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Tém tit: Bai bdo cé ndi dung xac ldp co so ly thuyét cho viéc dinh vi cac mang luoi trdc
dia tir do. Thudt todn dinh vi ludi dwoc xdy dung trén co sé bai todn xdc dinh tham sé
chuyén doi toa do Helmert, giai phap nay cho phép thuc hién viéc dinh vi ludi mot cach linh
hoat. phix hop véi yéu cau doi voi tieng bai todn cu thé trong qud trinh xir Iy s6 liéu ludi tmc
dia tw do. Lugn cir néu ra trong bai bdo c6 logic chat ché, da dwoc kiém chirng cd vé
phiwong dién Iy thuyét va thuec té. Ket qua bai bao Qiup cho viéc tng dung phwong phdp binh
sai hedi tréc dia tw do dé gidi quyét cdac bai todn khdc nhau ciia chuyén nganh tréic dia cong

trinh.
1. Pat van dé

Phy thudc vao sb lugng s liéu gc, ludi
trac dia dugc chia thanh 2 loai 12 ludi phu thudce
va ludi tu do. Ludi tric dia tu do 1a loai ludi ma
trong d6 khong co du sb lidu gbc t6i thidu can
thiét cho viéc dinh vi, s6 luong cac yéu t6 goc
con thiéu trong ludi duge goi 1a sé khuyét cia
ludi va ky hiéu bang d, con ban than ludi duoc
goi la ludi tu do bac d.

C6 thé thuc hién binh sai ludi tu do theo 2
phuong an, phuwong an thtr nhat 14 binh sai ma
khéng can dinh vi mang ludi (theo phuong an
nay chi thuc hién tinh véc to tri binh sai cua cac
dai luong do), phuong 4n thir hai 12 binh sai két
hgp véi dinh vi ludi (phuong an binh sai nay
cho phép dong thoi xac dinh véc to tri binh sai
ctia cac dai luong do va toa do cac diém trong
mang ludi). Trong bai bao nay sé khao sat van
dé dinh vi ludi tric dia tu do khi thuc hién binh
sai theo phuong 4n 2, 13 phuong 4n tao ra nhiéu
g dung trong trac dia cong trinh.

2. Co s& Iy thuyét binh sai va dinh vi luéi tu do
2.1. M6 hinh bai todan binh sai luéi tu do

Giad st mang ludi ty do dugc binh sai theo
phuong phép binh sai gian tiép v6i an s 1a véc
to s6 hiéu chinh toa do (8X) cua tit ca cac diém
trong ludi, khi d6 xac dinh dugc hé phuong
trinh s hiéu chinh dang:

AX +L=V, 1)
V6i A 1a ma tran hé sb, 8X, V, L tuong tmg la
C4C Véc to an s, sb hiéu chinh va sd hang tu do.

Tir hé phuong trinh s6 hiéu chinh (1), &p
dung nguyén ly sb binh phuong nho nhét s&
thanh 1ap dugc hé phuong trinh chuén:

RoX +b=0. 2

Ma tran hé s6 R cua hé phuong trinh (2)
suy bién, do d6 hé phuong trinh trén co vo sb
nghiém. Pé xac dinh dugc mot véc to nghiém
riéng can phai dua vao mot hé phuong trinh
diéu kién rang budc ddi voi véc to an s [1, 2]:

CTeX =0. ?3)

Trong biéu thuc (3), cac phan tir ciia ma
tran C 1 tuy chon nhung can phai thoa man 2
diéu kién::

1- S6 lwong phuong trinh diéu kién bang s6
khuyét trong mang luéi.

2- C4c cot clia ma tran C phai doc 1ap tuyén
tinh ddi voi cac hang clia ma tran A.

Khi do véc to nghiém cua bai toan binh sai
dugc xac dinh theo cong thuc [1, 2]:

X =—(R+cC™)b. (4)

Trén co s& phan tich mé hinh ctia phuong
phap binh sai ludi ty do c6 thé nhan thay la co
vo sb tap hop véc to nghiém (va tuong tng s&
¢6 voO sb tap hop toa do binh sai) thoa méan hé
phuong trinh chuan RoX+b = 0. Piéu kién bd
sung (3) CoX = 0 dugc dua ra 1a dé khir tinh vo
dinh ciia hé phuong trinh chuan (2) va c6 tac
dung x4c dinh véc to toa do binh sai cac diém
ctia mang ludi ty do (vi vy c6 thé goi ma tran
C 1a ma tran dinh vi ludi).
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2.2. Dinh vi lwoi tw do

Trong phin nay s& xem xét co s ly thuyét
cua viéc dinh vi ludi mat béng tu do, cac suy
ludn ddi véi ludi mit bang cling c6 thé duge mo
rong dé ap dung cho luéi d6 cao va ludi khong
gian 3 chiéu.

