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Kiém dinh gia thuyét thong ké trong binh sai lu6i quan trac chuyén dich
ngang dap cong trinh thuy dién

Tran Trung Anh'-** Nguyen Quang Ha’
'Khoa Trdc dia - Ban dé va Quan Iy Pt dai, Truong Dai hoc Mo - Dia chat
’Nhém nghién ciru Cong nghé Pia tin hoc trong Khoa hoc Trdi dat (GES), Truong Pai hoc Mo - Pia chdt
3Coéng ty Thiy dién Ban Vé

TOM TAT

Trong nghién ciru nay, nhom tac gia da ap dung kiém dinh gia thuyet thng ké Chi - binh phuong ()(Z)de
danh gia hiéu qua ciia qua trinh binh sai trong ludi quan tric chuyén dlCh ngang dap thuly dién. Str dung phan
mém ApnetPro, nhom tac gia di xu ly va phén tich dir liéu do quan tric bang ‘mady toan dac dién tir (do 286
goc do, 194 canh do dugc tinh chuyén vé mat chiéu 150 m cua hé cong trinh) gdm 6 diém ludi co so, 38 diém
quan tréc trén dap thiry dién Ban V&. Trong sé dau vao theo d6 chinh xac may toan dac theo 1y lich ciia may
¢6 sai s6 do goc 1 0,57, sai s6 do canh 1a 0,6 mm+1 ppm, vé6i gia tri y? = 1348.487, thi muc kiém dinh 95%
khong dat ky vong. Khi diéu chinh trong sé theo sai s6 do goc 17, sai sé do canh 1 mm+1 ppm, thi
x? = 420.394 va dat kiém dinh gia thuyét thong ké. Két qua binh sai cho thiy sy cai thién dang ké vé& do
chinh xéc (sai s6 trong hd canh yéu nhét tir 1/67740 xudng con 1/81400), vdi sai sé sau binh sai ¢6 xu hudng
nho hon va phan phdi déu horn s0 v6i trde khi binh sai (sai s6 trung phuong trong s6 don vi tir 1.8270 ha
xubng con 1. 0201). Gia tri x? tinh toan duoc tir dit liéu quan tric sau binh sai nam trong khoang gid tri toi han
tr bang phén ph01 Chi - binh phuong (véi kiém dinh & murc y nghia 95%), chi ra rang khong c6 sy khac biét
dang ké gitra sai s6 quan tric g1a thuyét va ky vong. Piéu nay khang dinh ring qua trinh binh sai da duorc thuc
hién mot cach hiéu qua, gop phan vao viéc nang cao chét lugng toa do binh sai va phan éanh trung thuc vé chat
luong tri do. Nghién ctru mé ra huéng tiép tuc tdi vu héa phuong phap binh sai va kiém dinh thong ké, dong
thoi 4p dung chiing trong cac diéu kién quan tric khac nhau.

Tir khéa: Ludi quan tric chuyén dich ngang, kiém dinh gia thuyét thong ké, chi - binh phuong, dap thily dién.
1. Dt vén dé

Trong quan ly, van hanh cac cong trinh thuy dién, viéc theo doi va danh gia chinh xac chuyen dich ngang cua
dép la mot yeu t6 quan trong can theo di nham dam bdo an toan, 6n dinh. Ludi quan tric chuyén dich dap dugc
thiét lap nham muc dich thu thap dir li¢u chinh xac vé cac chuyen dich va bién dang cua dap, tir d6 phat hién kip
thoi cac ddu hidu bat thuong ¢ thé din dén sy cb. Trong bdi canh nay, viéc binh sai ludi quan tric khong chi
gitip cai thién do chinh xac cua dir liéu do dac ma con gop phan vao viéc danh gia sy chuyén dich khach quan
chinh xac (Pham Qudc Khanh, 2021).

