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BAN TOM TAT

Bai bao trinh bay xir 1y s6 liéu do 1&ch tuyén theo phuong phap do goc nho bang chuong trinh binh
sai lu6i do goc-canh. Két qua khao sat, tinh toan cho cac so dd do toan tuyén, tuyén tuan ty va phan
tuyén c6 d6 1éch so v6i cac cong thire thuong ding trong pham vi sai sb trung phuong xéac dinh gia tri

léch tuyén.

ABSTRACT

This paper presents basic theory to process disalignment measurements by using geodetic network
adjustment program. For two modeling examples, the results from this method have small deviation
compared with well-know formulae. This deviation is acceptable since it is smaller than one-sigma of

disalignment.

1. PAT VAN PE

Khi xtr Iy s6 lidu do 1éch tuyén, diéu quan
tam béc nhit 1a trj l1éch tuyén va do chinh xac
xéac dinh no. Trudce day, tuy theo so dd do ma
ap dung cac cong thirc khac nhau, viéc do goc
nho dung may kinh vi quang hoc chinh xac, sb
liéu duoc ghi vao s6 do, nay véi viéc ra doi
nhiéu loai may toan dac dién t& cd6 do chinh
xac do goc va do cainh déu cao va dic biét cac
s6 liéu do déu luu trit trong may, nén néu ding

dugc cac phan mém binh sai ludi do goc-canh
(thuong cic phin mém nay di kém véi may
toan dac dién tir) dé xir 1y sé lieu do léch
tuyén, ma van dam bao d9 tin cay, thi hiéu qua
cong vige s€ tang 1én.

2.XU LY SO LIEU PO LECH TUYEN
THEO CAC CONG THUC THUONG AP
DUNG

2.1 Xir 1y s6 liéu do toan tuyén

Xét hinh 1, khi do 1éch tuyén dung phuong
phap do goc nhé theo chidu thuan, trude hét
méy kinh vi chinh x4c dat tai O, bang ngim cb
dinh dat tai nt+1, sau khi dinh huéng, do cac
goc nho B1, B2,....pn hop boi hudéng chudn 0 —
(n+1) véi cac huéng 0—1,0—2,..., 0 —n. Néu
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n+1

goi khoang cach gitra diém Ovoil,2,..,n ,lé
11,12 ,..., In thi cho diém i, gia tri l€ch tuyén
duoc tinh:

G; = l;.sin 5
(M



Néu goi sai sb trung phuong do goc Bi la

m
B thi:

2 2 2
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Khi B nho thi €08F ~1
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va trong soO tri 1éch tuyén dugc tinh nhu
sau:

3)

V6i chidu do nguoc, mdy kinh vi va bang
ngam co dinh tai di€ém 0 va n+1 thay d6i vi tri
cho nhau, véi cach suy ludn tuong ty. Ta co:

q; = Ii'.sinﬂi'
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Tir két qua do di va vé, tinh tri trung binh
trong soO gia tri 1éch tuyén:

— _P.g +Pg
©) B o
Gia tri 4 ¢6 trong sb P=R+PR nén
Q;

sai s6 trung phuong tri trung binh trong sd
la:
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Gia tri dich chuyén theo hudng vudng goc
voi tuyén gitta chu ky K-1 va K 1a hi¢u gia tri
—K-1
q' va 4 , con sai sb trung phuong ciia no
.k ,..m .
(cac chu ky do c6 sai so do goc 7)) dugc tinh
theo cong thire [2]:
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2.2 Xir Iy s6 li¢u do phén tuyén:

a. Khi diém dau va cudi tuyén khong nhin
théy nhau, tuyén chinh duoc phan ra nhiéu
tuyennho 0-2,1-3,2-4,3-5,4-6,5-7,6-8 (hinh 2)
sau d6 twong ddi véi cac tuyén nho, xac dinh
cac gia tri 1éch tuyén Al (theo chiéu do di) va
A’i (theo chidu do v&). Cac gia tri AL, A’T va
trung binh trong s6 cua ching tinh theo tinh
theo (1)- (6). Dé tinh tri 1éch tuyen ql twong
d6i v6i tuyén chinh tir dlem 0 dén diém n+l,
giai hé phuong trinh tuyén tinh sau [1]:

a; _qz-ﬁ_Al =0

5 |
g, Q1 3 I1,2 A, =0
13 1,3
)
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b. Khi diém dau va cudi tuyén théng
hudng (dé minh hoa iy vi du tuyén c6 7 diém
cén quan tric):

Trude hét theo tuyén 0-8 xac dinh gia tri
léch tuyén cho diém 4. Tiép theo twong doi véi
tuyén 0-4 va 4-8 xac dinh gia tri 1éch tuyén A2
va A6 cudi cung theo tuyén 0-2, 2-4, 4-6, 6-8
xac dinh A1, A3, AS, A7.