Gia dinh ludi mét bang tu do da dugce binh
sai, toa do cac diém ludi (x,y) dugc xac dinh
trong hé toa do xOy, can dinh vi lai mang luéi
nay trong hé toa do xX'O'y'. Cén tinh chuyén toa
do céc diém ludi tir hé XOy sang h¢ X'O'y', néu
ap dung phép chuyén ddi dong dang thi cong
thirc chuyén ddi toa do gitra 2 hé toa do phéng
c6 dang sau (hinh 1):

X =a, +MmX.Cosa—m.y.sina
y =ay+my.cosa+mxsing’

()

O y'

Hinh 1. M6i quan hé giita 2 hé toa do phang

Viéc tinh chuyén s& thuc hién duoc néu biét
véc to chuyén doi Z= (ax ay o m)', Trong
truong hop ¢6 mot sé diém c6 toa do ca trong 2
hé xOy va x'0'y' (diém song tring) thi viéc xac
dinh véc to tham s6 Z duge thuc hién theo trinh
tu sau:

1- LAy gia tri gan ding cua véc to Z 1a
Zoy=(0 0 0 1)T. Khai trién tuyén tinh biéu
thirc (5) theo cac bién (ax, ay, o, M) va luu y
rang trong thuc té o ~ 0, m ~ 1, xac dinh duoc:

x;- { I 0 y x }
" = X
yl' 0 1 _xi yi

x[éax 5ay oo 5m]T+BZ1;

(6)
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) Xt X
Xi: f ’Xl:|: ’:|;
Yi Yi

ki hiéu: 62 = 8a, 8a, S 5m] ; )

1 0 . ,
B; = oA .
0 1 —x; vy

2- Col Vg’:c to toa do (X') l1a véc to tri q‘o,
trén co s¢ bicu thirc (6) va toa do cua cac diem
song trung s€ 1ap dugc hé phuong trinh s6 hi¢u
chinh:

Vy =BZ + (X -X"), (8)
trong cong thire (8) st dung cac ki hiéu:

B=(B,B,..B)"; X =(X, X,..X,);

X'=(X, X,..X,)" .

3- Trén co s& hé phu:ong, trinh s hiéu chinh
(8), dua theo nguyén 1y s6 binh phuong nho
nhét dé xac dinh V:éC to §7n 567 0Z va tir d6 tinh
dugc véce to tham so chuyén dditoa do Z.

Khi tinh chuyén toa d6 phang theo diém
song trung thuong 4p dung nguyén tac: "Tong
binh phuwong dérléch toa do cua cac c{iém song
trung la nho nhat" (hinh 2). Nguyén tac dinh vi
trén duoc thé hién bang biéu thic [3]:

ViV, = [vf +v§J= Min

Vx2

2' VX3 3|
Vy2 :>‘1' 14/6
2 > Vy3
3
1
iy 4
1 4'
1 Vx1

Hinh 2. Dinh vi luéi mat bdng tw do
1,2, 3, 4: Vi tri cdc diém ludi sau khi dinh vi
1, 2, 3" Vi tri cdc diém song trung trong hé toa
do x'0O'y’

Tir cac cong thic (8, 9) va dua trén bd dé
Gauss s€ xac dinh dugc dang thuc:

BTV, =0. (10)



Néu trong bai toan binh sai ludi tric dia tu
do coi véc to toa d6 gan dung cua cac diém ludi
duogc xac dinh trong hé toa do x'O'y', toa do cac
diém lu6i sau binh sai dwgc xac dinh trong hé
xQy, khi d6 véc to Vx trong cong thic (10)
cling chinh la véc to X trong cong thuc (3), tur
d6 c6 thé viét lai cong thire (10) dudi dang:

B'oX =0, (11)

So sanh cac cong thue (3) va (11) s€ rat ra,
néu coi mot so diém ludi 1a diém song trung va
nhéan toa do gan ding cua cac diém d6 1a s6 liéu
dé dinh vi mang ludi thi can phai chon ma tran
C (dbi v6i diém song trung i) theo cong thirc:
Ci=Bi,cu thé 1a:

Ci:[l 0 vy Xi:|,
0 1 —X% v

Pé xac dinh biéu thic C ddi véi cac
diém con lai trong mang ludi can luu y dén mot
tinh chit cta véc to toa do binh sai luéi tu do,
dugc phat biéu nhu sau: Véc to toa dé binh sai
lwoi tw do phu thudc vao toa do gd‘n dung cua
cac diém c6 C #0 va khong phu thuoc vao toa
dé gan ding cia cdc diém ¢6 C=0[2]. Nhu
vy d6i véi diém (i) khong dong vai tro dinh vi
trong mang ludi, can chon C theo cong thirc:

000 0
C‘{o 0 0 o] (13)

Tur nhimng diéu da trinh bay ¢ trén cé thé
suy ra quy tac chung chon ma tran dinh vi C khi
thuc hién binh sai lu¢i mat bang ty do nhu sau:

(12)

Trong cong thirc (14): Cac diém tir 1 dén t
1a cac diém dugc st dung dé dinh vi ludi, cac
diém con lai khong dugc sir dung dé dinh vi
ludi.

