Nghién ciru
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Tom tat:

Bai bao nghién citu vé phwong phdp xdc dinh cac tham s téi wu ciia ham hiép phwong sai 1y
thuyét trong phwong phdp LSC. Co sé Iy thuyét ciia phwong phdp déa dwoc nghién cizu chi tiét. Trén
co s¢ Iy thuyér, chwong trinh “Fitting Covariance Function” xdc dinh cac tham so toi wu ciia ham
hiép phwong sai Iy thuyét da dwoc xay ding bang ngén ngiz C#. Duwa trén chwong trinh méi xay
dung, nhém tac gid da tinh todn thyc nghiém cho so liéu thuge khu viee Mién Trung, c4c tham sé tdi
wu nhdn dwoc 1a: N = 224; f = 0,108; A = 0,15.10°; Phuong sai = 125,91 mGal?; Re-Rg = -0,471
km. Cac tham sé nhdn da duwoc kiém tra thii cong trén chwong trinh “COVFIT” trong bg phan mém
GRAVSOFT dé khang dinh tinh ding dan. So véi “COVFIT” thi chwong trinh méi ¢6 wu diém la:
Tuw dong tinh toan, khdng can nhdp cac tham sé dau vao; Tw déng vé do thi cua hiép phirong sai thuc
nghiém va ly thuyét; Tuw dong loc ra bé tham sé toi wu; Ngwoi tinh khdng can c6 chuyén mon sau va
nhiéu kinh nghiém. Chuwong trinh da khdc phuc diroc nhitng han ché ciia chwong trinh “COVFIT”.

Tir khoa: Hiép phwong sai thuc nghiém, hiép phirong sai Iy thuyét, phirong phdp collocation
binh phwong nhé nhat, dj thurong trong luec, khép ham hiép phwrong sai.

1. Pit van dé trong luc tir s6 lidu do cao vé tinh. Dé giai duoc

phép thuong duoc sir dung trong cac bai toan cua
Tric dia, ddc biét 12 Tric dia cao cap. Viéc giai
bai toan theo LSC thuong dugc thuc hién dya
trén cac bo phan mém chuyén dung. Trong cac
bo phan mém sir dung, hién nay, bo phan mém
GRAVSOFT do nhéom tac gia Forsberg va
Tscherning [4] thuc hién dugc nhiéu qudc gia va
cac nha nghién ctru stir dung. Nam 2014, phuong
phap LSC dugc Ba Lan st dung dé xay dung
quasigeoid cua minh bing bo phan mém
GRAVSOFT [7]. Tai Iran, nam 2019, phuong
phap va bo phan mém nay ciing duoc sir dung dé
xay dung md hinh goeid quéc gia [6]. Trong [1],
cac tac gia ciing str dung dé xéac dinh di thuong

dugc md hinh hiép phuong sai 1y thuyét phti hop
nhat véi cac gié tri hiép phuong sai thuc nghiém.
Khi viéc 1am khop duoc thyuc hién bang bo phan
mém GRAVSOFT thi phai str dung chuong trinh
“COVFIT”. Chuong trinh ndy yéu ciu nguoi
dung thuc hién thir dan céc gia tri tham sé cho
dén khi tim duoc gi4 tri tham s phu hop nhat.
Cong viéc nay doi hoi nguoi dung phai co kién
thirc su va nhiéu kinh nghiém. Khi sir dung véi
m6 hinh EGM96, muic va hang 16n nhat chi dén
360, thi van dé tim ra c&c tham sé phil hop tdi wu
la khéng qua phuc tap. Tuy nhién, véi cdc mé
hinh thé trong truong trai dat cd mac va hang bac
cao, Nmax dén 2190 (nhu EGM2008, EIGEN-
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6C4) thi dé tim duoc cac tham sé pha hop tdi wu
2 rat phirc tap va mat nhiéu thoi gian. M3i bo
tham s6 tim duoc, ngudi sir dung lai phai luu ra
cac file riéng biét, do thi biéu dién d6 khop gitra
hiép phuong sai 1y thuyét va hiép phuong sai
thuc nghiém phai thuc hién tha céng trén phén
mém Excel dé x4c dinh dugc bo cac tham sd toi
wu. Vi vy, vin dé dat ra 1 can phai xay dung
chuong trinh lam khép mai sao cho viéc tim bo
tham s6 phu hop t6i wu dugc thuc hién ty dong,

N MAX

AGi-1)

qua trinh tinh toan thuan loi dé dang cho ngudi
st dung.

