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ABSTRACT

The replacement of the gravity anomaly in the Stokes and Vening-
Meinesz equations by the set of gravity anomalies measured on the
surface of the earth or in space leads to errors. These errors are evident
when calculating the height anomaly and determining the angular
deflection angle components. The purpose of this paper is to show the
relationship between the quantity of errors to the discrete level of the
original data. By using the gravitational field covariance density
analysis method, the formula for estimating gravity anomaly is given,
depending on the discreteness of the data and the gravity field's
complexity.

TOM TAT

Viéc thay thé ham di thuong trong lec trong cdc cong thire Stokes va
Vening-Meinesz bang tdp hop cdc gia tri di thuwong trong lwc dwoc do
trén bé mdt vdt Iy trdi dat hodc trong khéng gian ddn dén cdc sai sé tat
yéu khi tinh dj thwong dé cao va cac thanh phan goc léch day doi. Muc
dich ciia bai bdo nay la chi ra méi lién hé gitta dai lwong cdc sai s6 do
v6i mire d roi rac ciia sé liéu ban dau. Bang cdach sir dung phwong phdp
phdn tich mdt do phé ham hiép phirong sai cia truong trong liec da dua
ra dwgc cong thuc danh gia sai $6 di thuong trong lyc phu thugc vao
budc roi rac ciia sé liéu va mirc dé phiec tap cia truong trong luc.

Trich dn: Vi Xuan Cuong va DS Minh Tuan, 2017. Pénh gid sai sb truong trong luc khi thay thé ham di
thuong trong lyc bang cac gia tri roi rac. Tap chi Khoa hoc Truong Pai hoc Can Tho. 52a: 1-5.

1 GIOI THIEU

nhat, y°- gia tri trong luc chuén trung binh, R- ban
kinh trung binh cua trai dat Ag- di thuong trong

Ngay nay, viéc tinh toan di thuong d¢ cao va
goc léch day doi chu yéu dya trén cac cong thirc
kinh dién Stokes va Venes-Vening-Meinesz, ching
c6 dang sau (Moritz 1980):
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Trong céac cong thuc nay, (- di thuong d6 cao,
¢ van — cac thanh phan goc 1éch day doi trong mat
phang kinh tuyén va mat phang thang dung thu

luc, S(@) va V() 1a ham Stokes va Vening-
Meinesz, - khoang cach cau, - mat lay tich
phan.

Tich phan kép trong cong thirc (1) va (2) duoc
liy tir —oo dén +oo, hay no6i cach khac, ham sé di
thuong trong luc Ag(y) vé ban chét 1a s liéu ban
dau, phai théa man hai diéu kién nhu sau: phai 1a
ham giai tich va phai dugc cho trude trong pham vi
toan cau. Trong thuc té, ca hai diéu kién nay déu
khong dugc dap ung. Thir nhat, khong bao gio co
dugc ham di thuong trong luc lién tuc (giai tich)
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ma chi biét dugc cac gia tri roi rac cia ham nay
trén bé mat vat ly trai dat hodc trong khong gian
v6i mot mat do nhat dinh. Tht hai, cac s6 liéu di
thuong trong luc ciing khong the co day dua trong
pham vi toan cau. Ca hai yéu t6 nay déu anh hudng
tryc tiép dén két qua cia hai tich phan trong cong
thue (1) va (2).

