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CHUONG 1: NHUNG VAN PE CHUNG VE QUAN TRAC CHUYEN DICH
CONG TRINH

1.1. Khai niém chung
1.1.1. Phan logi chuyén dich bién dang cong trinh

Do tac d6ng cua nhiéu yéu té ty nhién va con ngudi, nén cac cong trinh xay dung
déu c6 thé bi chuyén dich, bién dang & ca giai doan thi cdng ciing nhu trong thoi gian

van hanh su dung.

Chuyén dich cong trinh trong khdng gian 1a sy thay ddi vi trf cdng trinh theo thoi
gian va duoc phan biét thanh 2 loai: chuyén dich theo phuong thang diing va chuyén

dich trong mat phang ngang.

Chuyén dich theo phuong thang dting duoc goi 1a do trdi lun (néu chuyén dich
¢6 hudng xudng dudi thi goi 1a Iin, huéng I1én trén la troi). Chuyén dich cong trinh trong

mat phang nam ngang dugc goi 1a chuyén dich ngang.

Bién dang cong trinh 1a sy thay d6i mdi twong quan hinh hoc cua cong trinh &
quy md tong thé hoic & cac két cau thanh phan. Bién dang xay ra do chuyén dich khéng
déu giira cac bo phan cong trinh, cac bién dang thuong gap 1 hién twong nghiéng cong,

vdn xo0an, ran nut caa cong trinh.

Néu cong trinh bi chuyén dich vuot qua gidi han cho phép thi khdng nhitng gay
tré ngai cho qué trinh khai thac st dung ma c6 thé dan dén céac su ¢d hu hong, d6 v va

pha hily mot phan hoac toan bo cong trinh.

1.1.2. Nguyén nhan gay ra chuyén dich cong trinh:
Cong trinh bi chuyén dich do tac dong caa hai nhdm yéu té cha yéu, 1a tac dong
cua cac yéu td ty nhién va tac dong lién quan dén hoat dong ciia con ngudi trong qué

trinh xay dung, van hanh khai thac cong trinh.

Cac nguyén nhan thuoc nhom cac yéu té ty nhién gom c6: kha niang lun, truot
cua l6p dat da dudi nén mong cong trinh va céc hién tuong dia chat cong trinh, dia chat
thuy vin, su co gidn cua dat da, thay ddi cua cac diéu kién thuy vian theo nhiét do, do

am va muc nudc ngam.



Nhom céc yéu té con ngudi bao gom: anh huong caa trong lwgng ban than cong
trinh, sy thay doi c4c tinh chét co 1y dat da do viéc quy hoach cép thoat nuéc, céc sai
léch trong khao sat dia chat cong trinh, dia chét thuy vin, qua trinh suy yéu cua nén
mang do thi céng cé4c cong trinh ngdm trong long dat, anh huéng cua viéc xay dung cac
cong trinh 1an can khéc, su rung dong caa nén mong do van hanh may co gidi va tac

dong cua cac phuong tién giao théng.

1.1.3. Muc dich va nhiém vy quan trac bién dgng céng trinh
Quan tric chuyén dich céng trinh nham muc dich xac dinh mtc 6 chuyén dich,
nghién cizu tim ra nguy@n nhan chuyén dich va tir d6 c6 bién phap xu 1y, dé phong tai

bién d6i vai cong trinh, cu thé 1a:

1. Xac dinh gi4 tri chuyén dich dé danh gia o on dinh cbng trinh, phong ngira

cac su ¢d hu hong, d6 v c6 thé xay ra.

2. Két qua quan tric 1a s6 lidu d6i ching dé Kiém tra cac tinh toan trong giai doan

thiét ké cong trinh.

3. Nghién ctu quy luat bién dang trong nhitng diéu kién khéac nhau va dy doan

bién dang cua cong trinh trong tuong lai.

4. Xac dinh cac loai bién dang c6 anh huong dén quéa trinh van hanh cong trinh,

tir d6 dé ra ché do su dung, khai thac cong trinh mot cach hop 1y.

1.1.4. Ngi dung bdn dé cirong (thiét ké ki thudt) quan trdac
Pé quan trac chuyén dich mot cong trinh, trudc hét can phai thiét ké phuong an

kinh té - k§ thuat véi cac noi dung:
1. Nhiém vu k¥ thuat ciia cdng tac quan trac
2. biéu kién tu nhién, dic diém két cau va ché d6 van hanh cong trinh
3. Két cu, so d6 phan b mbc khdng ché va méc quan tric
4. Thiét ké so d6 hé thong ludi quan trac
5. Uéc tinh d6 chinh xac va céc chi tiéu ki thuat quan tric

6. Thiét ké cong tac do dac ngoai nghiép va xir ly sé liéu hé thong ludi quan trac



7. Tinh toan tham sé chuyén dich c6ng trinh. Phan tich, suy giai két qua quan trac
8. Lap biéu do nhan lyc, thoi gian va tién d6 thi cong phuong an
9. Du toan kinh phi cho phuong an.

1.2. Yéu cau @9 chinh xac va chu ky quan tric
1.2.1. Y&u cau dé chinh xac quan trdc

Y&u cau do chinh xac quan tric chuyén dich chinh 1a d6 chinh xac can thiét xac
dinh chuyén dich cong trinh, chi tiéu dinh luong cua dai lwgng nay phu thudc chu yéu
vao tinh chit co 1y dat da dudi nén mong, diac diém két cdu va van hanh cong trinh.

C6 hai cach xac dinh y&u cau do chinh xac quan trac chuyén dich, cach tht nhat
1a xac dinh theo gia tri chuyén dich du bao (dwgc néu ra trong ban thiét ké cong trinh),
cach thu hai xac dinh theo cac tiéu chuan xay dung, van hanh cong trinh (duoc quy dinh
trong céc tiéu chuan nganh).

1-Theo d6 chuyén dich du bo, yéu cau do chinh xac quan trac dugc xac dinh

bang cong thuc:

Mg < Q (1.1)

2¢
Trong d6: mo - Yéu cau do chinh xac quan trac chuyén dich ¢ thoi diém t;.
Q - gié tri chuyén dich dy béo giita 2 chu ky quan trac.
& - hé s6 dic trung cho do tin cay cua két qua quan tric, phu thudc vao xac suét

dugc chap nhan. Ddi véi cong tac quan trac chuyén dich thuong lay xéac suat P = 0.997,

(trong tng Véi € = 3) va khi d6 cong thie tinh d6 chinh xac quan tric chuyén dich Ia:
Mo <0.17Q (1.2)
Néu chuyén dich cdng trinh c6 gia tri dy béo 1a nho thi dai luong mq tinh theo

cong thic (1.2) ciing s& rat nho, trong mot s6 truong hop sé rat khé dat duoc tiéu chuan

dd chinh xac nhu vay.

2- Trong thuc té, yéu cau do chinh xac quan trac thuong duoc xac dinh dya vao

diéu kién nén mong, dic diém két cdu ddi vai ting loai cong trinh cu thé (cac tiéu chuan



nay do co quan quan ly nganh ban hanh). Yéu cau do chinh xac quan trac dbi véi cac

cong trinh dan dung- céng nghiép thong thuong duoc dwa ra ¢ bang 1.1

Bang 1.1: Yéu cdu dé chinh xéc do lin va chuyén dich ngang cong trinh

) , P§ chinh xac do d¢ lun va
TT | Poi twong quan trac .
chuyen dich ngang

1 Cong trinh bé tdng trén nén da 1.0 mm
2 Cong trinh xay trén nén dat nén, dat cat 2.0 mm
3 Cong trinh xay trén nén dat kém chiu nén | 10 mm
4 Cong trinh dat 15 mm

1.2.2. Chu ky quan trdc

Quan trac chuyén dich cong trinh 1a dang cong tac do lip, duoc thuc hién nhiéu
lan véi cuing dbi twong, mdi lan do goi 1a mot chu ky quan trac. Thoi gian thuc hién cac
chu ky do dugc xac dinh trong giai doan thiét ké ki thuat quan trac 1Gn hoic chuyén
dich ngang cong trinh. Chu ky quan trac phai duoc tinh toan sao cho két qua quan trac
phan anh dang thuc chat qua trinh chuyén dich cua doi tugng quan trac. Néu chu ky do
thua thi sé khong xac dinh dugc ding quy luat chuyén dich, nguoc lai néu an dinh chu

ky quan tric qué day sé& dan dén lang phi nhan luc, tai chinh va céc chi phi khéc.

C6 thé phan chia céac chu ky quan trac chuyén dich thanh ba giai doan: giai doan

thi cong, giai doan dau van hanh va giai doan cdng trinh di vao on dinh.

Trong giai doan thi cng, chu ky quan tric dau tién duogc thuc hién ngay sau thoi
diém xay xong phan mong, khi ma cong trinh con chwa chiu tac déng cua tai trong hoic
ap luc ngang. Cac chu ky tiép theo duoc an dinh tuy thudc tién d6 xay dung va mic ting
tai trong cdng trinh. Vi dy, néu du dinh thuc hién 5 chu ky trong giai doan thi cong thi
thoi diém quan trac s& chon vao lac cong trinh duoc xay dung xong phan méng va dat
25%, 50%, 75% va 100% tai trong cua ban than cong trinh.

O giai doan dau, cac chu ky quan trac duoc 4n dinh phu thudc vao tdc do chuyén

dich va dic diém van hanh cong trinh. Thoi gian do gitta hai chu ky trong giai doan nay
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c6 thé chon tir 2 dén 6 thang. Khi cong trinh di vao 6n dinh, thoi gian gitra hai chu ky
ké tiép duoc an dinh thwa hon, c6 thé tir 6 thang dén 1 nim hodc 2 niam, viéc quan tric
s& két thac khi cong trinh hoan toan 6n dinh (tbc do 1Gn va téc do chuyén dich tur 1-

2mm/nam .

Trong mot s trudng hop dac biét, khi phét sinh yéu té anh huong khéng ¢ loi
dén do 6n dinh cua cdng trinh, can thyc hién cac chu ky quan tric dot xuat. Riéng ddi
Vé6i cac cong trinh chiu &p lyc bién doi theo chu ky (nhu cac cong trinh chiu ap lyc tai
nha may thuy dién, dap nudc cua hd chira), cong tac quan tric bién dang duoc thyuc hién

thuong xuyén trong sudt qué trinh van hanh, khai thac cong trinh.

1.3. Quan tric chuyén dich cong trinh bang phuuwong phap tric dia

Néu & thoi diém T1 cong trinh c6 vi tri P1, & thoi diém T2 cdng trinh ¢d vi tri P2,
khi d6 vector P1P2 thé hién chuyén dich cong trinh trong khong gian (hinh 1.1). Théng
thudng vector P1P2 dugc phan tich theo 2 thanh phan:

-Theo phuong thiang dimg thu dugce doan S = P1'P2', thé hién do 1Gn cdng trinh.

