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Bdng 1. Chuy'n dich kh6i de bao quanh c6ng trinh ngAm tai noc theo phuong theng dung t3l, Fl
U, mm/(ngdy-d6m) sau "t" (ngdy-il6m)

90 150 210 270
h,
m

b,
m

n,
m

Rn,

IvlPa 30
H,
m d0

(1 SVP,
S6

146 226 5802,8 5,8 1,0 27 0,7 9142 27
72 114 2432,0

1924,0 30 43 btl
6,0 ,'\. 47 108ZO

3727 8,0 19

0,7 96 16727 2,8 4,0 1800 50
32 2,0 69 109

102
16 5033 5,0

JJ 20 423,41 4,32 0,75 27 0,7 20540 50 27
4627 2,0 18 24 33 36

4,0 10 13 '13 17 2327
4 4 427 6,0 4 4

27 8,0 2 2 2 2 2
1333,05 1,0 28 0,7 26 10448 27 2,6

1,5 2 4 1828
2,4 2,85 '1,0 5t, 0,7 o '1845 17

56 2,0 1 4
56 4,0

6,0
56 8,0

IIII
II

2. MQt sii nhQn x6t
Nhong kct qLid do chuy6n dich kh6i d5 bao

quanh c6ng trinh ng6m tai n6c theo phuong thing
d0ng vir theo phuong vudng g6c vdi mqt phAn lop
cdc lop tta (Bdng 1 , Bdng 2) cho thSy:

> cia tri chuy6n dlch cia kh6i d5 "U" (mm) phu
thuOc r5t l6n vAo rdt nhi6u y6u t6: cdc ddc tinh co
l!, c5u trric, c6u tao cta kh6i d6 bao quanh c6ng
trinh ngAm; cac dac tinh c6u t?o c6ng trinh ngAm;
cdc ddc tinh t<6t ciu ch6ng giir; khodng c6ch tinh
tu bi6n c6ng trinh ngAm vdo sdu phia trong kh6i
d6; thdi gian quan s6t tinh t* thdi di6m hinh thirnh
c6ng trinh ngAm,...;

> Gi6 tri chuy6n dich cia kh6i da "U" (mm) t?i
cdc di6m quan s6t phia n6c c6ng trinh ngAm sE b1

bi6n d6i trong kh6ng gian va theo thdi gian theo
cec quy luat phi tuy6n; +'

> Gia tri chuy6n dich c0a kh6i cl5 "U" (mm) tty
thu6c viro khoang cech di6m do tinh tap biCn c6ng
trinh ng6"m (0,7+8,0 m): gi61r! chuy6n dich cua kh6i
de c6 gia tri l6n nh6t tai nhipng vi trl gan bi6n cong
trinh ngAm; cCrng v6i sH chuy6n dich vi tri do vao
s5u phia trong kh6i d6, gia tri chuyen dlch cia kh6i
d5 sE gidm dAn;

> Gi6 tri chuy6n dich crla kh6i de "U" (mm) so
tdng dAn tiy thuQc-vdro kho6ng thoi gian quan sat
"t" (ngay-d6m) so v6i thoi tti6m hinh thanh c6ng
hinh ngAm;

> Gi6 tri chuy6n dich cia kh6i dd "U" (mm) phu
thuOc vdro cl6 b6n c0a kh6i dd bao quanh: d6 c6 dO

b6n cdng l6n thi gi6 tri chuy6n dich i0a kh6i da'U"
(mm) s6 gi6m xu6ng vdr nguoc lai;

) Ir/rlc dQ chuy6n dich cia kh6i da "U" (mm)
trCn bien c6ng trinh ngim phu thu6c nhi6u hon vdo
d6 b6n coa kh6i de so vdi ihing loai, dO cong cria
t<Ct cAu ch6ng giip c6ng trihh ngam. Di6u ndy
chrlng t6: kh6i da c6 vai trd quan trgng hon so vdi
ret c5u ch6ng giir (s5 hieu cria khung ch6ng
'SVP') khi xem x6t ddnh gi6 chuy6n dich bi6n c6ng
trinh ngAm, d5nh gi5 m0c d6 6n dinh cOa c6ng
trinh ngdm trong kh6ng gian v2r theo thoi gian.

