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MAT QUASIGEOID - CO SO THUC TE CUA VIEC
XAY DUNG HE PQ CAO CHUAN THEO LY THUYET
CUA MOLODENXKII M.X.

HA MINH HOA
Vién Khoa hoc Po dac va Ban do

Tom tit

Bai bao khoa hoc nay da chiung minh vu diém néi bat cua do cao chudn dwoc xac dinh trong
trong treong chudn ciia ellipsoid quy chiéu ma khéng doi hoi phai biét cac quy ludt phdn bo mdt dg
vit chat ¢ 16p vo cia Trdi dat. Ngodi viéc chitng minh dwoc rang mat quasigeoid dwoc xdc dinh
trong trong truong chudn cia ellipsoid quy chiéu, khéng phdi la mdt dang thé chudn, tring véi mdt
geoid trén bién, trén co sé xdy dung dwgc diéu kién Molodenxkii M.X. déi véi mdt quasigeoid, bai
bdo nay da hé thong cdc cong thirc diege sir dung dé khai thac cdc mé hinh toan cau EGM, MDT dé
gidi quyét cac bai todn trdc dia vt 1y trén pham vi quéc gia hodc khu vue.

1. Pit van dé

Nhu da trinh bay trong tai liéu (Ha Mmh Hoa, 2018), trong céc tai liéu vé Trac dia vat Iy trén thé
gioi dd néu rd rang dé giai quyét hai van dé cua Stokes G, khi glal quyét bai toan bién hdn hop,
Molodenxkii M.X. di dua bai todn bién nay vao trong trudng chuan cua ellipsoid va dwa mit bién
— mit telluroid — 1én sat gan mat vat 1y Trai dat. Khi tir diém P trén mat vat 1y Trai dat dung doan
thang PQ vuong goc vé1 mat ellipsoid va diém N trén doan thang nay nam trén mit telluroid,them
vao do6 diém Qo nam trén mat ellipsoid. thi doan PN b'fmg di thuong d6 cao ¢'p, doan NQ,, béng do
cao chuan H}, . Trong qua trinh mo ta Iy thuyét cia Molodenxkii M.X., trong c4c tai liéu quéc té vé
Tréic dia vat 1y, vi du Jekeli C., 2000; Hofmann-Wellenhof B. and Moritz H., 2005; Ogorodova L.V.,
2010, khi khrfmg dinh d6 cao chuén dugc xéac dinh trong trong truong chuén cta ellipsoid, da su dung
mat telluroid dé dinh nghia do cao chuén. Trong tai liéu (Pellinen, L.P., 1978) da st dung dinh nghia
cta do cao chuin dua trén mat telluroid dé xay dung ly thuyét chuyén cac chénh cao do tir trong
truong thuc cua Trai dat vé trong truong chuén cta ellipsoid. Cach dinh nghia d¢ cao chuin dua trén
mit telluroid 1am cho khai niém vé do cao chuan trd nén triru tuong va khong thuc té. Pidu nay da
dan dén sai 1am khi dinh nghia hé d6 cao Chau Au EVRF2000. Ngoai ra, diéu ndy con gdy nham
1an khi coi mat ellipsoid 1a “mat khdi tinh” cua h¢ do cao chuan. Nhu d3 ching minh trong tai licu
(Ha Minh Hoa, 2014), mat telluroid thuc cht 1a hinh anh cta mat vat Iy trai dat ma theo d6 mdi
diém trén mat vat Iy trai dat dugc chiéu vao trong truorng chuan cua ellipsoid quy chiéu theo phuong
vudng goc v6i mit ellipsoid voi khoang cach chiéu bang di thuong do cao cua diém. Tuy nhién, do
céc phuong chiéu khong song song voi nhau va cac gia tri di thuong do cao tai cac diém trén mit
vat ly trai dét 1uon khac nhau, nén hinh anh ctia mit telluroid khong trung véi hinh anh cua mat vat
ly trai dat. Khi coi mat ellipsoid 1a “mit khoi tinh” ctia hé d6 cao chuan, 1y thuyét hé do cao chuan
s€ trai voi ly thuyét hé do cao cua Listing J.B., theo d6 mat khoi tinh hé do cao phai 1a mat geoid,
va viéc do v€ dia hinh ctia mat vat 1y Trai dét duoc hiéu 1a do v& mat dia hinh ctua mat telluroid ?.

Bén than Molodenxkii M.X. d4 nhdn manh riang khi xac dinh d6 cao chudn ching ta phai lam
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nguoc lai: Trén doan thiang PQ vuong goc voi mit ellipsoid tir diém P dung doan PQ bang do cao
chuan quéc gia (cuc bo) Hp . Qiy tich cac diém Q cua cac diém P trén mit vat 1y Trai dit s& ndm
trén mat quasigeoid cuc bd. Do doan théng PQ, b.':ing d6 cao tric dia H pcua diém P, thém vao do6
Hp=H ‘% +¢'p, nén doan thang QQg duoc goi 1a do cao quasigeoid qudc gia (cuc bd) va bang di
thudng do cao qudc gia {p cua diém P (xem Hinh 1). Nhu vay, do cao chuan qudc gia H b cua diém
P trén mat vat 1y Trai dat don gian chi 1a khoang cach tir diém P dén mat quasigeoid cuc bd theo
duong vudng goc ha tir diém P dén mat ellipsoid.