-Theo mat phang ngang thu duoc doan Q = P1"P2", thé hién chuyén dich ngang
cong trinh, chuyén dich ngang lai duoc phan tich theo 2 truc toa do dé xac dinh duoc
chuyén dich theo hudng truc OX (QX) va chuyén dich theo huéng truc OY (QY).

H 4
Py

»

S

sz \

v

(o]
) Y
Hinh 1.1 Chuyén djch cong trinh
1.3.1. Nguyén Iy quan tréc dg 1Gn
Do diéu kién dia chat dudi nén moéng cong trinh thuong khong ddng nhét, cong
trinh c6 két cau phirc tap, tai trong khong déu nén d6 lin & cac vi tri khac nhau ciing c6
thé khong giéng nhau. Dé xac dinh duoc gia tri [in tuyét ddi tai tung vi tri va cac tham

s6 lun chung ciia cong trinh, cong tac quan tric do lin bang phwong phap trac dia duoc
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thuc hién trén co so cac nguyén tac sau:

1-D6 lun cong trinh duoc xac dinh thong qua cac mdc lin gin tai nhitng vi tri
chiu luc cua d6i tuong quan tric. SO luong mbc lan lép dat tai moi cong trinh phy thudc
vao dic diém diéu kién nén mong, két ciu, quy mo, kich thudc cua cong trinh d6. DO
lan cua cac mbc quan tric dic trung cho do lun cong trinh & vi tri ma mbe duoc gén.

2-Phuong phéap quan tric do 1Gn théng dung 14 do cao chinh xac trong mdi chu
ky dé x4c dinh d6 cao ctua cac mdc quan trac tai thoi diém do, d6 lan dugc tinh 12 hiéu

d6 cao tai thoi diém quan trac so véi d6 cao & chu ky duoc chon 1am muc so sénh:
S=HW_HO (1.3)
Trong d6 H®, H® 13 d6 cao do duoc ¢ chu ky thi (j) va thir (i). Nhu vay, néu S
< 0 thi c¢6ng trinh bi 1Gn xudng, con néu S > 0 thi cdng trinh bj troi 1én phia trén.

Do cao ciia mdc 1n & cac chu ky khac nhau phai duoc xac dinh trong cling mot
hé do cao duy nhat, c6 thé 1a hé d6 cao Quéc gia hodc hé do6 cao cuc bo gia dinh, nhung
y&u cau bat buoc 1a cac méc khdng ché d6 cao (dwgc chon lam co sé so sanh) phai cé
d6 6n dinh trong sudt thoi ky theo dai do lun cong trinh.

1.3.2. Nguyén ly quan trdc chuyén dich ngang

Vé dinh luong, chuyén dich cua ddi twong bat ky trong mat phang ngang giira 2

thoi diém quan trac i va j duoc xac dinh thong qua cac dai lwong sau (hinh 1.2):

A

X
Y2 P2
0
| q
X2
Y1
P1 Qv
X1
0

:Y
Hinh 1.2 Chuyén dich ngang céng trinh

- Chuyén dich theo truc X

Qx _ X(i) _X(j) (1.4)



- Chuyén dich theo truc Y
Q, =Y _y® (L5)

- Vector chuyén dich toan phan

Q=,/Q7 +Q; (L.6)

Trong céc cong thic trén X0, YO, X0 Y0 13 toa d6 cua ddi twong xac dinh dugc

trong chu ky thiri va j.

Nhu vay, chuyén dich ngang cong trinh c6 thé dugc xac dinh bang cach do va so
sanh toa d6 cua cac diém méc quan tric gan tai nhitng vi tri dic trung trén cong trinh &
cac chu ky quan trac khac nhau. Bé do toa d6 cac diém quan trac véi do chinh xéac can

thiét, thuong xay dung mang ludi tric dia mat bang chuyén dung trong mdi chu ky do.



CHUONG 2: PHAN TiCH KET QUA QUAN TRAC CHUYEN DICH CONG
TRINH
2.1. Mét s6 khai niém vé mé hinh chuyén dich céng trinh

Thuc té cd rat nhiéu yéu t6 tac dong dén qua trinh chuyén dich va bién dang cua
cong trinh. Pbi véi cac hang muyc caa cong trinh thuy loi - thuy dién, c6 thé néu ra céc
yéu t6 co ban gay ra chuyén dich ngang trong céc thoi ky khéac nhau.

- Trong giai doan thi cong la tac dong cua trong tai ban than cdng trinh, muc do
chiu tai ctia nén moéng cong trinh, tac dong nhan tao do do rung cua cac phuong tién
may thi cong.

- Trong giai doan van hanh, cac yéu té chi yéu gdom. su thay doi &p hre nuéc
trong ho chura, tai trong dong do hoat dong cua céc thiét bi, tac dong cua cac yéu té khi
tuong, thuy van...

Pé mo hinh héa qua trinh tic dong dén chuyén dich cong trinh s& phan ra ba
nhom chira cac yéu té anh hudng dén tinh on dinh caa cong trinh.

- C4c yéu tb thuoc nhom nguyén nhan chu dao gay nén chuyén dich va bién dang
cong trinh (X1, Xz, ... Xn), Vi du: Mitc tang tai trong cong trinh, su thay doi cao trinh myc
nuéc trong hd, su thay d6i muc nude ngam...

- Sy thay ddi cua cac diéu kién ngoai canh do tac dong cua con nguoi (Ui, Uy, ...
Um), Nhirng yéu té nay co thé kiém soat va diéu khién dugc.

- Cac tac dong nhiéu (z1, Z2, ... Zm) do nhiéu nguyén nhan gay ra, khéng kiém soat
duoc.

Tham sé dau ra 14 cac gia tri dinh luong (), dic trung cho murc d6 chuyén dich
va bién dang cong trinh. Trong thuc té quan tric, cac tham sb dau ra (Y) con chiu anh
huang cua sai s6 do (w).

Xay dung md hinh chuyén dich 1a mét trong nhiing nhiém vu quan trong cua
cong tac quan tric bién dang cong trinh, dic biét 1a dbi véi cac to hop ki thuat nhay cam
nhu nha may thay dién, cac tuyén dap tran, dap chin nude... M6 hinh chuyén dich cé
thé duoc phan chia thanh 3 loai cha yéu 1a: mé hinh chuyén dich cua ddi twong quan
trac trong khong gian, mé hinh chuyén dich theo thoi gian va mé hinh théng ké. Vé mit
hinh thizc, mé hinh chuyén dich cdng trinh cé thé dugc mé ta théng qua bén nhom yéu
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t6 da néu ¢ trén 1a z, x, u va Y. So d6 md ta mdi quan hé twong hd gitra cac yéu té trong

quan tric chuyén dich bién dang cong trinh dugc dua ra trong hinh 9.1.

71 Z2 Zk
P
—>
X2 Péi twong

— o
Xn quan tric
—>

Tul TUZ Tum

Hinh 2.1 M0 hinh déi twong quan trdc

Khi tong hop chuyén dich cong trinh & nhiéu chu ky can tra 1oi cac cau hoi sau.

- Xu hwréng chuyén dich chung cua cdng trinh trong khéng gian?

- Xu huéng chuyén dich chung cza cong trinh theo thoi gian?

- Mike dg phu thude d@é chuyén dich cong trinh vao mét sé tac nhan co thé gay
nén chuyén dich bién dang cong trinh?.

Dé giai quyét cac van dé néu trén can phai xay dung mé hinh chuyén dich cong
trinh, thuc chat 12 mé ta qué trinh chuyén dich cdng trinh bang mét s6 ham toan hoc nao
d6. V& nguyén tac, md hinh chuyén dich cong trinh duoc thé hién théng qua ham sb.

@ = O[F1(x) + F2(u) + F3(z) + w] (2.1)
trong do:

F1(X)- thanh phan anh huang cua mot nhoém yéu té chu dao gay nén chuyén dich
cong trinh. Trong giai doan thi cng xay dung, yéu té chi dao la tai trong cong trinh thi
& giai doan dau van hanh, yéu té chu dao 1a thoi gian va dén thoi ky sau yéu t chinh cé
thé 1a 4p luc nudc trong hod chira (d6i voi dap dang nudc) hoic sy thay doi myuc nudc
ngam (d6i véi nha va cong trinh dan dung)...

F2(u)- anh hudng cia cac yéu to co thé kiém soat duoc nhung khong thé thay doi
ching (vi du diéu kién mai truong).

F3(2)- anh hudng cua cac yéu té tac thoi, khong thé xac dinh truéc mirc do tac
dung cta chling téi cong trinh (gid, bio, dong dat...).

w- anh huang sai s6 do dac.
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Thong thuong khi xay dyung va phan tich mé hinh, cling chi can quan tam céc
yéu t chu dao.
2.2. Thanh 1ap mé hinh chuyén dich trong khéng gian
2.2.1. M6 hinh chuyén dich cong trinh dang thang

Céc méc quan tric c¢ong trinh dang thang duoc thiét ké phan bd trén cling mot
duong thang. Néu doc theo tuyén cdng trinh b tri va thuc hién quan trac c6 sé luong n
méc quan tric véi vécto toa do theo hudng ngang cua cac diém quan tric la
X=(X1,X2,...XN), vécto chuyén dich ngang theo huéng vudng goc vai truc cong trinh
tuong tng 12 Q = (Q1, Q2,...Qn), s& thanh lap dugc mat cat chuyén dich nhu trén hinh
9.2.

XC
0 2 3 o 4 I | ‘
I »
: Q4 Qll Qn L —
Ql QZ Q3 I ......................................... (-
| L . !
'é. | s e v4
............... 3 .
il — : |
2 :
1
1
1
Qv i

Hinh 2.2 Tham s6 chuyén dich céng trinh dang thing

O chu ky dau, coi vi tri quy uéc cua cac mbc quan trac 1a 1, 2, 3...n - (cac diém
nay déu nam trén duong thang 0X), khi d6 & chu ky dang duoc khao sét vi tri quy wdc
ctia cac mdc twong tng s& 1a 1', 2', 3',....n". Puong gip khic G = {1'-2'-3'-...n'’} biéu thi
cho dic tinh chuyén dich cua cong trinh theo hudng thang goc véi truc OX. Néu xap xi
(G) bang mot duong thang (L) sao cho tong binh phuong do léch cac dinh ciia G so Voi
duong thang L 1a nho nhét. [Vo?] = Min thi L dugc goi 1a duong thang chuyén dich xéac
suat hoic don gian 1a duong thang chuyén dich. Do & chu ky quan tric dau tién duong
thang chuyén dich c6 vi tri tring vai truc OX, nén bang cach so sanh twong quan vi tri
cua dudng thiang chuyén dich L ¢ céc chu ky tiép theo so véi truc OX s& danh gia duoc

xu huéng chuyén dich chung (chuyén dich ngang tong thé) cia cong trinh. Dya vao viéc
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phan tich do léch ciia dudng gap khic G so véi duong thang L s& danh gia dugc mie do

bién dang cong trinh & ting vi tri cu thé.