Tuy nhién, mot van dé dat ra 1a lam thé nao dé xac dinh liéu qua trinh binh sai di duoc thuc hién mot cach
hiéu qua hay chua, diéu nay doi hoi phai co mot phuong phap danh gia khach quan va khoa hoc. Thong thuong,
sai s6 do dac truéce binh sai dugc ldy tir thong sd cla may do tir 46 1am co s& dé tinh trong so cua tri do va két
qua sau binh sai thudng bi anh hudng boi théng sd nay. Pé danh gia c6 sy phit hop cia sai sé do trude binh sai
clia ddy tri do v6i sai s nhan duoc sau binh sai can bai toan kiém dinh thdng ké. Kiém dinh gia thiét théng ké
Chi - binh phuong xuit hién nhu mét cong cu manh mé&, cho phép chiing ta so sanh giita sai s6 do dac trudc va
sau khi binh sai, tir d6 danh gia xem liéu c6 sy cai thién dang ké nao khong ddng thoi tra 10 vé su phu hop cua
sai s6 do trude binh sai tuong tmg véi chat lugng tri do (Charles D. Ghilani, 2017).

Cac phan mém binh sai & nudc ta thudng bo qua cong tac danh gia kiém dinh théng ké sau binh sai. Nghién
clru nay nham muyc dich 4p dung kiém dinh Chi - binh phuong dé kiém tra gia thiét liéu qua trinh binh sai lugi
quan tric chuyén dich ngang tai déap thuy dién c6 thyc sy mang lai két qua chinh xac hon hay khong, viéc nay
dugc ty dong hoa dudi sy xu ly cua phan mém ApnetPro. Bang cich nay, nhom tac gia hy vong s€ cung cap mot
cai nhin sau sac hon vé viéc ap dung cac phuong phéap thdng ké trong tric dia, ddng thoi gop phan nang cao chat
luong quan tric chuyén dich ngang dap cua cong trinh thay dién.

2. Co sé cua phuong phap nghién ciru

2.1. Co s6 ciia kiém dinh thong ké

* Téc gia lién hé
Email: trantrunganh@humg.edu.vn
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Co s6 khoa hoc cua kiém dinh thong ké trong xir Iy ludi tric dia dua trén viée sir dung cac phép thir thong ké
dé danh gia su chinh xac va do tin cdy cua dit liéu do dac. Trong d6, kiém dinh Chi - binh phuong (x?) 1a mot
cong cu théng ké manh m&, cho phép ching ta so sanh x4c suét cta ddy tri do véi xac sudt ky vong dya trén mot
phan phi nhat dinh. Phan phéi Chi - binh phuwong 1a mot phan phdi xac sudt dugc sir dung rong rii trong cac bai
toan kiém dinh gia thiét. Pac diém cua phén phdi nay 1a né chi c6 mot tham s, d6 1a sé bac tu do (hay tri do
thura), va hinh dang cua phén phbi s& thay doi tuy thude vao gia tri cia tri do thira. Phén ph01 nay dugc st dung
dé mo ta tong binh phuong cia cac bién ngiu nhién doc lap, chudn héa theo phan phdi chuin (Charles D
Ghilani, 2017).

Bdng 1. Phén phoi Chi - binh phuong

Kiém dinh mot dudi Kiém dinh hai dudi
Gia thuyét ban dau Hy: S? = o2 Hy: S? =2 (1)
Gia thuyét thay thé H,: 5> ¢? H,: S% # o2 )
Kiém dinh théng ké Lk 2 VS 3)
€ 1 ong ke X° = ? xX° = F
Ving bac bo: Gia thuyét H, bi 12> o2
, 5 N ’ , 5 2 2 a/2
bac bd khi ti€u chi bac bo duogc X° > xé { ) ) @)
thoa man. X" < Xi-a2
trong do: H, 1a gia thuyét ban dau cia S;

H, 1a gia thuyét thay thé cia S;
o la gia tri ky vong;

v 1a sb tri do thura;

@ 1a mire xac suit cta kiém dinh.

Kiém dinh gia thiét thong ké chi binh phuong duogc sir dung dé so sanh giita tn sut quan sat va tan suat ky
vong. Néu gi tri Chi - binh phwong tinh toan tir dir liéu nam ngoai khoang gia tri t61 han tim duogc trong bang
phéan ph01 chi binh phwong, chung ta co co s& dé bac bo gia thuyét ban dau va chdp nhan gia thuyét thay thé.
Trong tric dia, kiém dinh Chi - binh phuong c6 thé duoc ap dung dé danh gia sy phan phdi cia sai sé do dac.
Khi binh sai luéi quan tric chuyen dich ngang dap thuy dién, sai s6 do dac ciia may duoc dua vao gia thuyét 1a
gia tri kiém dinh cta may. Két qua binh sai ludi can dénh gia sai s6 nay c6 phu hop vé6i chét lugng tri do hay
khong. Nguoi ding c6 thé diéu chinh sai s6 do dac gia thuyét ban dau, néu diéu chinh khong phu hop (ha thip
qué hodc néng cao qua gid tri) thi klem dinh Chi - binh phuong s€ tra loi. Piéu nay dic biét quan trong trong viéc
danh gia chat luong cua ludi quan tric chuyen dich ngang tra dung vé chat lugng tri do dat dugc ciia may do, noi
ma viéc do dac chinh xac 1a can thiét ¢é dam bao an toan cho cong trinh.

