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Tom tat:

Viéc thay thé ham di thieong trong luc trong cdc cong thirc Stokes va Vening-Meinesz. bang tdp
hop cdc gia tri di thuong trong luc duoc do trén bé mat vat Iy trdi ddt hodc trong khéng gian dan dén cdc
sai 5o tat yeu khi tinh di thuong do cao va cac thanh phan géc léch ddy doi. Myc dich cua bai bao nay la
chi ra mot lién hé giira khoang cach roi rac cua 6 liéu do dac va sai s6 di thuong trong lic khi truong
trong lwc dwoc miéu ta bang ham Markov bdc 3 bang phwong phdp phdn tich phé ciia ham sé ¢6 tan s6
gidi han, do la ham di thuong trong luc.
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Evaluation of gravity field error when replacing gravity anomaly function with

discrete values
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Abstract:

Replacing the gravity anomaly function in the Stokes and Vening-Meinesz formulas with a set of
gravity anomalies measured on the physical surface of the earth or in space leads to inevitable errors in
calculating the elevation anomalies and the plumb-line angle components. The purpose of this paper is to
show the relationship between the discrete distance of the measurement data and the gravity anomaly error
when the gravity field is described by a third-order Markov function by the method of spectral analysis of
a function with a limiting frequency, that is, the gravity anomaly function.
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1. Giéi thi¢u

Bai bao nay 1a tiép tuc cua bai bao véi tén tuong tuy di duoc ding o [1]. O ¢6 nhom
tac gia da danh gia sai s6 di thuong trong lyc phu thudc vao muirc d6 roi rac cua s6 lidu do
dac khi truong trong luc duge miéu ta bang ham Markov bac 2. Vi vay ¢ ddy chung toi
s& khong dwa ra cac dién giai chi tiét ma chi nhic lai cac cong thire chinh, doc gia quan
tam dén van dé nay co thé tim hiéu ky hon ¢ [1]. Tém lai, khi sir dung k¥ thuat remove-
restore, phﬁn du di thuong trong luc & vung cuc b co thé duoc coi 1a ham sd ¢6 tan sb

gi61 han, va doi véi cac ham so6 nay ton tai dinh 1y sau day:
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b
Pinh Iy Kotelnikova. Gia st ham € (%) 1a ham s6 c6 céc tn s gi6i han véi cac
tan s6 bién “» va *» . Khi d6 ham s6 nay c6 thé duoc khoi phuc ddy du bang céac gia tri
" (x.)=2g" (irx, jAy)=g" (i, ])

roi rac cua no tai cac mat ludi voi bude dai theo truc

Ap g M A Ay < %
tung A% va tryc hoanh & néu “ova % thém nira [1]:

sin[27mb (x- le)] sin[Zﬂvb (v- iAy)]
u,(x—irx) v, (y-iny)

()= Y 3 ()

)
Thong thuong cong thirc (1) con dugc goi la cong thirc ndi suy Whittaker. Ham gidi

g (%)

han nay c6 mat do pho nhu sau:

s
’ )

Hodc néu chuyén sang tan so tuyén tinh, ta co:
S (u,v)=0 khiu>u .
g ( ’ ) b hoac V> Vb

Trong d6: o> Y5> “ “tan s6 bién.

Khi do, khoang cach roi rac s€ dugc tinh theo cong thirc sau:

A:\/E/Z%

. q2 —u2+v2
, VO1 b b b

Néu truong trong luyc dugc miéu ta béng ham Markov bac 2 nhu sau:

K,(r)=De " (1—%}

“4)
Mat do phd cua trudng trong lyc duoc tinh theo cong thirc sau day:
i ~ 3 ﬁ ~0.15—
D, 2 w P ( 5)

Khi d6 sai s6 tuong ddi do s6 liéu roi rac cua di thuong trong luc dugc danh gia

bang cong thirc gan dung sau day
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d 3 A

— = —.ﬁ ~0.15—
D 2

s ° % P (0)
—=1%
J4 -, D ~ , rL A LA
Neu dat ¢ , cong thure (6) c6 thé viét nhu sau:

Trong do: D: phuong sai truong trong luc;

r: khoang cach giita 2 diém

Tham s6 #=%4/2 y6i: ban kinh hiép phuong sai,

Theo cong thic (7), gia st truong trong luc ban dau dugc dic trung boi phuong sai
D =200 mgal2, néu chip nhén sai sé do rdi rac bang 2 mgal2 thi budc roi rac phai bang

2 km, con néu muodn sai sO nhoé hon, khoang 1 mgal2, thi budc ro1 rac chi bang 1 km.

