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Artlc{e hlsm?f The paper represents the hypothesis test method that can determine the
Received 18™ Sept. 2020 instability control points of the reference network in the displacement of
Revised 09*Jan. 2021 construction. Regarding data processing in displacement monitoring,
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because this affects the computation of the displacement of monitoring
points. This method has been applied in many countries over the world
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- k to identify whether a control point is stable or not. The local statistics
Statistical testing. test based on the division of groups is to find the unstable control points
exactly. Experimental computation is carried out in two monitoring
cycles at Hoa Binh hydroelectric plant. In this experiment, this algorithm
detected two unstable points among six control points. This result is in
agreement with the result that is solved by Vietnam’s construction
standard of TCVN 9399:2012. In conclusion, the hypothesis test method
completely can apply in real geodetic production in Vietnam.
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Ung dung kiém dinh théng ké xac dinh diém khong 6n dinh
trong lwdi co sé quan trac chuyén dich bién dang cong trinh

Pham Quéc Khanh *
Trwong dai hoc M6 - Pia chdt, Ha Néi, Viét Nam

THONG TIN BAI BAO TOM TAT

Qucf m’}.h" Bai bdo gidi thiéu mgt phwong phdp tim diém khéng 6n dinh cua lwéi co
Nhan bai 18/9/2020 s& trong quan trdc chuyen dich ngang cong trinh duwa trén thudt todn kiém
Stra xong 09/ 01/2021 dinh thong ké. Déi vdi cényg tdc xir ly s6 liéu lwéi quan trdc chuyen dich
Chap nhén ddng 02/02/2021  ngang cdng trinh, viéc xdc dinh va higu chinh diém lwéi co sé khdng on
Tir khéa: dinh la mgt bwéc rdt quan trong, khong thé thiéu vi né quyét dinh dén viéc
Chuyén dich ngang, tinh todn lwong chuyen dich cta cdc diém quan trdc. Phuong phdp nay
Didm co s& hién dang dworc st dung & nhiéu nwéc trén thé gidi nhung hién chuwa dugc

o dp dung o Viét Nam, va dwoc thwe hién dwa trén hai budc co bdn gom kiém
Kiém dinh thong ke,

nghiém téng qudt va kiém nghiém cuc bo. Kiém nghiém téng qudt la dé xdc
dinh xem mang ludi c6 diém khéng 6n dinh hay khong. Kiém dinh cuc b6
dura trén viéc chia nhém dé tim ra diém khong 6n dinh trong Lo, Tmh todn
thurc nghiém dworc thuec hién cho hai chu ky do lwdi co sé quan trdc chuyen
dich ngang Thuy dién Hoa Binh. Thudt todn dd xdc dinh dwoc hai diém
khéng én dinh trong téng s6 sdu diém cta lwdi. Két qud ndy hoan toan
théng nhdt véi phuong phdp phan tich d6 6n dinh cia méc ludi co s6 theo
tiéu chudn TCVN9399: 2012. Qua dd cho thdy, hoan toan c6 thé trng dung
phu'o'ng phdp phdn tich dé 6n dinh cdc méc lwéi dwa trén bai todn kiém
dinh théng ké trong thuec té sdn xudt trdc dia & Viét Nam.

Quan tric bién dang.

© 2021 Trwong Pai hoc M6 - bia chat. T4t ca cic quyén dwoc bao dam.

ddi twong quan tric, dan dén nhan dinh va két

1. Mo dau luan khong dting. Lam thé ndo dé c thé phat hién

Cac diém co'sé clia lwdi quan trac chuyén dich
bién dang néu bi dich chuyén trong qua trinh st
dung sé anh hwdng truc ti€p dén viéc tinh toan
lwong chuyén dich cta cac diém quan tric. Tt d6,
anh hudng tdi két qua phan tich chuyén dich cia

*Tdc gid lién hé
E - mail: phamquockhanh@humg.edu.vn
DOI: 10.46326/JMES.2021.62(1).05

