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HOAN THIEN QUY TRINH XU LY CAC DU LIEU TRONG LU'C
PE XAY DUNG CO SO DU’ LIEU DI THUONG TRONG LU'C
QUOC GIA O VIET NAM

HA MINH HOA
Vién Khoa hoc Do dac va Ban db

Tom tat:

Bai béo khoa hoc nay trinh bay cac két qua nghién ctru trén thé gidi va dé xuét bé sung
vao cac tiéu chuén qudc gia vé trong lurc chi tiét cac néi dung lién quan dén viéc hiéu chinh
di thuong khéng khi tw do béi cac sé hiéu chinh do khéi luong véat chét khi quyén va khéi
lwong vét chét dia hinh gilra mét dia hinh thuc va mét dia hinh trung binh. Ngoai ra, bai
bao nay dé xuét str dung phwong phép tinh toén sé hiéu chinh Faye theo tich phan l&ng
tru khi tinh dén céu tric cta céc mé hinh sbé d6 cao dé phén gidi cao hién nay.

1. Dat van dé

Trong tai liéu (Quy dinh do trong luc chi tiét) da quy dinh cac dang di thwong trong lwc
nhw di thwdng trong lwc khéng khi tw do (thuwdng dwoc goi tat 1a di thuwong khéng khi tw
do), di thuwerng trong luc Faye (thworng dwoc goi tat 1a di thuwdng Faye), di thwéong trong lwe
Bouguer (thwéng dwoc goi tét 1a di thwéng Bouguer). Ly thuyét vé cac dang di thuéng
trong lwc néu trén da dwoc trinh bay chi tiét trong tai liéu (Ha Minh Hoa (2014)). Di thwong
Faye tai mot diém do trong lwc nhan dwoc tw di thwdong khéng khi ty do nho sd hiéu chinh
bé mat dat (hay con goi la sb hiéu chinh Faye) dé loai bé anh hwéng cla khéi lwong vat
chét dia hinh 16i Idm xung quanh so v&i méat phang ndm ngang di qua diém trong lwc. Doi
véi phwong phap xap xi mat phang, trong cac tai liéu (Moritz, H. (1980); Forsberg R.
(1984)) da dwa ra cong thirc xac dinh s6 hiéu chinh bé méat dat & dang sau:
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& day G - hang sb trong trwong Newton; O, - mat dd vat chét cua Iop vo Trai dat
(thwong dwoc nhan bang 2,67 g/cm3); % - d6 cao chuan cua diém trong luwc P; H' - 3o
cao chuan clia diém chay (diém lay tich phan); r - khodng cach tir diém P dén diém chay;
@ - vung lay tich phan.

Theo quy dinh, dbi v&i vung ddng bang va trung du, ban kinh ving lay tich phan bang
50 km, con ddi voi vung nui - 200 km.

Do & Viét Nam str dung hé dd cao chuan, nén cac di¥ liéu di thweng trong lwe dwoc st
dung cht yéu dé tinh toan cac gia tri di thwong dd cao (46 cao quasigeoid) phuc vu viéc
xay dwng mé hinh quasigeoid quéc gia dd chinh xac cao. Chung ta khéng quan tam dén
viéc tinh toan dd cao geoid dé phuc vu viéc xay dwng méd hinh geoid québc gia dd chinh xac
cao. Do d6 cac gia tri di thwerng Bouguer chi yéu dwoc st dung dé nodi suy chém day cac
gia tri di thwong Faye (hoac di thwong khéng khi ty do) & cac khu vuwe co it cac dir liéu
trong lwc khi tinh dén sw thay déi twong déi ddng déu cla cac gia tri di thwerng Bouguer.
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Déi vé&i linh vue Dia chat, cac gia tri di thworng Bouguer duoc stv dung dé nghién clu cac
cau truc sau cua voé Trai dat.

Vé mét ly thuyét, cac gia tri di thwong trong lwc dwoc str dung dé giadi quyét bai toan
bién hén hop cta Trac dia vat ly. Déi véi cach tiép can ctia Molodenxkii M.X., mat bién 1a
mat telluroid, nhwng thwc té bai toan bién hén hop dwoc gidi quyét trén mat vat ly Trai dat.
Theo quy dinh, dé& cac gia tri di thwdng trong lwc [a cac ham diéu hoa va la cac ham giai
tich sao cho chung cé cac dao ham riéng cac bac trén mat bién va trong khéng gian ngoai
mat bién, cac khbi lwong vat chat khéng dwoc ton tai trén mat bién.