2. X&c dinh mo6 hinh hiép phwong sai ly
thuyét

2.1. Co sé ly thuyét

Theo [3] ham hiép phuong sai Iy thuyét dugc
lam khop véi céc gid tri hiép phuong sai thuc
nghiém dya vao cong thirc:

N i Ré i+2 Ré i+2 )
ZZG[E] P'(COS%QH%U—2)(i+24)[rprqj R(cosype)=cov(PQ) (1)

Trong cong thiac (1), cov(P,Q)la cac gia
tri cia ham hiép phuong sai thuc nghiém tuong
ang giita hai diém P va Q; P(cosy,,, )1a ham da
thirc Legendre & muc i; ¥/, 1a khoang cach cau
gitta hai diém P va Q; rp va rq la ban kinh tir tam
trai dat dén diém P va diém Q; &; 1a sai s6
phuong sai mirc va Nmax 1a muc t6i da coa mo
hinh trong trudng trai dat st dung trong tinh
toan;

Cac an can phai xac dinh trong cong thtc
(1) la: N 1a hé s6 mic mé rong cia md hinh trong
truong trai dat (N c6 thé nhan gia trj tir 2 dén
Nmax); A & tham s6 ty do c¢6 don vi (10pms2)%;
Re ban kinh cau Bjerhammar (diéu kién Rg <
Re). Vi céc sai s6 phuong sai muc caa md hinh
truong trong luc trai dat phan anh trén toan cau,
trong céc tinh toan vai mot khu vuc hoac pham
vi cuc b, can phai nhan cac sai s6 phuong sai
muc véi hé s6 ty 18 f. Hé sb ty 1é nay phai dugc
xac dinh thdng qua qua trinh tinh 1ap. Nhu vay,
c4c an s (tham sb cua ham hiép phuong sai 1y
thuyét can tim) la: N, A, f, Re-Re (thay cho Rg),
trong d6 Re & ban kinh trung binh cua trai dat.

Ung véi mdi gia tri hiép phuong sai thuc
nghiém tinh duoc, ta lap duwoc mot phuong trinh
dang (1). Nhu vay, ta sé cd hé k phuong trinh
tuong tng voi k gia tri thuc nghiém. Chon mot
gia tri cua N, giai hé¢ phuong trinh trén s& tim
duoc cac tham sb con lai. Tham sb f duoc xac
dinh bang viéc giai lap hé phuong trinh vai 6
Ian nhét dinh (thuong chon sb 1an Iap = 10). Thay
d6i N, qua trinh giai lai dugc l3p lai. Khong phai
N nao ciing tim dugc cac tham sd A, f, Re-Re. Co
nhitng gia tri caa N 1am cho hé phuong trinh suy
bién.

2.2. X4y dwng chwong trinh “Fitting
Covariance Function”

Tir co so ly thuyét da duoc trinh bay chi tiét
trong muc 2.1, nhdm tac gia da thuc hién xay
dung chuong trinh lam khép ham hiép phuong
sai ly thuyét véi ham hiép phuong sai thuc
nghiém, déng thoi tu dong hoa tim dugc cac
tham sé cua ham hiép phuong sai ly thuyét pha
hop nhit dua trén két qua cua bo tham sé c6 sai
sd trung phuong nho nhat. Chuong trinh c6 tén
la “Fitting Covariance Function”. Chuong trinh
dugc viét bang ngdn ngir C#. Giao dién cua
chuong trinh duoc thé hién nhu Hinh 1.
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Hinh 1: Giao dién chuwong trinh “Fitting Covariance Function”

Trong Hinh 1:

(1): céc file dit lidu dau vao caa chuong trinh
gom: file chua gi tri ham hiép phuong sai thuc
nghiém, file chaa théng tin chung di liéu tinh va
file chira phuong sai mac cua mo hinh truong
trong luc trai dat;

(2) va (3): thong tin tinh toan, dugc xac dinh
ty dong tur cac file dir liéu dau vao, viéc nay
thuan lgi cho nguoi dung chua c6 kinh nghiém
va dong thoi ciing cho phép thay doi thong tin
truong tinh cho phu hgp muc dich tinh;

(4): cho phép nguoi tinh thuc hién chuong
trinh theo céch tinh tha cong hoac tu dong: theo
cach thu cong, nguoi tinh phai nhap ting gia tri
N; con theo cach ty dong, chuong trinh s€ thuc
hién tinh voi N tir 2 dén 2190 va tim tat ca cac
bo tham s6 thoa mén, dong thoi te dong (dya trén
gia tri RMS nho nhét trong cac bo tham sé tim
duoc) loc 1y bo tham sé ¢6 RMS nho phi hop
nhét dé thé hién trén cta so (5).

(5): Cira so biéu dién két qua tinh. Hién thi
nay giup ngudi tinh xem két qua mot cach truc
quan.