vaxac dinh dang diém lwdi co sé bi chuyén dich 1a
bai to4an dwoc cac nha tric dia trong va ngodi nuéc
nghién ciru tir 1au. O’ Viét Nam, thuong timg dung
bai toan binh sai lwéi tw do véi thudt toan tinh 1ap
dé phan tich d6 6n dinh diém lwdi co sé, sau do 14y
két qua binh sai khi loai bd diém khong 6n dinh dé
so sanh véi toa d6 cac diém chu ky 1 va chu ky
trwdc d6 (Tran Khanh va nnk., 2014; Tran Khanh,
2010; Nguyén Quang Phuc, Hoang Anh Thé,
2009). Hién nay, & mot s6 nwéc str dung nhiéu
phwong phap xac dinh diém lwdi khong 6n dinh,
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c6 thé ké dén: phwong phap do léch gi¢i han,
phuwong phap thay thé 1dp, phwong phap phan
lwong chuyén dich diém don (Tao Benzao, 2001;
Huang Shengxiang va nnk., 2013; Hou Jianguo,
Wang Tengjun, 2008; Huang Shengxiang, 2001);
phuwong phap t6 hop phwong sai hdu nghiém
(Pham Quéc Khanh, Zhang Zhenglu, 2013),
phwong phap phan tich dwa vao tin hiéu GPS
(Amiri-Simkooei, 2016). Nhung noi bat va dwoc
trng dung nhiéu hon ca 1a &¢ng dung kiém dinh
théng ké (con co6 tén goi khac la phwong phap
chénh 1éch trung binh) do Pelzer dé xuat (Huang
Shengxiang va nnk. 2013). Phwong phap nay st
dung kiém dinh thong ké nén cé co sé khoa hoc
chit ché, thuat todn ro rang va dé 1ap trinh tw ddng
héa. Chinh vi viy, bai bao nay nghién ctru ly thuyét
va &ng dung kiém dinh théng ké xac dinh diém
khong 6n dinh cta lwdi co s& quan trac chuyén
dich bién dang cong trinh. Két qua phén tich ti
lwéi co sé quan trac Thuy dién Hoa Binh chirng té
phuong phap nay cho két qua chinh x4c va tin ciy.

2. Noi dung phwong phap

U'ng dung kiém dinh théng ké xac dinh diém
khong 6n dinh cta lwéi co s& quan trac chuyén
dich bién dang cong trinh dwoc thuc hién qua hai
buwéc. Mot 1a kiém dinh tinh théng nhat d6 hinh
lwédi cta hai chu ky can phan tich, goi 1a kiém
nghiém téng quat, néu lwong thong ké sau kiém
dinh dwgc chdp nhan thi x4c nhin rang tit ca cac
diém luwdi co s& ciia chu ky dang xét déu 6n dinh,
khéng cin thuc hién bwdc thir hai. Ngwoc lai, kiém
nghiém bi bac bo thi can thong qua bwdc thir hai
1a kiém nghiém cuc bd, thong qua kiém nghiém
lwong théng ké dwgc thanh 14p khi da loai trir
diém c6 mirc dd chuyén dich tir cao dén thip bang
phwong phap tinh 1dp, khi lwong thong ké dwoc
chap nhan thi dirng (Huang Shengxiang va nnk.,
2013).

2.1. Kiém nghiém tong qudt

Gia thiétiva jla hai chuky quan trac & hai thoi
diém khac nhau (i<j), dé€ c6 thé xac dinh tinh théng
nhit do hinh gitra hai chu ky can tién hanh kiém
nghiém téng quat. Dwa vao két qua binh sai lugi
tw do v&i s6 khuyét dwong cta tirng chu Ky véi hé
tham khdo cda lwéi nhw nhau, phwong sai sau
binh sai cta tirng chu ky dwgc tinh:

,  (VTPY)
2 _ (VTPV)j (1)
A

Trong d6: V, P - vector s0 hiéu chinh va trong
s0 cua tri do twong wng v&i chu ki i va chu ky j, f;
va f; - s6 tri do thira cia chu ky i va chu ky j. Théng
thwong do chinh xac cta hai chu ky khac nhau la
twong dwong vi cung d6 hinh, may mdc, nguoi
do,... nhwng do anh hwdng cua sai s6 nén phwong
sai wéc lwong khéng thé nhw nhau. Khi d6, cin
kiém nghiém dd chinh xac twong dong cia hai chu
ky thi méi c6 thé so sanh do léch cta chung.
Phwong sai tong hop dwoc tinh:
vTPY) + (VTPV)
f
Trong do: f=fi+f, - tong so tri do thira ctia hai
chu ky do.
Dwa vao két qua sau binh sai ctia hai chu ky

quan trac lwdi co s, sé tinh dwoc véc to hiéu toa
do gitra hai chu ky (khoang chénh léch toa do) la:

d=%X - X, 3)

2

()

Trong do: )?J,)?l - véc to tham sé twong tng
cda tirng chu ky sau binh sai.