Theo cac tai liéu (Moritz H. (1984); NGA.STND.0036_1.0.0 WGS84; Parametry Zemli
1990 (PZ-90.11)), cac hang sb trong trwerng dia tam GM cuia céac ellipsoid quy chiéu quéc
té nhw GRS80, WGS84, PZ - 90.11 déu bao gébm céac khdi lwgng vat chat khi quyén. Do
dé chung ta bat budc phai loai bd anh hwéng cutia khéi lwong vat chat khi quyén trong cac
gia tri di thwerng khong khi tw do. Day 1a van dé dau tién can giai quyét dé hoan thién Quy
dinh do trong lwc chi tiét & Viét Nam.

Khdi lwgng vat chét dia hinh 16i 16m xung quanh diém trong lwc so vé&i mat phang ndm
ngang di qua diém nay ciing la mét dang khéi lwong vat chat can loai bd, dic biét & cac
khu vire rirng nui nhe sb hiéu chinh Faye. Van dé tiép theo 1a xay dung phwong phép trién
khai tinh toan sb hiéu chinh Faye (1) dwa trén mang luéi (grid) cac & chuén hinh vuéng
cGia mé hinh sé dia hinh DTM.

Tuy nhién, & cac khu vuc rl‘fng’nui‘vé’i di’a hinh hiém tré:, nui cao sudi sé‘u, bén’thén s
hiéu chinh Faye h‘oéc khéng thé lap day khoi lwong vat chat dia hir]h I6Gm bér]g kh(?i lwong
vat chat dia hinh 16i, vi du tai diem trong lwc P4 trén Hinh 1 va dan dén viéc thiéu khdi lwong
vat chat hodc khéng thé khac phuc sy thira khéi lwong vat chat dia hinh 16 dé 1ap day khdi
lwong dia hinh 16m, vi du tai diém trong lwc P, trén hinh (xem hinh 1).

Viéc thiéu hodc thira cac khdi lwong vat chéat dia hinh xung quanh diém trong lwc lam
di thwéorng Faye bién ddi khong “tron”, tirc khong phai la ham diéu hoa va giai tich. D& khac
phuc van dé néu trén, trong céac tai liéu (Forsberg, R. and C.C. Tsherning (1981); Forsberg
R. (1984)) da dé xuét phwong phap M6 hinh mat dat con dw (Residual Terrain Model -
RTM) dé trién khai ly thuyét cia Molodenskii M.X. trong thuc t&, theo d6 thay mat dia hinh
thwe bang mat dia hinh trung binh cla Trai dat hay con dwoc goi la mét quy chiéu. Nhw
vay chung ta lai phai giai quyet bai toan xac dinh di thwdng RTM trong viéc xay dung co
s& di liéu (CSDL) trong lwc qubc gia phuc vu viéc xay dwng md hinh quasigeoid quéc gia
d6 chinh xac cao.

Céac van dé dugc trinh bay & trén s& dwoc nghién clvu gidi quyét trong bai bao khoa hoc
nay nham dinh hwéng xay dwng CSDL trong Iwc quoc gia & Viét Nam.

Hinh 1: Céc diém P4 va P, trén mat dja hinh thuc
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2. Giai quyét van dé

2.1. Hiéu chinh danh hwéng cua khéi lwong véat chat khi quyén trong di thwong
khéng khi tw do

Déi v&i diém trong lwc P bat ky ndm trén mat vat ly Trai dat, di thwerng khong khi tw do
cta diém nay dworc tinh theo cong thirc:

Agiid = &P ~ VN>
& day g p- gia tri gia téc lwe trong trworng do QWQC tai diém P, ¥ n - gia téc lwc trong truéng
chuan tai diém N twong rng v&i diém P va nam trén mat telluroid (xem hinh 2), thém vao
d6 ;. =7, —0.308562 (1+0,0007.cos2B).H, +0.0723x10 5 (K, ) +(87,)p <mGal >,
& day - gi tri gia toc lyc trong trvong chuan trén mat ellipsoid; 7 - d6 cao chuén cla
diém P, con OV 4 p - s0 hiéu chinh vao gia toc Iyc trong tred'ng chuan do sy hap dan cua
khoi lwgng vat chat khi quyén.