Tuong hd vj tri ciia duong thang L so vai truc hoanh OX duoc thé hién qua céc
tham sé dic trung sau.

a - GAc nghiéng caa dudng thang so véi phuong nam ngang (thé hién do nghiéng
téng thé caa cong trinh).

b - Gi4 tri chuyén dich cua cong trinh tai diém gdc toa do, néu gbc toa do 1ay
triing véi trong tam cong trinh thi b s& I gia tri chuyén dich ngang tai trong tdm cong
trinh.

Phuong trinh dudng thiang L ¢6 thé duogc viét dudi dang.
Q=aX+b (2.2)
(voia=tga)

Khi s diém quan trac nhiéu hon 2 thi s6 phuong trinh trong hé (9.2) s& I6n hon
2 nén khi d6 duong thang L xac suat nhat duoc xac dinh theo nguyén ly sb binh phuong
nho nhat thong qua diéu kién [Vo?] = min, trong truong hop nay bai toan duogc giai theo

trinh tu sau.

Trén co s cac véc to X va Q 1ap duoc hé phuong trinh sb hiéu chinh.

Vo=AZ-Q (2.3)
VOl.
X]_ 1 (}l _VQl |
Xo 1 a Q> vVQ,
A= Z=| [,Q= Vo =
.o M Q= e

tir d6 thanh 1ap dugc hé phuong trinh chuan.
ATAZ -ATQ=0 (2.4)

va xac dinh duoc véc to tham sé Z theo cong thic.
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Z= (ATA)LATQ (2.5)

Néu chuyén dich truc OX (hinh 9.2) vé vi tri trong tm cong trinh (sao cho [x]=0),

khi d6 sé tinh duoc.

=[BT 0], rg_flec

Q]

Trong truong hop nay vécto tham sé Z duoc xac dinh theo cong thirc don gian

Sau.

a:[X-Q]- b:[ ] (2.6)

[x%] n

Dbi vai d6 Itn, cac budc tinh todn xay dung mé hinh theo dudng thang xac suat

cling dugc thuc hién hoan toan tuong tu.

Vi du: Tinh tham sé chuyén dich tong quét cua cong trinh dang thang c6 4 diém quan
trac, két qua quan trac chuyén dich ngang & chu ky 2 so véi chu ky 1 cho trong bang
2.1.

Bang 2.1: Tinh tham s¢ chuyén dich cong trinh dang thang

STT Tén diém Toa do X(m) q do(mm)
1 QT6 5112.592 -3.1
2 QT7 5070.609 -1.7
3 QT8 5015.956 0.9

Tir s6 liéu ¢ bang 9.1 &p dung céac cong thic tinh toan tir (2.3) dén (2.5) xac
dinh duoc phuong trinh duong thang chuyén dich c6 dang nhu sau:

Phuong trinh duong thang chuyén dich: y = -0.00004x -1.30
1. Chuyén dich tai trong tam Qo: -1.30mm

2. Gbc nghiéng : -8.25"

3. Sai s6 mo hinh : 0.28mm

2.2.2. M6 hinh dé 10n cong trinh dagng vung

14



Déi véi cong trinh c6 dang ving, cac diém quan tric phan bé khdng trén cing
mot duong thang ma trén toan bo dién tich cong trinh, khi d6 c6 khai niém vé " bé mat
lGn™ ctia céng trinh & mdi thoi diém (chu ky) nhu sau:

- B& mat IGn cong trinh trong mdi chu ky quan tric 1a mot da dién chta cac diém
quan tric, véi diéu kién & chu ky dau cac diém quan trac cing nam trong mot mit phang.

- Mat phang 1Gn cdng trinh trong mdi chu ky quan tric 1a mat phang gan dung
nhat (dugc xac dinh bang diéu kién [Vs 2] — Min) so véi mit da dién da duoc dinh

nghia & trén.

<v

Hinh 2.3 Tham sé lin céng trinh dang viing

Phuong trinh cta mit phang cé thé duoc viét dudi dang:

Si = a.Xi +b'yi +C (27)
Vi N diém quan trac thanh lap duoc hé phuong trinh sb hiéu chinh:
Vs=Az-S (2.8)
trongdo: z=(a b c)T
X; Xy Xz o X
AT =Y, Y, Yz .. Y, (2.9)
1 1 1 ... 1

Ap dung nguyén 1y s6 binh phuong nhé nhat, s& xac dinh dugc vector z theo cong thic:
7= (ATA)LATS (2.10)
Tir d6 tinh dwoc hé tham sb 1un tong quat cua mat phang 1an theo cong thuc:
- D6 10n tai gbc toa do (thuong 1a diém trong tam cdng trinh):
Str=c (2.11)

- Goc nghiéng 16n nhat cia mat phang lan:
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[ 12 12
f = Arctg % (2.12)

- Huéng nghiéng on nhat (tinh tir truc OX theo chiéu kim ddng hd):

¢ = Arctg %: (2.13)
Trong cac cong thic trén: a’ = -c/a ; b> = -c/b.
Vi du: Tinh tham s 1n téng quat cua cong trinh dang ving c6 24 diém quan trac, két
qua quan tric d6 1an & chu ky 2 so véi chu ky 1 cho trong bang 2.2.

Bang 2.2. Toa dé va do 1Un cua cc méc quan trdc

S6 Tén moc Toa dd Do lun
1T quan tric X(m) Y (m) S(mm)
1 M1 106.578 99.394 -5.16
2 M2 106.578 100.264 -4.25
3 M3 106.578 101.139 -2.51
11 M1l 104.016 100.317 -2.36
12 M12 103.977 99.465 -2.94
13 M13 103.162 99.491 -2.87
22 M22 100.690 101.306 -3.30
23 M23 100.687 100.417 -5.14
24 M24 100.663 99.568 -5.62

Tir s6 liéu ¢ bang 2.2 &p dung céc cong thic tinh toan tir (2.7) dén (2.13) xac
dinh duoc phuong trinh mat phang lGn c6 dang nhu sau:
Phuong trinh mat phang IGn: S = 0.00010x + 0.00100y -0.00294

1. Chuyén dich 1un tai trong tam : -2.94mm

2. Goc nghiéng 16n nhat caa mat phang 10n : -1d 56' 33.54"

3. Huéng nghiéng lén nhat : 84d 14' 14.63"

4. Sai s6 m6 hinh : 1.03mm.

2.2.3. M0 hinh chuyén dich cong trinh trong mat phang diing
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Ddi véi cac hang muyc tai céng trinh thity dién nhu tuyén dap, teong chan chiu
luc... cac diém quan tric thuong duoc phan bd gan trong ciing mét mat phang thang

dung, khi d6 c6 khai niém vé "mdt phang chuyén dich" caa cong trinh & mdi thoi diém

(chu ky) nhu sau.
- B& mit chuyén dich cdng trinh trong mdi chu ky quan tric 1a mot da dién chaa

cac diém quan trac, véi diéu kién & chu ky dau cac diém quan tric clng nam trong mot

mit phang dung.
- Mit phing chuyén dich cong trinh trong mdi chu ky quan trac 1a mat phang gan

dung nhat (dugc xac dinh bang diéu kién [Vq 2] — Min) so véi mit da dién di duoc

dinh nghia ¢ trén.

H4
P X
Vd
N
T
7’ 1
4 1
]
s
7 1
1
’ 1
7’
4 1
. ’
/
7 1
| -
O i

Hinh 2.4 M6 hinh chuyén dich cong trinh trong mdt phang dimg
Mt phang chuyén dich & chu ky dau (hoic chu ky duoc lay lam géc so sénh)
dugc quy woc lay tring véi mat HOX, gia st trong chu ky dang khao sat mit phang nay
dich chuyén dén vi tri P (hinh 9.4). Khi d6 c6 thé st dung cac tham sé mat phang P dé
danh gia sy chuyén dich twong ddi cua cong trinh giira 2 chu ky quan tric. Nhu vy, vain

dé xay dung mo hinh chuyén dich trong truong hop nay sé duoc giai quyét theo 2 budc

-Budc 1. Xac dinh tham s6 cua mat phang P
-Budc 2. Xac dinh cac dai lwong dic trung cho sy chuyén dich cua mat phang P

s0 v&i mat phang gbc ban dau (HOX).

1. Tinh toan tham s¢ mat phang
Phuong trinh ctia mat phang cé thé duoc viét dudi dang.
(2.14)
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Trong d6: xi, Hi, Qi 1a toa do theo truc OX, d6 cao va gia tri chuyén dich cua diém
quan tric i, con cac tham s a, b, ¢ cua mit phang (2.14) c6 ¥ nghia hinh hoc nhu duoc

thé hién trén hinh vé 2.4

Néu trén cong trinh trién khai quan trac tai n vj tri voi véc to toa do, d6 cao va

chuyén dich twong tmg 14 X, H, Q. Khi d6 s& lap dugc hé phuwong trinh sb hiéu chinh.

Vo=AZ-Q (2.15)
Trong do:
Z=(a b o)t
X, Xo Xz .. X,
AT =|H, H, H; .. H, (2.16)
1 1 1 .. 1

Ap dung nguyén ly sé binh phuong nho nhat, s& xac dinh duoc véc to tham sb Z theo
cong thtrc.

Z = (ATA)YLATQ (2.17)
2. Tinh toan tham sé chuyén dich

C6 thé lya chon mot s6 phuong an vai tap hop 3 tham s6 dé dic trung cho chuyén
dich cia mat phang P so voi mit phiang dang HOX. Tuy nhién theo ching tdi, c6 3 tham
sb thé hién rd nét nhat cac dic tinh chuyén dich caa mat P 1a chuyén dich cong trinh tai
goc toa do (Qo), goc nghiéng Ién nhat cua mat phang P va huéng cia goc nghiéng 16n
nhét (hinh 2.4). Cac tham sé trén lan luot duogc tinh theo céc cong thic.
- Chuyén dich tai goc toa do (thuong 1a diém trong tam cong trinh).

Qo=c (2.18)
- Goc nghiéng 16n nhat.

B = Arctgy/a’® +b? (2.19)
- Hudng nghiéng 16n nhét (tinh tir truc OX theo chiéu kim dong hd).

a = Arctg (2.20)

b
va? +b?

18



Vi du: Tinh tham sb chuyén dich cong trinh trong mat phang dtng c6 6 diém quan trac, két
qua quan trac chuyén dich ngang & chu ky 2 so véi chu ky 1 cho trong bang 2.3.