Ma tran hiép trong s6 dao cua khodng chénh
léch d la:

Qqu=0;+0Q; %)
Trong dé6: Q;, Q; - ma tran hiép trong s6 dao
cua cac tham so twong (rng ciia chu ky 1 va chu ky
J. Phuong sai cia khoang chénh léch d dworc tinh
7 = arQrd 2 = d"P,d
L fa l fa

Trong d6: P; = QJ - ma tran nghich dao tdng
quét clia 2 ma tran Py + Qj, fa - s6 lwong s6 hiéu
chinh toa do doc lap ctia vector chénh 1éch d, cling
chinh 1a s6 4n s6 trong lwdi.

Dung phép kiém dinh Fisher (viét tat 1a kiém
dinh F), lap lwong thong ké.

T = Z—§~F(a; f ) (6)

)

Vi gia thiét géc Hy 1a vi tri cac diém ludi cor
s gitra 2 chu ky quan trac déu 6n dinh. Khi do,
lwong théng ké T tudn theo luit phan phéi F véi
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bac tw do 1a (f;, f) véi mike tin ciy « 14y bang 0,05
hodc 0,01. Tra bang xac xuit dé c6 dwgc phan vi
twong ing. Néu T<F (a, f3 f) thi chdp nhan gia thiét
gdc, tirc 1a tat ca cac diém cua lwdi co sé déu 6n
dinh; ngworc lai, bac bé gia thiét goc, ki€ém nghiém
khong dwoc thong qua. Nghia 1a trong lwéi cé
diém khong 6n dinh, cin tim va loai trir diém
khéng 6n dinh nay.

DE c6 thé xac dinh dwoc diém ludi co s& nao
khong 6n dinh, can tién hanh kiém nghiém cuc b
méi co thé két luan chinh xac.

2.2. Kiém nghiém cuc bé

Tir vector khoang chénh 1éch d, gia thiét diém
lwéi co sé dugc chia thanh hai nhém la nhém cac
diém 6n dinh mang chi s6 F va nhém cac diém
chuyén dich mang chi s6 M. Khi d6 c6 thé tach
vector chénh léch va ma trin hiép trong s6 dao cta
no6 thanh:

_[éF + _[Prr Prm
a=loi=[pr ] @
Trong d6, chi s6 M trong lan 13p th nhit biéu
thi mot diém chuyén dich i, chi s6 F biéu thi cac
diém khac.
Thuwc hién bién d6i nhw sau (Huang
Shengxiang va nnk., 2013).

{ dy = dy + PyiyPurdr
Prr = Prp + PenPuiiPur

Va phan tich d” Q} d thanh:
d"Qid = dfpPrpdr + digpy Pymdm €)

Khi bat dau tinh toan, gid dinh trong lwdi chi
c6 1 diém i chuyén dich, lan lwot tinh gia tri
Ay Pumdy);  véi =12t Sau  d6,
lay max (dlpyPyndy); 1a diém nghi ngd bi
chuyén dich, loai bo diém nay, tién hanh l3p lai qué
trinh trén vi cac di€ém con lai, khi d6 sé 1ap dwoc
lwong théng ké:

®)

2
Har
Ty =M—2~F(a:faf:f) (10)
e
Trong do: uéf =‘1F;—T , far = fa -1. Khi

T:<F(a, f f) nghia 1a cac diém con lai trong lwdi
déu on dinh, qua trinh phan tich d6 6n dinh két
thic. Nguwoc lai, sé loai bé ti€p diém bi chuyén dich
va lai tién hanh ki€ém nghiém. Qua trinh nay lap lai
cho dén khi gia thiét géc dwoc chip nhan thi c6 thé

két ludn cac diém ludi con lai 1a cac diém 6n dinh.

3. Tinh toan thwc nghiém

Bai b4o stt dung lwdi co s& quan trac chuyén
dich ngang Thuy dién Hoa Binh lam thyc nghiém.
Pay la thiy dién 16n thi 2 cia nwéc ta sau Thay
dién Son La, dwoc xiy dung la tuyén dang vom.
Lwéi co sé quan Trac Thay dién Hoa Binh dwoc
xdy dwng & phia ha lvu gobm 6 méc chuin ky hiéu
12 T4, T13, T16, T17, M12 va M15 nhw Hinh 1. &
mdi chu ky quan tric, lwéi ndy dwoc do bing may
toan dac dién t& do chinh xac cao ctia Thuy Si la
TC2003, do chinh xac do goc theo ly lich mayla 17,
do6 chinh xac do canh 1a 1+1ppm. D€ c6 thé phin
tich va xac dinh diém lwdi khéng 6n dinh, cin phai
c6 it nhat hai chu ky do.

