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Abstract: The world mathematicians given many method to adjust the free network, in which the
confirmation that the first norm of the solution vectors must minimizing to be the standard for
finding the solution in a multitude of solutions. This also conform with the weight transformation
process in the deformation model to find the solution for the most probable model, developed by
Adam Chrzanowski. The geodetic base point at hydropower plants are used as benchmarks to assess
the displacement of test points are attached on the dam. This article presents the iterative weight
transformation technique of the problem handle the free geodetic network at Tuyen Quang
hydropower. The results showed that the largest displacement value was 2.2 mm / year and
equivalent to the actual measurement error. This calculation method provides more useful
information about the displacement model of geodetic base points, helping to plan a large-scale
project safety assurance.

Keywords: Displacement, Minimizing the first norm of vectors, Geodetic base points.

* -
Corresponding author.
E-mail address: dxvinh@hunre.edu.vn

https://doi.org/10.25073/2588-1094/vnuees.4398
93


mailto:dxvinh@hunre.edu.vn
https://doi.org/10.25073/2588-1094/vnuees.4

VNU Journal of Science: Earth and Environmental Sciences, Vol. 35, No. 3 (2019) 93-107

Journal homepage: https:/js.vnu.edu.vn/EES

VNU Journal of Science; Earth and Environmental Sciences

Phan tich bién dang ludi mit bang tai thuy dién Tuyén Quang

Pinh Xuan Vinh*
Truong Dai hoc Tai nguyén va Moi truong Ha Noi, 414 Phu Dién, Cau Dién, Tir Liém, Ha Ngi, Viét Nam

Nhan ngay 27 thang 5 naim 2019
Chinh stra ngay 16 thang 7 nam 2019; Chap nhan dang ngay 02 thang 8 nam 2019

Tom tit: Binh sai ludi tw do dugc cac nha toan hoc thé gidi dua ra nhidu phuong phap giai, trong
d6 x4c nhan Chudan bdc nhdt ciia vector nghiém phdi nhé nhat 1am tiéu chuan dé tim 1oi giai cho bai
toan vo sb nghiém. Piéu nay ciing trang hop vai qua trinh bién ddi trong sé trong mo hinh bién dang
dé tim 1o giai cho mé hinh xac suit nhat, do Adam Chrzanowski phét trién. Cac diém co so tric dia
tai cong trinh thily dién duoc sr dung nhu nhitng diém chuan dé danh gia sy chuyén dich cua cac
diém kiém tra gan trén than dap ngén nuoc. Bai bao nay trinh bay ky thuat tinh chuyén dich cua cac
diém co s& trac dia tai thuy dién Tuyén Quang. Két qua cho thay gia tri chuyén dich lon nhét trong
duong sai s6 do dac thyc té. "Phuong phép tinh nay cung cap thém g6c nhin méi vé mé hinh dich
chuyén cua cac diém co so tric dia, giup hoach dinh phuong an dam bao an toan cong trinh sau nay.

Tir khod: Chuyén dich, Cuc tiéu hoa chuan bac nhit vector, Diém co so tric dia.

1. Mé dau

Phén tich bién dang 1a mot phan ciia cong tac
trac dia, nhung qué trinh nay lién quan téi mot
md hinh toan - Iy phtrc tap. Néu chi xét riéng bién
dang hinh hoc, viéc xac dinh cac vector bién
dang dugc thuc hién dua trén cac budc Nhin
dang mé hinh - Udc lugng md hinh — Panh gia
md hinh [1]. Quan tric bién dang c6 tim quan
trong 16n trong nhiéu hoat dong lién quan dén ky
thuat khao sat. Cac cong trinh xay dung can duoc
theo ddi trong sudt thoi gian xay dung va st dung
cua chung; cac hoat dong ctia con nguoi ciing la
nguyén nhan gy ra chuyén dich trén bé mit trai
dat, vi du nhu ltn do khai thac mo, khai théc dau
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hodc nude ngdm, xay dung cac hd chta 16n. Vi
tién bo ky thuat hién nay, ciing véi bién dong vé
moi truong va hién tuong bién d6i khi hau, méi
quan tam trong nghién ctru vé chuyen dich voé
trai dat ngay cang ting. Tir d6, yéu cau nang cao
d6 chinh xac va d¢ tin cdy trong danh gia 6n dinh
diém khéng ché tric dia la doi hoi bure thiét.

V& co ban, ¢o ca 1y do thuc té va 1y do khoa
hoc cho viéc nghién ctru bién dang. Ly do thuc
té 12 kiém tra sy 6n dinh cta cac ciu trac dia chit,
két cAu cong trinh va thiét bi co khi, danh gia
mirc d6 nguy hiém cua tinh trang bat 6n dinh,
phat hién cac yéu t6 ban dau ciia mot rui ro. Ly
do khoa hoc d6 1a su can thiét dé hiéu o hon co
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ché ctia bién dang, kiém tra cac 1y thuyét méi bao
g0m ca céc thiet ke trong xay dung cong trinh [2].
Tir d6 thiét 1lap cac phuong phép du bao an toan.

Viéc phan tich bién dang thuong phai ddi
pho véi lugng bién dang rat nho, thim chi twong
duong vai sai sb ciia phuong phap do. Do d6, phan
tich phai cuc ky can than dé dua ra quyét dinh
dung ddn vé mé hinh bién dang cta cau tric [1].

Vao nam 1978, Hoi nghi cac nha Khao sat
qudc té (FIG) di thanh 1ap Uy ban 6 chuyén trach
Phan tich bién dang do gido su Chrzanowski 1a
chu tich. Nhiém vu chinh cta Uy ban 6 1a: 1/ T6i
vu hoa thiét k& mang ludi quan tric; 2/ Panh gia
di liéu quan tric, xac nhan tri do thd va sai sb hé
thng; 3/ Phén tich bién dang hinh hoc; 4/ Giai
thich ¥ nghia vat 1y cua bién dang [3].

Trong khoang thoi gian tir d6 dén nay, cac
nhom cua Uy ban 6 tai cic trung tim nghién ciru
nhu: Delft, Fredericton, Hannover, Karlsruhe,
Munich d3 cong bd nhiéu thanh qua vé phuong
phap quan tric, phan tich va xr 1y s liéu bién
dang [3]. Dac biét, cac phuong phap phén tich
bién dang dugc Uy ban 6 cong b mang tinh tong
hop, ké thira va phat huy.