Bang 2.3. Toa dg va gia tri chuyén dich cia cac moc quan trac

STT |  Teéndiém Toa do X(m) | Toado Y(m) Ch:z’ri?n‘;i"h
1 QTLT 898.101 7.506 9.6
2 QT2-T 931.900 7.431 8.9
3 QT3-T 965.980 7.508 11.2
4 QT6-D 898.312 3.978 5.6
5 QT7-D 931.968 3.900 3.2
6 QT8-D 965.905 3.831 5.1

Tir s6 liéu ¢ bang 2.3 &p dung céc cong thic tinh toan tir (2.14) dén (2.20) xac dinh
dugc phuong trinh mat phiang chuyén dich c6 dang nhu sau:

Phuong trinh mit phang chuyén dich: g = 0.00001x + 0.00148y + 0.00727
1. Chuyén dich Un tai trong tdm : 7.27mm
2. Goc nghiéng Ion nhat caa mat phang 1an : 0d 1' 18.61"
3. Huéng nghiéng I6n nhat : 89d 37' 13.05"
4. Sai s6 m6 hinh : 1.32mm

2.2.4. M0 hinh chuyén dich cong trinh trong mat phang ngang

Quy uéc gan cho cong trinh mot hé toa do dic trung XOY, & thoi diém ti céng
trinh & vi tri P1 va c6 hé toa do dic trung 1a (XOY), dén thoi diém t, cong trinh & vj tri
P2 va ¢ hé toa do dic trung 1a (X’0’Y”), nhu vay chuyén dich tong thé cong trinh ¢
thé duoc dic trung bang chuyén dich gitta 2 hé toa do XOY va X'O’Y’ nhu mo ta trén
hinh 2.5.

Véc to chuyén doi toa do gitra 2 hé toa do vudng goc phang gom 4 tham sb (ax,
av, o, M), khi so sanh vi tri cong trinh ¢ 2 thoi diém quan trac cac tham sb néu trén co y
nghia 1a. ax , ay- dic trung cho chuyén dich tinh tién cua cong trinh & vi tri gdc toa do
theo cac hudéng truc OX va QY, a- dic trung cho gbc xoay, con m- dic trung cho hé sb

co dan kich thudc cong trinh.
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v

Yl
Hinh 2.5 Chuyén dich giiza hai hé toa do
Tir hinh 2.5 xac dinh duoc cdng thirc chuyén doi gitra 2 hé toa do.
X' = ax + X.m. Cos(a) + Y.m.Sin(cr) } (2.21)
Y' =ay + Y.m.Cos(a) - X.m.Sin (o)

Khai trién tuyén tinh biéu thirc trén véi véc to an sb la cac tham sé chuyeén dich,
ldy gi4 tri gan ding cua véc to tham sd Zo = (axo, ayo, ao, Mo) = (0, 0, 0, 1), dé Y rang
thuc té goc o rat nho va m = 1, s& thu duoc.

X' = 8ax + Y. 8oL+ X. 8 + X }

Y =8ar-X.0a+Y.0m+Y

Mit khac vi. Qx=X'- X, Qv =Y'-Y, nén sé co.

= 8ax + Y. 8oL + X.
Ox = Sax + Y. 8L + X. S } 02)
Qv =day - X. 0 + Y. Om

Dé x4c dinh dugc 4 tham sb (ax, ay, o, M) can co it nhat 4 phuong trinh dang
(9.22), tic la phai can ¢6 s6 liéu 2 diém quan trac. Khi s diém quan trac n > 2, bai toan
s& duoc giai theo nguyén tic sé binh phuong nho nhat. Truéc hét, lap phuong trinh s6
hiéu chinh d6i voi mdi diém quan tric.

Vox = Sax + X. 8m + Y. 8m - Ox } (2.23)

Voy =0ay + Y. Om - X. 0m- Qv

Ky hiéu.
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B _ { 1 0V X, }
01 =X, Y,
A= (B, Bz, Bs..., B))T (2.24)
8z = (dax, day, da, dm)T
L = -(Qx1, Qv1,...Qxn, Qvn)"
Véi n diém quan tric s& thanh lap duoc hé phuong trinh sé hiéu chinh:
Az +L =V (2.25)
Dua trén nguyén ly sé binh phuong nho nhét [Vo?] = min, s& xac dinh dugc hé
phuong trinh chuan.
ATA. 5z + AT.L=0 (2.26)
Tir d6 tinh dwoc véc to tham sé chuyén dich téng thé céng trinh.
Sz=-(AT.A )L AT.L (2.27)
Khi chon hé toa do c6 diém gdc O trung vai trong tam cong trinh thi cac tham sé
ax, ay c6 y nghia 13 gia tri chuyén dich cia diém trong tam, ngoai ra trong trudng hop
ndy bai toan xac dinh tham sb chuyén dich con dugc don gian di rat nhiéu. Thyc vay, hé

phuong trinh chuén (9.26) c6 dang trién khai:

n.dax + [X]om + [Y]oa - [QX] =0

n. day + [Y]om - [X]5a - [Qy] =0 (2.28)
(X2 + [Y?DSM — ([XQx] + [YQy]) =0 >

([Y2]1+ [X°DSo + [YQu] - [XQy] =0 )

Trong hé toa do trong tam, diém gdc O co toa do :

B
N E VA 9.29
0 " 0=, (9.29)

Khi d6 toa d6 cac diém quan tric trong hé méi dugc tinh theo cong thuc:
Xi = Xj- X
! ! 0 } (9.30)
Y_i = Y- Y
Toa dd cac diém trong hé trong tam thoa man diéu kién:

[X1=[Y]=0
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Thay gia tri X; va Y; vao (9.28) va rit gon s& duoc hé phuong trinh sau:

n.0ax - [Qx] =0 \
n.say - [Qy] =0
X2+ [V )om+ (X QA+[Y Q) =0 | (9.31)
(X2 +[Y )8a—-([(XQyl-[YQx]) =0
Tir hé phuong trinh chuan (9.31) xac dinh dugc vector tham sé:
ax:ax0+6ax:M \
n
ay:ay0+6ay: M
n
o=+ da = M > (9.32)

<[]

m=mp+om=1+ XngY_Q
X2+ 2 j

Két hop tinh toan céc tham sé chuyén dich cuc bo va tham sé chuyén dich tong thé

cua cong trinh s& cho phép danh gia mot cach chi tiét va tong quan vé quéa trinh chuyén
dich céng trinh. Quy trinh tinh toan s& dugc don gian dang ké nho chuyén vé hé toa do
trong tdm cua cdng trinh.

Vi du: Tinh tham sb chuyén dich tong thé cua cong trinh trong mat phang ngang c6 4
diém quan tric, két qua quan trac chuyén dich ngang ¢ chu ky 2 so véi chu ky 1 cho
trong bang 2.4.

Bang 2.4. Sé liéu quan trdc chuyén dich ngang

STT | Tén diém T)??n?)@ T\??n?)@ Qx(mm) Qy(mm)
1 Al -25.0 -40.0 -40.2 -7.5
2 A2 25.0 -40.0 -42.3 -30.0
3 A3 25.0 40.0 -8.8 -35.7
4 A4 -25.0 40.0 -6.2 -10.6

Ap dung cac cong thic tinh toan & trén xac dinh dugc mé hinh chuyén dich tong thé
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Cua cong trinh nhu sau:

M6 hinh chuyén dich tong thé cua cong trinh trong mat phang ngang:

Qx = -24.38 + 0.00044Y -0.00005X

Qy = -20.95-0.00044X -0.00005Y

1. Dich chuyén theo truc OX: -24.38mm

2. Dich chuyén theo truc OY: -20.95mm

3. Gbc Xoay : 0d 1' 30.15"

4. Bién dang ty & : 0.99995

5. Sai s6 m6 hinh : 1.89mm.

2.3. M& hinh chuyén dich theo thoi gian
2.3.1. Co so ly thuyét

Gia st md hinh chuyén dich cdng trinh theo thoi gian dugc thé hién théng qua
ham sé & dang tong quét;
q=f(t) (2.33)

Gia str ham s6 9.32 duoc trién khai tuyén tinh véi vector tham s6 Z gom k phan
ta:
_ T
Z=(21,25,,y Z) (2.34)

Bai toan dit ra 13, can dwa vao chudi két qua do chuyén dich trong n chu ky dé
xac dinh vector tham s6 cua ham 9.33. Ki hiéu day thoi gian va gié tri chuyén dich thu
duoc trong cac chu ky quan tréc bing céc véc tor T = (t;,ty,...,t,)";
q=(0g,9.....q,)" . Khi s chu ky quan tric I6n hon sé lugng tham sé (n > k), bai
toan dugc giai theo nguyén Iy sé binh phwong nhé nhat theo trinh ty sau:

Trién khai tuyén tinh biéu thirc 9.33 theo cac bién zi véi vector tham sé gan
ding Z o= (2,°,2,°....2,°)", x4c dinh duoc:

; = aj;dz; +a,dzy +... + adzy + qio; (i=1,n) (9.35)
VOi:
qio = alzlo + azzzo +...+aK zko (9.36)

Coi vector chuyén dich q 1a vector tri do, chuyén sang hé phuong trinh s hiéu
chinh, sb hiéu chinh s& c6:
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v a1 Q.. Yy dz, Iy
Vo | |8 @xp .. Ay | [dzp| |l
= X + (9.37)
Vnl L1 @n2 s 8nk _de_ _Ik_

Hoac viét dudi dang ma tran:
V=AdZ+L (9.38)
Trong d6: vector s6 hang ty do L=q - qo.

Theo nguyén ly s binh phuwong nhé nhat ([v?] = Min) xac dinh dugc vector an sb
va tir d6 tinh vector tham sb cia mé hinh:

dz=—(ATA)LTATL

(9.39)
z=7"+dz
Sai s6 mo hinh duoc dic trung bang gié tri caa sai s6 (mwmw), tinh theo cdng thic:
2
mMH = u (940)
n—k

Ham s 2.33 véi cac tham s6 tinh duoc 13 biéu thic thé hién mé hinh chuyén
dich theo thai gian. M6 hinh chuyén dich theo thai gian cho phép thuc hién tinh toan,

du bao chuyén dich cong trinh trong thoi gian tuong lai.

Dang caa ham s6 mo hinh dwgc chon dya trén co s phan tich truc quan trén d6
thi chuyén dich. Néu ham sé mé hinh duoc lua chon dung thi sai sé md hinh sé& c6 gia
tri trong duong vai sai s6 do chuyén dich.