2 PHUONG PHAP

Bai bao chi xem xét yéu t6 thir nhét, tirc 1a anh
huong ciia sy roi rac so lieu ban dau. Nhu vay,
phai dat gia thiét rang cac gia tri di thuong trong
lyc trong pham vi toan cau da dugc xac dinh voi
mot mat do can thiét nao do. Trong thuc té, diéu
kién trén khong thé thuc hién duoc trong pham vi
toan ciu hodc thdm chi & ca nhitng khu vuc nho.
Co nhirng khu vyc cé cac gia tri di thuong trong
lyc day dac, vi du nhu & cac vung déng bé'mg, &
trong lanh thd mot s6 nudce phat trién,... Nguoc lai,
¢6 nhimg ving chi c¢6 duge cac s liéu thua thét
hodc hoan toan khong co, vi du nhu & cac vung
nui, cac dai duong, cac lanh thd c6 nén kinh té lac
hau,.... Ngoai ra, cling can luu y thém rang do
chinh xac cac s6 liéu no6i trén (néu cd) ciing s& rat
khac nhau trong pham vi toan cau. Giai phap dé
khic phuc gia thiét vé tinh toan cau cia ham di
thuong trong lyc ma khong anh huéng 16n dén do
chinh x4c céac tich phan (1) va (2) 1a chia mién tich
phan (1) va (2) thanh 2 ving, ving gin va viing xa.
Vung gan duoc tinh bang tich phan sd, di thudng
trong lyc duge cho trude nhu cac gia tri diém tai
chc mit ludi v6i kich thudc nhat dinh, hodc gia tri
trung binh theo cac 6 voi kich thude nhit dinh,
vung xa duoc tinh theo cac ham cau. Cong thic (1)
¢6 thé duoc viét lai dudi dang sau:

4—77:y

Nhu vay, thay vi phai c¢6 cac gia tri di thuong
trong luc trong pham vi toan cau chi can biét cac
gia tri roi rac cua chung trong mét ban kinh nao do
quanh diém can tinh todn. Anh huéng ciia ving xa
¢6 thé sir dung cac md hinh trong truong trai dat
khac nhau. Tuc la:

= 5 Ul Ag S)do +
Moo 5 anPo(cos ) @
trong d(’), P,- da thirc Legendre cip béc n. -

hé s6 phu thudc vao mé hinh trong truong trai dat
toan cau.

3 KET QUA VA THAO LUAN

Ngay nay, c¢6 rat nhiéu mo hinh trong trudng
trai dat da duoc dé xuat, chung khac nhau bédi so
liéu dau vao phuc vu tinh toan, cé loai mé hinh chi
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dya trén so liéu mat dat, co loai st dung hon hop
sO liéu mat dat va vé tinh, c6 loai chi st dung so
liéu vé tinh,...

Mot cau hoi s& duge dat ra 1a: néu dat gia thiét
nhu trén véi mién xac dinh cua di thuong trong
luc, vdy trong truong hop nao thi ¢6 thé khéi phuc
lai dugc ham di thuong trong lyc & vung gén béng
chc gia tri roi rac cua ham s6 d6? Pé tra 10i cho cau
hoi nay, dinh 1y Kotelnikova dugc van dung, cu thé
nhu sau:

binh ly Kotelnikova. Gia su ham g b(x, y) la
ham sb c6 céac tan sd gidi han voi cac tan sd bién
u, va Up. Khi d6, ham sb nay c6 thé dugc khoi
phuc diy du bang cac gia tri roi rac gP(x,y) =
g2 (iAx, jAy) = gP(i,j) tai cac mit ludi v6i bude
dai theo truc tung Ax va truc hoanh Ay néu Ax <

= vaAy< L , trong d6 : gl (x,y) =
2up vp

sin[2mup (x—iAx)] sin[2nvy(y—iAy)]
AxdyYi%;9° (L ) up (x—iAx) vp(y—idy)

(5) cong thirc (5) con dugc goi 1a cong thirc ndi suy
Whittaker.

‘Ham giéi han nay gP(x,y) c6 mat do6 quang
pho nhu sau:

5,(@) = {Sg(a)) khiw < wp

0 khi w> wy ©)

hodc néu chuyén sang tan sé tuyén tinh, ta c6:
Sg(uw,v) = 0 khiu > uy hodcv > v, (7

Trong cong thirc nay u,, vy, @, — tan so bién.
Khi d6, khoang cach roi rac s€ duogc tinh theo cong
thire: A= 2