Xét cac tam giac dong dang véi cac gia tri
léch tuyén Ai vudng goc véi tuyén chinh 0-8
va do céc gia tri 1éch tuyén qi bé nén dé dang
di dén cac cong thuc tinh gia tri 1éch tuyén gi
tuong déi voi tuyén chinh 0-8:
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Trong trudng hop do vé twong tu ta co:
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T cac cong thic trén theo cong thuc tinh
sai sO trung phuong ciia ham véi cac bién 1a

Ai va A ta co Mg, va My ,suy ra Pi va P ,
cubi cung lay trung binh trong sb giita do di va
vé theo (6) va sai sb trung phuong cua tri trung
binh trong $6.
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2.3 Xir Iy s6 liéu do tuyén tuin tu:

Theo so dd do nay, khi do di, may kinh vi

dt tai diém 0, bang ngdm c6 dinh dt tai diém
n+1, theo tuyén 0-(n+1) do Al, ti€p theo may
doi dén diém 1, do tri 1éch tuyén A2 twong ddi

v6i tuyén 1-(n+1), cir thé dén tuyén cudi n-1
dén n+1 do tri léch tuyén A n. Theo chiéu do
vé may va bang ngim thay ddi vi tri cho nhau .
Ung véi vi du trén hinh 3, ta c6 cic cong thirc
tinh nhu sau:

Khi do di:
a, =4,
|, s
g, = A +A,
1-8
|3—8 |3—8
g, =7—"A + A, +A,
| s (13)
|7—8 |7—8 |7—8 |7—8 7-8 7-8
q7=I—A1+ A2+I—A3+I—.A4+I A +— A +A,
1-8 2-8 3-8 4-8 5-8 6-8
Trong truong hop do vé
! IO—l ! IO—l IO—l ! IO—l ! IO—l ! IO—l ! !
g, =—A, + Ag+— A +— A, + As+ A, +A,
|0—7 0-6 |0—5 I0—4 |0—3 0-2 (14)

A o A .

Do chinh xac xac dinh a ! duoc coi

nhu nhau, néu khoang cac giitta cac diém léch
tuyén gan bang nhau:

_ My
Yo,

m,

S|

Trong d6 L- 1a chiéu dai tir diém dau dén
diém cudi tuyén;
n- s doan trén tuyén .
Theo phuong phap nay sai s6 trung
phuong xac dinh tri 1éch tuyén khi do di va vé

. \ (P P
khac nhau va c6 trongsdla " 'va .

Vi du cho diém 1 ¢ so d6 trén

2 2
mq]_mA

[ P I, I

|2
) e S I U 0-1
A

[ PR R N N

+b Oy

1

244

Trong s6, tri trung binh gitta do di va vé
tinh theo (3) - (6)

Nhu vay, voi so dd toan tuyén, phan tuyen
tuyén tudn tu dya vao cach phan tuyén va sb
lwong diém cin quan tric ma st dung cac cong
thire tinh khac nhau, cac cong thirc danh gia do
chinh x4c khac nhau.

3.XU LY SO LIEU PO LECH TUYEN
BANG CHUONG TRINH BINH SAI
GOC-CANH.

Trudce het phai quan niém rang, tat ca cac
diém quan tric gia trj léch tuyen va cac diém
dau va cudi tuyén (thudng d6 on dinh cac diém
nay duoc phan tich qua sy thay doi toa do cua
ching trong ludi kiém tra) tao thanh ludi quan
trac 1éch tuyén (qtlt). Ludi nay, trong m01 chu
ky do, dugc binh sai voi voi 2 diém goc la
diém dau va cudi tuyén, ma toa do gdc cua
ching dugc 14y tir két qua binh sai ludi kiém
tra. Néu trong ludi quan tric léch tuyén goc
dugc do chinh x4c con canh chi biét gan dung,
thi két qua binh sai ching ta chi quan tam dén
gia tri 1éch tuyén ma thoi. Néu ca goc 1an canh



déu do do chinh xac cao thi két qua, ngoai viéc
nhan dwoc gia tri 1éch tuyén con nhan dwoc do
chuyén dich doc theo tuyén.