2.3.2. Thanh Idp mé hinh d6 1in theo ham sé mii
Theo ly thuyét co hoc dat nén moéng thi d lGn cong trinh & thoi diém t c6 thé

duoc tinh theo cdng thirc:

S =S, (1—-e*t) (9.41)
Trong d6: Stp- do 1Gn toan phan cua céng trinh

a - hé sb nén twong dbi cua nén.
Trong giai doan thiét ké, d6 ltn cong trinh duoc tinh toan dya theo cac tham sb

thuc nghiém Ste va .. Dén giai doan thi cdng hoic van hanh céng trinh, két qua do lin
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duoc st dung dé xac dinh cac tham sé Ste va o va dua vao cong thic 2.41 dé tinh (du
bao) do 1Gn ¢ thoi diém bat ky. Néu da thuc hién n chu ky quan trac 1Gn (n > 2) thi hai

tham sé trén dugc xac dinh theo phuong phap binh phuong nho nhat, tac [v4] = min.

Khai trién ham (2.41) thanh chudi va git lai dén s6 hang bac nhat:

oS, oS,
S, = [ ")Aa-l- ( b ]AS + (s)
' oa. oS /o

s

Trong do:
Ao = a-a,

AS = STP '(STP)O

(S,) = (Sy)a(1e™")

oto VA (STp)o - Gid tri gan dung cua o Va Syp.

Ky hiéu:
0S
ol =(SL) t.e™t =a 2.42
6STP] ( TP)O i i ( )
0S
t, } “ e =p (2.43)
oa

Phuong trinh s6 hiéu chinh ddi véi chu Ky do thi i ¢6 dang:

V, =a,AS +b,.Aa + ], (2.44)
Trong do:

v, =S, - (S, )

L =(S5,)s - (S

Tir hé phuong trinh s6 hiéu chinh (9.43) ching ta lap dugc hé phuong trinh
chuan:

[aa].AS + [ab].Aa + [al]—O} (2.45)

[ab].AS + [bb].Aa + [bl]=0

Giai hé phuong trinh chuan (9.44) dé xac dinh Ao va ASp, tir d6 tinh duoc:
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a=o, T Aa (2.46)
STP = (STP)O +AS
Tbc do 1an caa cong trinh tinh theo cdng thuc:
v =8 og ge (2.47)
©dt

Tir cong thire (2.47) c6 thé thay tde do 1an 16n nhat khi bat dau quan trac 1an va
tbc d6 1un giam dan theo thai gian. Thuc té, khi at > 6 cong trinh duoc coi 13 6n dinh
va 6 thé ngimg do lan.

Do thi biéu dién do 10n tuyét ddi va toc do 1Gn theo thoi gian c6 dang nhu céc
duong cong trén hinh 2.6.

S =S, (1-¢*)

Hinh 2.6 Puong cong ldn va toc dg 10n
2.3.3. Mo hinh ham da thuc

1. Thuat toan xay dung mo hinh
Du bao do chuyén dich va bién dang cong trinh dwa trén két qua quan tric c6 y
nghia quan trong trong qua trinh quan ly va van hanh céng trinh thuy loi- thuy dién. Noi
dung cua bai toan du béo chuyén dich cong trinh theo thoi gian dwoc dit ra nhu sau.
Trén co s& tap hop sb lidu do chuyén dich cong trinh trong n chu ky voi cac di
lieu quan tric duoc, gom cé: thoi gian thuc hién cac chu ky do 13 {ti, to, . . . tn} VOi tap
gia tri chuyén dich ngang tuong tng 1a{ Q1, Qa,. .. Qn}. Can xac dinh ham sb biéu thi

su phu thudc gitra chuyén dich Q so véi thoi gian t va danh gia chuyén dich & mot sé
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thoi diém duoc chon trong tuong lai.

Dé giai quyét van d& néu trén, can phai xac dinh ham toan hoc dang Q: = F(t), thuc
chat day 12 mé hinh chuyén dich theo thoi gian. Md hinh nay cho phép giai quyét van
dé dy bao chuyén dich cong trinh va mot sé bai toan lién quan khac. Phu thugc vao tinh
chét tuan hoan (hoic khdng tuan hoan) cua gia tri chuyén dich ma c6 thé st dung céc
dang ham sé khéac nhau.

Khi st dung da thac, chuyén dich ngang cong trinh dugc thé hién dudi dang.

Q=9 +a1.t+a2.t2+...+ak.tk (2.47)

Trong dé: Q; - d6 chuyén dich cong trinh & thoi diém t, con ao, a1, @z,....ak 13 cac hé
sb cua da thuc.

Nhu vay, dé tinh gié tri chuyén dich céng trinh theo cdng thirc (2.47) can phai xac
dinh duoc s6 bac da thire (k) va véc to hé s6 cua da thuc. ao, ai, az,....ax.

Néu biét bac cua da thirc 1a k thi céc hé sé ai (i = 1+k) duoc xac dinh tir s6 liéu do
chuyén dich trong n chu Ky da quan trac. Mdi chu ky do sé& thanh lap dugc 1 phuong
trinh dang (9.47), va tir n chu ky quan trac s& thanh lap duoc n phuong trinh, trong khi
c6 (k+1) hé sb can tim. Dé xac dinh duoc cac hé sb a; can phai ¢ n > (k+1).

-Truwong hop 1. Néun =k+1, véc to hé s6 a duoc xac dinh trén co sé giai hé phuong
trinh tuyén tinh (2.39). Tuy nhién trudng hop nay it xay ra trong thyc té vi khi s6 luong
chu ky quan trac chi vira da dé xac dinh véc to hé sb thi da thuc xay dung duge c6 do
tin cay khong cao.

-Trieong hop 2. Néu n>k+1 thi bai toan duoc giai bang phuong phap sé binh
phuong nho nhat theo trinh ty sau.

Coi (2.47) 1a phuong trinh tri do, s& lap duoc hé phuong trinh sb hiéu chinh tir tap
hop két qua n chu ky quan tric.

2 k

Vp =ag+agt, +a,ti +..+a, tf —Q, )

Ky hiéu.
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Q=[Q -Q -Q .. —-Q.
Z =(ag,8y,..,a,)"

V =(V,V, V)

1t t2 .t
1t, t2 .. t5

1t t2 . otf]
Ching ta viét dugc hé phuong trinh s6 hiéu chinh dang:

V=BZ+Q (2.49)
Ap dung nguyeén tic sé binh phuong nhé nhét lap duoc hé phuong trinh chuan:

B'B.Z-B'"Q=0 (2.50)

Tir d6 x4c dinh véc to nghiém (tham sé cua mé hinh).

Z=—(B"B)B'Q (2.51)

Ky hiéu. Qi% , Qi™ tuong tng la cac gia tri chuyén dich do va tinh theo mo hinh ¢
thoi diém chu ky quan tric thir i. Khi d6 hiu & =Q% —Q™ s& 1a do léch ciia md hinh

so véi sb liéu quan trac. V6i n chu ky quan triac s& xac dinh dai luong.

(2.52)

Gia tri p tinh theo cang thirc (2.52) thé hién do léch trung phuong ctia md hinh so
véi két qua quan tric thuc té, vi vay p dic trung cho do chinh xéac caa md hinh va cé thé
duoc goi 12 sai s6 mé hinh.

2. Lua chon bac da thuc

Pé chon bac cua da thtc c6 thé s dung nguyén tic. “Pa thitc dweoc chon la da
thizc ¢6 sai s6 mé hinh nhé nhdt”. Theo nguyén tic ndy, lan luot thanh lap cac da thirc
Véi s6 bac tang dan tir 0 dén n-2, voi mbi da thuc tién hanh tinh sai s6 md hinh () theo
cong thic (2.50) va md hinh dugc chon 14 da thic ¢6 p nho nhét.

Trong viéc chon bac da thuc k ¢é thé thuc hién theo nguyén tic. “da thirc dwoc

chon la da thirc ¢6 s6 bdc nhé nhdt, ma sai sé Ciia mé hinh dé twong dwrong véi sai s6
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do chuyén djch”. Cach chon bac cua da thirc ndy dua trén co s& suy luan rang da thuc
vé6i sb bac cang nho thi c6 d6 6n dinh cang cao. Vi vy s& hudng dén viée tim da thirc
c6 sd bac nho nhét, dong thoi phu hop véi d6 chinh xac cua két qua quan tric. Van dé
trén cd thé duoc giai quyét theo trinh tu sau. lan luot 14p da thic voi s6 béc ting dan,
bit dau tir bac 0, véi mdi da thirc da xac dinh, tinh va so sénh sai s6 mé hinh (p) véi sai
s6 xac dinh chuyén dich mo, néu 2 gia tri sai s trén 13 twong dwong thi dirng qué trinh
tinh toan va da thic vira xét dugc chon 1am mé hinh chuyén dich.

Ham da thic c6 tinh tong quat va c6 thé ap dung véi bat ky cong trinh nao. Déi
véi do lun, cac budc tinh toan du bao ciing duoc thuc hién hoan toan tuong tu.
Vi du: Xay dung md hinh chuyén dich cong trinh theo ham da thtic

S6 lieu chuyen dich ngang cia méc quan trac M7 trong 7 chu ky dau tién duoc dua

ra & bang 2.5. Lan luot xay dung mé hinh da thirc tir bac 0 dén bac 5, két qua tinh toan hé s6
da thirc va sai s6 trung phuong mé hinh duoc dua ra trong bang 2.6.

Bdng 2.5: Két qud quan tréc diém moc M7

Ch(;oky Thoi gian do Chlﬁ/léant(rjlich chitky Thoi gian do .;'Slytg;
(mm) do dich (mm)
1 25 -12- 2001 00,0 5 25- 04- 2003 -44.8
2 25 -04 -2002 -10,4 6 27 -09- 2003 -47,0
3 19 -08 -2002 -22,1 7 12 -05- 2004 -48,8
4 08 -12 -2002 -30,3
Bdng 2.6: Két qua xay diwng md hinh
S6 | Bac Hé s6 da thiic Sai s6
TT | da mo hinh
thire do az as a4 as (mm)
1| 0 | -29,057 | -ooeeem | mmemem | oo | oo | e 19,16
2 | 1 | -6,040 |-21,756 | -m---emn | e | e | oo 7,005
3| 2 | 1938 |-45516| 10,035 | --eo-m | meeeeee | ceeeee 2,655
4 | 3 | 0391 |-33477| -3,782 | 3,877 | --eeeom | meeoee 2,292
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5 4 -0,223 | -19,799 | -35,265 | 26,084 4776 | ----m-- 2,348
6 5 0,103 |-46,854 | 70,463 | -110,546 | 65,784 |-12,531 | 2,328

Theo két qua dua ra & bang 2.7, da thtc bac 3 ¢d sai s6 trung phuong nhé nhat
nén duoc chon 1am mé hinh. Str dung mé hinh nay dé du béo chuyén dich (vi du cho 4
thoi diém céch chu ky quan tric cudi cung 1, 2, 4 va 8 thang) chung ta thu dwoc két qua:
-Két qua du bao sau 1 thang: Qu ) = -47,1mm, sai s6 du b4o: m = 2,8mm
-Két qua du bao sau 2 thang: Q@) = -45,3mm, sai s6 du béo: m =3,6mm
-Két qua du bao sau 4 thang: Qum) = -40,8mm, sai s6 dy bao: m =5,6mm

-Két qua du bao sau 8 thang: Q@ = -27,0mm, sai s6 du b4o: m =11,9mm.

