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BAN VE CHUYEN PQ CAO GEOID THANH
PO CAO QUASIGEOID

HA MINH HOA
Vién Khoa hoc Po dac va Ban do

Tém tit:

Viéc nghién citu chuyén doi dé cao geoid thanh dé cao quasigeoid la mét huwéng nghién ciru ciia
trac dia vt Iy. Bai bdo nay da trinh bay cdc nghién civu Iy thuyét vé hiedng nay va trinh bay mot so
thuwe nghiém trén thé gii. Cdc két qua nghién ciru thure nghiém cho thdy dé chénh giita dé cao geoid
va dé cao quasigeoid la kha 16n va hién nay khéng dap vmg dwoc cac yéu cau hién dai ciia viée xdy
dung cdac mé hinh geoid/quasigeoid. Piéu nday néi lén rang sw phdn bo vt chdt giita mdt vdt Iy trdi
ddt va mat geoid rat phirc tap, hién nay chiea mé hinh héa duwoc.

1. Pit van dé

Dua theo 1y thuyét Molodensky M.S., m hinh quasigeoid toan cau dugc xay dung 1a mo hinh
Xxap xi lan thir nhat cla Trai dat. M6 hinh thuc cia Trai dat 1a mé hinh geoid toan ciu s& dugc tinh
toan trong nhitng lan xap xi tiép theo. Theo phu0’ng hudng nay, trong | tai liéu (Heiskanen W.A. and
Moritz H., 1967) da dua ra cong thirc chuyén do cao quasigeoid é’ vé d6 cao geoid toan cau N tai
diém P trén mat vat 1y Trai dat theo qua cong thirc sau:
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& day 2 - gia tri trung binh tich phan cua gia toc luc trong trudng tuong tmg véi diém P; - gia
tri trung binh ciia gia toc luc trong truong chuan tai diém P; 7 € va H7 - cic do cao chinh toan cau
va dd cao chuén toan cau cua diém P, thém vao do6 céac dai luong 2 vaH’ quan hé vé&i nhau béi
biéu thirc:
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Céc cong thuc (1), (2) hinh thanh nén mot huorng nghién ctru trong Tric dia vat 1y: Ly thuyet
chuyén d6 cao quasigeoid Cf vé do cao gemd toan cAu N tai diém P trén mit vat Iy Trai dat. Tuy
nhién cac cong thirc trén con chua tinh dén su hap dan cua khoi lugng vat chat dia hlnh gilrta mat vat
ly Trai dat va mat geoid toan cau da tao ra thé dia hinh (topographlc potential) V trén mat geoid
va thé dia hinh VT tai diém trong lyc P trén mit vat 1y Trai dét.

Trong bai bdo khoa hoc nay, ching ta s€ xem xét viéc phat trién ctia cong thirc (1) va mot sé thir
nghiém chuyén d cao quasigeoid & vé do cao geoid toan cau N tai diém P trén mat vat 1y Trai dat.

2. Cac két qua nghién ctru

Trong chuwong 6 cua tai liéu Ha Minh Hoa, 2018 d4 phén tich kha chi tiét cac két qua nghién ciru
chuyén do cao quasigeoid £ v& d6 cao geoid toan cau N tai diém P trén mit vat 1y Trai dat. Trong
qué trinh hoan tién cac cong thirc (1), (2), bén canh viéc tinh dén sy hdp dan cta khéi luong vat chat
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dia hinh giira mat vat Iy Trai dit va mit geoid toan cau da tao ra thé dia hinh (topographic potenti-
al) V; trén mat geoid va thé dia hinh Vg tai diém trong lyc P trén mat vat 1y Trai dat. Ngoai ra con
phai tinh dén di thuong Bouguer Agﬁ tai diém P 1a d6 nhiéu trong lyc (gravity disturbance) (SgB trén
mat geoid toan cau. Do su thay ddi cua do nhidu trong luc rSgBtl‘J: diém P dén mat bién, nén trong tai
lidu (Flury J., Rummel R., 2009) di d& xuat cong thirc chit ch dé chuyén di thuong do cao toan cau
thanh d6 cao geoid toan cu ¢ dang sau:
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& day s hiéu chinh dia hinh TC1 (topographic correction) ¢6 dang:
vlvl 4)
rc1=-%
v
con s6 hiéu chinh trong luc GC1 (gravimetric correction) c6 dang:
Jg_B - (;ng (5)
GCl=— £,
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50 - d6 nhiéu trong lyc tai diém P; 627 - d6 nhidu trong lyc trung binh doc theo do cao tir diém
P den mit bién; 7 - gi tri trung binh ctia gia tdc lyc trong truong chuén tai diém P.

