [13]. Trong nghién ctru nay,
ETOPOI1 duoc sir dung dé ndi suy do cao dia hinh h tai cac diém tinh, xac dinh
thanh phan hiéu chinh dia hinh 2nGph?/y trong cong thirc (6). Thuét toan noi suy
song tuyén tinh (bilinear interpolation) dugc ap dung dong nhét giira chuwong trinh
va ICGEM.

2.4. Dir liéu thuc nghiém

102°0E 104°0°E 106°0°E 108°0'E 110°0'E 1M12°0E 114°0°E
24°0N
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BIEN BONG

14°0'N
12°0'N

+ + _,
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n 1
. B

Hinh 1. Khu vuc va dit liéu thuc nghiém
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Dt liéu thuc nghiém bao phu toan bd 1anh thd Viét Nam, gém 13.041 diém
phan bd déu trén ludi 0,1° x 0,1° v6i pham vi: vi do 8° = 24°N, kinh d6 102° +
110°E (Hinh 1). Tap dir liéu bao gom vung dia hinh bang phing ven bién, ving
trung du va ving nui cao 1én dén 2.631 m (khu vuc Tay Béc), tao diéu kién danh
gia toan dién hi€u nang ctia chuong trinh theo dai do cao dia hinh rong.

2.5. Xdy dung va danh gia chwong trinh xdc dinh dj cao geoid

Chuong trinh tinh toan dugc xay dung theo quy trinh thé hién trong Hinh 2,
gdém céac budc: (1) doc hé s6 Cum, Sum clia XGM2019e 2159; (2) tinh da thirc
Legendre chuin hoa ddy du Pam(cos0) theo thuat toan truy hoi cot tién (standard
forward column recursion); (3) tinh thé nhiéu T theo cong thic (7); (4) tinh trong
luc chuan y theo cong thirc Somigliana; (5) ndi suy h tir ETOPO1; (6) tinh d6 cao
geoid theo cong thuec (6).

Dé danh gia chuong trinh, két qua tinh tir hé thong ICGEM duoc st dung lam
chuan tham chiéu. C4 hai nguon két qua déu duoc tinh trong hé triéu trung binh
(mean-tide) vdi hi€éu chinh mure zero-term.

D¢ chinh x4c dugc danh gid qua cac chi ti€u: sai Iéch trung binh (), do léch
chuan (o), khoang bién thién (R = max — min), dong thoi phan tich phan bd xac suat
cua sai léch theo vung do cao dia hinh.

- r
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Hinh 2. Quy trinh va giao dién chwong trinh tinh d¢ cao geoid tw XGM2019e 2159 va ETOPOI
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3. Két qua nghién ciru va thao luin
3.1. Két qud tinh dp cao geoid tai mat ellipsoid

Do cao geoid tai mat ellipsoid cho cac diém thuc nghiém da dugc tinh toan.
Trén Bang 1 trinh bay két qua so sanh do cao geoid tai mit ellipsoid (thanh phan Ne
trong cong thirc (6)) giita chuong trinh tinh toan va két qua tir ICGEM trén tap dir
lidu gdom 13.041 diém. Két qua so sanh cho thay sai léch trung binh nho, chi 0,01
cm, d6 1éch chuan 0,02 cm, v6i khoang bién thién tir —0,02 cm dén +0,04 cm. Nhiing
két qua nay khang dinh ring thuat toan téng hop dé tinh thé nhiéu tir cac hé s6 ham
diéu hoa cau, cling nhu vi¢c tinh trong luc chuén, trong chuong trinh la chinh xac;
céc sai léch rat nho chil yéu xut phat tir khac biét trong xtr 1y s6 hoc va qua trinh
lam tron.

Bang 1. Panh gia sai léch do cao geoid tai mat ellipsoid (cm)

Dai lwgng danh gia Gia tri
Sai I¢ch trung binh 0,01
Do léch chuén (o) 0,02

Sai léch 16n nhat 0,04
Sai léch nho nhét -0,02

3.2. Ngi suy do cao dia hinh tir ETOPO1

D¢ cao dia hinh dugc ndi suy tr ETOPOI1 bflng chuong trinh va so sanh véi
két qua tir ICGEM. Két qua ndi suy hoan toan tring khép véi gia tri do ICGEM
cung cp. Bang 2 minh hoa két qua noi suy do cao dia hinh va Bang 3 trinh bay két

qua so sanh.