Hy: §2 = s 2.5%
2.5%

95%

Vung chip nhan Hy XE Ving loai bo Hy
o Yianz a2

Yung chﬁp nhan H, | Vimg loai bo

4 Vung loai bo

Hinh 1. Phén phoi Chi binh phwong cho kiém dinh 1 dudi va 2 dudi (Anh: financetrain.com)

meg chép nhan gia thuyét ban dau duoc biéu thi trong Hinh 1 cho kiém dinh 1 dudi va 2 dudi. O day gia tri
x? gidi han duoc tra tir bang y? dua vao sb tri do thira va murc x4c sudt tuong tng.

Mic du kiém dinh chi binh phuong 1a _mot cong cy hitu ich, nhung n6 cling 6 nhimg gi6i han. Cac gia dinh
co ban cua kiém dinh, nhu kich thudc mau va tan suat ky vong, can dugc dap ing dé két qua kiém dinh 13 hop
1¢. Ngoai ra, kiém dinh nay khong cung cip thong tin vé mirc d6 cuia sy khac biét hodc vé hudng cua mdi quan
hé. Nghién ctru nay duogc thiét ké dé danh gia hiéu qua ciia qua trinh binh sai trong ludi quan tric chuyén dich
ngang dap thuy dién thong qua viéc ap dung kiém dinh gia thiét théng ké Chi - binh phwong.

2.2. Phuwong phdp nghién ciru

Lu6i quan tric chuyen dich ngang dap (Hinh 2) 1a luéi do gbc, canh v6i d6 chinh xac cao v6i tram may va
guong déu c6 dinh tam bét budc. Tir cac diém co so dd phan tich d on dinh, tién hanh do bang toan dac dién tir
t6i cac diém quan tric chuyén dich gin trén dap thuy dién.
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Pidm quan tric dap

Hinh 2. Lu6i quan trdc ddp thity dién (anh Hexagon - Leica, chinh boi Trdan Trung Anh)
Sau khi dg dac hiér} truong, tién hanh xir 1y tri do gdc, canh & cac vong do. Mot viéc quan trong la cai chinh
tri do canh v€ mat chi€u cong trinh (cong thuce 5).
Hp — Hp,, )
R D
trong do: Hpp,e 12 d6 cao mit chiéu cta hé cong trinh (0 thye nghiém lay bang 150 m);
Hp 1a 39 cao cua dlem dung may do tai mc co so;
Dy, 1a canh do truc t1ep cua may toan dac dién tu;
Dy, 1a canh do duogc tinh chuyénrvé mat chiéu cong trinh;
R=6378000 m 1a ban kinh Trai dat. o
Cac budc xur ly ludi dugc trinh bay trong quy trinh ¢ Hinh 3. Nhép toa d6 diém goc co s¢ da xur ly va phan
tich 6n dinh (Tran Trung Anh, Nguyén Quang Ha, 2023), nhép tri do goc, canh, can thiét pha1 nhdp gia thuyet
théng ké ban d4u (ddng thoi nhap sai s6 tién nghiém ciia goc, canh, gia tri nay & lan xt 1y du tién thuong iy

theo thong s6 1y lich ctia may).
( Cong tac chuén bj >

|

Po dac ludi quan tric dap

|

Nhap toa do méc co s&
Nhép dir liéu do goc, canh
v

Nhap gia thuyét ban diu

Dpe = Dgo —

J

(sai s& do goc, canh) T T T T T :

v |

Binh sai ludi quan tric :