2.3.4. M0 hinh ham tuan hoan

1. Ly thuyét va thudt toan

Khi st dung ham tuan hoan, chuyén dich ngang cong trinh duoc thé hién dudi
dang:
Q, =a, +4a,.sin(wt) +a,.cos(wt) (2.53)

Trong d6: t va Q¢ la thoi gian thyc hién va gié tri chuyén dich cua ddi twong quan

trac & chu ky quan trac. C6 4 tham sb can xac dinh trong ham tuan hoan la. ao, a1, a2 va

W, VGi ao thé hién chuyén dich trung binh cua déi twong, Vai?+a2? thé hién bién do cua
chuyén dich, con w dic trung cho chu ky caa ham tuan hoan.

Gia str ¢6 n chu ky quan trac (n > 4), khi d6 s& thanh 1ap duoc hé phuong trinh s6
hiéu chinh.

v1 =ag +sin(wt; )ag +cos(wty)ap + 1ty (ag cos(wty) + ap sin(wty ))dw — Qq

Vo =ag +Ssin(wto)ag +cos(wto)ao +to(ag cos(wtp) + ap sin(wto))ow — Qo

(2.54)
vV =ag +sin(wty, )aq + cos(wty,)ay +ty (a1 cos(wty, ) + a, sin(wt,))ow —Qp,
Str dung ky hiéu.
1 sin(wt;) cos(wt;) t;(a; cos(wt;)+a, sin(wt,)) |
8- 1 sin(wt,) cos(wt,) t,(a;cos(wt,)+a,sin(wty))| -
|1 sin(wt,) cos(wt,) t,(a;cos(wt,)+a,sin(wt,)) (2.55)

~—
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Q=[-Q -Q -Q . -Q,]"

V = (Vy, VeV,

Hé phwong trinh (2.52) ¢6 thé duoc viét lai dudi dang ma tran.
V=BZ+Q (2.56)

Tir hé phuong trinh (2.54) x4c dinh duoc véc to tham sd Z = (ao, a1, a2, W)T theo
quy trinh gidng nhu da trinh bay trong muc 2.3.3 théng qua céc cong thirc tuong tir
nhu (2.50) va (2.51).

2. M6 hinh két hop
Khi chuyén dich cia cng trinh khdng chi c6 tinh chat tuan hoan don thuan, ching
ta c¢d thé xay dung mé hinh chuyén dich theo mot s6 dang ham sé két hop, vi du:

Q; = ay +a4.sin(wt) + a,.cos(wt) + ast (2.57)

hoac:

Q, = ag + (a.5in(Wt) +a,.cos(Wt))b" +ast +a,t% +... (2.58)

Véi mé hinh (2.57), véc to tham sé caa mé hinh can xéac dinh 1&: Z = (ao, a1, a2, as,
w)T, con d6i véi mo hinh (2.58) véc to tham sd twong tng 1a Z = (ao, a1, a2, as, as,...b,
w)T. Trong céc trudng hop nay, quy trinh tinh toan dé xac dinh cac tham sé6 mé hinh
cling hoan toan gidng véi hai trudng hop co ban di néu & trén. DSi véi mo hinh dang

ham tuan hoan, sai sé6 mo hinh duoc tinh theo cong thuc:

(2.59)

Trong d6, & 14 hiéu cua gia tri chuyén dich do dugc va gié tri chuyén dich tinh theo
m6 hinh & chu Ky twong @ng, n va t 1an luot 1a s6 luong chu Ky do va sb lugng tham sé

cua mo hinh.

Thuc té quan trac chuyén dich tai cac cdng trinh thiy dién Ién ¢ Viét Nam cho
thy, gia tri chuyén dich ngang cua céc tuyén dap trong giai doan van hanh phu thudc
rat nhiéu vao muc nudc trong hd chira. Yéu té nay lai c6 tinh chat bién doi theo mia va

cd tinh tuan hoan véi chu ky khoang 1 nam. Vi vay viéc sir dung ham tuan hoan hoic
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ham hdn hop dé xay dung mé hinh chuyén dich caa cac dap thuy dién 1a can thiét cho
cdng tac quan ly va van hanh cong trinh va cho phép du bao chuyén dich cong trinh theo
thoi gian.

Vi du: Xay dung mé hinh chuyén dich theo ham tuan hoan

S6 liéu quan tric chuyén dich ngang caa mot mdc tai cong trinh thay dién trong

18 chu ky (thudc giai doan van hanh cong trinh) duoc dua ra ¢ bang 2.7.

Bdng 2.7: Két qua quan trdc chuyén dich diém moc quan trac trén tuyén dap thiy dién

86 Gia tri chuyén | SO Gia tri chuyén
Thoi gian do Thoi gian do

/T dich (mm) T/T dich (mm)
1 20-01-2002 -086,2 10 07-07-2003 -110,5

2 19-03-2002 -090,4 11 11-09-2003 -092,2

3 15-05-2002 -111,0 12 16-11-2003 -084,8

4 30-07-2002 -106,4 13 12-01-2004 -084,2

5 09-09-2002 -102,3 14 17-03-2004 -103,2

6 14-11-2002 -083,4 15 18-05-2004 -112,5

7 28-01-2003 -084,6 16 07-07-2004 -112,3

8 25-03-2003 -095,8 17 06-09-2004 -099,9

9 14-05-2003 -107,0 18 16-11-2004 -081,9

Chon ham:

Q; =, +a.sin(wt) +a,.cos(wt) + ast
Vi cac tham s Z = (ao, a1, az, as, ...w)T dé thanh 1ap md hinh chuyén dich. Tir két qua
tinh toan thu dugc cac tham sé md hinh:

Z = (a0, a1, a2, as, ..W) T = (-9,55, -5,33, -13,99, -0,07, 11,67) T véi sai s6 mo hinh
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u =3,10mm.

Dua vao két qua lap mé hinh ching ta xac dinh va danh gia mot sé théng sd

chuyén dich co ban cua diém quan tric 1a: bién d6 dao dong cua chuyén dich A =

\5,3% +14,02 =15,0mm, chuyén dich tuan hoan xay ra véi chu ky T = 11,7 thang.
Thuce hién tinh toan du bao chuyén dich (vi du cho 4 thoi diém cach chu ky quan tric

cudi cung 1, 2, 4 va 8 thang) thu duoc két qua:

- Két qua du béo sau 1 thang: Qq tny = -83,8mm, sai s6 du bédo: m = 2,1mm.
- Két qua du béo sau 2 thang: Q) = -88,0mm, sai s6 dir bao: m = 2,7mm.
- Két qua du béo sau 4 thang: Quw) = -103,2mm, sai s6 du bao: m =3,2mm.
- Két qua du béo sau 8 thang: Q) = -107,7mm, sai s6 dy bao: m =3,9mm.

Két qua khao sat ly thuyét va thuc té cho thdy, mo hinh ham da thirc phi hop véi giai
doan thi cdng va thoi ky dau van hanh cong trinh, con md hinh ham tuan hoan va ham

hdn hop duoc sir dung trong giai doan van hanh cong trinh.

2.4. Panh gia chuyén dich cong trinh theo phwong phap phan tich twong quan
tuyén tinh don

Do 1Gn va chuyén dich ngang cong trinh phu thudc trudc hét vao tinh chit co Iy
ctia dat nén va mot s6 yéu té ngau nhién khac nhu do am, muc nudc ngam ... Tac dong
tong hop cua cac yéu to da néu c6 thé 1am thay d6i quy luat lin ciing nhu chuyén dich
cong trinh theo thoi gian.

Mot trong nhitng nhiém vu quan trong cua cong tac quan trac bién dang cong
trinh 14 danh gia mirc d6 phu thudc gitra cac yéu td ngau nhién véi do 1un (hoac chuyén
dich) cong trinh. C4c van dé duoc dit ra la:

1-Panh gia mac d6 phu thudc cua chuyén dich véi mot hoac mot sé nhan té cé
thé anh huéng dén do chuyén dich d6 (c6 ton tai su phu thudc giira chiing khong ? Mic
d6 phu thudc nhu thé nao néu ching ton tai ?).

2-Xac dinh biéu thtrc cuia ham sé md ta méi quan hé phu thudc néu trén giira cac
bién ngau nhién.

2.4.1. Co so ly thuyét
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Gia st co {(Xi, Yi} 1= 1,_n 12 m6t mAu ngau nhién hai chiéu thu dugc khi quan
sat véc to ngau nhién (X, Y) thi hé sb twong quan mau rxy ctia X va Y duoc xac dinh
nhu sau:

Z(Xi _Y)(Yi _?)
o . ) XY - XY (2.60)
" \/Z(xi - X)? \/Z(Yi -2 X)W ()

n

n

Trong do
. ZX| o ZY| - ZXIYI
X=d —y="1_.Xxy=-
n n n
D S
X _'_; S
n n

Hé s6 twong quan tinh theo cong thirc (9.60) 13 chi sb biéu thi cho su twong quan
giita hai dai lugng ngiu nhién X va Y. Hé s6 rxy bién thién tir -1 dén +1, néu rxy bang
+1 hodc -1 thi gitta X va Y ton tai chinh xac méi lién hé tuyén tinh, tirc Y= aX+ b hoac
X=cY+ d. Néu gia trj rxy cang gan +1 hodc -1 thi giita X va Y ton tai su twong quan
manh va nguoc lai, néu gia tri hé s6 rxv cang gan 0 thi cang it c6 su lién quan giira X va
Y v6i nhau. Pé danh gia do tin ciy cua hé s6 twong quan tuy thudc vao sb 1an quan tric
ma su dung cac cong thuc sau.

- Khi n du 16n (n> 50) tinh d6 1éch chudn cta hé sé twong quan.
1-r?

NG

Moi quan hé tuong quan giita 2 dai lugng X, Y coi nhu duoc xac 1ap néu thoa

(2.61)

min diéu kién:
\r\ > 30, (2.62)
- Khin <50 sur dung ham dac biét phan b theo quy luat chuén, dugc goi la tiéu

chuan Fisher.