3. Xiy dr,rng ciic quy luQt chuy6n dich bi6n
tqi n6c c6ng trinh ngim theo thdi gian

Cac quy luat bien d6i 'U" phv thuoc vao nhi6u y6u
t6 thay d6i cria m6i truong kh6i de, dec tinh huong
xem x6t. tinh chSt cua k6t c5u ch6ng giir. c6u tao cLla

c6ng trinh ngAm, khodng cech tinh ti bi6n c6ng trlnh
ngAm vEro sau phia trong kh6i dd. thoi gian quan s6t
tlnh tar thdi di6m hinh thdnh c6ng trinh ngAm. DO
nghiOn ct?u sr.r dnh hudng clira dAc tinh k6t cAu ch6ng
gii?, chlng t6i thay th6 yeu t6 "s6 hi6u. coa (hung
-h6ng "SVP" bing gi5 tri cia "m6 men ch6ng u6n
"W"" cia mqt cit ngang tuong rlng" [3]. Di6u ndy cho
ph6p x6t cl6n dQ c0ng cia chring loai k6t c6u ch6ng
giir sir dung trong tlng trudng hqp cu th,6 va c6 thC
thay th6 khung ch6ng "SVP" blng nh0ng kCt c6u
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Bdng 3. Chuy'n dlch kh6i dA bao quanh c6ng trinh ngim tai noc theo phLwng thdng dung

U,
mm

t
ng.d

H,
m

d
al6 cm 3

b,
m

R",
MPa

Lu,

m
U X1 X3 X5 X6 x7
91 30 '107,9 5,8 27 0,7
146 90 107 ,9 5,8 27 0,7
226 150 107 ,9 5,8 27 0,7
580 210 710 107,9 5,8 27 0,7
53 30 710 42 107,9 5,8 2,0
72 90 710 42 107,9 5,8 2,0
114 '150 710 42 107 ,9 5,8 2,0
243 210 710 107 ,9 5,8 2,0
30 30 710 42 107 ,9 5,8 27 4,0
43 90 710 107 ,9 5,8 27 4,0
bEr 150 710 42 107 ,9 5,8 )7 4,0
192 210 710 42 107 ,9 5,8 27 4,0

30 710 42 107 ,9 5,8 6,0
JZ 90 710 42 107 ,9 5,8 6,0
47 150 710 42 107 ,9 5,8 26 6,0
108 210 710 42 107,9 5,8 26 6,0
19 30 710 42 107 ,9 5,8 27 8,0

90 710 42 107,9 5,8 27 8,0
37 '150 710 42 107,9 5,8 27 8,0
41 210 710 42 107 ,9 5,8 27 8,0
96 30 800 50 107 ,9 4,0 32 0,7
167 90 800 50 107 ,9 4,0 2) 0,7
69 30 800 50 107 ,9 4,0 2,0

90 50 107 ,9 4,0 .7, 2,0
46 30 800 50 107,9 4,0 33 3,5

90 800 50 '107,9 4,0 33
'16 30 800 50 107 ,9 4,0 JC 5,0
50 90 800 50 107 ,9 4,0 33 5,0
20 30 50 107 ,9 4,32 27 0,7
JJ 90 107,9 4,32 27 0,7
39 150 107 ,9 4,32 27 0,7

3.1. Nghidn ct?u xay dqmg ciic mO hinh
chuydn dlch kh6i de bao quanh cdng trinh
ngim tgi n6c the6 phueng thdng d(rng

Tu cdc s6 li6u Bang 3, do cec th6ng s6 "h', "n"
c6 gid tri thay d6i kh6ng lon, ch[ng t6i ala xu6t m6
hinh cec quy luQt bi6n O6i cnuy6n dich "U" tai n6c
c6ng trinh ngAm theo phuong &hing drlng phu
thuQc vdo biy bi6n sO sau day:

U=f(t, H, o, W", b, Rn, Lb). (2)
Tar s6 liCu Bdng 3, ch0ng t6i xay dLrng 64 mO

hinh h6i quy m6 ta m6i quan hQ giCla chuy6n dich
kh6i d6 "U" vdi s6ubi6ns6:X1=t; x2=H X3=o X4=
W"; X5=b; X6=Rn; X7=Lu nhu sau:

U1=A1.s+A1.r.X, +.;.+Ar.z.Xz. (3)

u. = A,...(X, )o''. ....(X, )0" ; (4)

U3=A3.0+A3.I.ln(Xr )+...+As.z.ln(Xz). (5)

Ua = e(Aa.o*Aa 
i x,+ *A,?x7). (6)

(7)

(8)

(e)

U = [Au.o.(x, )o'' .(x, 1o" .e,o., ", '.1

| (x" )^" .(r, f" ]