Nhu vay, khi nghién clru ly thu}fé't cua Molodenx}di M.X., ching ta phai phan l?iét hai mat: Mat
telluroiq dugc su dung dé giai quyet bai toan bién hon hop, con mat quasigeoid (?é xdy dung hé do
cao chuan. Trong bai bao khoa hoc nay, chung ta s€ tap trung nghién ctu ly thuyét hé d6 cao chuan
dya trén mat guasigeoid. Tu d@y s& xac dinh dugc cac dic trung co ban ctia mat quasigeoid‘ phuco vu
vi€c giai quyét cac bai toan trac dia vat ly hién C}ai. Trong cac tai li€u ve Trac dia vat 1y déu khang
dinh mat qu'flsigeoid trung voi mat geoid trén bién va cac dai duong, mat quasigeoid khong phai 1a
mat dang the trong trong truong chuan cua ellipsoid. Tuy nhién nhﬁ’n‘g dicu trén khong dugc chirng
minh. Trong bai bao khoa hoc nay ching ta s€ chung minh nhiing diéu nay.

P //’—_hq-“"x_\\
a1 re 3k — 7 - ™~
Mat vat Iy Trai dat // , \\
."/-’d—_—_—-/ == f HP . . )
Bién H ol Quasigeoid cucbo -
_,quf——---""’“_"-agadzlc bé ‘G T
__lrS__ . £p__ Quasigeoid toan cau
7 ey — T
IEL*" Geoid toan cau < W U T
Ellipsoid QO ——

Hinh 1: Mdt geoid va mat quasigeoid
2. Giai quyét van dé

Trong cac tai liéu (Ha Minh Hoa, 2010; Ha Minh Hoa, 2014) da luan ching cho khai ni€ém vé
mit quasigeoid, theo d6 “Mat quasigeoid chi la hinh anh ciia mdt geoid véi thé trong truong thuec
W = W, trong trong truong chuan ciia ellipsoid va nhén dwoc tir phép anh xa mdt geoid nay tir trong
triweong thiee ciia Trdi dat vé trong truong chudn cia ellipsoid theo dwong vudng géc voi mdt ellip-
soid. Voi mot ellipsoid xac dinh, cac geoid khdac nhau sé coé hinh anh khdc nhau trong trong truong
chudn ciia ellipsoid nay. Véi mot geoid di xdac dinh, né c6 cac hinh anh khéac nhau trong cdc trong
triweong chudn khéc nhau cia cac ellipsoid khdc nhau”. Nhu vy, mit quasigeoid c6 mdi quan hé
chat ché vdi mat geoid va dugc xac dinh phu thudc vao trong truong chuén cua ellipsoid cu thé.
Ngoai ra, mit quasigeoid dugc xac dinh trong trong trudng chuén cua ellipsoid.

Trong tai liéu Ha Minh Hoa, 2018 da sir dung cong thirc xac dinh gia tri trung binh cua gia toc
luc trong truong chuan #p tai diém P nhu sau:
2

7p =70 —0,1543.H} +0,036.1 0“"{}1;] (1
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o day 7y - gia toc lyc trong truong chudn trén mit ellipsoid.

Gia tri 7p thuc chat la gia tri trung binh cua gia tde luc trong chuén gilra diém N ndm trén tel-
luroid va diém Qo nam trén mat telluroid. Gia tri trung binh tri #» (1) 1a gia tri co ban duoc st dung
trong 1y thuyét ciia Molodenxkii M.X..

Trong tai liéu (Ha Minh Hoa, 2016b) di chimg minh cong thirc xac dinh do cao chuén véi viéc
str dung gia tri trung binh tri ## (1) trong trudng hop sir dung mat quasigeoid lam mat khéi tinh cho
hé d6 cao chuan. Vi muc dich luan ching chat ché cho co so khoa hoc cua viée st dung mat quasi-
geoid, khong mat tinh chét chung trong bai bio nay ching ta s& chirmg minh ring trong truong hop
st dung mat quasigeoid cuc bd, do cao tric dia H p, 40 cao chuan quéc gia H}, va do cao quasige-
oid qudc gia £p déu dugc tinh todn nhd gid tri trung binh tri #p (1). Trong trong truong chuan ciia
ellipsoid, cac gia tri gia tc luc trong truong chuin tai cac diém P, Q duoc xac dinh theo cic cong
thirc sau:

7p=70—03086.Hp+0,0723.10°.(H,)%.  <mGal> (2)

— 7, —0.3086.C, +0.0723.10°.(£,)*  <mGal>. 3)
Yo =)o >P > P

Chung ta s& nhan gia tri trung binh cua gia tc luc trong trudng chudn trén toan ciu 7 = 979764.5
mGal, 40 cao quasigeoid 16n nhat & = 100 m, d6 cao chuan H? = 8848 m cua dinh Everest trén
day Himalaya dé tinh toan.