Déi vai cac ellipsoid WGS84, PZ-90.11, theo céc tai liéu (Dimitrijevich 1.J. (1987);Gravity
station data format & anomaly computations; Parametry Zemli 1990 (PZ-90.11)):

B 71,047
(87,)p =087 TR CnGal >

Trong cdng thirc trén, dd cao chudn &% cé don vi km. Trén mét ellipsoid, s hiéu chinh
(5;/6 )P = -0,87 mGal. SO hiéu chinh nay bang 0 khi #Z = 35 km.

Twong tw déi v&i cac ellipsoid WGS84, PZ-90.11, theo céc tai liéu (Kuroishi I., 1995;
Martinez W., Sanchez L. (2001); Gruber, T., T. Peters, L. Zenner (2007)) chung ta st dung
cong thirc da thirc bac hai & dang sau:

(7a)p = —[0,8658 ~9,727.10° H} +3,482.10°(H})?| < mGal >,
& day do cao chuan cé don vi mét (m).

Tai mot s6 khu vwe nti cao & Viét Nam, khi lwu y d6 chinh xac cla gig téc Iuc,trong
truong dat & mirc + 1 mGal, tlr bang (xem bang 1) & dudi day chung ta thay rang so hiéu
chinh do khdi lwgng vat chat khi quyén la dai lwgng cé y nghia.

2.2. Tinh sé hiéu chinh bé mat dat dwa trén mé hinh sé dé cao DTM

I\/Jé hinh s& d6 cao DTM thwdng dwoc lwu gitr dwdi dang mot mang lwdi (grid) cac 6
chuan (cell) hinh chr nhat (hoac hinh vuéng), thém vao do trén 6 chuan tht i c6 do cao
chuan trung binh H;/ va céac dinh cé hoanh do thay doi theo gia tri tuyét doi tang dan twr y4

Mat vat Iy Trai dat P .
Mat telluroid N
Matellipsoid | o

Hinh 2: Quan hé giira diém trong luc P trén mat vét ly Tréi dat va
diém twong tring N trén mat telluroid
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Bang 1
Cac vij tri dia ly P& cao trung binh (m) 874 Jgs (MGal)
Tinh Son La 700 -0,807
Tinh Ha Giang 1200 -0,749
Cao Bang 1300 -0,739
Cao nguyén Lam Ddng 1500 -0,7201
Dinh Phan Xi Pan 3143 -0,560

dén y,, tung d6 thay ddi theo gia trj tuyét déi ting dan to x, dén x,. Diém trong lwc P ¢co
cac toa do phang xp, yp (xem hinh 3) va d6 cao chuén 7.

Bén dinh clia 6 chuan lan lwot ¢ cac toa do phéng la X1, Y15 X2, Y1 X0, Yo VA X4, Yo.
Bay gi¢ chung ta tao hé toa d6 phéng 5% VoI gbc toa d6 1a diém trong lwc P. Ky hiéu cac
toa do ctia 4 diém & dang &} = X, — ‘Cpa h=M=VYp: 1, =YV, Vp
Khi dé trong hé toa dé phang £P5 bbn dlnh cta 6 chuan lan Iuo’t c6 cac toa db phang Ia
&1:Ms €575 So.Mova &.m, . Chang ta ky hiéu »=./2 +»? la khodng cach tir diém
tinh todn P dén dinh bat ky clia 6 chuan. D& tién tinh tich phan, chung ta sap xép 6 chuén

thtr i sao cho theotructoa dd® < S =<1 Smax = 9S> , theo truc toa do
M- Mmin =T1: Tmax =7 |

Nhu vay, ddi voi 6 chudn thivi (i = 1,2,...,n),6 day n la tong s6 cac 6 chuan tham gia tinh
toan sb hiéu chinh bé mat dat, theo tai liéu (Forsberg, R. and C.C. Isherning (1981)), tr
cbng thire (1) chdng ta tinh duwoc thanh phanfej; 1‘ cta sb cai chinh bé mat og r theo cong
thire:

YP; ‘/:"} _Y’)