Khi tinh ty dong, chuong trinh s€ thdong bao
téng s6 bo tham sé tim dwoc va cho phép nguoi
tinh xuat két qua ciing nhu biéu dién db thi khép
gia tri ham hi¢p phuong sai thuc nghiém va ly
thuyét trén phan mém Excel.

3. Dir liéu va két qua tinh toan

3.1. Khu vuc va diz ligu thar nghigm

Gidi han khu vuc thuc nghiém co vi do tu
15% + 20°, kinh do tir 104° + 109°, kich thuéc
ving tinh 5° x 5% Trén dat lién, 9442 tri do di
thuong trong luc dugc su dung. D liéu di
thudng trong lyc trén bién gom 1430 diém, mat
ludi 5" x 5', 14 6 liéu duoc trich xuat tir md hinh
truong trong lyc bién toan cau co do phan giai
cao DTU17GRAYV [2]. Hinh 2 md ta sy phan b
dir liéu di thuong trong luc chan khong thuoc
pham vi dat lién va trén bién. Di thuong trong
luc ctia md hinh EIGEN-6C4 duoc tinh tir trang
Web ciia Trung tdm quéc té vé cac md hinh tréi
dat toan cau [5]. Céac dir liéu trong luc 1a di
thuong trong luc chan khong (Free-air), thudc hé
toa d6 WGS84, hé tricu 1a hé khong phu thudc
tridu (tide free).
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Hinh 2: Khu viee thuce nghiém va dir liéu tinh

o (dj thuong trong luc dat lien; e di thuong trong luc bién)

3.2. Két qud tinh

Dua trén cac gia tri hiép phuong sai thuc
nghiém tinh tir ngudn sé liéu di thuong trong luc,
thuc hién chuong trinh “Fitting Covariance
Function” theo phuong phap tu dong vai yéu cau
tinh 13p 10 lan. Trong két qua tinh, chwong trinh
da xac dinh dugc 63 bo tham sé. Chuong trinh

cling tu dong xac dinh duoc bo tham s6 tdi uwu
nhat la: N = 224; f=0,108; A = 0,15.10°; Phwong
sai = 125,91 mGal?; Re-Rs = -0,471 km. Sai s6
trung phuwong RMS = 10,35 mGal?. D6 thi va két
qua twong ung duoc thé hién trong Hinh 1 (5).
Hiép phuong sai Iy thuyét trong tng véi bo tham
s6 toi wru va cac gid tri cua hiép phuong sai thyuc
nghiém thé hién trén cot (3) va (2) trong bang 1.

Bang 1: Két qua déanh gia do chinh xdc

Hiép phwong sai (mGal?)
K/c cau PSI it i
Thwc nghiém Flttlnlgug(?;ﬁ:ance (Ggg\\//gcl)-ll-:T) Chénh lgch

1) (2 3) (4) -4
0.000 117.9721 117.7129 117.7129 0.0000
0.042 745721 75.8466 75.8466 0.0000
0.083 49.6780 51.1010 51.1010 0.0000
0.125 40.7968 35.7434 35.7434 0.0000
0.167 31.0505 24.9679 24,9679 0.0000
0.208 17.6771 16.9630 16.9630 0.0000
0.250 8.0935 10.8099 10.8099 0.0000
0.292 -0.1564 6.0333 6.0333 0.0000
0.333 -6.6370 2.3288 2.3288 0.0000
0.375 -9.1382 -0.5337 -0.5337 0.0000
0.417 -9.2496 -2.6986 -2.6986 0.0000
0.458 -10.3237 -4.2807 -4.2807 0.0000
0.500 -10.2557 -5.3821 -5.3821 0.0000
0.542 -8.0904 -6.0764 -6.0764 0.0000
0.583 -8.6255 -6.4297 -6.4297 0.0000
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Hi¢p phwong sai (mGal?)
Ko cau PSt Thuc nghiém F'tt'”é’ug%z;'ame (Ggg\\/’ggﬁ) Chénh lech

N 224 224 0
Phwong sai 125.91 125.91 0.00
Re-Rs (km) .0.471 -0.471 0.000

A 179384 179400 -17

f 0.1084 0.1084 0.0000

Sai s6 trung phuong 10.3472 10.3473 -0.0001

Dé khang dinh tinh chinh xé4c cia chuong
trinh, cac tham sé cua ham hiép phuong sai ly
thuyét duoc xac dinh thu céng bang chuong trinh
“COVFIT” trong bd phan mém GRAVSOFT.
Két qua tinh toan dugc trinh bay trén cot (4) cua
bang 1. So sanh két qua tinh bang GRAVSOFT
véi két qua tinh bang chuong trinh tu xay dung
dugc thé hién trén cot (3) — (4). Dya trén két qua
so sanh c6 nhan xét: Cac gia tri tinh caa ham hiép
phuong sai 1y thuyét giita hai chuong trinh theo
khoang cach cau va cac tham s6 N, phuong sai,
Re-Re, f 1a gidng nhau. Tuy nhién, sai s6 trung
phuong gitra hai chuong trinh chénh Iéch nhau
0,0001 don vi tinh; hé s6 A léch nhau gitra hai
chuong trinh 17 don vj tinh, vai hé s6 A c6 gia