Bang 3. Bdnh gid sai léch h noi

Bdng 2. Két qud ngi suy h tir ETOPO1(m) suy 1ir ETOPOI (em)

A 3R e | Sai
st | Teadodiem h ngi suy tr ETOPOT | oy Pai lugng dénh gis | Gid trj
Vido | Kinhdd | Chuong trinh | ICGEM | (M)
1| 240 | 1020 1888 1888 | 0.000 Sai léch trung binh | 0,00
2 | 240 | 1021 1308 1308 | 0.000 D léch chuan (o) 0,00
3 | 240 | 1022 1498 1498 | 0.000 Sai léch 1on nhét 0,00
4 | 240 | 1023 1595 1595 | 0.000 Sai léch nho nhat 0,00
5 | 240 | 1024 2113 2113 | 0.000 |
13037 | 8.0 | 109.6 0 0 0.000
13038 | 8.0 | 109.7 0 0 0.000
13039 | 8.0 | 109.8 0 0 0.000
13040 | 8.0 | 109.9 0 0 0.000
13041 | 8.0 | 110.0 0 0 0.000
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3.3. Két qud tinh d¢ cao geoid tai bé mdt dia hinh

Két hop Kkét qua tr Muc 3.1 va 3.2, chuong trinh tinh d¢ cao geoid tai bé mit
dia hinh theo cong thtc (6). Trén Bang 4 trinh bay két qua danh gia tong thé so véi
ICGEM.

Bang 4. Panh gia sai léch do cao geoid tai bé mat dia hinh (cm)

Pai lwgng danh gia Gia tri
Sai I¢ch trung binh -0,14
Do 1éch chuén (o) 1,97

Sai léch 16n nhat 18,78
Sai léch nho nhét -38,05

Tir bang 4, thay rang: sai léch trung binh giira hai két qua 1a nh6 -0,14 cm. Do
1éch chuan 1,97 cm. Sai léch 16n nhét 18,78 cm, sai 1éch nho nhat -38,05 cm, khoang
bién thién dén 56,83 cm. Két qua tinh toan ctia chwong trinh va cia ICGEM cho
théy su khac biét dang ké, véi khoang bién thién dat 56,83 cm. Phan b x4c suit sai

1éch dugc thé hién trong hinh 3.

0.4 Phan bo xac suat sai léch Geoid — Ving Toan ho
- Code Chuong trinh vs ICGEM (XGM2019e 2159)
- I |
0 034 [ \
3 J o = -0.1393 n
s L f 0 = 1.9696 cm
o R Min = -38.050 cm
g LR | Max = 18.780 cm
: : n = 13,041
0.1
0.0 1 ‘ . .
-20 -10 0 10 20

Sai lech (cm)

Hinh 3. Phdn bé xdc sudt sai léch
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3.4. Phén tich theo khodng do cao dia hinh

Nhim 1am rd ban chit cua sai 1éch, tap s6 lieu duoc phan chia thanh bén
khoang theo d9 cao dia hinh. Két qua théng ké chi tiét dugc trinh bay trong Bang 5
va Hinh 4.

Bdng 5. Thong ké sai léch d¢ cao geoid theo khoang dg cao dia hinh

Khoang dj cao | S6 diém | Tilé (%) p (cm) ¢ (cm) R (cm)
0+ 500 m 6.200 47,5 0,09 0,52 11,22
500 + 1.000 m 1.494 11,5 0,01 2,41 19,95
1.000 = 1.500 m 777 6,0 -1,60 4,63 29,88
>1.500 m 317 2,4 -3,95 7,30 56,83

Két qua Bang 5 chi ra xu hudng rd rang: ca sai léch trung binh va do léch
chuan déu tang dan theo d6 cao dia hinh. Cu thé:

—Vung 0+ 500 m (6.200 diém, 47,5%): sai 1éch trung binh = 0,09 cm, d¢ I¢ch
chuan chi 0,52 cm — két qua chénh 1éch rit nho, twong dwong mirc nhidu sd hoc.

— Viing 500 = 1.000 m (1.494 diém, 11,5%): do léch chuan ting 1én 2,41 cm,
sai 1&ch trung binh van gan 0 nhung xuat hién phan tan 16n hon.

— Viing 1.000 = 1.500 m (777 diém, 6,0%): bat dau xuat hién xu hudng léch
am (un=-1,60 cm), 6 =4,63 cm.