Vi trong ludi qtlt do cac goc va cac canh
nén cac phuong trinh hiéu chinh dugc 1ap cho
g6c¢ va canh c6 dang sau:

~ a. Phuong trinh sé hiéu chinh canh do tir
diém xac dinh i1 dén diém xac dinh k
Vig =

—Cy ¥ — Ay Y, +Cy K+ By, + 1 (15)

Vy = _(aik — g )5Xi - (bik - bij )5Yi + 3y, X,
(16)

Trong d6:

psina,, p.cosa

ik = ;0y
Sik Sik :
Vi :
— 0 __ pdo 0
B =B , trong do B - goc tinh

theo toa do gz‘?ln dang;

Ky, ;5 K O _ s6 hiéu chinh vao toa
0 0

do gan ding X YisXio Y (néu chon hé

truc toa do co truc y trung véi tuyén , thi

Ox la tri I¢ch tuyén con Oy la tri dich

chuyén doc theo tuyén).

bé lap trong s6 cho céc tri do, chon sai sd
trung phuong do goéc lam sai so don vi trong
s0, nhu vay:

PBI=1, ps = m2/m2s
(17)

Nhu vay, néu gol ma tran hé sb phuong
trinh s6 hiéu chinh 1a A, ma trin dudng chéo
trong s6 tri do P, ma tran cot sb hang tu do
phuong tinh s6 hiéu chinh 1, ma tran cot an s6
8X, ma tran cdt s6 higu chinh V, thi dé tim 8X
dudi diéu kién VTPV=min, ta ¢6 phuong trinh
s6 hiéu chinh va phuong trinh chuén sau:

V=A8X +l (18)

+ blkayk
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_ 0 i 0
C, =—cosa,,d, =sing,
_ Q0 _qdo
Trong do: b = Sic = Sic ;
0 _do
V6i Tk va Tk ]a canh tinh theo toa do

gan ding diém i, k va canh do.

b. Phuong trinh s hiéu chinh géc do.

Goc Bi tai diém i Ia hiéu gia tri hai huéng
do (hudng phai trir huéng trai theo chidu kim
dong ho). Nén phuong trinh hidu chinh goc do
c6 dang:

ATPASX + ATP1 =0
—b;oy; +1
Iiy hicu N ='ATPA, L = ATP], ta c6:

(19)

NéX =-L
suy ra:

§X=-N-1L (20)

Sau khi tim dugc 6X tinh dugc V, con sai
VTPV
n-k

s6 don vi trong sb =mf= va sai sb
trung phuong moX= u\/Q_XX , voi Qxx  1a céc
phan tir trén duong chéo ma tran N-1.

Nhu vay voi phuong phap binh sai ludi do
goc canh c6 thé giai quyét viée xir 1y tat ca cac
so d6 do léch tuyén khac nhau kém danh gia
do chinh xac.

4.KET QUA TINH TOAN, KHAO SAT

Pé khao sat, ching t6i 1ap 2 md hinh, mo
hinh 1 gdém tuyén co chiéu dai 150 mét, do goc
nho xac dinh tri 1éch tuyén 3 diém trén tuyén
theo so d0 toan tuyén va phan tuyén muc a,
goc do voi do chinh xac 17, khoang cach gan
dng v6i d0 chinh xac 2-3  cm,
S0-1=30 m; S0-2=75 m; S0-3=105 m. M6 hinh
2 gdom 9 diém véi chiéu dai tuyén 240 m, trén
tuyén c6 7 diém cach nhau 30 mét. Géc do véi
d6 chinh xac 27, so dd do theo phﬁn tuyén muc
bva tuyén tudn tu, cac canh biét chiéu dai g?m
dang voi do chinh xac 2 cm.

Mobi mé hinh dugc tinh todn theo cic cong
thiic thong thuong va theo hai chuong trinh
binh sai goc — canh: Liscad plus cua hang
Leica va LT.for do chung t6i viét. Cac két qua
tinh q va mq (don vi mm) cho cac mo hinh va



qua céc cach tinh khac nhau thé hién trong cac

bang dudi day:

Béng 1: M hinh 1 — do toan tuyén
Goéc 4.0.1. 4.0.2 4.0.3 0.4.1 0.4.2 04.3
B 359°42°48.7 | 359°55°25.0 | 359"55°44.6 | 9°56.8” 4 34.3” 417.8”
STT (1 2 3) Ghi cht
q mqg | q Mq q mgq
1 150.1 0.14 [ 1499 |0.18 149.8 0.19 (1) theo cac cong thirc muc 2
2. 99.9 0.25 |99.7 0.26 99.8 0.28 (2) theo Liscad-plus
3. 130.2 0.20 |130.3 ]0.21 130.3 0.22 (3) theo LT.FOR
Bang 2: M6 hinh 1 —do phan tuyén a,