|

Y Y |

Tinh toan gia tri Chi - binh phuong Tim tri gidi han cta Chi - binh phuong :
|

|

Nim ngoai giéi han
I

em xét Chi-binh phuong voi
khoang gidi han cho phép
— Chuyén budc

Nam trong gidi han . .
___ Cothélap lai

¥ ]
( Két thile ) gia thuyét

Hinh 3. Quy trinh kiém dinh gia thuyét thong ké Chi - binh phwong cho hedi quan trdc ddp
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Tién hanh binh sai luéi quan tric: O budc ndy can binh sai theo phuong phap phu thudc, tinh toa d6 gan dung
cua diém quan tric, cai chinh tri do canh vé mat chiéu cong trinh, lya chon phuong phap kiém dinh (1 duéi hoac
2 duoi).

Sau binh sai, tién hanh tinh gia tri 2 trén co so cong thirc (3) dwa vao tri do thira, sai s6 trung phuong trong
s6 don vi nhan dugc sau binh sai, va sai sd trung phuong tién nghi¢m.

Tra bang phan phdi Chi - binh phuong dé xac dinh gia tri X& ., gi6i han dua vao tri do thira, mirc kiém dinh
Xac suat tin cay thudng chon 95% véi a = 0,05 (Charles D. Ghilani 2017). Gia tri nay con phu thudc vao kiém
dinh 1 dudi hodc 2 duoi 6 cong thic (4).

Trén co s& x? tinh toan sau binh sai, so sanh v&i x4, gi6i han dé dua ra quyét dinh 1a gia thuyét thong ké co
pht hop véi ddy tri do hay khong. O ddy c6 2 truong hop: trudng hop thoa man diéu kién (4) tic 1a gia thuyét
thdng ké ban dau dugc chap nhén thi két thuc xu 1y ludi; truong hop khong théa man diéu kién (4) chung ta phai
thay doi sai s6 do goc, do canh va tién hanh binh sai lai 1dn 2. Qua trinh nay c6 thé lap lai nhiéu lan dé két qua
kiém dinh gia thuyét thong ké dugc chap nhan.

Trong qua trinh phén tich dir liéu, nhém téc gia di sir dung phan mém ApnetPro, mot cong cu tot trong xir Iy
binh sai ludi tric dia c6 kiém dinh théng ké. Phdn mém nay xu 1y nhanh chong, cung cép cac modul dé tinh mot
5O phuong phap kiém dinh théng ké phuc vu bai toan binh sai trong xu ly s liéu quan tric cong trinh.

3. Thye nghiém

Khu vyc thyc nghiém Ia thiy dién Ban V€ duogc xay dung trén dong song Nam Non tai X3 Yén Na, huyén
Tuong Duwong, tinh Nghé An. Pay 1a thuy dién 16n nhat khu vuc Bic mién Trung voi cong sudt lip may
320 MW, san luong dién trung binh nam 1.084 tri¢u kWh, myc nudc dang binh thuong 200 m va cé dung tich
hd chira 1,83 ty m* (EVN-GENCO1, 2017).

Toa do cac diém méc co s& bao gdm ca do cao da duge xir Iy duoc lay tir tai liéu da cong bd (Tran Trung
Anh, Nguyén Quang Ha, 2023).

Lud6i quan tric chuyén dich ngang dap gém 6 diém mdc co so, 38 diém quan tric gan trén thanh dap, cac
diém gin lién dé dinh tam (Hinh 3).

P

Hinh 4. Lu6i quan trdc ddp thity dién Ban Vé

Do gbc canh bing may toan dac dién tir kém phu kién guwong tiéu chuin, may va guong déu duoc dinh tdm bt
budc. May toan dac dién tir Leica c6 thong sb cong bd d6 chinh xac do g6c 0,57; do chinh xac do canh dat
0,6 mm + 1 ppm x D; (D la chiéu dai canh duoc tinh bang km). Cac thong s6 cua may do la tién nghiém gia
thuyét ban dau cua lan tinh thir 1.
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Hinh 4. Po heéi quan trdc ddp thity dién Ban Vé (anh Nguyén Quang Ha)
Tién hanh do dac hién truong va xu ly tram may véi 286 goc do, 194 canh do dugc trinh bay so lugc &

Bang 2 (EVN-PECCI, 2022).