Mot s6 phuong phép da ding trudce day [1]
nhu: Phuong phap Kostekhel, str dung sai s6 gidi
han cua két qua thong ke toa do dlem quan tric
lam thudce do su 6n dinh ciia méc tric dia. Mdc
dugc chon lam diém khéi tinh phai nhan duoc
két qua [pvv] = min; Phuong phap Trernhikov,
st dung nguyén ly “Toa do trung binh cua ludi
khong dbi trong thoi gian quan trac”; Phuong
phap “Phan tich tuong quan”, st dung d6 léch
chuan trén mdi s lidu do dé phan tich tuong
quan gitra cac thoi diém quan tric va danh gia
chat luong s6 liéu do; Phuong phap “M6 hinh
toan hoc”, sir dung diéu kién phu kem binh sai
luoi tu do sau d6 kiém tra sai sO gioi han cua toa
d6 céc diém sau binh sai, néu sai sb gidi han 16n
hon 3 14n sai sé trung phuong thi cho ring diém
toa 40 do khong 6n dinh. Phuong phap “Binh sai
ludi tw do”, sir dung phwong phap tinh nhich dan
diéu kién phuy trong binh sai luéi ty do va hé s6
giéi han ciia d6 léch chuan trong thong ké toan
hoc dé danh gia diém tric dia bt on dinh.

Trén co s6 nhiém vu ctia Uy ban 6, trung tim
nghién ctru thude Dai hoc Delft do Kok lanh dao
da dé xuét [2] phuong phap phén tich dg 6 6n dinh
cua diém quan tric dya trén ly thuyét loai trir sai

s6 tho cua Baarda. Pic diém chinh cua phuong
phap 13 kiém dinh thong ké toan hoc tinh thdng
nhét vé ciu tric hinh hoc cua mang luéi. Néu
kiém dinh that bai, sir dung phuong phap thur dé
xéc dinh diém bét on dinh.

Trung tam nghién ctu thudc Pai hoc Bonn
do Koch dé xuat [2] ciing twong tu nhu phuong
phap cua bai hoc Delft, nhung phuong phap phat
hién diém bét on dinh c6 khéc. Trude tién, tir
truong chuyén dich va elip sai s6 ciia cac diém
trong ludi cé duge sau binh sai ludi ty do, tim ra
nhimg diém 6n dinh nhét, ding ching dé xéac
dinh hé théng ludi méi. Day la mot qua trinh tinh
1ap st dung phep blen d6i S cong trong sb, voi
trong so cua diém 6n dinh dwoc gan gia tri 1, cac
diém khac gan gia tri 0. Qua trinh tinh lip dung
khi tit ca cac diém On dinh déu duoc dung dé xéac
dinh hé thdng ludi moi.

Phuong phap cua trung tdm nghién clu
thudc Pai hoc Hannover chu yéu do Pelzer va
Niemier d& xuét [2]. Tu tudng ctia phuong phap
1a: Tién hanh kiém dinh tinh théng nhit cta hai
chu ky quan trc. Néu kiém dinh tong thé nay
dugc thong qua, cac diém tric dia déu 6n dinh.
Néu khong duoc thong qua, phuong phap tim
diém bt 6n dinh 13 phuong phap tha. Tuan ty bo
di mot diém va tinh mtrc d6 giam thiéu cia tinh
thong nhét c4u hinh ludi. Piém nao 1am cho tinh
théng nhit d6 giam thiéu nhiéu nhét tic 14 diém
bét 6n dinh. Sau khi loai trir diém bt 6n dinh,
13p lai qua trinh trén cho dén khi tinh théng nhat
clia ciu hinh luéi duoc théng qua thi dimg.

Phuong phap “Tuan ty thay thé xac dinh dan
trong $6” do trung tam nghién ciru thudc Pai hoc
Fredericton chu yéu do Adam Chrzanowski va
Chen Yonggi d& xuét [2, 9]. Noi dung chu yéu
cua phuong phap dé cap t6i t6i thiéu hoa chuan
bac nhét ctia vector chuyén dich, tir do xac lap
mot hé théng ludi 1y twong lam cho trudng
chuyén dich it bi méo mo nhat, c¢6 loi cho viée so
bd phat hién mé hinh bién dang. Qua trinh tinh
toan trong s6 cho cac diém trong ludi phai tinh
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lap miy lan dé t6i thiéu hoa duoc vector bién
dang. Sau d6 xac dinh dugc gia tri bién dang
chan thuc nhét.

Lién quan t6i qué trinh xac dinh diém 6n
dinh trong luéi tric dia, thuat toan binh sai ludi
tu do ciing dugc st dung. Trudc tién, ludi tu do
duoc dinh nghia nhu 1a mot mang ludi thiéu yéu
t6 xac dinh trong khong gian. Cau trac cua ludi
duoc x4c dinh thong qua cac tri do. Nhung, hodc
1a thiéu céc tri do, hodc 1a thiéu thong tin vé do
chinh xéc ciia diém khdng ché tric dia. Nén binh
sai ludi tu do tré thanh déc trung clia qué trinh
phan tich bién dang. Binh sai lu6i ty do, hay con
goi 12 binh sai lué6i tu do khuyét hang [5] thuong
dé cap dén 5 phuong phap kinh dién sau:

- Phuong phap ma tran nghich dao téng quat
dé giai hé phuong trinh tuyén tinh;

- Phuong phap tri do gia, do Pelzer dé xuét
nam 1974;

- Phuong ‘phé’p thém diéu kién phuy, do
Mittermayer dé xuat ndm 1972;

- Phuong phap giai truc tiép, do Wolf d& xuét
nam 1972;

_ - Phuong phap khur diéu kién, do Perelmuter
de xuat nam 1979.

Tai Viét Nam, cac k¥ su tric dia thuong st
dung phuong phap binh sai ludi ty do “thém diéu
kién rang budc ndi” 1a ma tran C. Piéu kién nay
duoc tinh toan nhich dan trén co s hé sé g <
t.mg,, voi tla hé sb xac dinh tiéu chuan sai sb
giéi han thuong 1ay trong khoang (2-+ 3), mg.
la yéu cAu vé& do 6n dinh cua diém tric dia. Ma
tran C; = B; d6i voi cac diém 6n dinh, ma trin
C; = 0 dbi voi cac diém bat on dinh. Ma trén B;
12 ma trn chuyén d6i trong phép chuyén toa do
Helmert va 1a tham sé dinh vi ludi tu do. Quy
trinh phan tich d6 6n dinh ciia mang ludi quan
trac bién dang theo phuong phép 1ap nhich dan
sau:

Budc 1: Trong chu ky dang xét, thuc hién
binh sai luéi tu do v6i mot diém Fix toa do (dinh
vi tam thoi);

Budc 2: Tinh do 1éch toa do cua tit ca cac
diém co s so véi toa dd cac diém Fix & chu ky

dau va tinh chuyén toa do sau binh sai cua cac
diém trong mang ludi vé hé toa d6 m&i véi diéu
kién dinh vi méi;

Budc 3: Tinh lai d6 1éch toa d6 cua cac diém
co s& va ap dung tleu chuing < t. mg dé kiém
tra va danh gia d6 6n dinh cta cac diém co so
trong ludi.