P
f Z

%, ) =

g“-?? P

1),  ¢day Go,
Ve by r z z 1 2 m

S6 hiéu chinh bé mat dat doi véi tat ca K cac 6 chuan tham gia tinh toan dwoc xac dinh

theo cong thrc:

mGal

=0,0178203276
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Hinh 3: Tich phan méat phdng
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K
r = Z(@F) : (2)
' i

Cong thirc (2) da duoc st dung dé tinh cac s6 hiéu chinh bé mat dat o€ trong qua
trinh xay dwng CSDL di thwong trong lwc RTM dé thanh lap mé hinh trong trwdng Trai dat
EGM96 (Lemoine F.G, Kenyon S.C., Factor J.K., Timmer R.G., Pavlis N.K., Chinn D.S.,
Cox C.M., Klosko S.M. , Luthcke S.B., Torrence M.H. , Wang Y.M., Williamson R.G., Pavlis

E.C., Rapp R.H. and T. R. Olson T.R. (1998)).

M6t phwong phap khac dwoc st dung rdng rai hiéu nay dé tinh sé hiéu chinh bé mat
dat la phwong phap tich phan lang tru duwoc dé xuét trong cac tai liéu (Nagy D. (1966);
Nagy D., Papp G, Benedek J. (2000)). Chung ta xay dwng hé toa do khong gian vé&i goc
toa dé Ia diém trong lwc P, truc #< song song VGi truc x cla hé toa do phang quoc gia, truc
#3 song song voi truc y clia hé toa do phang quéc gia, truc Pz hwong xuong dwdi theo
phwong clia dwong day doi (xem hinh 4).

Gia st khdi lwong vat chét dia hinh véi & chuidn ABCD (6 chuén thv i, i = 1,2,....K) tao
thanh h|r]h lang tru,ABCDEFGH Chur)g ta ky h|_eu"€p, ‘Cp,Hp la cac toa do phang va do
cao chuan cua diém trong lwc P. Boi v&i 6 chuan ABCD, cac dinh A(x4,y2), B(x1,y4),
C(X,Y4), D(x2,y5) co cac toa dd trong hé toa do phang Oxy dwoc chuyén vé hé toa do
phang P£n theo cong thire: &) = X; —Xp, &, =X, —Xp.

Mm=W—"Yp: T =V, —Vp-

Dé tién tinh tich phan I&ng tru, ching ta sdp xép 6 chuan thir i sao cho theo truc toa do
E: & =8 Caa =&, theotructoa do 7 7. =7, Tmax =175

Khi ky hiéu &7 1a d6 cao chuén trung binh clia 6 chudn ABCD, dwa trén tich phan lang

tru trong tai liéu ( Sansé F. and Rummel R. (1997)) da dwa ra cbng thirc:

m

) 7
c2 2

4 - 1 7) zarctan =1 @)
(6er )I. =G.o,,. ‘g.ln(?; +)+n.In(&+1)- 4.arctanz— ] .
alm|g
P . p
=1 ":2 >z
------------------ R e
A — *——*——jn‘
| /C
e I
) el - F
E
v

Hinh 4: Tich phéan lang tru
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6’ d‘éy = :0, 22 :H; _E;’/ -
S6 hiéu chinh bé mat dat dg  dbi voi tat ca K cac 6 chuén tham gia tinh toan duoc xac
dinh theo cbéng thirc (2).

Dé gidm sy phirc tap va thoi gian tinh toan khi tinh toan theo céng thirc (3), trong tai
liéu (Forsberg R. (1984)) da dé xuat cong thirc xap xi dwoc cai bién tir cong thirc (3), theo
doé khéi lwong vat chat cda lang tru dwoc cd dac thanh mot I1&p vat chat di qua tam cla
lang tru & d6 cao trung binh z _217% Khido cong thre (3) dworc cai bién dwéi dang:

(5gF] =Go.,.(z, -2 )||§ In(np+1)+nIn(é+1) -z, .arctan =L & |

Z,d
a
& day khoang cach [=y&t+n?+22.

Trong tai liéu (Forsberg R. (1984)) da két luan rang trong thuc té tinh toan céng thirc
trén co sai s6 nhd bd qua.