Trong tai liéu (Sjoberg Lars E., 2010) da hoan thién tiép theo cong thirc (3) & dang sau:
o8
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& day s hiéu chinh dia hinh TC (Topographic Correction) c6 dang:
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Ag™ - di thuong trong luc khong bi anh hudng cua dia hinh theo do cao tir diém P dén mit bién;
g7 - dj thuong trong luc khong bi anh hudng cua dia hinh tai diém P,

Trong tai li€u (Sjoberg Lars E., 2010) khong chitng minh cac cong thiic (6), (7), (8) ma chi so
sanh chung voi cac cong thie (3), (4), (5). Trong phan tiép theo, chung ta s& nghién ciru co s6 1y
luan cua cac cong thirc (6), (7), (8). Trude tién, ching ta thira nhan rang vé mat 1y thuyét, di thuong
Bouguer Agﬁ d3 duoc loai bo anh huong cua dia hinh giira diém P trén mat vat 1y Trai dt va mat
geoid toan cdu va di duoc dua xubng mit geoid nay. Do dé cac gia tri di thuong dd cao toan cau
£ va do cao geoid toan ciu N trong cong thirc (1) 1a cac gia tri khong bi anh huong cua dia hinh
(No - Topography - NT), tirc £ =27, N=N"T Mit khac, d cao geoid ¥'7 lai dugc tinh toan trén
mit geoid toan cau, con di thuong d6 cao £ =227 lai dugc tinh toan tai diém P trén mit vat ly
Trai dat. Nhu chung ta s& thiy ¢ phan dudi dy, su thay doi cia d¢ cao geoid toan cau 27 theo d
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cao dugc xac dinh theo cong thirc 5)?;;‘7 AeB
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trén mit geoid toan ciu du()c thanh di thuong do cao toan cau .7 ¢ mirc cia diém P. Khi d6 chung

Do do tir (1) suy ra &7 =N + HE . Cong thirc nay c6 nghia 1a do cao geoid toan cau N7

ta viét lai cong thirc (1) ¢ dang sau:

SNT _ Z=NT Agh
(WY -2, = 5 HE 9)
Cong thuc (9) chira rang hiéu (N7 — 777, duogc xac dinh trén murc cua diém P. Trong thyc té,
do cao ge01d toan cau N duoc xac dinh trén mit geoid toan cau va la do cao cta diém Q trén mit
geoid toan cau so v6i mit ellipsoid Trai dit trung binh, thém vao d6 diém Q nam trén duong day doi
tir diém P dén mat geoid toan cau. Néu coi di thuong do cao toan cu cf duoc xac dinh trén mat
quasigeoid toan cau va 1a do cao cua diém Qp trén mat quasigeoid toan cau so voi mat ellipsoid Trai
dat trung binh, thém vao d6 diém Q, nam trén duong day vuéng goc véi mit ellipsoid nay tir diém
P dén mat quasigeoid toan cau. Khi do, ching ta can xac dinh hiéu (V-2 ), la do chénh cta mit
quasigeoid toan ciu so v6i mit geoid toan cau tai diém Q trén mit geoid toan cau. Ky hiéu “g” 1a
chir cai du cia tir “geoid”.
Chting ta s€ lam rd mdt s6 dai lugng vat ly khong phu thude dia hinh. Vé mat ly thuyét, do cao
geoid toan cau dugc xac dinh theo cong thirc (Sjoberg Lars E., 2010):