Trong trong truong chuan cua ellipsoid, d6 cao tric dia H p duoc tinh theo cong thirc:

Uy,-U
Hp="0_F,
7p “4)
% ’ 2
¢ day yp la gia tri trung binh cua gia toc luc trong truong chuan trén doan PQ,.
Luuy (2), gia tri ;7;, duoc tinh theo cong thuc:

7p = "’JFT/P =70 —0.1543.H, +0,03615.10°.(H,)* <mGal>. 5)

Khi thay Hp = H}, + & p, vao (5) va luu y (1) ching ta c6 quan hé
I '0,15‘43.42p 00?23.10'6H $p 003615.10_6§P

7P 7p o Ppip Vp7p

1 1
V6i cac gia tri 7 = 7p =979764.5 mGal . £p =100 m. H =8848 m tir biéu thirc trén suy ra hiu -

chi 1a dai 1ucmg nho ¢ mic 10", Do d6 ching ta hoan toan cé co s& dé nhan ty s6 = trong cong
thtrc (4) bang — va khi sur dung cong thirc (4) ching ta tinh gia tri trung binh § ;w theo cong thirc (1)
Fe

dbi v6i gia tri trung binh ¥
Tuong tu, trong trong tru(‘yng chuan cua ellipsoid d6 cao chuan H % duoc xac dinh theo cong
thire:  U,-Us
Hp=— :
Ypo (6)

O day #ng 14 gid tri trung binh cua gia tc luc trong trudong chuan trén doan PQ.
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Luu y cac cong thirc (1), (2), (3), gia tri trung binh ¥, duoc biéu dién duéi dang:

7P +7o

Frp = = 70— 01543 H} +0.03615.10 °(H})*> —0,3086.£ » +

+0,0723.10 8. H} £p +0.0723.107 863 = 75 —0.3086.55 + 0,0723.10 C HA L p +
+0,0723.1078.22.

Tir biéu thirc trén suy ra quan hé:

11 _ 030864, +0.0?23.10*5.H;.;,“P +0.0?23.10—5;1%
7p Tro PP'}?PQ 7e-7ro 7p7Po
Vi cac gia tri 7p =7pp =979764.5 mGal , £p=100 m, H =8848 m  tir biéu thirc trén suy ra hiéu

%-— chi la dai lucmg nho & mic 10", Do d6 chung ta hoan toan ¢ co s¢ dé nhan ty sb f;w trong

cong thuc (6) bang - va khi str dung cong thirc (6) chung ta tinh gia tri trung binh ¥z theo cong
7o .
thirc (1) ddi véi gi tri trung binh =
Cubi cing, trong trong trudng chuin cua ellipsoid, do cao quasigeoid & p duoc biéu dién dudi
dang:
Uy -U
Loy .. (7
Y0,0
o day 7 0,0 la gia tri trung binh cta gia tc luc trong trudng chuan trén doan QuQ; Uy - thé trong
truong chuan trén mat ellipsoid.

Twr cong thirc (3) chiing ta suy ra cong thurc xac dinh gia tri trung binh anQ 0 dang sau:

”Q 70 —01543,+0,036151075(C,)2

70,0 =
Luu ¥ (10) tir biéu thirc trén chung ta nhan duoc quan hé:

—6 2 —6 2
1 1 _ 0l1543H} , 0,036.10 (H}) K 015435, 0,03615.10°Lp _

Yo,0 TP Yo,07P Yo,07P ?_’Qﬂg-fp Yo,07P

Vdi cac gia tri 7p :;7000 =979764.5 mGal , £p=100 m, H; =8848 m tu biéu thirc trén suy ra hiéu

' < e . A , \ \ . o 2R . A

Frrgg chi la dai luong nhé & mirc 10°. Nhu vay chung ta hoan toan c¢6 co sé dé ty so ;%i

cong thtc (7) bang — va khi str dung cong thirc (7) chiing ta tinh gié tri trung binh }’Q o theo cong
P

trong

thirc (1) d6i v6i gia tri trung binh 7p .

Nhu vdy chiing ta da chtirng minh mét van dé quan trong: Khi sir dung mat telluroid hay mit qua-
sigeoid, trong 1y thuyét cuia Molodenxkii M.X. gia tri trung binh cua gia tdc luc trong truong chuan
ludén dugc tinh theo cong thuc (1) va dugc st dung dé tinh toan do cao trac dia H p, d0 cao chuan H A
va d¢ cao quasigeoid p Chinh diéu nay 1a sy dam bao mdi lién két giira viée tinh toan do cao chuin
va di thuong dd cao dugc tinh toan theo cac cong thirc (1), (2) dua trén mat telluroid trong tai li¢u
(Ha Minh Hoa, 2018) véi do cao chuén va do cao quasigeoid duoc tinh toan theo cac cong thirc (6),
(7) & trén khi sir dung mit quasigeoid. Khong nhitng thé, khi st dung mat telluroid hay mat quasi-
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geoid, diéu néu trén ludn dam bao quan hé: Do cao tric dia H p bﬁng téng ctia d6 cao chuan H b ova
d¢ cao quasigeoid ¢p .