Tir biéu thire (14) rit ra hé qua: Véc to 4n
s6 cua tap diém dinh vi phai thoa man cac dang
thirc sau:

[6x]=0

[ov]=0

[yéx x5y] 0|’ 19)
[x.5x + y.5y] =0;

Biéu thuc (15) dugc sir dung dé kiém tra
qua trinh tinh toan.

Cac phuong trinh (1, 2, 3 ,4) trong 2 cong
thirc (12 14) va (15) twong tng voi tap s liu
gbc toi thiéu trong ludi mat bang 1a (X, Y, a,
m), néu sd liéu gdc ndo da cé trong mang ludi
thi s& khong con ton tai phuong trinh twong tng
nta.

Bang ly luan twong tu dbi voi ludi do cao
tu do cling s€ rut ra dugc cach thac lya chon ma
tran dinh vi C nhu sau:

C, =1—Néu i 1a diém dinh vi 16)
C, = 0—Néu i khong phai 1a diém dinh vi|
3. Tinh toan thwe nghiém

Tinh toan thuc nghiém dugc thuc hién déi
v&1 mot mang ludi do goc- canh ty do. Pinh vi

1o 10 00 00 6x, 0 Iudl duoc thuc hién theo 3 phuong én‘V('yi lan
8y, lugt 6, 4 va 2 diém dinh vi. Toa do gan ding
0 00000 101(14)  céce diém lu6i dua ra trong bang 1, s6 liu do
oo Yy =% 00 .00 S 0 chiéu dai va do goc trong mang ludi dugc dua
X ¥ . X% y 00 .00 5 o ra trong cac bang 2 va 3.
K7
Bang 1. Toa do gan diing cdc diém ciia mang lwdi
Sd Tén Toa do S Tén Toa do
TT | diém X'(m) y'(m) TT diém X'(m) y'(m)
1 | QTOl | 40249,1586 | 5810,0612 | 4 QT04 | 40073,8189 5940,8339
2 | QTO02 | 39892,8712 | 5449,7162 QTO05 | 39882,0591 6078,2077
3 | QTO3 | 39695,1380 | 5622,7238 | 6 QTO06 | 39566,0477 5724,4734




QTO1

QT04

QT02 QTO05
QT03
QTO06

Hinh 3. So d6 luéi thie nghiém

Bang 2. Tri do canh trong mang lwoi
S6 | Ky higu canh | Canhdo | Socai | S6 | Kyhiéucanh | Canhdo | S cai
TT | Pau | Cudi (m) chinh | TT | Pau | Cudi (m) chinh

(mm) (mm)

1 | QTO1 | QT02 | 506,7369 | -2,3 | 8 | QTO3 | QTO4 |4945659 | -2,4
2 | QTO1| QT03 | 584,8344| -28 | 9 | QT03 | QTO5 |492,3492 | -15
5 | QT02 | QT04 | 523,3947 | -25 | 12 | QT04 | QT06 |551,9455| -2,0
6 | QT02 | QTO5 | 628,5888 | -1,9 | 13 | QTO5 | QTO6 |474,3314 | -0,9
7 | QT02 | QTO3 | 262,7391 | -1,8

Bang 3. Tri do goc trong mang luoi
S6 Ky hiéu goc Gocdo | SO Ky hiéu goc Goc do
TT | Trai | Gitra | Phai (0o ' | TT| Trai | Gitta | Phai (o

") ")

1 | QT04 | QTO1 | QTO6 | 4351353 | 11 | QTO5 | QTO4 | QTO6 | 58 41 44,2
2 | QT06 | QTO1 | QT03 | 113228,0 | 12 | QT06 | QTO4 | QTO3 | 16 57 11,0
5 | QT04 | QT02 | QTO05 | 2112418 | 15 | QT06 | QTO5 | QTO3 | 19 27 50,9
6 | QT05| QT02 | QTO3 | 4749474 | 16 | QT03 | QTO5 | QT02 | 2317 53,0
7 | QT02 | QTO3 | QTO1 | 595157,4 | 17 | QT02 | QTO5 | QT04 | 5323 48,5
8 | QT01| QTO3 | QT04 | 212100,1 | 18 | QTO3 | QT0O6 | QTO1 | 4523 12,1
9 | QT04 | QTO3 | QTO05 | 2739223 | 19 | QTO1 | QT06 | QT04 | 1556 16,6
10 | QT05 | QT03 | QT06 | 7403585 | 20 | QTO4 | QT06 | QTO5 | 2508 42,1