Budc 4: Kiém tra, danh gia d6 on dinh cac
diém co so (C; = B;) trong ludi. Co thé xay ra
mot trong hai kha nang sau:

- Néu phat hién mot hoac mot s6 mdc co so
khong on dinh, thi s& loai diém c6 do léch 16n
nhit ra khoi nhém diém 6n dinh bang cach gan
cho diém d6 gia tri (C; = 0) va tinh chuyén toa
do theo diém dinh vi méi;

- Néu cac diém con lai ¢6 (C; = B;) thi két
thac qua trinh kiém tra. Ludi dugc dinh vi gan
dung nhét so v6i diém 6n dinh.

Quy trinh nay t6n tai mot s6 van dé sau:

i. Tiéu chuan ban dau dat ra di véi qué trinh
binh sai ludi ty do 1a "trong tam cua ludi khong
thay d6i trong qua trinh xir Iy binh sai". Duong
nhu budc 2 cua quy trinh nay da vi pham khi
"tinh chuyén toa do sau binh sai cta cac diém
trong mang ludi vé hé toa d6 méi véi diéu kién
dinh vi méi.

ii. Viéc 4p dung mot tidu chuin dé nhan dang
diém bat 6n dinh duong nhu thiéu chat ché. Néu
¢6 ludi do cao 4 diém, trong d6 3 diém khong on
dinh duoc nhan dang bang tiéu chuan nay. Vay
lu6i d6 co sir dung duoc hay khong?

iii. DSi v6i ludi quan tric bién dang. Tiéu
chuan théng nhat vé két cdu ludi va dd hinh ludgi
trong cac chu ky do 13 rat quan trong, nhdm giam
thiéu anh hudng cua sai s6 hé théng dén két qua
xu ly ludi. Budce 4 cua quy trinh nay da vi pham
nghiém trong nguyén tic ban dau di thong nhét.

iv. Xir 1y ludi quan tric bién dang theo quy
trinh nay 1a Fix diém i, sau qua trinh tinh lip
nhich dan, dé loai bo diém khong 6n dinh va dinh
vi mang luéi theo diém i da Fix. Néu chu ky sau,
chinh ban than diém i d6 ciing bi dich chuyén.
Quy trinh tiép tyc Fix vao diém k khac. Nhu véy,
trong tAm cua ludi di bi thay ddi va vi pham diéu
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kién ban dau da thong nhat. Néu ¢ tinh sir dung
n6 thi mang lu6i dang xét khong théng nhét giita
céc chu ky khac nhau va véi chu ky dau. Diéu
nay vi pham quy tic binh sai lu6i, dan dén két
qua chuyén dich bi sai lé€ch, do khong dugc so
sanh vi mot goe ¢ dinh.

Muc tiéu cua nghién ctru nay 1a giai quyét
céc van dé da néu trén, dong thoi tmg dung céac
thanh tyu nghién ctru ciia Uy ban 6 vé Phan tich
bién dang do Hoi Cac nha Khao sat quc té (FIG)
dé xuat.

2. Pdi twong va phwong phap nghién ciru

2.1. Binh sai ludi tw do theo phirong phap cua
Mittermayer

Céc diém co so trong ludi quan tric bién
dang c6 thé cho 1a 6n dinh, cho dén khi phan tich
thdy cdu triic khong on dinh cta né. Didu dé co
nghia la, mang ludi d6 ty ban than né khong
mang ddy du cac thong tin vé do chinh xac trong
khong gian. Vi du ludi mat béng thiéu toa do
diém va phuong vi ma chi c¢6 céac lién két giita
cac diém trong ludi. Do d6, mot mang ludi ty do
1a mang ludi c6 thé chuyén dich hodc quay hoic
thu phong tu do trong khong gian cua mét hé quy
chiéu xac dinh. Ddi voi qua trinh bién dang cia
mot vat thé, cac nha khoa hoc thé gisi [5] da
théng nhit sir dung bién d6i vi phan thay cho
bién ddi Helmert dé mo ta hé toa do. Khi mang
lu6i d6 c6 mot toa dd va phuwong vi mot canh (ddi
voi ludi mat bang) luéi do tr¢ thanh ludi ty do
kinh dién, c¢6 s6 luong gdc tdi thiéu.

_Quan tam dén md hinh ham sé va mé hinh
ngau nhién cta mang ludi tu do nhu sau [5]:

l+v =A%,
a;Q . 1)

& day 1 1a vector cua n tri do; v 1a vector sb hiéu
chinh cua n tri do; X la vector nghiém (vector sb
hiéu chinh cua toa do gan ding cua cac diém
ludi); A la ma tran hé s6 cua cau hinh ludi; of 1a
phwong sai tién nghiém (phuong sai trong s6 don
vi) va Q ma tran dao phuong sai cua tri do (con
goi 12 ma tran trong s6 dao). Di véi cac tri do
doc lap, Q 1a ma tran duong chéo nén khdng xuit

hién hi¢p phuong sai cua cac tri do va ciing
khéng cd hiép trong sé dao cua cac tri do. Néu
cac tri do la trong quan, nhu trong chudi tri do
GPS lién tuc, s& ton tai higp phuong sai va hi¢p
trong s6 dao cua tri do. DBuong nhién, doi V6i an
sb %, s& ton tai hiép trong sb dao cua an sb. Tiép
theo ta c6 phuong trinh chuan dang ma tran theo
phuong phép sé binh phurong nho nhat.

NX = w. (2
dday N = ATQ 'A,w=ATQ 1.

Do thicu diéu kién goc toi thicu nén A khuyét
hang, dan tgi ma tran hé so N cua phuong trinh
chuan la suy bien. det{N} = 0. (phuong trinh
chuan khéng cé nghiém duy nhat).

Binh sai ludi ty do khuyét hang phai tuan thu
theo hai nguyén tac:

1/ VTPV = min;

2/ ||Z|| = VRTR® = min. Rat ra: 7% = min.

Diéu kién thir hai nghia 1a, chuan cua vector
nghiém phai nho nhat.