Biy gio chung ta s& ching minh rang mit quasigeoid trung voi mat geoid trén bién va cac dai
duong, thém vao d6 mat quasigeoid khong phai 1a mat dang theé chuan trong trong truong chuan cua
ellipsoid. Moi quan hé giita do cao chinh H§ va do cao chuan H} cua diém P dugc bicu dién qua
cong thuc da biét (Pellinen, L.P., 1978; Hofmann-Wellenhof B. and Moritz H., 2005):

Wo—Wp =8, HS =7,.Hb, (8)

0 day g, - gid tri trung binh tich phén cua gia tdc luc trong trudng thyc tai diém P; w,- thé trong
truong thuc trén mat geoid; Wp - thé trong truong thuc tai diém P trén mat vat Iy Trai dat..

Twr quan hé (8) suy ra hai cong thtrc:

HY-HE+ 827 Te pe )
¥p
dH =H}, - HE =82"7P g (10)
’p

Tir cong thirc (9) chung ta thiy ring su khac nhau gita d6 cao chuan H} va do cao chinh H%
dugc giy ra do su khong trung nhau cia trong trudng chuén cua ellipsoid va trong trudng thuc cua
Trai dat. Cong thirc (9) mo ta phép anh xa dd cao chinh tir trong trudng thuc cua Trai dit di mot doan
dH (10) theo duong vudng goc PQ, voi mat ellipsoid thanh do cao chuin trong trong truong chuin
ctia ellipsoid. Tir quan h¢ da biét:

Hp=H§+Np=HpL+¢p,

va cong thic (9) ching ta c6 cong thic:

gp—7p
gP:NP_ .H‘%-

Yp
Cong thuc trén biéu dién phép anh xa do cao geoid N p tr trong truong thuce cua Trai dét theo duong
vuodng goc PQ véi mit ellipsoid thanh dg cao quasigeoid § ptrong trong truong chuan cua ellipsoid.
Bay gio dat biéu thirc H) = Hp- £, vao cong thic (8) chung ta nhan duoc biéu thirc:

Thay d6 cao tric dia Hp tir (4) vao biéu thic trén va luu y thé nhiéu Tp = Wp - Up tai diém P trén
mat vat Iy Trai dat, biéu thirc trén c6 dang:

Vplop=-Wy+Wp+Uy-Up=-Wy+Uy+Tp, (11)
Mt khac tir cong thirc (7) suy ra:
UQ:UQ“}FP-Q'P- (12)
Tu (11), (12) chung ta nhan dugc quan hé¢ (Ha Minh Hoa, 2010; Ha Minh Hoa, 2014):
Ug=Wy-Tp (13)

Su ton tai thé nhidu Tp khac 0 tai diém P trén mat vat ly Trai dat 1a do sy khong triing nhau giita
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trong trudng thuc cua Trai dit va trong trudng chuan cua ellipsoid. Piéu nay cho phép ly giai su
khac nhau giira thé trong truong chuan Uy cua diém Q trén mat quasigeoid va thé trong trudng I
ctia mit geoid khi dua trén quan hé (13). Ngoai ra, cong thic (13) cho thiy ring do cac gi tri thé
nhicu trén tap hop cac diém P trén mat vat 1y Trai dat luon khac nhau, nén céc gia tri cta cac the
trong truong chuan Ug cua tap hop cac diem Q tuong ing trén mat quasigeoid luén khac nhau. Dicu
nay c6 nghia 1a mat quasigeoid khong phai 1a mat dang thé chuén trong trong trudng chuén cua ellip-
soid.
By gio thay Uy (13) vao cong thire (7), chung ta lai nhdn dugc cong thire Bruns:

Yp 7p

Cp=——

Ttr cong thirc (13) chiing ta suy ra diéu kién:
Cp=Wy-Wp=Up-Up (14)

Trong tai liéu (Ha Minh Hoa, 2017a) di goi diéu kién (14) 1 diéu kién Molodenxkii M.X. ddi
v6i mit quasigeoid cuc bd. Nhu vy, tir dinh nghia do cao chuén trong cong thirc (8), chung ta suy
ra diéu kién (14) ddi véi mat quasigeoid. Khi str dung mat quasigeoid lam mat khoi tinh cho hé do
cao chuén, quan hé (13) va diéu kién (14) cho phép giai quyét nhidu van dé Iy thuyét va thuc té cua
ly thuyét Molodenxkii M.X.. Tir diéu kién (14) ching ta suy ra cong thirc xac dinh d6 cao chuin

H} tuong Gmg v&i mat quasigeoid ¢ dang sau:
Cp _Wo-Wp _Up-Up

Hi= 3
7p 7p 7p (15)

Cong thuce (15) duogc xay dung khi chon mat quasigeoid lam mat khéi tinh cho hé do cao chuén.
Trong khi d6, nhu da trinh bay trong tai li¢u (Ha Minh Hoa, 2018), trong truong hop st dung mat
telluroid dé md ta do cao chuan, ching ta khong thé lam ro6 mat khai tinh cia hé d6 cao chuan la mat
nao.