Bdng 2. Tri do ludi quan trdc dép thiy dién Ban Vé

TT Canh do Goc do

Piu | Cudi | Ddo (m) | Trai Giira Phai Po | Phut | Giay
1 QT04 | M22 | 117.5766 | QTOIA | QT04 M32 46 20 43,1

QTO1A | M15 | 551.4738 | QT03 QTO05 M31 31 59 58,1
3 | QT05 | M09 | 409.1877 | QT05 QTO1A | M21 325 26 51,3
66 | QT03 | M23 | 450.1947 | QT03 QTO05 MO9A 44 34 59,7
67 | QT06 | M23 | 620.8871 | QT04 QT03 MO02 297 52 22,7
68 | QT06 | M27 | 676.9140 | QT04 QTO03 M13 341 38 37,2
128 | QT02 | M33 | 122.5105 | QTOIA | QT06 MI11 43 43 31,8
129 | QT02 | M29 | 239.5238 | QTO1A | QT06 MI12 45 59 11,6
130 | QT02 | M16 | 424.9572 | QTOIA | QT06 M13 47 07 08,3

Véi dd hinh luéi quan tric chuyén dich ngang dap thuy dién Ban v€ nhu trén, sb tri do thira 1a 404, chon muc
kiém dinh xéc suét tin cdy 95% v6i @ = 0,05. Kiém dinh théng ké Chi - binh phuong dwgc thuc hién thong qua
phan mém ApnetPro ciia tac gia Tran Trung Anh v&i viée sir dung thuat toan kiém dinh gia thuyét thong ké va ty
dong tra bang Chi - binh phuong dwgc tich hop sin. Diéu nay khong chi gitip ting cuong do chinh xéac cua két
qua kiém dinh ma con giam thiéu kha ning sai sot do tinh toan thu cong.

Bdng 3. Kiém dinh gid thuyét thong ké Chi - binh phwong lw6i quan trac ddp thity dién Ban Vé

Chi 56 Lan tinh 1 Lan tinh 2 Lan tinh 3 Ghi chu
Gia thuyét ban du S2=0%2=1 S2=0¢2=1 S2=¢2=1
Sai s0 do goc 0,5” 1” 2”
Sai s6 do canh 0,6 mm+1 ppm | 1 mm+1 ppm 2 mm+1 ppm
Gia thuyét thay thé $%=3.33784 | $*=1.040579 | S%=0.294689
Chi - binh phuong (y?) 1348.487 420.394 119.055
Gia tri gioi han chap nhan cta ,
(x?) cho kiém dinh 1 dudi Xa = 451.865 v = 404
Khoang gidi han chap nhan cia a = 0,05

(x?) cho kiém dinh 2 duoi

(X742 = 350.205; xZ,, = 461.582]

Si,ll 0 Emng phuong vi tri diém 1.2 mm 1.1 mm 1.1 mm
yéu nhat

Sai s6 tuong hd canh yéu nhit 1/67740 1/81400 1/86272
Quyét dinh theo kiém dinh 1 duéi | Loai bo Chap nhan Chap nhan
Quyét dinh theo kiém dinh 2 dudi | Loai bo Chép nhan Loai bo
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Nhom tac gia tién hanh xir 1y voi ca 2 phuong an kiém dinh gia thuyét thong ké 1 dudi va 2 duéi véi Chi -
binh phuong gi6i han. S6 1an tinh 1 3 1an, két qua dugc trinh bay trong Bang 3.

Tir két qua & Bang 3, nhom tac gia nhan thdy véi muc gia thuyét thong ké ban diu S? = g2 = 1, thi tién
nghiém theo thong sb may do ctia nha san xuét ¢ 1an tinh 1, nhan duoc x? = 1348.487, thi kiém dinh gia thuyét
thong ké khong dat 6 ca 2 phuong an 1 dudi va 2 dudi. Cho nen nhém tac gia da diéu chinh thong sd nay ¢ lan lap
thtr 2 véi sai s6 do goc 17, canh 1 mm + 1 ppm, nhan duoc y?2 = = 420.394 kiém dinh gia thuyet thong ke dat trong
vung chép nhan cho ca 2 phuong an. Bé khach quan nhom téc gia tiép tuc thir nghiém thay doi thong s6 sai s6 do
goc 1én 27, canh 2 mm+1 ppm thi nhan dugc y? = 119.055 giam xudng, kiém dinh gia thiét thong ké theo
phuong 4n 1 dudi thi dat, phuong an 2 dudi thi bi loai bo. Nhan thy sai s6 twong hd vi tri diém déu ting qua céac
1an tinh 2 va 3, riéng lan 3 gia tri Chi - binh phuong giam nhung sai sb tuong hd canh lai ting, diéu nay 1a bat hop
1y vi d6 tin cdy cua 1an 3 khong tét bang 1an 2. Do vy, két qua dugc chap nhan & lan tinh tht 2 13 hop 1.

