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PHAN TICH PQ ON PINH LUOI CO SO QUAN TRAC
CHUYEN DICH NGANG CONG TRINH THEO THUAT TOAN
BINH SAI HIEU TRI PO

TRAN KHANH, LE DUC TINH, NGUYEN HA, Truong Pai hoc M6 - Pia chit

Tém tit: Pé phan tich, danh gia chinh xac mirc do chuyen dich bién dang cia cong trinh
thi nhiém vu phdn tich dg on dinh cia hé thong cdc dzem méc co s la cong viéc rdt can
thiét va quan trong. Tinh chinh xdc cua viéc danh gid do on dinh cdc diém moc co sé ¢ danh
huéng rdt 1om dén két qua quan trdc ciing nhw tinh chinh xdc mike @6 bién dang cia cong
trinh. Bai bdo c6 ndi dung dé xudt phiong phéap phén tich d¢ 6n dinh hé thong diém moc
trong mang ludi co 6 quan trdc chuyén dich bién dang cong trinh. Trén co so nghién ciru,
phan tich 1y thuyét da xdy dung hé théng thudt todn va quy trinh xir Iy s6 liéu phit hop. Tinh
ding ddin cia cdc dé xudt néu ra da dwoc kiém chitng thong qua vi du thue nghiém.

1. Pit van dé

Bai toan phén tich, danh gia dg 6 6n dinh ciia
hé théng diém mébc co s& quan tric bién dang
cbng trinh dua trén cac tri do 1ap trong ndi tai
mang ludi, 101 giai cho bai toan néu trén chi co
thé dugc xac dinh néu c6 mot sé dicu kién bo
sung nao do. Co nhiéu phuong phap phan tich
d6 6n dinh mdc do cao trong quan tric lan cong
trinh, tuy nhién ddi voi viéc phan tich do on
dinh cua cac diém méc khdéng ché co s¢ quan
trac chuyén dich ngang cong trinh con it dugc
néu ra trong cac tai liéu tric dia. Trong bai bao
nay s€ khao sat viéc ap dung phuong phap binh
sai ty do theo hiéu tri do dé phan tich do on
dinh cac diém mdc cua ludi co s& quan tric
chuyén dich bién dang cong trinh.

2. Co s& ly thuyét

Gia str trong 2 chu ky quan trac (ki hiéu 1a
chu ky 1 va 2) trén co s¢ s6 liéu do dac mang
ludi ¢ thyc dia va thuc hién ndi dung tinh toan
binh sai theo thuit todn binh sai hiéu tri do s&
thu dugc hé phuong trinh [3, 4]:

A'PAQ, -A'PAT, =0, (1)
trong do: A la ma trdn hé sb cua hé phuong
trinh s6 hiéu chinh, P 14 ma tran trong s cua
hiéu tri do, AT12, 12 la vector hiéu tri do va
vector chuyén dich. Ky hiéu R=ATPA;
b=A,PAT,, sé& viét lai duoc hé phuong trinh
chuén dang rat gon:

Rg,-b=0, )

Tuong tu nhu ddi vé6i bac ludi quan tric,
khi binh sai bac ludi co sé theo hiéu tri do cling
xac dinh dugc hé phuong trinh chuin dang (2).
Diém khac biét & chd ludi co s¢ 1a ludi tric dia
tw do nén ma tran hé sb cua hé phuong trinh
chuan d4 néu khong c6 nghich dao thuong, vi
vdy can phai dua vao diéu kién b6 sung dé dinh
vi mang lu61, dudi dang:

C'.q, =0, ©)

Khi d6 vector chuyén dich duoc xac dinh
theo cong thuec:

O, = Rb, (4)

Dbi voi ludi co sé mit bang trong quan tric
chuyén dich ngang cong trinh, ma tran C dugc
xéac lap duéi diéu kién [1]: “Téng binh phwong
do léch toa do gitta 2 chu ky cua cac diém moc
on dinh trong luwdi la nhé nhat”. Trong trudng
hop binh sai hi€u tri do, dang cua ma tran C
duogc xac 1ap trén co sé sau:

Quy uodc gan cho cong trinh mot hé toa do
dic trung XOY. O thoi diém t1 cong trinh & vi
tri P1 va co hé toa do dic trung 1a (XOY). Pén
thoi diém to cong trinh ¢ vi tri P2 va cé hé toa
d6 dic trung 13 (X’0’Y”). Nhu vay chuyén dich
cong trinh ¢6 thé dugc dic trung bang chuyén
dich gitra 2 hé toa d60 XOY va X'O’Y’ nhu trén
hinh 1.
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Hinh 1. Chuyén dich giita hai hé toa d¢

Trong d6 4 tham s6 (a, b, o, m) néu trén co
y nghia la: a, b dac trung cho chuyén dich tinh
tién ciia cong trinh & vi tri gbc toa do theo cac
hudng truc OX, OY tuong g, o dac trung cho
goc xoay, con m dic trung cho hé sb co din
kich thudc cong trinh. Tt hinh 1 xac dinh duogc
cong thirc chuyén doi gitra 2 hé toa do:

X'=a+Xm.cosa + y.m.sina c

y'=b+y.m.cosa — xm.sina ®)

Khai trién tuyén tinh biéu thtc trén, coi an
sO 1a cac tham sb chuyén dich véi gia tri gan
dung cua vector tham sé (ao, bo, a0, Mo) = (0, O,
0, 1). Pé y rang thuc té gbc o rat nho (o = 0)
nén: sina. = 0, cosa ~ 1, m ~ 1 va chuyén dich
cong trinh theo cac hudng truc toa d§ duogc tinh
theo cong thirc:

Ox =X=X; Qy =Y-Y;
két qua thu dugc:
oa
{qx}{l 0y X}x b sz ()
a, 01 —x vy oa
om

Trén co so cong thirc (6), dbi véi cac
di€ém oOn dinh trong mang ludi thanh 1ap duogc
h¢ phuong trinh (viét dudi dang ma tran):

q=B.vZ (7)
trong do:
B=(B,B,..,B,) (8)
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10y x .
B = ; 0Z =(a,b,a,06m)
01 —-x; vy
Diéu }(ién “Te (fng binh phgm’ng do léch toa
do (chuyén dich) cua cdac diém on dinh trong
lwdi la nho nhat” dugc thé hién bang bicu thuc:

[A*] = Min 9)
Tu do6 suy ra:
B'.q=0 (10)

So sanh cac biéu thirc (3) va (10) s& xac
dinh duoc cach thirc chon ma tran C, thoa man
viéc dinh vi mang ludi (¢ chu ky dang khao sat
so v6i mang luéi & chu ky duoc lay 1am gbc so
sanh):

- Chon Ci = Bj - Néu i la diém 6n dinh

- Chon Ci = 0 - Néu i 1a diém khong 6n
dinh

Do On dinh cia cac diém mbc coa ludi
khéng ché so so co thé duoc xac dinh theo
nguyén tic: Piém khong ché co sé dwoc coi la
on dinh néu chénh léch toa do cia diém & chu
ky dang xét so véi chu ky dau khéng vieot Qua
sai s6 gidi han xdc dinh dé chénh léch dé. Tiéu
chuén néu trén dugce cu thé hoa béng biéu thuc:

A<tm, (12)

Trong cong thire (11): A va mq la gia tri
chénh 1éch va sai s6 twong ung; t 1a hé sd xac
dinh tiéu chuan sai s6 gii han, thong thudng t
14y gia tri trong khoang tir 2 dén 3.

3. Quy trinh tinh todn phdn tich d¢ én dinh
moc co sé theo hiéu tri do

Ap dung cong thirc (11) va cach chon ma
tran C ¢ trén cho phép dinh vi mang ludi tu do
va danh gia do on dinh cac diém mbc trong
ludi. Tuy nhién dé xac dinh dugc biéu thic dinh
vi C thi can phai biét duoc diém méc c6 6n dinh
hay khong, nguoc lai tinh chét 6n dinh cua diém
lai chi c6 thé dugc xac dinh sau khi da binh sai
xong mang ludi. Dé giai quyét van dé nay,
trong tai liéu [1, 2, 4] da dwa ra quy trinh 1ap
nhich dan, giai phap nay ciing c6 thé ap dung
duogc trong truong hop phan tich do 6n dinh
méc ludi co s& theo hiéu tri do.

Quy trinh xir 1y s liéu ludi quan tric bién
dang cong trinh néu trén dugc thé hién mot cach
truc quan thong qua so dd tinh toan dua ra &



hinh 2:

Lap h¢ PTC Diéu kién dinh vi Giai h¢ PTC,
R.q+b=0 Co'.qiz=0 4 tinh chuyén dich qi2 =-R™ b

: Ai <t.mg?
khong 6n dinh i
l Dung

Hinh 2. So do tinh toan phdn tich @6 én dinh méc lwéi co s
4. Vi du phén tich d9 6n dinh mdc co sé theo hiéu tri do
Xét vi du phan tich do 6n dinh cua cac diém méc trong mang ludi co SQ mat bfmg tai cong trinh
thuy dién Yaly. Pay 1a mang luéi do goc - canh két hop, trong Iuédi c6 7 diém moc co so (ki hiéu 1a
QT10, QT2, QT3, QT4, QT5, QT8, QT9), so d6 mang ludi duge dua ra trong hinh 3 [1].

Ci

1
o

Hinh 3. So do mang ludi thuc nghiém

Pbi véi ca 2 chu ky quan trac, trong mang ludi da thyc hién do 17 canh va 28 g6c bang may
toan dac dién tir TC2003. Két qua hiéu tri do canh dua ra trong bang 1, két qua hiéu tri do géc duoc
dua ra trong bang 2.
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Bang 1. Két qua hiéu tri do canh

Sd Tén canh Hiéutrido | S Tén canh Hiéu tri do
TT Piu Cudi (mm) TT Diu Cudi (mm)