trj rat 16n, hon mot traim nghin don vi thi gia tri
chénh léch nhu vay 1a rat nho, khdng anh huéng
dén két qua tinh di thuong do cao tir sé liéu di
thuong trong luc theo LSC. B¢ sai léch xay ra co
thé giai thich do ngdn ngir lap trinh khac nhau va
sai s6 1am tron trong tinh toan. Nhu vay, c6 thé
khang dinh 13 hai chuong trinh tinh l1a clng két
qua, da khing dinh chwong trinh do nhom tac
giai xay dung la hoan toan chinh xac.

Tt thyc té tinh toan, cac wu diém cia chuong
trinh do nhom tac gia xdy dung so va4i chuong
trinh “COVFIT” ctia bo phan mém GRAVSOFT
dugc thé hién trong bang 2.

Bang 2: So sanh chwong trinh do nhom tac gia xdy dung voi chuong trinh cua COVFIT

| Chuomg rinh COVETT cia o o | CPE0% it 80 e g3y
mém GRAVSOFT : .
Function)

1 | Phai nhap thu cong cac tham sodau | Tw dong tinh toan, khdng can nhap
vao phuc vu tinh toan. cac tham so dau vao.

, | Khong tu dong vé dd thi cua hiép , Ty dong V& d6 thi cua hiép phuong
phuong sai thyc nghiém va ly thuyét. | sai thuc nghiém va ly thuyeét.

3 I;Iugum tinh phai chon bo tham s6 toi Ty déng loc ra bd tham sé téi wu,

4 | Neusi tinh can c¢6 chuyén mén sau va | Nguoi tinh khdng can cé chuyén
nhiéu kinh nghiém. mon sau va nhiéu kinh nghiém.

4. Két luan

Bai bao di trinh bay chi tiét, day du vé co so
ly thuyét phuong phap xac dinh cac tham s6 cua
ham hiép phuong sai 1y thuyét tir cac gia tri cia
ham hi¢p phuong sai thyc nghiém trong bai toan
Collocation binh phwong nhé nhit.

Chuong trinh x4c dinh cac tham s6 ti uru cia
ham hiép phuong sai 1y thuyét duoc xay dung
bang ngdn ngir C#, c6 giao dién than thién véi
nguoi dung. Chuong trinh c6 tén la “Fitting
Covariance Function”. Két qua ciia chuong trinh
duoc so sanh véi két qua tinh cua “COVFIT” da
khing dinh tinh chinh x4c cua chuong trinh.
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Chuong trinh “Fitting Covariance Function”
¢6 ru diém so véi “COVFIT” la: Ty dong tinh
toan, khong can nhap cac tham sé dau vao; Tu
dong vé do thi cua hiép phuong sai thuc nghiém
va ly thuyét; Tu dong loc ra bo tham sé téi uu;
Ngudi tinh khong can ¢ chuyén mén sau va
nhiéu kinh nghiém. Chuong trinh da khac phuc
dugc nhitng han ché cua chuong trinh
“COVFIT” trong b phan mém GRAVSOFT.Q
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The optimized solution of theoretical covariance function in LSC method for determination

of the parameters

Nguyen Thanh Le, Le Quy Don Technical University

Nguyen Van Sang, Hanoi University of Mining and Geology

Dinh Xuan Manh, Viet Nam Institude of Geodesy and Catography

This paper researchs to determine optimal parameters of theoretical covariance functions in LSC

method. The theoretical basis of method had been studies in detail. On the theoretical basis, the
program "Fitting Covariance Function™ determines the optimal parameters of the theoretical
covariance function built in C# language. On the new program, the authors have experimentally
calculated the data in the Central region, the optimal parameters obtained are: N = 224; f = 0,108; A
= 0,15.10% Phuong sai = 125,91 mGal?; Re-Rs = -0,471 km. Received parameters were checked
manually on the program “COVFIT” in GRAVSOFT software package to confirm the correctness.
Compared to "COVFIT", the new program has the following advantages: Automatic calculation, no
need to enter inputThe parameters; Automatic plotting of emprical and theoretical covariances;
Automatic filters the optimal parameters; The calculator does not need deep expertise and a lot of
experience. The program has overcome the limitations of the program “COVFIT”.Q
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