4. Két luan

Nghién ctu nay da ap dung kiém dinh gia thiét thong ké Chi - binh phwong dé danh gi4 hiéu qua cua qua trinh
binh sai trong ludi quan tric chuyen dich ngang dép thuy dién. Cac két qua thu duoc tir phan tich dir liéu da cung
cép bang ching viing chic vé sy cai thién dang ké trong do chinh xac cta dir liéu quan tric dong thoi voi do tin
cdy sau khi binh sai. Qué trinh binh sai cing kiém dinh gia thuyét thong ké da duoc ching minh 13 hiéu qua
thong qua su phan phdi dong nhit cta gia thuyét trudc binh sai va két qua sau binh sai. Didu nay gop phan vao
viéc ning cao chét lugng xur 1y dir liéu quan tric, tir d6 ting cudng do tin cdy trong viéc theo ddi va danh gia an
toan dap thity dién. Quy trinh xtr Iy tw dong gdm ca binh sai va kiém dinh gia thuyét thong ké bang phan mém
ApnetPro dam bao su thong nhit va tranh sai sot. Nghién ciru khang dinh riang kiém dinh gia thiét thong ké Chi -
binh phuwong 12 mdt cong cu hitu ich trong viéc danh gia va cai thién quy trinh binh sai ludi quan tric chuyén
dich ngang dap thily dién. Viéc ap dung phuong phap nay gdp phan vao viéc dam bao an toan va ting cuong
hi€u qua quén ly i ro cho cac cong trinh thuy dién.

Kién nghi don vi quan 1y van hanh cong trinh thuy dién ap dung quy trinh va phan mém xu 1y sb liéu
ApnetPro c6 kiém dinh théng ké dé ting nang suit lao dong, dam bao do chinh xac khi xur 1y ludi quan tric
chuyén dich ngang dap.
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ABSTRACT
Statistical hypothesis testing for horizontal monitoring network adjusment
in a hydroelectric dam

Tran Trung Anh'"**, Nguyen Quang Ha3
'Faculty of Geomatics and Land Administration, Hanoi University of Mining and Geology
’Geomatics in Earth Sciences Research Group (GES), Hanoi University of Mining and Geology
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In this study, we applied the Chi-square statistical test (y?) to evaluate the effectiveness of the adjustment
process in the transverse displacement monitoring grid of a hydroelectric dam. Using the ApnetPro software, we
processed and analyzed measurement data obtained from electronic theodolites (286 angle measurements and
194 distance measurements transformed to a 150 m reference plane of the dam structure). The input weights
based on the theodolite accuracy were 0,5" for angle measurement error and 0,6 mm+1 ppm for distance
measurement error. The calculated y? value was 1348.487, which did not meet the expected significance level at
95%. However, after adjusting the weights to 1" for angle measurement error and 1 mm+1ppm for distance
measurement error, the y2 value became 420.394, meeting the statistical hypothesis testing criteria. The results
of the adjustment process showed significant improvement in accuracy (weakest equivalent distance error
reduced from 1/67740 to 1/81400). The post-adjustment errors tended to be smaller and more evenly distributed
compared to pre-adjustment errors (mean square error of unit weight decreased from 1.8270 to 1.0201). The
calculated y? value from the post-adjustment measurement data fell within the critical range from the Chi-square
distribution table (at a 95% confidence level), indicating no significant difference between the theoretical
measurement error and the expected error. This confirms the effective implementation of the adjustment process,
contributing to improved coordinate quality and reflecting measurement accuracy. The study suggests further
optimization of the adjustment method and statistical testing, applying them to various monitoring conditions.

Keywords: Horizontal monitoring network, statistical hypothesis testing, Chi - square, hydroelectric dam.
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