Dé giai bai toan binh sai luéi tu do theo
phuong phap gian tiép kém diéu kién, ta Can phai
dinh nghia diéu kién noi bo dé tim 4n sé %, biéu
dién boi mot he‘thong rang budc hay con goi la
phuong trinh diéu kién nhu sau

DTz =0, (3)

Gia thiét 2 = (1%, .. x,)" 12 mot

nghiém thoa man phuong trinh chuén, thi can
bac hai cua tong binh phuong cua n6 [4]:

VX2 +x2 + o+ x2
n

goi la chuan (norm hay module) cua vector £, y
nghia hinh hoc 14 chiéu dai (46 16n) cua vector.
Néu trong nghiém chung caa phuong trinh chuén
c6 mot nghiém £ thoa man chuan nho nhat, thi
goi nghiém d6 1a nghiém chuan nho nhat, diéu
kién thoa man chuan nho nhit goi 1a diéu kién
chuan nho nhét, duoc biéu thi:

1
2 =

2]l = (=7%)

|Z|| = min hodac £T% = min (4)

Gia thiét N, 1a mot nghich dao tong quéat

dang N~ cua N, phuong trinh chuan c6 nghiém
riéng [6] la:
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£ =N,ATPl (5)
Néu chuan Ny A"Pl cua nghiém riéng nay
nho hon chuén cua bat ky nghiém khac thi n6
chinh la nghiém chuan nho nhat. Van dé bay gio
la xac dinh N,,,.
Theo Mittermayer,

Ny = NT(NNT)~ (6)
Vi N 1a ma tran hé sé dbi xtmg. Do d6
N, =N(NN)~ @)

Ta c6 nghiém chuan nho nhat cia phuong

trinh chuan
£ =N(NN)"ATPl = N"1ATPI (8)

Do gia nghich dao N* cua N ciing 13 mot
nghich dao chuan nho nhat. Dung N* = N, =
N=1 = N(NN)"N(NN)~N.[6]

Giai phuong trinh (2) v&i phuong trinh didu
kien DTx = 0, ta cod

£=(N+DD")w, 9)
v6i ma tran hiép trong sb dao
Qs = (N +DDT)"*H(HTDDTH)"1HT, (10)
v6i ma tran H khéng suy bién véi rank{H} =
rank{D} va NH = 0.

Loi giai cua phuong trinh (2) cht y toi
phuong trinh diéu kién D™ £ c6 thé con dugc thuc
hién thong qua phép doi co s& [5] tir bat ky 1oi
giai X, nhu sau

X = SJ/C\u f Qf = SquST ) (11)
VoI
S=1—H(DTH)'D" =1 — HH"WH) 'H™W, (12)
& day, W = D(DTD)"1DT.

Ma tran W trong phuong trinh (12) con dugc
giai thich 1a ma tran trong so6 khi dinh nghia diéu
kién (3), va phuong trinh (11) con dugc goi la
bién doi tuan tu trong sé [7].

Néu tat ca cac diém trong mang lui trong
diéu kién (3) duoc dinh nghia 1a quan trong nhu
nhau, thi W = | va ta c6 loi giai rang budc ndi bo.
Néu chi c6 mot vai diém duoc sir dung dé dinh
nghia bai toan, nhitng diém d6 nhan duoc trong
s6 don vi va nhirng diém khéc nhan trong s6
bang 0, vi du, W = diag{l,0}.

Phuong sai hau nghiém 63 va bac tu do cua
no, df, dugc tinh tir wéc lugng so6 hiéu chinh v
nhu sau:

., PTQ7'
0-0 = df )
df =n—rank{A}, (13)

& day, bac cua A dbi Vol ludi co cAu hinh day du
(khong khuyet) 1a du sb lugng cho cac tham sO
12 4n sb con thiéu trong diéu kién khuyét (3) cia
luéi [8].

2.2. Cuc tiéu héa chudn bdc nhat

Khi so sénh 2 chu ky do, vector dich chuyén
cua tat ca cac diém quan trac va ma tran phuong
sai cua no6 dugc tinh:

d=%,—%, Qq=0Q,+0Q¢, (14)

Yéu té phuong sai chung ﬁgp va bac ty do

cuano df, duoc tinh [8]:

6§p [df1(0001)d+ df>(65,,)] ’
fo
dfp = df1 +dfz, (15)
& day, s6 dudi 1 va 2 @é chi chu ky 1 va 2. Néu
phuong sai tién nghi€ém khong thong qua dugc
kiém dinh thong ké vei gia thiét Hy: 62, = 6%, ,
Vv6i mirc y nghia théng ké a

(86,,)

[F(%/3.dfdfi)] " < @)
90,,
< F(%/y,df, df1), (16)

nghia la c¢6 15i trong kiém dinh trén, nguyén nhan
la trong s6 so sanh cua tri do gitra 2 chu ky hoic
trong sb cua d6 hinh lu6i khong chinh xac (dd
hinh lugi quan trac hai chu ky khéc nhau).

Nhu da dé cap, tinh toan dich chuyén bang
phuong trinh (14) c¢6 thé khong chinh xac boi
diéu kién rang budc noi da lwa chon hoic phai
dinh nghia diéu kién rang budc noi khéc trong
qua trinh binh sai 2 chu ky, do d6 1am cho viéc
xac dinh diém co s& khong 6n dinh thém kho
khan. Dé giai quyét vin dé nay, can cyc tiéu hoa
chuan bac nhét cua vector dich chuyén caa diém
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co s [9]. Chién lugc 4y cung cap dieu ki¢n ving
cho viéc kiém dinh diém co s¢ khong on dinh va
nhan dugc vector dich chuyén it bi sai sét nhat
[71
Bét dau véi d, va Q4 1a vector dich chuyén
va ma tran phuong sai cua diém co so. Tu d va
Qgtrong phuong trinh (14). Ta bien doi ching toi
phuong trinh diéu kién kh&c phu hop hon véi
phuong trinh (11), (12) nhu sau:
dr = [I = Hy(H{ W;H,) "H{ W,]d, = S.d. , (17a)
va
Qa, = $:Qa,S7 (17b)

Ma tran H, cO ciu trac nhu truc va phu
thudc vao phuong trinh diéu kién rang bugc noi
dit ra ban dau trong 2 chu ky ddi véi cac diém
co s6. Vi dy, néu ludi kiém tra trong chu ky dau
la ludi tam giac do goc canh c6 phuong trinh
diéu kién rang budc noi, xac nhan trong chu ky
thir hai ludi bi dich chuyén, quay, thu phéng.
Phuong trinh diéu kién rang budc noi cua ludi s&
x&c nhan hai chiéu dich chuyén (x, y) va mot
chiéu quay. Sau @0, lién két diéu kién rang buoc
noi nhu 1a trong chu ky dau.