T17

T8

T3

T4

M16

M12

Hinh 1. So d6 lwéi cor sé quan trdc chuyén
dich ngang Thily dién Hoa Binh.

Lwéi co s& cta Thuy dién Hoa Binh dwoc
quan tric dinh ky, trong Bang 1 1 s6 liéu do ludi
cta hai chu ky, ky hiéu la chu ky i va j (i<j). Mang
lwdi co sé do tat ca cac canh, tdng sb c6 14 canh,
lwdi dwoc binh sai theo phwong phap lwéi tw do
v&i s6 khuyét duong.

Bdng 1. S6'liéu do khodng cdch cdc diém co s&
quan trdc chuyén dich ngang Thily dién Hoa Binh.

TT Tén canh Gia tri canh (m)
P_diu | D_Cudi | Chukyi | Chukyj
1 T16 T17| 611,5485| 611,5525
2 T16 T4 875,626 875,623
3 T16 M12| 1361,074| 1361,069
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4 T16 M15| 1135,527| 1135,520
5 T17 T13| 931,8665| 931,866
6 T17 T4| 1413,048| 1413,048
7 T17 M12| 1650,317| 1650,315
8 T17 M15| 1307,279| 1307277
9 M15 T13| 954,867 954,861
10 M15 M12| 403,951| 403,949
11 M15 T4| 899,748 899,744
12 T13 T4| 510,3085| 510,3065
13 T13 M12| 1089,186| 1089,181
14 T4 M12| 826,6125| 826,6095

Bang 2 1a toa do gin dung cuia cac diém ludi.
Sau binh sai, toa d6 thu dworc ghi trong Bang 3.

Bdng 2. Bdng toa dé gdn diing.

A i Toa dd gan ding (m)
Tén diém X %

T4 2235,538 3675,617
M12 1746,337 4341,923
T13 2716,359 3846,571
M15 2084,667 4562,620
T16 3057,607 3977,141
T17 3389,950 4490,504

Bdng 3. Bdng toa dé sau binh sai ctia 2 chu ky.

Toa do sau binh sai

chukyi(m)

Toa do sau binh sai

chuky;j (m)

X

Y

X

Y

2235,5388

3675,6159

235,5390

3675,6169

1746,3332

4341,9235

746,3358

341,9230

2716,3596

3846,5707

716,3580

3846,5729

2084,6637

4562,6238

2084,6658

4562,6207

3057,6125

3977,1388

3057,6091

3977,1380

3389,9503

4490,5034

3389,9504

4490,5045

39
d=(021026 —05 —-1,62,22,1
-3,1-34 (12)
-0,80,11,1)7

T dé tinh dwoc phwong sai clia khoang
chénh léch d:
T+
- dQ;d 2536

‘Ll = =
“f, 12

Sai s6 trung phwong trong s6 don vi tong hop
cta 2 chuky:

=211 (13)

wTPYy + (v PVY

2
M =039 (14
f
Thanh lap lwong thong ké:
2
W2oo211
2 0,39 (15)

Do T=5,47 > F(0,05; 12, 10) = 1,61 nén nghi
ngd lwdi co s& quan trac Thiy dién Hoa Binh c6
diém bi chuyén dich.

3.2. Kiém nghiém cuc b

DéE tién hanh xac dinh diém nao trong ludi la
diém bi chuyén dich, dau tién tinh lwgng chuyén
dich tong thé ctia cac diém lwdi, thu dwoc két qua
nhw Bang 4.

Bdng 4. Chuyén dich téng hop cta cdc diém lwdi.

Phwong sai twrong (rng sau binh sai cda chu ky
ivachukyjla:

vTPY)*
uz = % = 0,3364
j
(VTPV)/ (1D
Wi = ———=10,4356
\ fi

3.1. Kiém nghiém téng quadt

Sau khi binh sai lwéi co s& trén theo phwong
phép tw do vi cling toa do gan ddng cua cac diém
twong trng, tinh dwoc lwong chuyén dich cia diém
lwéi co sé gitra 2 chu ky:

A aie Luwgng chuyén dich (mm)
TT | Tén diém AX AY m,
1 T4 0,2 1,0 1,0
2 M12 2,6 -0,5 2,6
3 T13 -1,6 2,2 2,7
4 M15 2,1 -3,1 3,7
5 T16 -3,4 -0,8 3,5
6 T17 0,1 1,1 1,1