Khi nhén gi4 tri trung binh tich phan cua gia toc luc trong trudng thuc € trén toan ciu bing
9,80665 m?.s” (The International System of Units (SI)), con gia tri trung binh cua gia tbc luc trong
truong chuin # trén toan ciu bang 9,797645 m’.s? (Lemoine F.G., Kenyon S.C., Factor J.K.,
Trimmer R.G.,, Pavlis N.K., et al., 1998), chung ta c6 dai luong:

E7 _9191.107%
¥ (16)

Trén bién va cac dai duong, gia tri d6 cao chinh H* cia mat dia hinh bién chi & mic £ 2 m
(Pellinen L.P., 1978; Rapp R.H.; Balasubramania N., 1992). Thay dai luong (16) va Hi=+2m
vao cong thu:c (10), chung ta nhan duoc g1a tri dH = + 1,8 mm. Diéu nay c6 nghia 1a trén cac bién
va cac dai duong, d6 chénh gitra dd cao chuan va d6 cao chinh nhé bod qua, tirc mat quasigeoid duogc
coi la trung véi mat geoid. Vi y nghia nay, mit quasigeoid c6 diy du tu cach 1a mat khoi tinh cua
hé do cao chuan theo dinh nghla v€ hé do cao cua Listing J.B.. Tuy Vay, chung ta phai phan biét o
rang rang mit geoid 1a mat dang thé trong trong trudng thuc cua Trai dat, con mat quasigeoid mic
du trung véi mit geoid trén cac bién va cac dai duong thé gidi, nhung né khong phai 1a mat dang
thé trong trong truong thuc cua Trai dat boi vi n6 chi duge xac dinh trong trong truong chudn cua
ellipsoid, thém vao dé né ciing khong phai 1a mit déng thé chuan trong trong truong chuan nay.
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Véi viéc st dung mat quasigeoid 1a mat khéi tinh ctia h¢ do cao chuan, cac két qua do dac dia
hinh chi tiét s& cho phép xay dung cac ban d6 dia hinh céc ty 1& khac nhau mé ta dia hinh cta bé
mit trai dat twong ung véi mit quasigeoid. Trong khi d6 viéc str dung mit ellipsoid lam mit khoi
tinh hé do cao chuan cho phép mo ta mit telluroid, chir khong phai dia hinh ctia bé mat trai dat.
Chung ta ciing can thiét phai nhdn manh thém rang nhu d3 trinh bay & trang 365 cua tai liéu Ha Minh
Hoa, 2014, mat telluroid 1a hinh chiéu cta mat vat Iy trai dat vao trong truong chuan cua ellipsoid
theo phuong vudng goc voi mit ellipsoid di mot khoang cach bang di thuong do cao cia diém trén
mit vat 1y trai dat. Do cac diém trén mat vat Iy trai dat c6 cac di thuong do cao khac nhau, nén mat
telluroid khong giéng mat vat Iy trai dat

Viéc st dung mat quasigeoid cho phép giai quyét nhiu van dé ly thuyet va thuc té lién quan dén
viéc khai thac cac mo h1nh toan ciu nhu mé hinh trong truong trai ¢t EGM, m6 hinh Bla hinh mat
bién trung binh toan cau v..v dé giai quyét cac bai toan tric dia vt 1y trong pham vi quc gia va khu
vuc. Dya trén quan hé (14), trong (Ha Minh Hoa, 2014) da chimg minh cac cong thirc chuyén ddi
dd cao chuan, do cao quasigeoid gitra cac hé triéu. Doi voi diém P trén mat vat ly trai dét, khi ky
hiéu H ; 1a d6 cao chuin toan cau va £p 1a do cao quasigeoid toan cAu twong ung voi mat quasi-
geoid toan cau (xem Hinh 1), H} 1a d6 cao chuan cuc b va &p 12‘1 dd cao quasigeoid cuc bd tuong
ung v&i mat quasigeoid cuc b, them vao d6 mit quasigeoid toan cu twong ing voi mit geoid toan
ciu v6i thé trong truong Wﬂ con mat quasigeoid cuc bd twong g voi mit geoid cuc bd voi thé
trong truong W, duoc xac dinh tai tram nghiém tridu 0 cta qudc gia hodc khu vuc, twong ty nhu