Chién lugc hién nay 13, lya chon ma tran
trong sb W, trong phuong trinh (17a) lam chuan
bac nhat caa vector dich chuyén d, xap xi cuc
tiéu. Vi du, ||d~f||i = min, nghia la chuan cua
vector d, trong khong gian Euclide dugc tdi
thiéu hoa. Dt

t = (H{ W;H;)"'H{ W,d.,
duoc goi 1a tham sé chuyén doi. Sau do dat

el = > 1de@ = hetl,
i

O day, d,(i) la phéan tr the i caa d, va h; la
vector hang thtr i cia ma tran H;. Dieu ki¢n nay
0 thé viét nhu sau:

min % |d.() — hytl, (18)
Phuong trlnh (18) khong phai ludn giai duoc.

Tuy nhién, déi voi viec xac nhén diém co so
khong 6n dinh thi khéng thanh vén dé.

Déi voi ludi kiém tra d cao (do lin), cac
tham sb cua phuong trinh diéu kién rang budc
noi c6 luong chuyén dich t, theo chiéu day doi.
Néu w; 1a dich chuyén cua diém P; thi tir (18) ta
co

miny, w -t (19)
Z

Loi giai dbi véi t, 1a ré rang. Tat ca w; dugc
sap Xep lai (chinh hop) vao mot chudi cac gia tri
dai s6 tang dan cua chung va gid tri trung binh
la gié tri t,. Néu d6 1a sé twong dwong nhau cua
diém co s, thi gia tri khac cua 2 chuyén dich &
giita hoac trung binh cua ching c6 thé dugc sir
dung nhu 1a t,. N6i cach khac, diém hoic cap
diém trong chuyén dich thi thudc vé& ving gitra
c6 trong sb bang 1, va nhitng diém con lai thi c6
trong s6 bang 0. Vector méi cua dich chuyén va
ma tran hiép trong sé ctia né dwoc tinh tir phuong
trinh (17).

Déi véi ludi hai chiéu, phwong phap Tuan tu
bién dd6i trong sb phuc tap hon nhiéu. Trong
phuong phap nay, ma tran trong sé W, trong
phuong trinh (17) s& dugc xem nhu khai dau, sau
do, tai 1an bién d6i thir (k+1), ma tran trong sb
duoc xac dinh nhu sau:

WD = diag |dk—1m| (20)
& day d¥ (i), 1a thanh phan thir i cua vector d,
sau lan tinh thir k. Qua trinh tinh lap tiép tuc cho
téi khi sy khac nhau thuan tdy gitta nhitng lan
bién ddi ké tiép thanh phan chuyén dich mat
bang nho hon mot dung sai & (khoang %4 do
chinh xéc trung binh caa thanh phan chuyén dich
mat bang). Trong suét qua trinh nay, mot vai
d¥ (i) c6 thé xap xi bang 0, nguyén nhan do qua
trinh 1am tron sb, bai vi thanh phan |dk()| rat

lon. C6 hai cach giai quyét van dé nay. Cch thix
nhat, thay doi biéu thuc tha (20) bang:

(k+1) _ .
g |[a¥@)| + 6

Cach thi hai la dat mot can dusi. Khi |d¥ (i)

nho hon can dudi do6 thi trong sé cua nd tién toi

0. Néu trong lan I3p tiép theo, |d¥ (i)| 16n hon thi
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trong sé cd thé duoc thay d6i theo cho phu hop
hon. [7].

Ca hai quy trinh trén cung Cap loi giai Xap xi
cho phuong trinh (18). Trong 1an lap cudi cuing,
lan thir (k+1), ma tran trong s6 dao dugc tinh nhu
sau:

T
Qz, = SE Vg, [sY] . @)

Bang viéc so sanh dich chuyén ciia mdi diém
dya vao vung tin cay cua chlng tai mic y nghia
thong ké a, ta co thé thay rang cac diém co so
hau hét khdéng 6n dinh.

2.3. Uéc lwong diém khdng on dinh

Céc diém co s¢ duge xac dinh 1a khéng 6n
dinh va tat ca cac diém kiém tra s& cung duoc
dua vao binh sai theo phuong phap binh phuong
nho nhat cua md hinh bién dang Bc véi nhitng
gia tri dich chuyén d nhan dugc theo phuong
trinh [10]:

d+v=B8Bc, (22)

& day, v l1a vector ctia do léch sau khi hi¢u chinh
(s6 hiéu chinh cho trj do), ¢ 1a vector dich chuyén
cubi ciing da dugc woc lwong va B 1a ma tran hé
s6 cau hinh ludi.

R6 rang, mo hinh bién dang cia mdi diém co
so khong 6n dinh va diém kiém tra P; trong ludi
hai chiéu dugc viét:

a;
di +v;, = [bl] = ¢y, (23a)
va ddi véi diém on dinh P; nhu sau:
0
di+v; =], (23)

Do d6, ma tran B trong phuong trinh (22) c6
cac phan tr dang don vi turong ¢ng véi nhiing
diém khong 6n dinh va nhiing diém kiém tra, con
nhitng diém khéc thi bang 0. Loi giai cua phuong
trinh (22) nhu sau:

é = (BTPdB)_lBTPdd, (243.)
va ma tran trong s6 dao cuaa no la:
Qe = (B"P4B)™™. (24b)

Ma tran trong sé duoc tinh theo mét cach
khac la:

Pg = Ny(N; + Np)™N,, (25)
hoac

N, = (SQdS)+ [SQqS +
HHTH)'HT]"* —HHTH)"*HT.  (26)

trong phuong trinh (25) c6 Ny, N, la ma trén h¢
s6 ctia phuong trinh chuan (3). Nghich dao tong
quat (N; + N,)~ ta c6 thé tinh duoc (N; + N, +
HH™)™1 [1, 2]. O day, vector cot H twong tng
vé6i s khuyét cua ludi ty do tong quét trong hai
chu ky. Néu hai chu ky c¢6 chung mét cau hinh
luédi va cac tri do c6 do chinh xac twong duong,
taco: Ny =N, = N va:

Py =N/, (25a)

Trong phuong trinh (26) ma tran S duoc biéu
dién trong phuong trinh (24) v6i W =1 va
vector cot H twong tng véi s6 khuyét cua ludi tu
do hop nhat trong hai chu ky. Ly do phai tinh ma
tran trong sb theo cach nhu vay 1a dé uéc luong
ansd ¢ sao cho doc lap trong diéu kién rang buoc
noi cua bai toan binh sai. Néu diéu kién khuyét
bi khir bai tri do gia c6 phuong sai nho da gidi
thiéu ban dau, thi ma tran trong sé duoc tinh:

Py = Qg% (25b)

Tuy nhién, trong truong hop nay, khong chi
c6 véan dé Ve s6 hoc c6 kha niang xay ra do diéu
kién Q4 xau, ma con xay ra su phirc tap phat sinh
trong mé hinh bién dang [8].