7 =tpitr (2.63)
2 1-r

Phuong sai cua dai luong Z duogc tinh theo cong thirc.
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1

— (2.64)

O-Zz

Trong trudng hop nay mdi quan hé twong quan giita X va Y ciing duoc thiét 1ap vai diéu
Kién:

12> 30, (2.65)

2.4.2. Xay dung ham hoi quy tuyén tinh don
Khi quan hé twong quan gitra 2 dai lugng X va Y da duoc xac lap, s dung ham
hdi quy tuyén tinh don dé mé ta mdi quan hé d6. Trong trudng hop nay, ham hdi quy co
dang.
Y=aX+b (2.66)
Céc tham sb a, b cua ham héi quy (8.66) dugc xac dinh trén co sd n cap tri do
(Y. X) 1. {¢Y;, Xi) = {0V, X1), (Y2, X2),.ee, (Y, Xp) } theo nguyén ly s6 binh phuong

nho nhat.
n 2 .
>(Y; —a.Xj —b)* =min (2.67)
i=1

Khi d6 s& dan dén hé phuong trinh tuyén tinh.

[X2]la+[X]b-[xY]=0
[X]a+nb-[v]=0 } (9.69)
Giai hé phuong trinh tuyén tinh (9.68) va luu ¥ cong thirc tinh rxy xac dinh duoc
c4c tham s a, b:
VX = (X)?
Yo -(v)?
b=Y —a.X
Vi du: Ap dung phan tich twong quan tuyén tinh don

(2.69)

Dbi voi cac hd chira nudce thi cao trinh muc nude 14 yéu td ¢6 anh hudng 16 t6i
su bién dang cua dap, nhét 13 chuyén dich ngang. Muc nuéc trong hd cang cao thi ap
lue nudc cang tang, diéu nay c6 xu hudng dan dén do chuyén dich cia dap cang 16n vé
phia ha luu.

Trén cé so s liéu quan trac chuyén dich ctia mot dap thuy dién trong 43 chu ky
(s6 liéu thu duoc trong ting chu ky gdm: d6 cao muc nude hd va gia tri chuyén dich cta
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mot mdc quan trac), chiing toi da sap xép két qua quan tric theo tht tu ting dn ctia muyc

nudce (bang 2.8).

Bang 2.8: Két qua quan tric chuyén dich diém quan trdc trén tuyén ddp thity dién

S6 | Muc nudc Chuyén dich S6 | Muc nuée Chuyén dich
TT |hdchtaH(m) |ngangQ(m) |TT |hdchiraH (m) |ngang Q(m)

1 86,46 0,0206 23 105,31 0,0094

2 87,56 0,0246 24 | 105,36 0,0063

21 | 103,52 0,0159 43 | 116,56 -0,0043

22 | 105,27 0,0070

Viéc phan tich, danh gia chuyén dich cta diém quan trac duoc thuc hién theo 2
noi dung 1a kiém tra mac do phu thudc cua gia tri chuyén dich (Q) so véi do cao muc
nuéc hd (H) va xay dung ham hdi quy dic trung cho su tuong quan do.

- Xdc dinh méi quan hé twong quan giira Q va H

+ Theo cong thic (8.60) va (8.63) tinh duoc hé s6 twong quan r, z:

ryy =094 5 z=0,75

+ Theo cong thic (8.64) tinh do léch chuan oz:

o; =016

+ Kiém tra d6 tin cay cua hé sé z theo cong thirc (9.65), chung ta xac dinh duoc
gitta Q va H c6 mdi quan hé tuong quan manh. Do d6, chuyén sang budc 2 1a xay dung
ham hoi quy cho mdi quan hé gitta 2 dai lugng d3 néu o trén.

- Xay ding ham hai quy

Ham héi quy tuyén tinh thé hién sy phu thudc cua chuyén dich Q vao do cao H
c6 dang:

Q=aH+b

Duya vao s6 liéu dua ra ¢ bang 2.9, ching ta lap dugc hé phuong trinh tuyén tinh
Vi an sb 1a tham sé a va b:
465207,427.a + 4451,610.b = 39,997
4451,610.a + 43,000.b = 0,426
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Giai hé phuong trinh trén, xac dinh dugc vector tham sb:

a=-0,00094; b=010733

Nhu vay phwong trinh hdi quy thé hién méi quan hé gitra chuyén dich ngang diém
quan tric va myc nuéc sé 1a:
Q=-0,00094.H +0,10733
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CHUONG 3: UNG DUNG MAY TiNH TRONG PHAN TiCH HOI QUY QUAN
TRAC LUN CONG TRINH
3.1. Phwong phap giai cac bai toan hdi quy ban phan mém tw 1ap

3.1.1. Modul phdn mém
- Modul 1ap hé phuong trinh chuén
procedure ptc(i,k:integer);
begin
foril:=1to k+1do
begin
for i2:=il1 to k+1 do
begin
J:=(i2*(i2-1))DIV 2+i1;
rnm[j]:=rnm[j]+a[il]*a[i2];
end;
end;
end;

- Modul giai hé phuong trinh chuan
procedure gptc(k:integer);
begin

rnm[1]:=sqrt(rnm[1]);
for i:=2 to k+1 do
begin
m:=i*(i-1) DIV 2+1;
rnm[m]:=rnm[m]/rnm[1];
end;
for i:=2 to k+1 do
begin
i1:=i*(i-1)DIV 2;
b:=rnml[il+i];
forj:=1toi-1do
begin
b:=b-sqr(rnm[il+j]);
end;
rnm[il+i]:=sqrt(b);
for j:=i+1 to k+1 do
begin
12:=(j*(-1)) DIV 2;
b:=rnml[i2+i];
form:=1toi-1do
begin
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b:=b-rnm[il+m]*rnm[i2+m];
end;
rnm[i2+i]:=b/rnm[il+i];
end;
end;
il1:=(k*(k+1)) DIV 2;
for i:=k downto 1 do
begin
i2:=(i*(i-1)) DIV 2;
rm[il+i]:=rnm[il+i]/rnm[i2+i];
for j:=1to i-1 do rnm[il+j]:=rnm[il+j]-rnm[il+i]*rnm[i2+]];
end,
end;

- Modul nghich dao ma tran
procedure ndmt(k:integer);
begin
for i:=k downto 1 do
begin
for j:=k downto i+1 do
begin
i1:=j*(j-1) DIV 2;
m:=i*(i+1) DIV 2;
b:=0.0;
for m:=i+1tojdo
begin
i2:=m*(m-1) DIV 2+i;
13:=11+m;
b:=b-rnm[i2]*rnm[i3];
end;
for m:=j+1 to k do
begin
i2:=m*(m-1) DIV 2+i;
13:=m*(m-1) DIV 2+j;
b:=b-rnm[i2]*rnm[i3];
end;
m:=i*(i+1) DIV 2;
a[j]:=b/rnm[m];
end;
m:=i*(i+1) DIV 2;
b:=1.0/rnm[m];
for j:=i+1to k do
begin
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m:=j*(j-1) DIV 2+i;
b:=b-a[j]*rnm[m];
end,
m:=i*(i+1) DIV 2;
a[i]:=b/rnm[m];

for j:=ito k do

begin
m:=j*(j-1) DIV 2+i;
rnm[m]:=a[j];

end,;
end,
end;
\ \
- - A A A

3.1.2. Giao dién phan mém
E Chuong trinh du bao lun theo ham da thuc
DU BA0 LUM DIEM M1 [23-chu ky: 1 thang du bao)
231
=TI
z 83 =z
3 1a 3
a4
5 o0z &
E 22 E
7 =& 7
2 25 B
3 =z 19
10 ‘a4z 10
11 =33 11
1z .33 1z
13 a8 13
14 -Z4 14
15 32 15
16 -21 16
17 B4 17
12 53 18
19 EE5 14
20 -7 20
2 732
2z @2 2z
23 & 23
[5] G| Gihi File | Harm bac 2 | Harn bac 3 | Harn bac 4 | T hoat

Hinh 3.1. Giao dién phan mém dir béo

ﬂ Chuecng trinh du bac lun theo ham da thuc —

DU BAOQ LUM DIEM k1 [23-chu ky: 1-thang du baao)

Ham bac 4: Do lun = Atd+Bt3+Ci2+Di+E

Tong P = 7044
Do chinh sac cua mo hinh la - Mo = 1.66022mm
Cac he so &= 0.00023; B=-0.01502; C=0.28416; D=-2.04218; E= 7 20256

Do lun du bao sau thoi gian 24.0 thang |a: -10.99070mm

0 Mo File | B Fl: | Hambac2| Hambac3|

Thoat |

Hinh 3.2. Két qua di bdo dé 1un theo ham hai quy
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3.2. Giai c4c bai toan hdi quy bang Exel
Ngoai viéc str dung cdc ham dé du bao cho mo hinh hdi quy tuyén tinh nhur
da trinh bay & phan trén, ta c6 th é st dung trinh cai thém Regression trong bd phan
tich dir liéu Data Analysis.

3.2.1. Quy trinh Idp bang héi quy tuyén tinh trong Excel
- Nhap s6 liéu vao bang tinh ddng thoi theo timg cot hodc dong thoi theo ting

dong.
- Chon Tools\ Data Analysis\ Regression, OK . Cac bang hop thoai lan luot

duoc xuat hién nhu sau:

Data Analysis @@

fnalysis Tools
OK !
| [
Moving Average Cancel

Random Number Generation

Rank and Percentile
Help

t-Test: Paired Two Sample for Means

t-Test: Two-Sample Assuming Equal Yariances

t-Test: Two-Sample Assuming Unequal Variances

z-Test: Two Sample for Means %

Regression E]

Input
oK
Input ¥ Range: | ﬂl -
Cancel
Input ¥ Range: 'kJ
Hell
I Labels ™ Constant is Zero él
I” Confidence Level: |95 %
Output options

(" Qutput Range: E]
* New Worksheet Ply:

(" New Workbook

Residuals
[ Residuals I Residual Plots
| Standardized Residuals I Line Fit Plots

Normal Probability
[ Mormal Probability Plots

Hinh 3.3. Hop thoai khai bdo cdc théng sé ciia mé hinh hoi quy
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Mt s6 thudt ngiv:

Input Y Range: Vung dia chi chtra bién phu thude Y
Input X Range: Vung dia chi chira cac bién doc lap X

Labels: Tich vao muc nay dé khang dinh 6 (cac 6) dau tién khong chira dir
liu hoi quy

Constant is Zero: Tich vao muc nay dé khéng dinh hé sb tu do ctia ham hdi
quy tuyén tinh b =0

Confidentce Level: P tin cdy cta hdi quy (méc dinh 13 95%) bang 1-a véi o
14 mirc y nghia hay xac suat mic sai 1am loai bo Ho trong khi Ho ding.

Céc lua chon két xuét két qua Output Option:

Output Range: Ving ho ic 6 phia trén bén trai ¢ tia ving ch tra két qua

New Worksheet Ply: In két qua ra mot sheet khac

New Workbook: In két qua ra mot file Excel méi

Céc lua chon khéac Residuals: Tich vao cac muc nay dé dua ra

Residuals: Sai s6 do ngiu nhién

Standardardlized Residuals: Chuan hoa sai s6

Residuals Plots: D6 thi sai s6

Line Fit Plots: P6 thi ham hoi quy tuyén tinh

Xac suat phan phdi chuan Normal Probability:

Normal Probability Plots: Do thi xac suat phan phdi chuan

Nhan OK dé dua ra két qua hoi quy.