quan hé (14) d6i voi miat quasigeoid cuc bo, ddi v6i mit quasigeoid toan cau ching ta c6 quan hé:
7y~ Wy = Uy ~Up. (17)
& day S 1a diém cét ciia dudng vudng goc PQ v6i mit quasigeoid toan cau.
Dua trén cac quan hé (14), (17) chung ta sé c6 cac cong thuc sau:
_ Wu
+
g’P gP 7." (18)
oWy
7p (19)
Cac cong thuc néu trén da dugc chirng minh trong cac tai liéu (Ha Minh Hoa, 2007; Ha Minh
Hoa, 2014) theo cac phuong phap khac nhau va da duoc su dung trong tai li€u (Ha Minh Hoa, va
nnk, 2012) dé xac dinh thé trong truong W, = 62636847,2911 m’.s” cua mdt geoid cuc b Hon Dau,
sat nhat v&i mit bién trung binh nhiéu nam tai tram nghiém triéu Hon Dau (tram nghiém triéu 0 cia
Viét Nam), dua trén geoid toan cau véi thé trong trudng Wy =626368560 m”.s™ (Petit G., Luzum B.,
2010).

Twr cac quan hé (14) va (17) ching ta nhan dugc dai lugng:

Wo—Wo _Us—Ug
7p 7p (20)

la d6 cao cua mat quasigeoid cuc bd so voi mat geoid toan cau.

H,=

Do d3 x4c dinh dugc cac gia tri thé trong trudng W, va Wg cua mat geoid cuc bo dugc xac dinh
tai tram nghiém triéu Hon DAu va mat geoid toan cAu, nén ddi voi hé do cao Hai Phong 1972 chung
ta nhan dugc H,) = 0,890 m (Ha Minh Hoa, va nnk, 2012). Trong tai liéu (Ha Minh Hoa, 2016a) da
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chtrng minh sy song song ciia mit quasigeoid cuc bd Hon Diu véi mit quasigeoid toan cau trén
pham vi toan cau. Day 1a co s& khoa hoc cta viée st dung cong thire (18) dé chuyén d6 cao quasi-
geoid toan cau thanh do cao quasigeoid hdn hop cuc bd phuc vu viée xay dung mé hinh quasigeoid
hdn hop qubc gia va cua viée st dung cong thirc (19) dé chuyén d6i do cao dia hinh bién toan ciu
thanh d6 cao dija hinh bién cuc bo phuc vu viéc xay dung mé hinh Dia hinh mat bién trung binh trén
ving bién Viét Nam.

Véi muc dich théng nhét cac hé d6 cao cua cac nude khac nhau trong hé¢ do cao théng nhét trén
co sO sir dung mat geoid da biét thé trong trudng W, tai tram nghiém tridu 0 cia khu vuc, trén thé
gidi da sir dung phuong phép binh sai theo cac hé dia thé thay cho cac chénh cao do, vi du hé d6 cao
Chau Au EVRF2007 (Thde J., 2007). O Viét Nam véi viée xac dinh dugc thé trong truong W, =
62636847,2911 m.s? cia midt geoid cuc bd Hon Dau trong tai liéu (Ha Minh Hoa, Nguyén Thi
Thanh Huong, 2015a) da tién hanh thir nghiém binh sai theo cac hiéu dia thé ddi v6i mang ludi do
cao hang I, IT mién Béc. Trong trudng hop trén cac diém do cao hang I, II c6 do GNSS va xir 1y dit
liéu GNSS trong ITRF, cac gia tri thé trong truong cua cac mbc do cao hang I, II ¢o thé duoc st
dung dé hiéu chinh cac hé sb diéu hoa ciia mé hinh trong truong trai dit EGM (Ha Minh Hoa, 2015b)
hodc dé xay dung mé hinh Dia thé qudc gia (Ha Minh Hoa, 2017b).

3. Két luin

Khi str dung 1y thuyét ciia Molodenxkii M.X., chiing ta phai phan biét hai mat telluroid va quasi-
geoid, theo d6 mat telluroid dugc dung Ién nho cac do cao chuin cua cac diém nam trén mat tellu-
roid va dugc st dung lam mat bién ctia bai toan bién hon hop, tuy nhién mat quasigeoid trung voi
mat geoid trén bién duoc sir dung dé 1am mat khéi tinh cho hé d6 cao chuan. Piéu nay lam cho hé
dd cao chudn hoan toan phu hop véi Iy thuyét hé do cao cua Listing J.. Viéc cac do cao chuan cia
cac diém trén mat vat 1y trai dat duoc xac dinh trong trong truorng chuan cua ellipsoid cho phép xac
dinh chung mot cach don tr1 ma khong can biét quy luat phan b mat d6 vat chat trong l6p vé cua
Trai dat. Pay 1a vu diém ndi bat cua do cao chuan so v6i do cao chinh. Trén co s tong hop cac két
qua nghién ctru da dugc cong bd tir trude cla tac gia bai bao khoa hoc nay, viéc dé xuét diéu kién
Molodenxkii M.X. ddi v&i mat quasigeoid cuc bo dudi dang cong thirc (14) cho phép chimng minh
mat quasigeoid duoc xac dinh trong trong tru:ong chuan cua ellipsoid quy chiéu, khong phai 13 mat
dang thé chuan, trung v4i mat geoid tren bién va xdy dung duoc cac cong thic (1 8) (19), (20) phuc
vu viéc khal thac cac mo hinh toan cau EGM, MDT dé giai quyét cac bai toan tric dia vat 1y trong
pham vi quoc gia va khu vuec. Dé két thuc bai bao khoa hoc nay, muon loi khang dinh cua Sjoberg
L.E. trong cong trinh (Sjoberg, L.E., 2013) rang hé do cao chuan la trién vong tuong lai xay dung
hé dd cao & cic nudc ./.O