Y nghia cua viéc wéc lugng dich chuyén &
doi véi diém co s khdng on dinh P; dugc thuc
hién bang kiém dinh:

¢l ch

mcaop

> F(a,mgdfp). (27)

¢ day, m, chinh la thi hang cta ¢;; Q¢, chinh la
ma trén con cua Qz Va 6¢, va dfp 12 thanh phén
phuong sai gdop chung va bac tu do cta no.

Pé kiém dinh gia thiét rang khong con diém
bat 6n dinh nao ton tai nira, ham bac hai AR cua
udc lugng do 1éch ¥ dugce tinh nhu sau:

AR = 9TP,;¥. (28)

Kiém dinh Khi binh phuong véi bac tu do
nhu sau:
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df. = (dim(d) — 1) — m, . (29)
o day, m. la thir hang Cua vector ¢ chua biét;
(dim(d) — 1) = df; la so luong cac chénh cao
doc 1ap. Néu bat dang thac
AR
7o, < F(a,df., dfp). (30)
ton tai, thi gia thiét duoc chip nhan tai mac y
nghia (1-a)%.

Noi cach khac, khdo sat dbi voi diém co SO
khong 6n dinh khac cling nén dugc lam. Khi yéu
t6 phuong sai tién nghiém o da biét, thanh phan
64, va dfp trong kiém dinh (30) va (27) duoc
thay thé boi o va oo theo thir tu lan luot.

2.4. Lu6i mat bang thiy dién Tuyén Quang

C6 7 diém co so trong hé théng mdc khdng
ché xay dyng co ban cia nha may. Nhung chi liy
4 méc c6 két cau trén nén da gbc, vi tri thuan tien
cho quan trac bién dang, tao thanh két cau dd
hinh vimg cho Iuéi quan tric bién dang. Do la
cac mbc: QT01, QT03, QTO5 va QTO06. Sir dung
may toan dac dién tir Leica d¢ chinh xac do canh
(1+1ppm) mm, do goc toan vong va do canh theo
hai chiéu di — vé, tham khao thém tri do GPS theo
k¥ thuat Tuong d6i-Tinh. Chu ky do thang giéng
nam 2013, chu ky do thang 6 nam 2013, chu ky
do thang giéng nam 2014. Hinh 1 1a luédi co s&
mit bang thuy dién Tuyén Quang véi ba chu ky
do. Cac gié tri quan trac [11] ¢ bang 1:

Bang 1
Tuyén ) Chiéu dai ‘(m) Chiéu dai ‘(m) Chiéu dai ‘(m)
do Tén canh — Chu ky 1 - Chu ky 2 — Chu ky 3
(01/2013) (6/2013) (01/2014)
L1 QT3-QT6 956.716 956.714 956.712
L2 QT1-QT6 1191.106 1191.111 1191.108
L3 QT5-QT6  464.597 464.598 464.595
L4 QT3-QT5 1218.583 1218.581 1218.577
L5 QT1-QT3 610.630 610.632 610.629
L6 QT1-QT5 1223.244 1223.245 1223.242

Hinh 1. Luéi co s& mat bang thuy dién Tuyén Quang.
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Budc 1. Binh sai lusi khong rang bugc va
tinh su dich chuyén.

Gia dinh toa d6 gan ding cua diém QTO06 la
XgT% =0, Y8T06 = 0, phuong vi canh QT06 —
QT03 1a agros—qroz = 0°. Thc gid dinh diém
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gbc cua ludi 1a QT06, truc OX di tir QT06 dén
QTO3, do vay gia tri Yor; = 0mm va gia tri
Xors ding bang chiéu dai canh QT3-QT6 do
dugc. Tur d6 tinh toa do gan ding cac diém con
lai.

Chu ky 1.
Bang 2. Ma tran N.N:
5510 0.293 -3.472 0635 -2.911 -1.796 0.873 0.868
0.293 2319 -0.635 0528 -1.711 -0.987 2.053 -1.860
-3472 -0.635 5510 -0.867 1.453 0.414 -3.490 1.088
0.635 0.528 -0.867 2.389 -1.302 -2.447 1534 -0.469
-2911 -1.711 1453 -1.302 5.212 2782 -3.754 0.231
-1.796 -0.987 0.414 -2.447 2782 3.362 -1.399 0.072
0.873 2.053 -3.490 1534 -3.754 -1.399 6.370 -2.187
0.868 -1.860 1.088 -0.469 0.231 0.072 -2.187 2.256
Chu ky 1. q ,
Bang 3. Nghich dao chuan nhé nhat cia N,
0.445 0081 0.074 -0.056 0.099 0.000 0.000 0.000
0.130 0606 0.106 -0.051 0.146 0.000 0.000 0.000
-0.001 0.032 0.370 -0.018 -0.100 0.000 0.000 0.000
-0.004 -0.051 0.012 0.530 0.089 0.000 0.000 0.000
0.028 0.071 -0.067 0.137 0.424 0.000 0.000 0.000
-0.169 -0.074 -0.194 -0.446 -0.042 0.000 0.000 0.000
-0.472 -0.183 -0.377 -0.064 -0.423 0.000 0.000 0.000
0.042 -0.482 0.076 -0.033 -0.192 0.000 0.000 0.000
Chu ky 1.
Bang 4. Nghiém xéac suat nhat
Piémcoss QT6 QT3 QT1 QT5
X’ (m) 0.0005 -0.0005 0.0023 -0.0023
Y’ (m) 0.0008 0.0005 -0.0002 -0.0011
Chu ky 1.
Bang 5. Toa do cudi cung tinh duoc
Piémcoss QT6 QT3 QT1 QT5
X (m) 0.001 956.715 1024.951 -184.900
Y (m) 0.001 0.000  606.806 426.219
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Tuwong tu nhu cach tinh cia chu ky 1 khi gia
dinh diém gbc va phuong vi goc cua ludi, cac
chu ky thtr 2 va 3 thi toa do gan ding (s6 lidu dau
vao) duoc xac dinh can ctr vao két qua binh sai
chu ky truée (bang 5 d6i vai chu ky 2 va bang 6

Chu ky 2.

d6i v6i chu ky 3). Nghia 13, trong tam ludi ludn
ludn khong thay ddi. Ta thdy, hau hét cac diém
trong ludi khong on dinh theo két qua quan tric
cac chu ky. Toa do cudi cung nhu sau:

Chu ky 3.