Tén gbc Goc do Tén gbc Goc do Tén gbc Goc do
2.0.1 3594723 423 359 51 58.7 3.1.2 0256.1
0.2.1 0824.0 243 0522.6 1.3.2 35955358
3.1.2 0254.6 2.0.1 35947229 423 359 51 58.7
1.3.2 359 55 38.5 0.2.1 08229 243 05226

STT (1 2 3) Ghi chu
1 |q mg | q mgq Q’ mgq
1 150.0 0.20 | 149.8 0.25 150.1 0.26 (1)theo cac cong thitc muc 2
2 100.0 031 |99.5 0.36 99.7 0.35 (2) theo Liscad-plus
3 130.0 0.26 |129.8 |0.22 129.7 0.24 (3) theo LT.FOR
Bang 3: M6 hinh 2 —do phan tuyén b,

Tén goc Goéc do Tén goc Goc do Tén goc Goc do
4.0.2 0148.6 8.4.6 359 58 35.1 6.4.5 00141.8
0.8.4 0423.0 4.8.6 0127.0 4.6.5 359 58 21.0
8.0.4 35955375 2.0.1 0139.7 8.6.7 35956 17.9
423 35957 02.6 0.2.1 35958193 6.8.7 00344.8
243 0315 0.4.2 35958 12.7

STT (1 2) 3) Ghi chu
1 |q mg | q mgq q mgq
1 8.0 0.35 7.9 0.20 8.1 0.25 | (1) theo cac cong thuc muc 2
2 45.0 | 0.58 453 0.35 45,2 0.42 | (2) theo Liscad-plus
3 125.0 | 0.67 125.3 0.50 125.3 0.55 | (3) theo LT.FOR
4 152.8 | 0.82 152.9 0.60 152.9 0.68
5 112.6 | 0.67 112.6 0.50 112.7 0.56
6 101.4 | 0.58 101.3 0.35 101.3 0.40
7 83.210.35 83.1 0.20 83.1 0.24
Béng 4: M6 hinh 2 — do tuan ty

Tén goc Goéc do Tén goc Goc do Tén goc Goéc do
8.0.1 359595.0 8.5.6 359 56 59.2 0.6.5 00316.0
8.1.2 359 55 38.0 8.6.7 35956 17.9 0.5.4 007125
8.2.3 359 49 58.4 0.8.7 00932.0 04.3 001149
8.34 359 53 57.0 0.7.6 00329.0 0.3.2 35955325
8.4.5 00013.8 0.2.1 35958 20.3
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STT @) 2 3) Ghi chu

1 |q mg | q mgq q

1 8.0 0.23 8.0 0.30 8.1 0.32 | (1) theo cac cong thitc muc 2
2 45.0 | 0.28 45.0 0.33 45.1 0.35 | (2) theo Liscad-plus

3 125.5 ] 0.31 125.4 0.35 125.5 0.37 | (3) theo LT.FOR

4 153.21 0.32 153.1 0.40 153.2 0.42

5 112.9 | 0.31 112.9 0.33 112.8 0.37

6 101.5 | 0.28 101.5 0.32 101.4 0.35

7 83.210.23 83.1 0.30 83.1 0.32

So sanh cac gia trj 1éch tuyén nhan duoc tir
cach tinh theo cac cong thirc kinh dién va theo
hai chuong trinh binh sai goéc-canh: Liscad
plus va LT.FOR, ching ta nhan thay rang cac
tri 1éch tuyén nhan dugc cho cac diém quan
trac chi 1éch nhau trong pham vi sai s6 xac
dinh ching. Tri sai sé trung phuong xac dinh
léch tuyén theo cac phuong phap tinh trén
cling ¢6 d6 hoi tu cao. Tir ddy c6 thé théy rang
viée xu ly do 1éch tuyén theo cac so d6 do toan
tuyén, phan tuyén hay tuyén tuin tu, bang cac
chuong trinh binh sai goc — canh hoan toan
dam bao do tin cdy, nhat 1a khi cong nghé do
hién nay cung lic do goc va do canh voi d
chinh xac cao va ngoai viéc yéu cau xac dinh
tri 1éch tuyén con xem xét bién dang cong trinh
doc theo tuyén.

Viéc st dung cac chuong trinh binh sai
goc — canh khong nhitng dap tng nhu cau xi
1y s liéu do 1éch tuyén ma co thé ding dé udc
tinh do chinh xéc tri léch tuyén khi thiét ké
ludi quan tric léch tuyén.
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