Tai liéu tham khao

[1]. HA Minh Hoa, 2007. Giai quyét mot s6 van de 11en quan dén viéc chuyén he dd cao duoc
xac dinh tu mit nude bién trung binh ¢ tram thuy tridu vé mit quasigeoid toan cau. Tap chi Dia
chinh, s6 2, thang 4/2007, trg. 3 — 11, ISSN: 0866- 7705.

[2]. Ha Minh Hoa, 2010. Tiép can khai niém vé mit Quasigeoid. Tap chi Khoa hoc Po dac va
Ban do, No3, 3/2010, trg. 3 - 15. ISSN: 0866- 7705.

[3]. Ha Minh Hoa, va nnk, 2012. Nghién ctru co s¢ khoa hoc cia viéc hoan thién hé do cao gén

lién véi viéc xay dung hé toa do dong luc qudc gia, 247 trg.. Pé tai khoa hoc va cong nghé cap Bo
Tai nguyén va Moi truong giai doan 2010 - 2012. Ha Noi - 2012.

8 TAP CHi KHOA HOC DO DAC VA BAN PO SO 38-12/2018



Nghién citu

[4]. Ha Minh Hoa, 2014. Ly thuyét va thuc tién cia Trong luc tric dia. Nha Xuét ban Khoa hoc
va Ky thuat, 592 trg., Ha No6i - 2014. ISBN: 978-604-67- 0301-3.

[5]. Ha Minh Hoa, Nguyén Thi Thanh Huong, 2015a. Nghién ctru hoan thién phuong phép xtr Iy
toan hoc mang ludi d6 cao hang I, II quoc gia trong hé do cao hién dai ¢ Viét Nam. D¢ tai nghién
ctru khoa hoc va cong nghé cap B¢ Tai nguyén va Moéi truong giai doan 2012 - 2015, Ha Noi - 2015.

[6]. Xa Munb Xoa, 2015b. Pa3zBuTHe rocyaapcTBEeHHON BBICOTHON CUCTeMbl BheTHamMa Ha 0CHO-
BE HCIOJIb30BaHUS JIOKAIBHOW MOJIeNIN reounia. Mzeecmus 6y306 I eooesus u Aspogpomocvévika, No2,
c. 10 - 13, ISSN 0536-101X, MockoBckuii Yauepcuret I'eonesun u Kaprorpadum, Poccust.

Ha Minh Hoa, 2015b. Phat trién hé dd cao quéc gia Viét Nam dya trén mé hinh geoid cuc bd.
Izv. Vuzov. Geodezia I Aerophotoxemka, No2, trg. 10-13, Truong Pai hoc Tong hop Trac dia va Ban
d6 Matxcova, Lién bang Nga. (TiéngNga).

[7]. Ha Minh Hoa, 2016a. Nghién ciru su thay d6i d cao giita mit quasigeoid cuc bo Hon Dau
va mat quasigeoid toan cau trén pham vi toan cau. Tap chi Khoa hoc Do dac va Ban do, so 28, thang
06/2016, trg. 1 — 7, ISSN: 0866- 7705.

Ha Minh Hoa, 2016b. Nghién ctru cac dac trung co ban cuia méat quasigeoid. Tap chi Khoa hoc
Do dac va Ban do, s0 29, thang 09/2016, trg. 1 — 9, ISSN: 0866- 7705.

[8]. Xa Munp Xoa, 2017a. M3yueHrne HEKOTOPBIX CHEUPUUIECKIX XapaKTEPUCTHK KBa3UTEOH 1A
JUISL pelieHus 3a/1ad (PU3NUeCKOr I'eo/Ie3ud Ha COBPEMEHHOH 3rmoxe. MeKayHapoJaHbIl HAydHO —
MCCIICZI0BATEILCKUI KypHaI “Venexu cospemennotl nayxu u oopasoeanus”, Tom 4 No. 1, 01/2017,
c. 208 — 216. BAK P®, PUHI] (eLibrary.ru), ERIH PLUS, AGRIS, ISSN 2412 - 9631,
Tunorpadus “Omunentp”, http://www.modernsciencejournal.org/.