2.3. Di thweorng trong Iwvc RTM

Chung ta hoan toan c6 thé st dung mé hinh sb dia hinh d6 phan gidi cao lam mat dia
hinh thyc (chwa bi lam tron), con s&r dung mé hinh sb dia hinh d phan gidi thap hon dwoc
lam tron la mat quy chiéu hay con dwoc goi 1a mét dia hinh trung binh (xem hinh 1). Trong
thuwc t&, mé hinh mét dia hinh thwc duwgc dac trwng bdi md hinh sb dia hinh DTM cé do
phan gidi cao, con mat dia hinh trung binh dwoc lam tron dwgc dac trwng b&i md hinh sb
dia hinh DTM c6 dé phan gidi thAp hon. Khi xay dung md hinh trong trwong Trai dat
EGM2008, theo tai lieu (Pavlis N.K., Factor J.K. and Holmes S.A. (2007)), mét dia hinh
trung binh dwoc tao bdi moé hinh dia hinh mat dat toan cau DTM2006.0 dd phan giai 5’ x
5 va 2’ x 2'. Mét dia hinh thwc dwoc tao bdi mo hinh dia hinh méat dat toan cdu DTM 2006.0
dd phan giai giai 30" x 30” (m6 hinh nay dwgc xay dwng dwa trén cac div lieu SRTM va
duwgc khai trién diéu hoa dén bac 360). Dj thuwong trong lwec RTM duoc st dung dé khai
trién cac hé sé diéu hoa cla thé trong trwdng Trai dat dén mac 2160.

’?1

Khi str dung mét dia hinh thyc twong (rng véi mé hinh sb dia hinh cé dé phan giai cao
dé xac dinh di thwerng khéng khi tw do, chuing ta phai st dung dd cao chuan chi tiét H% cla
diém trong Iwc P trén mat dia hinh thwc. Khi st dung mat dia hinh trung binh twong trng
v&i md hinh sé dia hinh c6 d6 phan g|a| trung binh dé xac dinh dj thwéng khéng khi tw do,
chung ta phai st dung dd cao chuan trung binh “1«& . Trong tredng hop nay, thay cho
diém P trén mét dia hinh thwe chang ta st dung diém ng twong &ng voi diém P va nam
trén mat dia hinh trung binh. Diém Nref nam trén telluroid trai dat trung binh twong &ng voi
didm Do |, thém vao dé telluroid trai dat trung binh dwoc xac dinh nhé dé cao dwoc lam
tron &7, cla cac diém trén mat vat ly Trai d&t (xem hinh 5). Trong trwdng hop nay, ching
ta phai loai bd &nh hwéng ctia khdi lwong vat chat dia hinh gitra dia hinh thwe va mat phang
di qua diém P, trong gia tri gia toc lyc trong trwdng dwoc do tai diém P va & lan xép xi
thtr nhat chung ta coi gitra diém P va diém N, 1a khong khi tw do va dj thwong khong

khi tw do dwoc tinh theo dd cao chuén wa Thuat nglr “mat telluroid dia hinh trung binh”
dwoc sir dung dé chi mat telluroid twong wng véi mat dia hinh trung binh.

Khi di chuyén diém P trén mét dia hinh thuc theo dwdng vudng géc véi mat ellipsoid di

mét doan AH = H —H;;f dén diém P trén mat dia hinh trung binh, diém N (twong (ng
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vGi diém P) trén telluroid dia hinh thyc dwgc di chuyén di mot doan AH =Hj-H . dén
diém N, trén telluroid dia hinh trung binh. Do doan PQg bang dé cao trac d!a

Hp=Hp+<, =H],+<, +AH nan ching ta thay ring doan PN bing doan ProfN e VA

bang di thuo’ng d6 cao <p. Didu nay c6 nghia la trong trwdng hop st dung mat dia hinh
trung binh thay cho mat dia hinh thyc, gia tri di thworng dé cao déu khong déi va bang £ <o

Chung ta c6 thé 1am két luan sau: Viéc thay mat dia hinh thwc bang mét dia hinh trung
binh khéng lam thay doi gia tri di thwong d6 cao dwoc xac dinh theo cach tiép can cla
Molodenxkii M.X.. Tuy nhién, nhw da trinh bay & trén, wu diém néi troi cia phwong phap
RTM 1a cho phép loai bé dwgc anh hwdng clia sw nhiéu ctia khu vire dia hinh hiém tré voi
nhiéu nui cao, vuwc sau dén gia tri di thwong trong lwc khéng khi tw do. Viéc loai bé khbi
lwong vat chat dia hinh gitba mat dia hinh thwe va mat dia hinh dwoc 1am tron (mat dia hinh
trung binh) sé lam di thweng trong lwe RTM tré thanh ham diéu hoa. Khi d6, di thuong
trong lwvc RTM duwoc xac dinh theo cdng thwe (Forsberg R. (1984)):

Agpmr =A8F — E‘T'G'Ucr'(ﬂ; - Hr;f l
& day Agr - di thwong Faye.