1 QT10 QT2 -1.0 10 QT3 QT4 -5.5

2 QT10 QT3 1.5 11 QT3 QT8 -4.4

3 QT10 QT4 -3.2 12 QT3 QT9 -0.2

4 QT10 QT5 2.9 13 QT4 QT8 1.0

5 QT10 QT9 -1.2 14 QT4 QT9 15

6 QT2 QT4 2.3 15 QT5 QT8 5.6

7 QT2 QT3 7.6 16 QT5 QT9 4.9

8 QT2 QT8 1.5 17 QT8 QT9 2.2

9 QT2 QT9 0.7

Bdng 2. Két qua hiéu tri do goc

S Tén goc Hiéu | S6 Tén goc Hiéu
TT | Trai Gitlra Phai " TT | Trai Gitra Phai "
1 QT2 QT10 QT3 2.2 15 QT9 QT4 QT10 1.0
2 QT3 QT10 QT4 -2.3 16 | QT10 QT4 QT3 -3.0
3 QT4 QT10 QT5 -0.2 17 QT3 QT4 QT2 3.7
4 QT5 QT10 QT9 2.5 18 QT8 QT5 QT9 1.2
5 QT4 QT2 QT3 3.6 19 QT9 QT5 QT10 15
6 QT3 QT2 QT8 -3.8 20 QT9 QT8 QT2 0.0
7 QT8 QT2 QT9 0.1 21 QT2 QT8 QT3 0.6
8 QT9 QT2 QT10 1.2 22 QT3 QT8 QT4 -0.3
9 QT2 QT3 QT4 -2.0 23 QT4 QT8 QT5 0.5
10 | QT4 QT3 QT8 1.4 24 | QT10 QT9 QT2 -1.3
11 | QT8 QT3 QT9 2.0 25 QT2 QT9 QT3 2.5
12 | QT9 QT3 QT10 -1.8 26 QT3 QT9 QT4 -1.4
13 | QT10 QT3 QT2 0.3 27 QT4 QT9 QT5 0.2
14 | QT8 QT4 QT9 1.1 28 QT5 QT9 QT8 -0.1

Viéc binh sai dugc thuc hién theo quy trinh néu trong muc 3, c6 két hop phéan tich do on
dinh cac diém mdc va dinh vi mang ludi theo sb liéu toa d6 cac diém thu dugc & chu ky 1. Qua trinh
lap duoc thyc hién 2 lan, két qua di xac dinh duoc 1 diém mdc khong on dinh 1a diém mbc QT3 (c6
chénh 1&ch toa d¢ so voi chu ky 1 vuot qua gia tri gioi han cho phép duoc 1y 1a mgh = 2.Mg = 5.3
mm). Cac diém mdc con lai déu 6n dinh va mang ludi dugc dinh vi theo cac diém 6n dinh d6. Két

qua tinh toan dua ra trong bang 3.
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Bdng 3. Phdn tich do on dinh cdc méc trong luéi

" Tén Lap lan 1 Lip lan 2
diém | C | g(mm) | gy(mm) | Q(mm) | C | ax(mm) | g(mm) | Q(mm) | Pénh gia
1 [QT10|B| 0.4 | -27 2.8 B | 08 | -1.9 | 20 | o6ndinh
2| QT2 |B| -11 | -23 2.5 B | -06 | -1.3 1.4 6n dinh
3| QT3 |B| 14 | 6.2 6.4 0 1.8 7.3 7.5 | Khong 6n dinh
4| QT4 |B| -18 | 0.7 1.9 B | -14 1.9 2.4 6n dinh
5| QT5 |B| 26 | -1.7 3.1 B 28 | -05 2.9 on dinh
6 | QT8 |B| 11 | 16 1.9 B | 08 2.5 2.7 6n dinh
7| QT9 |B| -26 | -1.8 3.2 B | -23 | -09 | 25 6n dinh
4. Keét luan TAI LIEU THAM KHAO

Trén co so phan tich 1y thuyét va tinh
toan thuc nghi€ém, c6 thé rat ra mot so ket
luan sau:

1- Vector s6 hang ty do cua hé phuong
trinh s6 hiéu chinh khi binh sai hiéu tri do
dugc tinh don gidan hon so v&i binh sai tach
biét. Két qua binh sai cho phép tinh truc tiép
duoc ngay gia tri dich chuyén cua cac diém
khéng ché co so.

2- Tuy vay, phuong phap binh sai hi¢u tri
do ciing c6 nhuoc diém 1a yéu cau do hinh lugi
trong cac chu ky quan trac phai gitr nguyén,
dleu ndy c6 thé dan dén mot sé rang budc trong
td chirc cOng tac quan tric ngoai nghiép.
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SUMMARY
Stability analysis base mesh deformation works by treatment algorithm performance
measurement ringworm
Tran Khanh, Le Duc Tinh, Nguyen Ha
Hanoi University of Mining and Geology
Analyze and accurately assess the extent of the deformation shifts the task of analyzing the
stability of the system is the basis of the landmark is necessary and important. The accuracy of the
assessment of the stability of the landmark facility has greatly influenced the observed results as
well as the accuracy level of the distortion. The article content analysis method proposed
stabilization system landmarks in the campus network monitoring deformation shift work. On the
basis of research, theoretical analysis has developed algorithms and system processes the data
accordingly. Soundness of the proposal has yet to be proven through empirical examples.
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