Ha Minh Hoa, 2017a. Nghién ctru mot s6 cac dic trung dic thi ctia mit quasigeoid dé giai quyét
cac bai toan tric dia vat 1y trong ky nguyén hién dai. Tap chi Nghién ciru khoa hoc quoc té “Cac
thanh twu Khoa hoc hién dai va Giao duc”, Tap 4, No.1, 01/2017, trg. 208 — 216, VAK RF (Lién
bang Nga), RINTX (eLibrary.ru), ERIH PLUS, AGRIS, ISSN 2412 - 9631, Nha in “Epicentr”.
http://modernsciencejournal.org.

[9]. Ha Minh Hoa, 2017b. Str dung phuong phap collocation dé xac dinh thé trong truong trén
diém GNSS dua trén céac thé trong trudng cua cac diém do6 cao hang I, 11 on dinh va mé hinh
EGM2008. Ky yéu Hoi nghi Khoa hoc & Cong nghé lan thir 15 ngay 20 thang 10 nam 2017, Phan
ban Dia tin hoc, trg. 1— 13. ISBN: 978 — 604 — 73 — 5642 — 3. Trudong DPai hoc Bach khoa Tp. HO
Chi Minh.

[10]. Ha Minh Hoa, 2018. Cac ting dung rong rii cua ly thuyét Molodenxkii M.X. trong Tric dia
vat 1y trén the gidi. Tap chi Khoa hoc Po dac va Ban do, so6 37, thang 06/2018, trg. 1 —, ISSN: 0866-
7705.

[11]. Hofmann-Wellenhof B. and Moritz H., 2005. Physical Geodesy, 2nd edition, Springer, Wien
- New York

[12]. Thde, J., 2007. Final Report of IIG ICP 1.2 for the period 2003 - 2007. IAG Inter -
Commission Project, ICO 1.2 Vertical Reference Frames. 30 p.

Jekeli, C., 2000. Heights, the geopotential and vertical datums. Report No. 459. The Ohio State
University, Columbus, 35 p.

TAP CHi KHOA HOC PO DAC VA BAN DO SO 38-12/2018 9



Nghién citu

[13]. Lemoine, F.G.,, Kenyon, S.C., Factor, J.K., Trimmer, R.G., Pavlis, N.K., et al, 1998. The
Development of the Joint NASA GSFC and NIMA Geopotential Model EGM96, NASA Goddard
Space Flight Center, NASA Technical Report NASA/TP-1996\8-206861 Greenbelt, Maryland,
20771 USA, July 1998).

[14]. Oropomosa, JI. B., 2010. HopmanbHOe T07I€ U OmpeAesieHne aHOMaJIbHOTO MOTEHIIHANA.
Mocksa, MUNT'AuK, 105 c.,ISBN 978-5-91188-025-5.

Ogorodova, L.V., 2010.Truong chuén va xac dinh thé di thuong. Matxcova, MIIGAIK, 105 trg.,
ISBN 978-5-91188-025-5.

[15]. Memmuaen, JI. I1., 1978. Beicmas reonesust (Teopetmuecpast reomesus). Mocksa. Hempa,
264 c.

Pellinen, L.P., 1978. Tric dia cao cip (tric dia Iy thuyét). Matxcova, Nedra, 264 trg. (TiéngNga).

[16]. Petit, G.,, Luzum, B., 2010. IERS Conventions (2010). IERS Technical Note No 36, Verlag
dés Bundesamts fur Kartographie und Geodasie. Frankfurt am Main 2010, 179 pp.

Rapp, R.H.; Balasubramania, N., 1992. A conceptual formulation of a World height system. Dept.
Geod. Sci. Rep. N421. Ohio State University, Columbus, Ohio.

[17]. Sjoberg, L.E., 2013. The geoid or quasigeoid — which reference surface should be preferred
for a national height system ?. Journal of Geodetic Science, 3 (2), 103-109, doi: 10.2478/jors-2014-
0013

[18]. The International System of Units (SI). National Institute of Standards and Technology
(NIST), U.S. Department of Commerce, INST Special Publication 330, 2008 Edition. Ed. Taylor
B.N. and Thompson A., 97 p.O

Summary

A quasigeoid — practical base of construction of a normal height system by MolodenxKkii’s
theory

Ha Minh Hoa
Vietnam Institute of Geodesy and Cartography

This scientific article proved a remarkable advantage of a normal height determined in a normal
gravitational field of reference ellipsoid without law of mass distribution in the Earth’s crust. Apart
from provement that the quasigeoid has been determined in the normal gravitational field of referen-
ce ellipsoid, isn’t the normal equipotential surface, is coincident with the geoid in the seas, on base
of construction of Molodenxkii’s condition for the quasigeoid, this article systematized formulas
used for exploitation of the global models EGM, MDT in solving of tasks of the physical geodesy
in domains of country or region.Q
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