Np=2- (10)

‘0
oday T, la thé nhidu tai diém Q trén mat geoid toan cau, Vo - gla tde luc trong truong chuén tai
diém tuong ng v6i diém P trén mit ellipsoid Trai dat trung binh theo dudng vudng goc tir diém P
dén mat ellipsoid nay, con di thuong do cao toan cau dugc xac dinh theo cong thirc:

Ty (11)
oday Tpla thé nhiéu tai diém P trén mat vat ly Trai dat, Yn - 1a gia tde luc trong truong chuan

tai diém N twong tng véi diém P trén mat telluroid.
Néu loai bo thé dja hinh 7} trong thé nhidu 7, chiing ta nhan dugc thé nhiéu khong bi anh huong

cua dia hinh 7, N =T, VT Kh1 do, tur (10) chung ta ¢ cong thire xac dinh do cao geoid toan cu
khong bi anh huong cla dla hinh ¢ dang sau:

T 7VT TNT T VT VT
NM-£ £ _ £ £ § &
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7, 7, 7, 7, 7, (12)
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Tuong tu, néu loai bo the dia hinh V7  trong theé nhiéu 7, ching ta nhan dugc thé nhiéu khong

bi anh huong cia dia hinh 7, Ig,w =T, —Vg . Khi do, tir (11) chiing ta c6 cong thue xac dinh di thuong
dd cao toan cau khong bi anh hudng cua dia hinh ¢ dang sau:

T NT T T
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Véi muc dich xac dinh (¥ _ 7y tai diém Q trén mat geoid toan cau, tir (12) va (13) chung ta co:
(N-9)g

'VT 7

£ P} (14)

(¥-2), =(77 =27 +

&

7o T

Chung ta s€ xac dinh dai luong [N M- 'W] trong cong thuc (14). Do trong di thuong Bouguer Agﬁ
£

da loai bo anh hudng cia khoi lugng vat chét dia hinh, nén tur (12) chung ta co:

37 NT NT NT B
oN P b T - & T - Agp
S S [ S (15)
oh oh 7, Ay | h b4
Tuong ty, tir (13) suy ra 5»3;?7 0 T;’T 5 T ) Agf
ch eh| 7, dy| h -
Léy hiéu hai bién thuc trén, ching ta nhan duogc:
5[ NN _gM ] rg® AT
= Py "F
oh ¥ 7y (16)

Mit khéc, gitta di thuong Bouguer va di thuwong khong khi ty do ton tai quan hé (Sjoberg Lars
E., 2010): T &,
AgB = Ag‘w -£ 2
7y ©h
Khi do, cong thire (16) c6 dang moi:
o NT  =NT I )
{57-27) (w7 | i

ch ¥ ¥ YV
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Bay gio lay tich phan hai vé cta cong thirc (17) v6i do cao h thay doi tir 0 dén do cao chinh toan
cau H§ cua diém P, chiing ta nhan duoc:

Eg 5[ NYT _FT J
NT = NT T NT = NT
i oh dh _(N )P (N -5 ] =
0
FE( pghT A NT RS pr
P g P 3,
- P S 7 Y (R P (18)
0 ¥ - o 7y oh

o day GC c6 dang (8).

3 B T 78 A,
Luu y (9), tir (18) ching ta co: (V77 —237) 282 ge o TeHr O
N 7V Ch

Chung ta s& phan tich sb hiéu chinh GC (8). Luu ¥ (15), cong thic (8) dugc bién d6i nhu sau:
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(19)

Yn
Nhu vay, cong thuce (19) biéu thi su thay ddi cua dj thuong do cao toan cau khong phu thudc dia
hinh (trong khong khi tu do) tir mat vat ly Trai dat dén mat geoid toan cau. Trong tai li¢u (Lars E.
Sjoberg, 2010) da biéu dién cong thirc (19) dudi dang khai trién chudi Taylor ¢ dang sau:

© -
GC= 3y —2 (-1,
k=12 Y

ch
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Tir cong thirc (1.114) trong Ha Minh Hoa, 2018, chiing ta viét lai cong thirc trén dudi dang:

CRYHE) (ag-Agp)

GC = . 3 az.
4Ty % Iy (20)
Chung ta s& phan tich sb hiéu chinh GC (8). Luu ¥ (15), cong thic (8) duge bién dbi nhu sau:
7e NT 7E( _ NT
P N Ag P| 57N Ag
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Nhu vy, cong thirc (21) biéu thi sy thay doi cua di thuong do cao toan cau khong phu thudc dia
hinh (trong khéng khi ty do) tir mat vat Iy Trai dat dén mat geoid toan cau. Trong tai li¢u (Lars E.

Sjoberg, 2010) da biéu dién cong thire (21) dudi dang khai trién chudi Taylor ¢ dang sau:

_o WD L (SENT) @R (aned”
GC= 3% . (=D = = | — )
k<2 ;‘"’V_?\-' oh 27y ch P

Tir cong thirc (1.114) trong Ha Minh Hoa, 2018, ching ta viét lai cong thuc trén dudi dang:
_RY(HE) i (0g-2gp) .,

iy LR (22)
Khi coi vung tich phan de'= dZ.dh, cong thirc (1.131) trong Ha Minh Hoa, 2018 c6 dang:

GC =

2 HE — 9 =g
g PP ge-mg R>HE) (ag-Agr)
g=—"] =L (Ag—Agr)dzdh= g dz.
v ) 3 R (23)
So sanh (22) va (23) ching ta nhan duoc quan hé go =5
7N
T (19) luu y (15) chiing ta c6 quan hé: !
== NT
ENT _ZNT %P gg.Ge
- ; oh (24)
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Thanh phan th hai ¢ vé phai cta (24) 1a s6 hiéu chinh duoc sir dung dé chuyén di thuong d6 cao
toan cau Z27 tir diém P trén mat vat Iy Trai dat vé mit geoid toan cau, con sb hiéu chinh GC dwoc
su dung dé hiéu chinh dj thuong do cao toan cau Ny +5{i HE do sy khong song song ctia mat
dang thé di qua diém P so véi mit geoid toan cau. v

3. Céc két qua thuc nghiém trén thé gi6i

Theo tai liéu Foroughi, 1., Tenzer,R., 2017, khi tinh toan ¢ ving Himalaya va Tibet, d0 chénh giira
dd cao quasigeoid va do cao geoid cuc dai dat muc -4,06 m. Theo tai licu Dawod,G., Mohamed, H.F.,
2009, khi stt dung md hinh EIGEN-CGO01C, d6 chénh nay dat murc 0,46-0,52 m. Theo tai li¢u Flury,
J., Rummel, R., 2009, ¢ cac vung c6 dac trung dia hinh phutc tap, dd chénh nay co thé dat t&i1 3 m.
Theo tai liéu Sjoberg, Lars E., 2018, d6 chénh nay co thé dat mirc 5 m.

Céc két qua nghién ctru cho thay hién nay viéc chuyén doi do cao geoid thanh do cao geoid chua
cho két qua mong muon véi do chinh xac cao. Diéu nay noi 1én rang su phan bd vat chat gitra mat
vat ly trai dat va mat geoid rat phuce tap, chua mo hinh hoa duogc.

Nhiéu phén mém tinh toan do cao geoid duoc cép trén mang, vi du GRAVSOFT, c6 cong cu
chuyén dd cao geoid thanh d¢ cao quasigeoid (Tscherning, C., Forsberg, RE., Knudsen, P., 1992).
Khi str dung phdn mém nay dé xir Iy tinh toan do cao geoid va sir dung cong cu chuyén do cao geoid
thanh dd cao quasigeoid ¢ Viét Nam can hét suc than trong do sy chua chinh xac cua viéc chuyén
d6 cao geoid thanh d§ cao quasigeoid./.O
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