2qp

Nhu vay, dap an cho cau hoi dat ra & ph?m trén
nhu sau: ham di thuong trong lyc su dung trong
cong thirc (1) va (2) ¢6 thé dugc khoi phyc lai mot
cach day du bang cong thirc (5) néu 1a ham s6 ¢
gidi han voi mat d6 quang phd (6) va (7). Vé Iy
thuyét, diéu kién trén dat ra voi ham di thuong
trong luc 12 khong thé thuc hién duoc, boi vi mién
xéac dinh ham di thuong trong lyc, tir cong thire (1)
va (2) la trong pham vi toan céu, trong mién tan s0,
nang luong cua ham nay trai déu trén cac tan sb, vi
vay dé thuc hién bai toan trén phai dat nhiéu gia
thiét khong tuong tmg vai thuc té cho ham nay. Vi
du, phai 1a ham ddng nhét trong khong gian, 1a ham
¢6 gi6i han, tirc 12 anh hudng cua cac tin sb cao
dén mot cép dd nao do co thé coi 1a rit nho va co
thé duoc bo qua, nhung thuc chét, cac gia thiét nay
déu khong dung voi thuc té, cu thé truong trong
luc khong thé 1a ham ddng nhat trong pham vi toan
cau, c6 chd ham nay twong ddi dong nhét, c6 chd
lai bién d6i rit nhanh. Mot trong nhimng cach tiép
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can co6 do tin cay cao la thay vi nghién ctru ham di
thuong trong luc, ham du cia di thuong trong luc
s& dwoc xem xét, nghia 14 thay thé cong thic (4)
bang cong thirc sau:

JI AgMots(p)do) @®)

Mod

trong d6: g = Ag — Ag

st =S (2

1) Ym—o(AC,,cosmA" +
AS,msinmA’)P,,. (cosp") )

trong do: AgMOd- di thuong trong lyc cua mo
hinh nao d6 da duoc lya chon.

Cong thtrc (9) tinh di thuong trong lyc ciia mo
hinh trong truong trai dat da duogc chon, nhu EGM-
96, EGM-2008,.. .tai bat ky diém nao trong khong
gian véi toa do cau (r, @', 1'). Trong cong thire (9):
AC,,, va AS,,, — hiéu cac hé sb cac ham cau da
dugc chudn héa cua trong truong that va trong
truong chudn, va P, (cosg')- da thirc lién hop
Legendre di dugc chudn hoa hoan toan cip bac n
va thtr hang m. Viéc st dung cong thirc (8) trong
thuc té tinh toan di thuong d6 cao dugc goi 1a ky
thudt remove-restore. Ngdy nay, toan bd cac
phuong phap tinh di thuong d6 cao va céac thanh
phan goc léch day doi déu dwa vao ky thuat
remove-restore (vi du trong cac mo-dun cua goi
phin mém GRAVSOFT). Trong trudng hop nay,
khi st dung k¥ thuit remove-restore sb liéu ban
dau khong phai 13 di thuong trong luc ma 1a phan
du cua di thuong trong luc, ky hiéu la dg. Hién
nhién, can hiéu rang, phan du nay chi phan anh cac
yeu t6 ctia truong trong luc cuc bo, anh hudng cia
phan song dai da duoc loai trir boi mé hinh Geoid
toan ciu. Noi cach khac, phan du di thuong trong
lyc 1a ham gidi han, cy thé dg co mat do quang phé
gi6i han, tic 1a ham nay théa méan diéu kién (6) va

).

Hay xem xét truong hop nguoc lai,
Ax va Ay da duge chon trude. Déy la diéu rat hay
gép trong thuc té, boi vi Van dé quyet dinh kich
thudc mat ludi phu thude rat nhleu yéu 16, trudc
tién phai ké dén kha ning kinh té, kich thudc cang
nho doi hoi phai co s luong cac diém do chi tiét
trong lyc khong 16, diéu nay khéng phai luc nao
cling kha thi tir goc do6 kinh té va goc do ky thuat
(vi du nhu do chi tiét dj thuong trong lyc ¢ ving
nti va ngoai bién). Gia st cic budc dai
Ax va Ay da dugc chon can ctr vao kha nang kinh
té va ky thuat, khi d6 tan s6 16n nhét s& con dugc
chira trong ham g®(x,y) duoc xéc dinh theo cong
thirc sau day:
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1 1
Up =77 Y=oy (10)
trong truong hop nay, ngudi ta goi tan sb U, va

v, 12 tan s6 bién Nyquist.