Thay céc hé sé ciia md hinh hoi quy tinh duoc va cac gia tr i da cho trong ky
du béo vao ha m hdi quy ta s€ tinh duoc gia tri can dy bdo.

Lai xét vi du 4.3 o trén: Loi nhuan cia doanh nghiép (y) phu thudc va gia
thanh san pham (x1), chi phi quan 1y (x2), chi phi ban hang (x3). Du bao lgi nhuan
ctia doanh nghiép dat duoc khi x1 = 600, X2 = 35, X3 = 25 bang cong cu Regression
ta lam nhu sau:

Nhap sb liéu vao bang tinh nhu & phan trén
Chon Tools\ Data Analysis\ Regression, OK. Bang hop thoai Regression xuat hién

ta dién cac théng tin nhu trong hinh sau:
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Regression @
R

Input ¥ Range:

Cancel I

Input X Range: |$C$28:$E$36 %‘;]
Hel
I Labels I Constant is Zero ;’
Iv Confidence Level: |98 o
Output options

¢ Output Range: |$B$55 i
7 Mew Worksheet Ply: I

" mMew Workbook
Residuals

I Residuals I Residual Plots
I Standardized Residuals I Line Fit Plots

rormal Probability
I mMormal Probability Plots

Hinh 3.4. Khai bdo cdc théng s é cia mé hinh

Nhan OK ta duoc bang két qua sau:

B c D E F G H | J

| 53 | Pharomg phdp dir bao hot gy sie dung frinh cdi thém REGRESSTON
| 54

55 SUMMARY OUTPUT
| 56

57 Fegression Statistics
| 58 | hultiple R 06098111

59 F. Square 0.3718695

| 60| Adjusted R Square  -0.005009
| 61 | Standard Error 21.459017

| 62 Observations 9
| 63
64 ANOVA
| 65 di’ 55 MS F Significemce F°
66 Regression 3 1363.108415 454.37 0.9867 (.46963689
| 67 Residual 5 2302447141 46049
68 Total 8 3665555556
| 69
| 70 Coofficients Standard Ervor ¢ Stet P-value | Lower 058 Upper 5% Lower 08 03 ppar 98 0%
71 | Intercept 32291733 132.2320146 24421 0.0585 -16.99533 662.82999 -122.0342 767 86834
| 72 | ¥ Variable 1 0.2042142 0252185639 08098 04540 -0.4440485 0352477 -0.644373 1.05238013
73 X Variable 2 33211215 3.425372693 0.9696 0.3768 -5.4840649 12.126308 -8.205019 14.847262
| 74 X Variable 3 04318369 4.004704402 0.0965 0.0260 -12.35767 13321344  -16.3253 17.283072

3.2.2. M{t s6 thudt ngi trong bang két qud
Bang tom tat SUMMARY OUTPUT:

Regression Statistics: Cac thong s 6 cia mé hinh hdi quy
Multiple R: Hé s6 twong quan boi (0<=R<=1). Cho thay mtrc d¢ chit ché cta
mdi lién hé twong quan boi.

R Square: Hé sb xac dinh. Trong 100% su bién dong cua bién phy thudc Y
thi c6 bao nhiéu % su bién dong 1a do cac bi én doc lap X anh huong, con 1 ai 1a do
sai s6 ngiu nhién.

Adjusted R: Hé s xac dinh mau diéu chinh. La hé sd xac dinh c6 tinh dén
d6 16n hay nho cua bac tu do df.
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Standard Error: Sai sé chuan cta Y do hdi quy.

Observation: S quan sat hay dung lwong mau.

+ Bang phan tich phuong sai ANOVA (Analysis of
variance): Regression: Do hdi quy

Residual: Do ngiu nhién

Total: Téng cong

Df (Degree of freedom): Sé bac tir do

SS (Sum of Square): Téng binh phuong cua mirc dong (sai 1éch) giita cac gia

tri quan sat cia Y (ky hi¢u 1a Yi) va gia tr i binh quan cua ching

MS (Mean of Square): Phuong sai hay s6 binh quéan cuia tong binh phuong
sai léch ké trén

TSS ( Total Sum of Square): Téng binh phwong cua tit ca cdc mic sai léch
gifra c4c gia tri quan sat Yj va gid tr i binh quan ctia ching Y

Do hdi quy Regression ESS (Explained Sum of Square) 1a tong binh phuwong
cac sai léch gilra cac gia tri cia bién phu thuéc Y nhan duoc tir ham hoi quy mau
(ky hi€u Y*j). Do 16n ciia ESS phan anh mure dd giao dong cua céc gia tri ca bi¢t cua
mo hinh véi gia tri trung binh mau ham hdi quy.

ESS=X(Y"-Y)?

Do ngiu nhién Residual RSS (Residual Sum of Square) 1a tong binh phuong
clia tt ca cac sai léch giita cac gid tri quan sat cia Y (Yi) va cic gia tr i nhan dugc
tir ham hdi quy Y™

RSS=X¢? = X(Yi- Y'i)?

Ta c6 th é kiém tra chéo nhu sau:

TSS = ESS + RSS

R2 = ESS/ TSS

SD? = VAR = MSS of RSS

F-stat: Tiéu chuan F dung lam can c dé kiém dinh d6 tin cay vé mit khoa
hoc (thdng ké) cuia toan bo phuong trinh hdi quy

Significance F: F 1y thuyét

Béng phan tich héi quy:
Coefficients: Cot gia tri ctia cac hé sb ham hdi quy:
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- Intercept: Hé s6 tu do b. Hé s6 nay cho thay xuat phat diém ctia duong hdi
quy
- X Variable 1, X Variable 2, X Variable 3...1a cac h & sb goc ctia cac bién
tuong ung x1, X2, Xs...
Standard Error: (se) d6 1éch chuan ctia miu theo bién x;
t-stat: Tiéu chuén t dung lam can cu dé kiém dinh do tin cay vé mit khoa
hoc (théng ké) ciia o co gidn ai (i =1,2,3...,n) tic la cua mdi lién hé gitaXva'.
P-value: X4c suét dé t > t-stat, dung ki ém dinh do tin tin cay vé mat khoa
hoc (théng ké) ciia d6 co gidn ai (i=1,2,3...,n) tirc 1a cia mbi lién hé gitta X va Y.
Lower 95%, Upper 95%, Lower 98%, Upper 98%: 1a can dudi va can trén
cua khoang udc lugng cho cac tham s6 v6i do tin cay 95% va do tin cay 98%.

3.2.3. Thuc nghiém trén s6 liéu thuec té:

thoi Muc nuoc_so vai
Do lun_mm | Do lun_m hs gian trung binh

0 0 1 0 4.47 111.51
-1.2 -0.0012 1 0.06 -4.33 102.71
-2.3 -0.0023 1 0.26 -5.22 101.82
-3.8 -0.0038 1 0.37 -17.42 89.62
-2.9 -0.0029 1 0.54 2.76 109.8
-3.6 -0.0036 1 0.64 10.16 117.2
-3.9 -0.0039 1 0.79 9.37 116.41
-6.3 -0.0063 1 1.04 -5.18 101.86
-7.6 -0.0076 1 1.16 2.87 109.91
-9 -0.009 1 1.29 -5.19 101.85
-10.9 -0.0109 1 1.41 -20.2 86.84
-10.8 -0.0108 1 1.51 -2.95 104.09
-10.3 -0.0103 1 1.54 0.55 107.59
-10.5 -0.0105 1 1.66 8.36 115.4
-10.6 -0.0106 1 1.78 9.68 116.72
-13.4 -0.0134 1 2.01 7.28 114.32
-15.9 -0.0159 1 2.2 4.56 111.6
-16 -0.016 1 2.28 2.07 109.11
-19.7 -0.0197 1 2.39 -21.21 85.83
-18.6 -0.0186 1 2.52 -2.36 104.68
-18.3 -0.0183 1 2.6 3.78 110.82
-18.2 -0.0182 1 2.69 8.81 115.85
-16.3 -0.0163 1 2.79 9.34 116.38
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Két qua tinh héi quy trén so ligu thuc t6:

SUMMARY
OUTPUT
Regression
Statistics
Multiple R 0.997966
R Square 0.995936
Adjusted R
Square 0.945529
Standard Error 0.000801
Observations 23
ANOVA
Significance
df SS MS F F
Regression 3| 0.003142 | 0.001047 | 1633.651 4.28E-23
Residual 20 | 1.28E-05 | 6.41E-07
Total 23 | 0.003155
Standard Upper Lower Upper
Coefficients Error t Stat P-value | Lower 95% 95% 95.0% 95.0%
Intercept 0| #N/A #N/A #N/A #N/A #N/A #N/A #N/A
Hs 0.000314 | 0.00033 | 0.949803 | 0.35355 -0.00038 | 0.001003 | 0.00038 | 0.001003
thoi gian -0.00708 | 0.000196 | -36.1931 | 1.05E-19 -0.00749 | -0.00667 | 0.00749 | -0.00667
Muc nuoc_so 6.77E-
v&i trung binh 0.000106 | 1.85E-05 | 5.742486 | 1.28E-05 6.77E-05 | 0.000145 05 | 0.000145

Do thi hoi quy trén so liéu thwc té:

-10

-15

-20

-25

D6 thi lun tuyén dap do duoc

4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
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D06 thi lan tuyén dap do tac déng clia muc nudc
hé chira va ngoai canh

0.0020
0.0015
0.0010
0.0005
0.0000
-0.0005
-0.0010
-0.0015
-0.0020
-0.0025

445 6 7 8 9 19 11 A2 13 14 15 16 17 1819 PO 21 22 23

D6 thi d6 IUn tuyén dap do tai trong va thoi gian
0.0000

1 2 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
-0.0050

-0.0100

-0.0150

-0.0200

-0.0250
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KET LUAN

1. Ung dung tin hoc trong x4y dung phuong trinh hdi quy va phan tich bién dang cong
trinh mang lai hiéu quéa cao trong cong tac danh gia va kiém tra chuyén dich bién
dang ctia cong trinh.

2. Ung dung phan mém ty 1ap x4y dung phuong trinh hdi quy va phan tich bién dang
cong trinh co tinh chu dong cao trong cong viée, tuy nhién phan mém nay khong
duoc phé bién ngoai thuc té san xuét do giao dién chua dugc hoan thién va chua co
so do bicu dién.

3. Ung dung Exel xay dung phuong trinh hdi quy va phan tich bién dang cong trinh c6

tinh phé thong cao, giao dién dep va dua ra duoc dd thi hoi quy trén sb liéu thuc té.
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