Toa d6 binh sai cac diém cua mang luéi thuc nghiém tinh theo theo 3 phuong én dinh vi khac
nhau duoc dua ra trong bang 4. Trong bang 5 trinh bay két qua kiém tra qué trinh dinh vi luéi (theo
cac chi tiéu thé hién qua cong thirc 9 va 14). Két qua kiém tra dd minh ching cho tinh ding dén cia
thuat toan dinh vi néu trong bai bao.
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Bang 4. Toa do binh sai theo cac phwong an dinh vi khac nhau

Tén Dinh vi theo 6 diém Dinh vi theo 4 diém Dinh vi theo 2 diém
diém (QTO01+ QTO6) (QT01, QTO3, QT04, (QT03, QT04)
QTO06)
X(m) y(m) X(m) y(m) x(m) y(m)
QTO1 | 40249,1552 | 5810,0555 | 40249,1554 | 5810,0578 | 40249,1551 | 5810,0531
QTO02 | 39892,8749 | 5449,7165 | 39892,8769 | 5449,7171 | 39892,8737 | 5449,7153
QTO03 | 39695,1384 | 5622,7243 | 39695,1395 | 5622,7238 | 39695,1377 | 5622,7236
QTO04 | 40073,8189 | 5940,8359 | 40073,8185 | 5940,8374 | 40073,8192 | 5940,8341
QTO05 | 39882,0570 | 6078,2096 | 39882,0558 | 6078,2101 | 39882,0576 | 6078,2084
QTO06 | 39566,0491 | 5724,4744 | 39566,0498 | 5724,4733 | 39566,0488 | 5724,4740
Bdng 5. Kiém tra két qua tinh todn theo cdc phwong dn dinh vi khac nhau
Tén | Dinhvitheo 6 diém | Dinh vjtheo 4 diém Dinh vi theo 2 diém
diém (QTO1+ QTO6) (QT01, QT03, QT04, (QT03, QT04)
QTO06)
dx(mm) dy(mm) dx(mm) dy(mm) dx(mm) dy(mm)
QT01 3,4 5,7 3,2 3,4 3,5 8,1
QT02 -3,7 0,3 -4,7 -0,9 -2,5 0,9
QT03 -0,4 -0,5 -1,5 0,0 0,3 0,2
QT04 0,0 -2,0 0,4 -3,5 -0,3 -0,2
QT05 2,1 -1,9 3,3 2,4 1,5 -0,7
QT06 -1,4 -1,0 2,1 0,1 1,1 -0,6
Kiém tra diéu kién: V, V, = [vf +V§ J: Min
Y6 74,28 T6 80,74 Y6 89,49
T4 52,22 4 41,09 T4 79,69
PP 4,58 Y 14,97 Y 0,24
Kiém tra diéu kién: [%]=0; [y]=0; [y.ox—x]=
[6x]=0,0 | [8y] = [6x] = [8y] = [6x] = [8y] =
[y8X-X3Y ] 0,0 [y8X-X3Y ] 0,0 [ydX-X38Y ] 0,0
4. Két lun TAI LIEU THAM KHAO

1- Trong bai bao da khao sat co so 1y thuyét
cua viéc dinh vi cadc mang ludi tric dia tu do.
Luan ctir dua ra co tinh chat ché va da duoc
kiém chimg ca vé mit 1y thuyét ciing nhu thyc
té san xuat.

2- Noi dung va két qua bai bao gilp cho
viéc tng dung mot cach linh hoat phuong phap
binh sai luéi tric dia ty do dé giai quyet cac bai
toan khac nhau cua chuyén nganh tric dia cong
trinh.
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(xem tiép trang 89)
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SUMMARY
Research facility location theory of free geodetic network
Tran Khanh, Nguyen Viet Ha
Hanoi University of Mining and Geology

The article content has established the theoretical basis for positioning the free geodetic
network. Positioning algorithm is built on the basis of combined net adjustment problems and
problem free defined parameter Helmert transformation, which allows for the positioning geodetic
network in a flexible manner. consistent with the requirements for each type of network. The
argument raised in the article closely logic, proven both in terms of theory and practice. The results
and the recommendations in the article set the stage for the application of the method geodetic free-
network adjustment to solve various problems of specialized surveying works.
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