Bang 6. Toa do cudi cung tinh dugc

Diémcoss Q16 QT3 QT1 QT5

X (m) 0.001 956.713 1024.958 -184.901
Y (m) 0.001 0.001 606.807  426.219

Bang 7. Toa do cudi cung tinh dugc

Piémcosd QT6 QT3 QT1 QTS5

X (m) 0.001 956.711 1024.956 -184.899
Y (m) 0.001 0001  606.804 426.217

Bang 8. Tong hop két qua 3 chu ky va tinh do léch (m)

Chu ky (2-1)

QT3 Q1L  QT5

Chuky (3-1) QT6 QT3

QT1

QT5

x2-x1=d}
y2-yl=d,

0.0000 0.0027
0.0000 0.0002

-0.0062 0.0011
-0.0006

x3-x1= d2
-0.0002 | y3-y1= d?

0.0000 0.0047
0.0000 0.0002 0.0025

-0.0045

-0.0001
0.0025

Thuat todn cta Mittermayer chinh la dua
diém gdc trong ludi tric dia co s Vé trong tam
ciia mang ludi do, théa man (4). Ta thay rang,
hau hét cac diém trong ludi khong on dinh, 16n
nhat 1a  dLl(max) = 6,2 mm; d2(max) =
4,7 mm.

Buéc 2. St dung thuat toan Bién doi trong
sb, xac dinh diém chuyén dich bang cuc tiéu hoa
chuan bac nhat vector chuyén dich. Ap dung
cdng thic tir (14) dén (30). Két qua tinh ma tran
W lan dau chwa dat diéu kién cuc tiéu hoa.

Bang 9. Két qua tinh Iap ma tran W vong thir 2 v6i diéu kién can dugi +0,1 mm
(twong duong sai sO Cia may do)

10000.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 10000.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 10000.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 10000.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.4238 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.2834 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.4225 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 1.2867
Ta c6 d, cua lan tinh Iap thi hai.
Bang 10. Gia tri d, (m)
dxore dYore dXors dYors  dxgr dyor1  dxors  dYors
0.0000 0.0000 0.0000 0.0000 -0.0014 -0.0001 0.0014 0.0006
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Bang 11. Két qua tinh P,

0.1424  0.0427 -0.0434 -0.0370 -0.0237 -0.0100 -0.0753 0.0043
0.0427 0.1899 0.0303 -0.0454 -0.0089 -0.0133 -0.0641 -0.1313
-0.0434 0.0303 0.1419 -0.0290 -0.0710 -0.0225 -0.0275 0.0212
-0.0370 -0.0454 -0.0290 0.1598 0.0633 -0.1112 0.0028 -0.0033
-0.0237 -0.0089 -0.0710 0.0633 0.1497 -0.0026 -0.0549 -0.0517
-0.0100 -0.0133 -0.0225 -0.1112 -0.0026 0.1180 0.0352 0.0065
-0.0753 -0.0641 -0.0275 0.0028 -0.0549 0.0352 0.1577 0.0262
0.0043 -0.1313 0.0212 -0.0033 -0.0517 0.0065 0.0262 0.1281

Sau d6 xac dinh diém c6 chuyén dich nhiéu

nhat trong ma tran dinh vi luéi ¢ =
(BTP,B) 'BTP,d, bit diu véi BT. Qué trinh

tinh toén‘kiém dinh Fisher theo cong thuc (27)
va (30) déu dat yéu cau.

Bang 12. Tim BT ddi véi diém QT5 va QT1

QT5

1 01 01 0 0 1 010
0 QT10101

0 0
0 0

10
0 1

0
0 1 0 1 0 1 0
Tim duoc dich chuyén cua diém QT5 thdng qua ¢

QT5 -0.0018 (m)

Cx

¢, -0.0011 (m)

Tuong ty, ta tim duoc dich chuyén cua diém QT1 thdng qua &

QT1 ¢, 0.0021(m)

¢, -0.0003 (m)

Vi khoang dich chuyén la canh huyén ctia tam giac vuong véi cac canh ¢, va é,,.

Bang 13. Thanh qua thyc hién Bién doi tuan tu trong sé sau chu ky 2

Trudéc khi thuc hién Bién doi tuan ty trong sb

Sau khi thuc hién Bién d6i tuan ty trong s6

dore (M) dorz (M) dory (M) dors (M)

dore (M)

dors (M) dors (M) dors (M)

0.0000  0.0027 0.0062 0.0011

0.0000

0.0000 0.0022 0.0021

Bang 14. Thanh qua thyc hién

Bién doi trong sb sau chu ky 3

Trudc khi thuc hién Bién d6i tuan tu trong sb

Sau khi thyuc hién Bién déi tuan ty trong s6

dore (M) dorsz (M) dory (M) dors (M)
0.0000 0.0047 -0.0045 -0.0001

dore (M)
0.0000

dors (M)
0.0000

dors (M)
0.0025

dors (M)
0.0027

Day that su 1a khac biét. Dich chuyén tir 2,2

mm dén 2,7 mm 12 xap xi sai s6 do ludi mat bang,
khi gia thiét rang: +1 mm la sai s6 do may do va
tr +1 mm dén +1,5 mm 1a sai s6 do ngudi do
trén mang ludi co so tric dia thuy dién Tuyén
Quang. C4 thé thay rang, ludi trac dia co so dap
thuy dién Tuyén Quang duoc xay dung trén nén
da gbc khé on dinh. Moi dich chuyén duong nhu
chi 1a sai s6 cuia ky thuat do ma thoi.

3. Thao luan

1.1. Sy khac biét co ban ciia phuong phap
Mittermayer so voi phuong phap dang sir dung
boi cac ky su tric dia 1a sir dung phuong phap
“Gia nghich dao” dé giai phuong trinh chuin
khuyét hang. N6 cho thdy su gian don, tranh
nham 14n trong qua trinh tinh toan hozc 1ap phan
mém. Nhu di phan tich, tinh toan binh sai lugi
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ty do bang thém “diéu kién rang budc nodi”
thuong phai dinh nghia lai diéu kién rang budc,
khién cho viéc xac dinh trung tam ludi thém kho
khan. Chién lugc & day la cuyc tiéu hoa chuén bac
nhit cta vector tham s6 binh sai, diéu nay tuong
ddng voi diéu kién %1l = VZTZ = min. Chién
luge Ay cung cép diu kién “virng” cho bai toan
binh sai [12]. Py 14 vu diém cta phuong phap
binh sai Mittermayer.