Tuy nhién trong thyc té, truong trong luc khong phai luc nao ciing duoc miéu ta
chinh xac béng ham Markov bac 2, ham Markov bac 2 thuong thich hop véi dia hinh
mién nui, nhu trong cac nghién ctru & [2] da dwa ra két luan rang, ham Markov bac 3 thich
hop hon ca cho cac ving lanh thd & dong bang, ngoai bién, hodc khi str dung di thudng
trong lyc Buger. Trong khudn kh bai bao nay chiing ta s& danh gia nhidu di thuong trong
lyc dugc gay ra béi s6 liéu roi rac khi mo hinh truong trong luc dugc miéu ta béng ham

Markov bac 3, dong thoi dua ra cac danh gid, so sanh giita 2 mé hinh v6i nhau.

2. Phuong phap
Tuong tu nhu trong [1], gia sir truong trong luc duge miéu ta bang ham Markov

bac 3 dudi dang:

K, (r) =De”" (1 + Br +,b’2r2/3) ()

Trong trudng hop nay, dé nhan dugc mat d6 phd cia nod, twong ty nhu qua trinh

nhan cong thic (3) ¢ [1], s€ c6 dang sau, theo tai licu [3]
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107D B0’
S(a)) :—ﬂ
( 2 ﬂz )7/2
@ +
)

So sanh cong thirc (5) va (9) thay rang, mat do phd trong cong thirc (9) (z @ )

giam nhanh hon nhiéu so v&i mat d6 phd cua cong thuc (5) (z miz) , diéu nay mot 1an nira
khang dinh tinh ding dén khi ding ham Markov bac 3 miéu ta truong trong luc ¢ ving
dong bang hodc ving bién, & khu vuc ndy ham hiép phuong sai theo cong thirc (8) s&
mém mai hon so v6i ham hiép phuong sai trong cong thirc (4). No6i cach khac, cong thirc
(8) c6 gid tri ban kinh hiép phuong sai # 16n hon so véi cong thirc (4).

Mat d6 phd nay trai déu trén cac tan sd, vi vy hiép phuong sai s& dugc tinh theo
cong thirc sau day Ventsel [5]:

2

f w'dado  10DB ¢ o'do
0
(

72 "

D:j]ng (”’V)dud": 1 jzsg(w)dwldwz - lofﬂs]j

4z’ . B N 2 ) 5\7/2
a)+ﬁ) o(a) +ﬂ) (10)
0=+ =270, w,=2
Vi OO o =2nu; @, =27y
A KA s a1 a .d=D_,-Ds. , .,
Tan s6 bién s€ dugc chon tur diéu kién, sao cho phuong sai oe c6 thé bo

) D 1N rLA A g e D . A \
qua. Trong 6~ %¢" : phuong sai ham c6 tan s6 ¢6 gidi han,  °¢ : phuong sai phan du truong

trong luc.

Theo Prudnikov [4] ta co:

3

X —5x° —2ﬂ2
J. 7/2dx: 512
(x2+/32) 15(x2+ﬂ2)

(11)
Ap dung vao tich phan (8), ta duoc:
Dﬁg :]: _Swz _ZﬂZS/z = : 3
. 2 2 155
15(” + 5°) (12)

Néu lap sai s6 twong dbi giita phuong sai bi bo qua va phuong sai trudng trong

luce, ta co:
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é&2+1
d Ds.=Dsp 158 Sep+28° 2\ p

D D. 2 2 ) 5/2 P 5/2
5g og 15(0),) +ﬂ ) ) (whj ‘1
B

(13)
Trong cong thurc nay:
1) 2m
D N g1522 102
£ 0.44A A A (14)
R& rang, # > 2, vi vay néu loai bo yéu td "+1" trong ca tir 6 va mau sb cuia phuong

trinh (13) s& khong anh huong nhiéu dén két qua, thuc hién mot vai phép bién doi, phuong

trinh (13) c6 thé wéc tinh bang biéu thic sau:

d 4 A
D_ R S—ﬁ =0.08—
Sg a)b p (15)
ca o e d/D,=l% T U+ ‘e T A . .
Gia su dat £ , tirc 1a sai s0 do ro1 rac so liéu ban dau so véi phuong sai

truong trong luc bang 1%, ta co:

A=L
g

(16)
Cong thue (16) trén cho théy, gia st truong trong luc ban dau dugce dic trung bdi

2, P=30%km & chip nhan sai sé do roi rac bing 2 mgal2 thi

phuong sai D = 200 mgal
budc rdi rac phai bang 3,8 km, con néu mudn sai s6 nhoé hon, vi dy, 1 mgal2, thi budc roi
rac, hién nhién, phai nho hon hai 1an, tirc 13 khoang gan 2 km. So sanh véi két qua & trong