Lay diém c6 d6 chuyén dich 16n nhat (diém
M15) tién hanh ki€ém nghiém, theo cong thirc (7)
dén (9) tinh dwoc lwong théng ké:

2

Hag, 1,78

= =——=4,6> F(0,05;11,10

1 Mz 0’39 ) ( ’ ) ’ ) (16)

=1,61

Do T;>F nén gia thiét géc bi bac bo, chirng td

diém M15 bi chuyén dich. Loai b6 diém M15, v&i
cac diém con lai, diém T16 la diém c6 lwong
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chuyén dich I6n nhét, lap lai cach tinh trén thu
dwoc lwong théng ké:

2
Mar, 1,36
= = = 3'53
27 w2 70,39

> F(0,05;10,10) = 1,61

Két qua thu dworc cho thdy diém T16 ciing la
diém bi chuyén dich, ti€p tuc phép ldp véi diém
T13, lwong thong ké:

2
Hir, 0,00052
T; = =" =134
T2 0,39 (18)
< F(0,05;9,10) = 1,61

Vi T3<F(0,05,9,10)=1,61 nén gid thiét goc
dwoc chip nhan, tirc diém co s& T13 dworc coi la
on dinh. Piéu d6 cling c6 nghia 1a cac diém con lai
trong lwdi la diém T4, M12, T17 déu dwoc coila 6n
dinh.

Néu chi 14y toa d6 cac diém 6n dinh d€ binh
sailwdi co sd, toa d sau binh sai ciia cac diém lwdi
va lwgng chuyén dich ctia ching dwoc ghi trong
Bang 5 va Bang 6.

a7)

Bdng 5. Toa dj diém lwéi sau binh sai chu ky 2 sau
khi logi bé diém khong 6n dinh.

Tén |Toa do sau binh sai chu ky j (m) | Ghi chu
TT| ...
diém X Y
1| T4 2235,5389 675,6165
2 |M12| 1746,3361 341,9229
3| T13 2716,3581 846,5722
4 |M15| 20846662 | 5626204 | <008
on dinh
5|T16| 30576003 | 9771372 |Khoms
on dinh
6 | T17 3389,9508 490,5034
Bdng 6. Lwong chuyén dich ctia cdc diém sau
phdn tich.
TT Tén |Lwong chuyén dich (mm)| Ghichua
diém | AX AY mp
1| T4 0,15 0,59 0,61
2| M12 | 294 -0,61 3,00
3| T13 | -1,53 1,52 2,15
4| M15 | 255 | 336 | 422 |Khoneon
dinh
5| T16 | -321 | -162 | 359 |Knongon
dinh
6 | T17 0,54 0,01 0,54

Nhéin xét: Phwong phap kiém dinh théng ké
thong qua thanh l4p lwong thong ké, kiém nghiém
dé phan tich do 6n dinh diém lwéi co sé Thiy dién
Hoa Binh ctia chu ky j so v&i chu ky i da phat hién
2 diém khéng 6n dinh la diém M15 va T16, cic
diém co s& con lai déu 6n dinh, c6 thé dung lam
gbc cho mang lu¢i quan tric.

D& c6 co s& két luan vé tinh chinh xac cla
phwong phap nghién ciru, bai bdo st dung s liéu
do cta 2 chuky lwéi co sé Thiy dién Hoa Binh nhw
trong Bang 3, tién hanh phén tich d6 6n dinh cta
lu6i theo (Tran Khanh, Nguyén Quang Phuc,
2010). Vi tiéu chudn do 6n dinh cda lwdila 3 mm,
sau hai Ian 13p ciing thu dwoc két qua nhw Bang 6.
biéu d6 chirng té phwong phap nay c6 di co sé vé
dd chinh xac va do tin cay.

4. Két luan

- Phwong phap rng dung xac xuit théng ké
tim diém khong 6n dinh trong luwéi quan trac
chuyén dich bién dang cong trinh c6 ly thuyét chat
ché vé mit todn hoc, c6 do tin ciy tot.

- Két qua tim kiém diém khong 6n dinh lwdi
co s& quan tric chuyén dich ngang Thiy dién Hoa
Binh la chinh x4c, thong qua lwgng thong ké thanh
13p cho cac diém c6 lwgng chuyén dich tir I6n dén
nho cho phép xac dinh dwoc diém khong 6n dinh.

- Phwong phap nay hoan toan c6 thé ap dung
trong thuc t€ san xuat khi xtt 1y s6 liéu lwédi co s&
quan trac cong trinh.
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