— Ving > 1.500 m (317 diém, 2.4%): sai 1éch 16n va léch am 13 rét (u=—3,95

cm), 6 = 7,30 cm, khoang bién thién 1én dén 56,83 cm.
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&30/ Phan bo xac suat sai léch Geoid — Viing 0-500 m 2
a Code Chuong trinh vs ICGEM (XGM2019e 2159)
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Hinh 4. Phén b6 xdc sudt sai léch theo viing

3.5. Thdao ludn

Két qua kiém chirng & Muc 3.1 va 3.2 x4c nhan rang ca hai thanh phan riéng
1é ctia cong thirc (6) — tirc 1a N¢ tai mit ellipsoid va h ndi suy tir ETOPO1 — déu
duoc chuong trinh tinh dung. Do do, sai 1éch tai Muc 3.3 va 3.4 khong Xuét phat tur
16i thuat toan ma phan anh sy khac biét trong cach xir Iy 4nh hudng dia hinh giira
chuong trinh va ICGEM.

Cu thé, trong [7], d6 cao dia hinh dugc st dung trong hi¢u chinh dia hinh
khong ndi suy tryc tiép tir mdé hinh ETOPO1 ma duoc tinh tir khai trién diéu hoa
cau ctia mo hinh thé dia hinh toan ciu [5, cong thuc (115)]):

lmax l
h(A.@)=RD>.> P, (sin @)(C;;p" cosmA+ S, sin m/l)
=0 m=0
trong d6 C,7°, S;7° 1a h¢ s diéu hoa cau ctia mo hinh thé dia hinh toan cau

ETOPO1. Piéu nay c6 nghia la ICGEM da st dung do6 cao dia hinh dugc lam min
theo ham thé dua trén cac hé s6 diéu hoa cau, khac vé ban chit so véi do cao ndi
suy song tuyén tinh tryce tiép tir ludi ETOPO1 cua chuong trinh. Chinh sy khac biét
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trong gia tri h dwoc dua vao sb hang hiéu chinh 2nGph?/y 1a nguyén nhén chinh gay
ra sai 1éch tang theo do cao dia hinh.

Do khong tiép can dugc mé hinh thé dia hinh ETOPO1 tir ICGEM, dé nang
cao d0 chinh x4c ctia chuong trinh, viéc tinh hiéu chinh dia hinh van duoc thyc hién
theo Cong thirc (6), trong khi dd cao dia hinh dugc ndi suy tr mé hinh s6 do cao
(DEM) cua Viét Nam. Hi¢n nay, Viét Nam da xay dung cdc mo hinh s6 dia hinh
v6i do phan gidi cao, tir 90 m (3”) dén 30 m (1"). Vi vay, thay vi st dung md hinh
ETOPOL1 (1" dé noi suy do cao, chuong trinh sit dung DEM cuia Viét Nam véi do
phan giai 1” trong tinh toan.

4. Két luan

Bai bao da tim hiéu Iy thuyét va xdy dung thanh cong chuong trinh tinh toan
dd cao geoid tr GGM va mo6 hinh dia hinh. Thuc nghiém dugc thuc hién trén tap
dit lidu 13.041 diém phu lanh thd Viét Nam. Két qua tinh d6 cao geoid tai mat
ellipsoid dat sai léch trung binh 0,01 cm va d6 1éch chuan +0,02 cm khi so sanh voi
két qua tinh tir ICGEM. Khi x4c dinh do cao geoid tai bé mit dia hinh, sai léch trung
binh 13 —0,14 ¢cm, do 1éch chuén 13 1,97 cm va ¢6 xu hudéng tang theo do cao dia
hinh. Nguyén nhan dugc xac dinh 1a sy khac biét trong cach biéu dién do cao dia
hinh trong s6 hang hiéu chinh. Két qua nghién ctru khang dinh do tin cdy cua
chuong trinh va mo ra huéng cai tién cu thé nham nang cao do chinh xac & ving
dia hinh phuc tap.

Chuong trinh ¢6 giao dién than thién, cho phép tinh todn khong gidi han s6
luong diém va khong phu thude vao két ndi Internet, dam bao tinh bao mat s6 lidu.
Trong twong lai, chuong trinh ¢ thé dugc ning cao d6 chinh xac néu dua moé hinh
dia hinh chinh xac cua Viét Nam vao tinh toan.

Cam két cia cac tac gia

TAt ca cac tac gia c6 tén trong bai bao cam két sy dong thuan va khéng co
xung dot loi ich trong cong bo khoa hoc tai bai bao nay.
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