[1] ching ta thay rd rang rang néu cac tham sd ddc trung ctia ham hiép phuong sai ctia
treong trong luc nhur nhau (D= 200 mgal2 va #~ 30kam ) thi sai s6 di thuong trong luc ddi
v6i mo hinh Markov bac 3 nho hon gan 2 1an so v6i mé hinh Markov béc 2 [1].
3. Két qua va thao luin

So sanh véi cong thic (7), khi truong trong lre duge miéu ta bang ham Markov bac
2 ¢6 thé dua ra két luan rang, trong truong hop khi truong trong lyc mém mai hon thi
budc roi rac c6 thé thua hon ma khong mat di do chinh xac. Diéu nay rit quan trong trong

thuc té, boi vi tir khia canh kinh té khong phai lac nao cling co6 thé dat duoc mat do cac
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diém trong luc theo yéu cau. Can phai luu ¥ rang, cong thic (16), ciing nhu cong thirc
(7), duoc dua ra trong nhiéu gia thiét khéng twong tng voi thuc té ciia ham di thuong

trong lyc, cu thé 1a:

- Tinh toan cdu cta ham di thuong trong luc dugc thay thé bing mo hinh trong

truong trai dat (EGM 2008 hodc mé hinh khac nao dé twong duong), cho du chudi nay

c6 chi tiét dén muc do nao di nira, dai lugng Noax (cap bac cao nhat cua mo hinh trong

N,

truong trai dat) van 1 hiru han. Tét ca cac hé so6 16n hon “Vmax s tao thanh sai s6 du.

- it gia thiét ham du di thuong trong luc 13 ham s ¢6 tan sb giéi han nhu cong
thirc (2). Tuy nhién, trong thuc té, van dé xac dinh tham sé @ (kich thudc ving gan) van

con la de tai nghién ctru ciia nhiéu nha khoa hoc trén thé gioi.

- Khi sir dung cong thirc (9) dé tinh mat do phd va cong thirc (10) dé tinh phuwong
sai phai chdp nhan gia thiét vé ham ngiu nhién khong twong tmg véi truong trong luc
that. Cu thé 13 hai cong thire (9,10) chi dung v6i ham ngau nhién dong nhat, chi phu thude
vao thoi gian. Hién nhién, ham du di thuong trong lyc khong phai 1a ham ddng nhat, nhu

da néu ¢ cong thuce (16) trén.
Chinh vi cac gia thiét vira duoc liét ké & trén nén cong thire (16) trong thuc té s&
chit ch& hon rat nhiéu, vi du thay vi diéu kién A=p / 8 trong thuc té chung ta s€ phai lya
e o A=p[l0 -
chon budc roi rac tir di€u kién hodc nho hon ntra.

O day can luu ¥ rang, bai bao ndy chi nghién ctru nhidu di thudng trong luc khi st
dung céc gia tri roi rac thay vao ham di thudng trong luc trong cic cong thirc kinh dién
Stokes va Vening-Meinesz, & ddy khong xem xét anh hudng ciia né dén do chinh xac khi
tinh di thuong d6 cao va goc léch day doi, véan dé trén s& 1a dé tai cho nhiing bai bao tiép
theo. Viéc lya chon ham nao 1a ham hi€p phuong sai cua truong trong luc that phu thudc
vao nhiéu yéu td nhu loai di thuong trong lyc (di thuong trong lyc chan khong, Buger,
Fayer), dia hinh (mién nai, ddng bang, trén bién) [2], va nhu két qua ciia nghién ctru trong
bai bao nay hodc trong [1], viéc lya chon dung ham hiép phuong sai s& quyét dinh do
chinh x4c cua cua dj thuong trong luc khi thay thé ham di thuong trong luc bang cac sb

liéu roi rac.
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4. Két luan

Nhu véy, bang phwong phap phan tich phé cta ham s ¢ tin sé gi6i han nhu ham
di thuong trong lyc, ching ta da dua ra dugc cong thirc (16), n6 chi ra mbi lién hé gilita
sai s6 do hiéu trng r0i rac cua s6 liéu ban dau v6i khoang cach gitra cac mat ludi va tinh
chét cta truong trong luc ¢ ving nghién ctru, khi trudng trong luc duoc miéu ta baing ham
Markov bac 3. So sanh véi cong thue (7), khi trudng trong lyc duge miéu ta béng ham
Markov bac 2 c6 thé dua ra két luan rang, trong truong hop khi truong trong lyc mém

mai hon thi budc rdi rac ¢6 thé thua hon ma khong mét di d6 chinh xéac.

bé danh gié chinh x4c hon nira sai s0 di thuong trong luc do su roi rac cua so ligu
c6 the khao sat thém mdt s6 ham hi€p phuong sai khac nhu ham Jordan, ham Hirroven

hodc ham hié¢p phuong sai toan cau.
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