Néu chi sir dung binh sai luéi ty do va dat
mot gia tri ¢ ~ +1 mm dé xac dinh chuyén dich
(cach lam truyén thong), diém QT1 dat gid tri
max 6,2 mm, QT3 dat gia tri 2,7 mm (bang 8) va
duong nhién bi coi 1a dich chuyén, dong thoi bi
loai ra khoi ludi. Néu sir dung phuong phap
“Bién ddi tuan tu trong 67, diém QT1 gia tri
dich chuyén 1a 2,2 mm va QT5 12 2,1 mm. Gi&
tri chuyén dich déu thdap hon so véi cach lam
truyén thong, dong thoi vi tri diém chuyén dich
thay déi tr QT3 sang QT5. Nhung didu quan
trong 1a trong tam luéi khéng thay déi. Vi cach
lam truyén thong da loai bo diém chuyén dich
1am cho luéi chi con hai diém va trong tim ludi
da thay doi. Dbay 1a uu dlem cua phuong phap
“Bién d6i tuan tu trong 567

1.2. Néu quan tric nhleu chu ky, ludi co 4
diém co s6 tric dia, chu ky dau c6 thé diém QT6
6n dinh, nhung chu ky sau khong chic diém QT6
s& on dinh. Nhu vay sé& phai thay doi diém dinh
vi lu6i sau mdi chu ky, 1am cho két cdu lu6i
khong dong nhat, khé c6 thé lam can cu dé danh
gia cac diém muc tidu quan tric bién dang cong
trinh. Hon nita, tir nhiing vi tri quan tric khac
nhau, ta s& nhan thiy ddi tugng dich chuyén theo
phuong khac nhau va gia tri chuyén dich ciing
khéac nhau.

Chuing ta c6 mot chién luge dé xéac dinh tru ng
tam on dinh cua ludi, du cho luéi cd bi chuyén
dich va hau hét céc diém déu khong 6n dinh (theo
quy luat ngau nhién, cac diém khéng cing
chuyen dich vé mdt huéng). D6 chinh 1a “cuc
tiéu hoa chuin bac nhét cua vector tri do” trong
qué trinh binh sai ludi. Pay ciing dong thoi 1a
diéu kién “vimg” theo 1y thuyét thong ké
“Robust Statistic” ma Peter Huber d& xudt [12].

1.3. Xac dinh diém chuyén dich va tinh
lwong chuyén dich. Qua trinh tinh ldp ma tran W

nham tim ra “chudn bac nhat ciia vector chuyén
dich duoc cyc tiéu hoa”. Qua trinh nay ciing chi
qua 3 1an tinh lp 1a c6 két qua. Can dudi duoc
xac dinh dé dung quy trinh I3p 1 sai s6 do may
do (+ 1 mm). Piéu nay 1a phu hop véi dit liéu
do cta chung ta.

Qua trinh so sanh tinh thong nhat gilta cac
chu ky quan tric va qua trinh u6c luong diém 6n
dinh duoc thyuc hién thong qua kiém dinh thong
ké Fisher theo quy trinh nghiém ngét. Do khuén
kho bai bao nén chung t6i phai gian lugc bot.

Gia tri chuyen dich dugc xac dinh trong quy
trinh bién d6i trong s0. Sau do, diém khong on
dinh duoc danh diu va tién hanh xay dung mo
hinh bién dang. D6i voi cong trinh thiy dién
Tuyén Quang, md hinh bién dang rat don gian,
do khong c6 diém nao duge xac dinh 1a chuyén
dich.

Quy trinh phan tich diém 6n dinh c6 thé két
thac sau khi mo hinh bién dang duoc thong qua
bang viéc xac dinh cac tin hiéu chuyén dich
thong qua kiém dinh théng ké toan hoc.

4. Két luan

Bai bao da thyc hién binh sai ludi co sé mat
bang thuy dién Tuyén Quang thong qua thuat
toan Mittermayer, sau d6 phan tich su on dinh
ctia diém 11101 bang phuong phap “Bién doi tuan
tu trong s6”. Két qua cho thay:

- Giatri chuyen dich nhé hon so véi chi thuc
hién binh sai luéi tu do (2,2 mm so vdi 6,2 mm).

- Vi tri diém chuyén dich thay doi so v6i chi
thuc hién binh sai ludi tu do (QTS thay cho
QT3).

- Trong tAm lu6i khong thay d6i sau mdi chu
ky do do thyc hién “bién doi trong s6” nén viée
danh gia chuyén dich dugc thuén tién.

Viéc danh gia vi tri diém 6n dinh duoc so
sanh théng nhét giita cac chu ky va khong dua
trén tiéu chuan q ~ +1 mm. Tiéu chuan sai s6
do (£ 1 mm) dung trong qua trinh tinh l&p ma
tran trong s6 W phan anh diing ban chét bai toan
tim trong tAm Iudi tur do théng qua céc tri do tric dia.

Sau day 1a quy trinh phan tich bién dang cua
dap thay dién Tuyén Quang.



106 D.X. Vinh / VNU Journal of Science: Earth and Environmental Sciences, Vol. 35, No. 3 (2019) 93-107

Tinh todn chuyén dich va ‘_E Hiéu chinh tri do 2 chu ky

ma tran hiép phuwong sai | (Bt dau)
Lugng chuyén dich va ma tran hiép P
phuong sai diém tham khao D
Yes

Phan tich ludi
mat bang

|

Xac dinh phuong trinh ma
tran trong s6

A

Bién d&i vector

dich chuyén Lap lai
¥ trong so
Hoi tu ?
No
‘ Yes Y
Bién d6i trong s6
Bién d&i trong s6 Ian cubi
g Yes v 3
Xac nhan lugng chuyén dich co Panh dau diém
nam trong vung tin cay khong? khéng én dinh

No

v

Xay dung mé hinh bién dang

Tinh todn ma tran trong s6
cta diém dich chuyén

v

v

Udc lwgng mé hinh bién dang

v

Tin hiéu dich chuyén

No

Trong s6 diém
khéng 6n dinh |~
bang 0

[ K&t thuc

Thong qua mo hinh




D.X. Vinh / VNU Journal of Science: Earth and Environmental Sciences, Vol. 35, No. 3 (2019) 93-107 107

Loi cam on

Téc gia cam on su hd tro sd liéu quan trac
thay dién Tuyén Quang cua Cong ty C6 phan Tu
van Xay dyng Pién I. Tac gia ciing cam on
nhitng y kién déng gop ctia nguoi phan bién da
gilp hoan thién ngi dung bai bao nay.
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