Mat d6 quang phd cua ham voi cac tan s6 co
gi6i han ciing s€ 1a ham s6 gidi han néu chi phu
thuéc vao 1 bién ¢ = Vu2 +v2 , va ton tai mot
hang s6 g, sao cho S »(q) = 0 khi thoa man dicu
kién q > qP, dé thuan tién co thé dit Ax = Ay =
A, tan s bién up, = v, =

p Va A= . Trong

1 1
7z VZq
qua trinh thiét 1ap mdi lién hé gitra muc do phirc
tap cua trudng trong luyc ¢ khu vuc nghién ctu va
budc ngit quang, dat gia thiét thé nhiéu (di thuong
trong lyc/ phan du di thudng trong luc) tai ving
nghién ctru twong ddi 6n dinh va c¢6 thé duoc miéu
ta bang ham ngau nhién Markov bac 2, c6 ham
hiép phuong sai nhu sau:

Ky(r) = De (1 —Lr) (11)

Trong cong thirc ndy: D- phuong sai truong

trong luc; - khoang cach giita 2 diém, con tham s6

B = 0’# — pla ban kinh hiép phuong sai, tic la

Ky(p) = ED' Mat do quang phd cia di thuong
trong lyc dugc xac dinh nhu tich phan hai 16p cua
ham hiép phuong sai nay (Ventsel, 1969):

S(w) = ff:: K (r)cos(wr)dr (12)

Tich phan (12) la tich phan kép, ham K, (r) c6
tinh chit d6i xiémg quay vong, vi vdy, theo
Bracewell (1986), co thé thay tich phan kép nay
bang phép bién d6i Hankel nhu sau:

S(w) = [;" K)o(wr)rdr (13)

O day: J, (wr) — 1a ham Bessel cai tién loai mot
cap d6 0 voi d6i s6 wr.

Thay thé (11) vao (13), c6 thé nhan dugc hi¢u
hai tich phén:

S(w)=SY(w)- S?(w)

Trong do6:

SY(w) =D f; re P Jo(wr)dr (14)
Va:

Sz(w):BTDfowr e P Jo(wr)dr (15)

Theo Prudnikov et al. (1983), ta co
fom x* e P* ] (cx)dx = (p? + ¢?)"¥T[a +

vipet (=) (16)
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& day I'[a + v]- ham Gamma; P;Y, <
da thtrc Jacobi.

14
\/p2+cz)

Ap dung cong thirc nay vao (14) va (15), véi
truong hop dang xét x =r,a=2va3, p=p,
¢ = w va hién nhién v = 0, b6 qua cic phép bién
déi trung gian, ta nhan duoc biéu thtrc cho mat do
phé (Neiman,1992):

3nDBw?

S(w) = (@Zip2)2 (17)

Mat d6 quang phd nay trai déu trén cac tan so,
vi vay hi€p phuong sai s€ dugc tinh theo cong thuc
(Ventsel, 1969):

1 (o]
D= ﬂ Sg(u, v)dudv = Yo .U Sg(w)dw,;dw, =

3DB 2n w3dadw SDB w3dw
= f fo (w2+62)5/2 - fo (‘*)2+B2)5/2

(18)
oday w =i + wi, 0, =221u , 0, = 27v.

Tan sb bién s& dugce chon tir diéu kién, sao
cho phuong sai d = Dy b — D54 ¢ the bo qua.