Di thwong trong lwe RTM da dwoc st dung dé xay dwng cac mé hinh EGM96, md hinh
EGM2008 (Lemoine F.G.,, Kenyon S.C., Factor J.K., Timmer R.G., Pavlis N.K., Chinn D.S.,
Cox C.M., Klosko S.M. , Luthcke S.B., Torrence M.H. , Wang Y.M., Williamson R.G., Pavlis
E.C., Rapp R.H. and T. R. Olson T.R. (1998); Pavlis N.K., Factor J.K. and Holmes S.A.
(2007)), mé hinh geoid OSGMO02 clia Vwong quéc Anh (Forsberrg, R., G. Strykowski, J.C.
lleffe, M. Ziebart, Ch. Tschening, P. Cruddase (2001)), mé hinh quasigeoid GCGO05 cua
Céng hoa lién bang Buc (Hirt C. (2011)) v.v...

Theo tai liéu (Roman, D. R., Y.M. Wang, J. Saleh, X. Li, W. Waickman (2009), déi voi
nwdc My 1an dau tién trong lich st T6é chirc Do dac trac dia quéc gia (NGS) da tir bd di
thwong trong lwc Helmert va chuyén sang st dung di thuwéng trong lwc RTM dé xay dung
mo hinh geoid quéc gia USGG2009 d6 phan gidi 1’ x 1’ clia nwéc My.

Mit dia hinh thire

i -_-__H"'-H-__ P
L ,||II_ __-_\_—__- "—\—\______\_ & __]____ I .
_~=_// ™~ Mitdja hinh trung binh {Pﬁ A" FZ PN
__:-_--..::"—’/—L_,___ // 7 / A — L\\—
Mit tellurold dia hinh thwe "y /
_ N, // P
Mt telluroid dla hinh trung binh S
Mt ellipsoid

Hinh 5: Quan hé gilra mat dja hinh thuc va mat dja hinh trung binh
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3. Két luan

Vi viéc phat trién manh mé cutia céng tac do dac trong lwc chi tiét & Viet Nam hién nay
cung v&i loi thé clia nwéc di sau, viéc tiép thu cac thanh twu hién dai cla cac nwdc phat
trién trong viéc xay dwng CSDL dj thwdng trong lwc hién dai va xay dwng mé hinh quasi-
geoid quéc gia va toan cau dd chinh xac cao la rat cip bach dé hoan thién cac quy chuan
qudc gia lién quan dén viéc xay dwng CSDL dj thwéng trong lwc quéc gia.

Trong bai bao khoa hoc nay da nghién ctru va dé xuét bé sung vao “Quy dinh do trong
lwe chi tiét” cac ndi dung lién quan dén viéc hiéu chinh di thwong trong lwc khéng khi tw do
b&i cac s6 hiéu chinh do khdi lwong vat chat khi quyén va do khdi lwong vat chéat gitka mat
dia hinh thyc va mat dia hinh trung binh. Ngoai ra, véi viéc st dung mé hinh sé d6 cao do
phan giadi cao, phwong phap tinh toan hiéu qua cac sé hiéu chinh Faye la phwong phap
Forsberg, R. - C.C. Tsherning va phwong phap tich phén lang tru cia Nagy D..O
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Summarry

Perfection of procedure of gravimetric data processing for construction of gravi-
ty anomaly database in Vietham

Ha Minh Hoa, Vietnam Institute of Geodesy and Cartography

This scientific article displays obtained research results in the World and proposals addi-
tions to the state standards about ditailed gravimetric measurements with some contents
related to correction of the air - free anomalies by corrections of the atmosphric masses
and masses between the real topographic surface and mean topographic surface. Beyond
that, this article proposes using method of the prism integral for calculation of the Faye cor-
rections.OQ
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