Theo Prudnikov ef al. (1983), ta co:

x dx B 3x* 4247 1 (19)
J( 2 +x2)5/2 __3( 5 +x2)3/2 - (,32 +x2)1/2
Ap dung vao tich phan (18), ta duogc:
Tﬂ _3B 30,428 ()
o(a)2+ﬁ'2)5/2 2 3(w,f+ﬂ2)%

Néu lap sai s6 twong ddi giita phuong sai bi bo
qua va phuong sai truong trong luc, ta co:

3w,

4 D=0 35 aivar _ 5% "
2R T ] ]
B
(21)
Trong cong thirc nay:
%_gzzrw%ﬁzm% (22)

R rang, p > A, vi vay néu loai bo yéu t6 "+1"
trong ca tir s6 va mau sd cta phuong trinh (21) s&
khong anh huong nhidu dén két qua, thuc hién mot
vai phép bién d6i, phuong trinh (21) c¢6 thé uéc
tinh bang biéu thirc sau:
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7%3&%0.153 23)
2 w

P

g

Gia str d/D, ta dit bang 1% , tirc 14 sai s6 do
1di rac s6 liéu ban dau so v6i phuong sai trudng
trong luc bang 1% , ta co:

A=p/15 24

Tuac 1a gia sir truong trong luc ban dau duoc
dac trung boi phuong sai D=200 mgal®, =30 km,
néu chip nhan sai s6 do rdi rac bang 2 mgal2 thi
budc rdi rac phai bang 2 km, con néu mudn sai s6
nho hon, vi du, 1 mgal?, thi budc roi rac phai bang
1 km.

Nhu véy, cong thirc (24) da chi ra mdi lién hé
gilta sai s0 do hi€u tng roi rac cua 56 liéu ban dau
v6i khoang cach giita cac mat ludi va tinh chat cua
truong trong lyc & ving nghién ctiru. Can phai luu
¥ rang, cong thirc (24) dugc dua ra trong nhiéu gia
thiét khong twong tng voi thyc té cua ham di
thuong trong luc, cu thé la:

— Tinh toan cau ciia ham di thuong trong luc
dugc thay thé bang chudi (9). Cho du chudi nay co
chi tiét dén murc d6 nao di nira, dai luong Ny, van
1a hiru han. Tt ca cac hé s 16n hon N, s& tao
thanh sai sb du.

— Ham du di thuong trong luc trong cong thirc
(8) dugc dat voi gia thiét la ham co giéi han.
Nhung trong thyc té, van dé xac dinh tham sO w
(kich thudc ving gan) trong cong thuc (8) van con
la dé tai nghién ctru cta nhiéu nha khoa hoc trén
thé gioi.

— St dung cong thuc (12) dé tinh mat do
quang phd va (18) dé tinh phuong sai. Hai cong
thirc nay chi ding véi ham ngiu nhién dong nhat,
tire 1a chi phy thudc vao thoi gian. Trong thuc té,
ham du di thuong trong luc khong phai 1a ham
ddng nhat, nhu da néu & trén.

Vi cac gia thiét vira dugc liét ké & trén nén diéu
kién (24) trong thyc té s& chat chg hon rat nhiéu, vi
du thay vi diéu kién A= p/15 trong thuc té c6 thé
phai dung diéu kién A= p/20 hodc nho hon nira.

4 KET LUAN

Nhu vay, muc dich ban dau cua bai bao di dat
dugc bang cong thirc (24). Cong thic nay cho phép
du bao duge nhiéu di thuong trong luc trong cac
tich phan Stokes va Vening-Meinesz néu biét dugc
mutre d0 roi rac cua sb lidu ban dau, va mot diéu rat
quan trong, mirc d6 nhiéu nay phu thudc vao mirc
do phuc tap cua truong trong lyc. Nhu dd néu &
trén, tat ca cac tinh toan dua ra & trén chi ap dung
cho mgt mé hinh trong trudong trai dat, ma cu thé 1a
khi ham hiép phuong sai cua trong truong trai dat
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duoc miéu ta béng ham Markov bac 2. Trong thuc
té mirc d6 phirc tap ciia truong trong luc con c6 thé
duoc miéu ta béng ham Markov bac 3, ham
Jordan,... Dé giai quyét bai toan triét dé hon thi
viéc thuc hién tinh toan cho cac mo hinh vira dugc
néu trén 1 van dé rt can duoc quan tim.
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