Inno.1x,1o''....1x,;^". I
= 

[",o,.,,,.1 x, 1o".....(x, f,, ]'
,, [A,oo.(X,)o''' (x.f'" Iu 

' = 

1",^ " ' ,.{xo 
)^," .tx, t^ , ]'

[A,,0.(X, )o "....(x. )o"' .l
= 

[",o,,.'",.1x, 1o''' ]'

(10)

(1 1)

.(12)

I

U I

U,
mm ng.d

H,
m

a,
d6 cm 3

b,
m

Rn,
MPa

L5,

m

50 107 ,9 4,32 27 9,7
51 50 107 ,9 4,32 27 0,7

30 540 50 107 ,9 4,32 27 2,0
90 50 107 ,9 4,32 27 2,0
'150 540 50 107 ,9 4,32 27 Zo

36 210 540 50 107 ,9 4,32 27 2,0
40 270 540 50 107 ,9 4,32 27 ?,0
10 30 540 50 107 ,9 4,32 27 4,0
13 90 540 50 107 ,9 4,32 27 4,0
13 150 540 50 107,9 4,32 27 4,0
17 210 540 50 107 ,9 4,32 27 4,0
23 270 540 50 107 ,9 4,32 27 4,0

30 540 50 107 ,9 4,32 27 6,0
540 50 107 ,9 4,32 27 6,0

'150 540 '107,9 4,32 27 6,0
4 210 540 50 107 ,9 4,32 27 6,0
4 270 540 50 107 ,9 4,32 27 6,0
2 30 540 50 107 ,9 4,32 27 8,0
2 90 540 50 107 ,9 4,32 27 8,0
2 150 540 50 107 ,9 4,32 27 8,0
2 210 540 50 107,9 4,32 27 8,0
2 270 540 50 107 ,9 4,32 27 8,0

26 30 540 48 107 ,9 3,05 28 0,7
104 90 540 48 107 ,9 3,05 28 0,7
133 48 107,9 3,05 0,7

30 540 48 107,9 3,05 28 1,5
540 48 107,9 3,05 28 '1,5

48 107,9 3,05 1,5
o 45 53,4 2,85 0,7

18 480 45 53,4 2,85 56 0,7
1 480 45 53,4 2,85 2,0
4 90 480 45 53,4 2,85 2,0

cllr{G ttGilEP M0. s0 r - 2020

U (13)

tiIII]I

x2 x4
710 42
710 42
710 42

42
26
26
26
26

42

zo
26

109 800

102

540
540 50
540 50

t,

42 210 540
270 540

18
z+ 540
33

4
4 90
4 50

1s0 540 2B

2
4 90
18 150 540

30 480 56
90
30 56

56

U5=Au o+4u.,4X1 ;+...+As u/(Xz).

Uu = Auo.e(o'''').(xr)o"....(x, )o" ;

g =,\. (\)^,, 
"o,,,,r i4f^ (4)^";
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Bdng 5. Gid tr! cdc h6 s6 cha citc m6 hinh bi6n dang n6c cong trinh ngAm (ti6p theo)

U Ai.o Ai.r At.z A.3 Ar.s Ar.o Ar.z D

34 0,003786 0,005099 0,007893 -0,056150 1 ,089243 0,899692 0,130247 -1 ,02201 0.912939

228,1063 0,005099 0,007888 -2,609254 0,014083 0,883074 0,130247 -1 ,02201 0.912939

Jb 1 ,590628 0,005099 0,007906 -2,153124 1 ,068254 0,227394 0,130247 -1 ,02201 0,912939

0,14348 0,005099 0,007426 -2,931256 2,120917 0,989457 0,027624 -1 ,02292 0.912960

38 2,98E-11 0,005099 0,004336 -5,240540 6,006773 1 ,601928 4,554884 -0,36197 0 917573

39 0,015376 0,521495 0,007812 -0,047 480 o,012934 1 ,028228 0,130247 -1 ,02201 0, 917570

40 0,000519 0,521495 0,007833 -0,036088 0,975954 0,263903 0,130247 -1 ,02201 0,917ff70

41 5,19E-06 0,521495 0,007352 -0,054409 2,03'1663 1 ,1 36662 0,027624 -1 ,02292 0,917591
0,92218',1

2 1 ,52E-18 0,521495 0,004266 -0,104104 5,915797 1,763841 4,554884 -0,36197

6,35E-15 0,521495 5,170984 -0,027984 0,009645 0,251141 0,130247 -1 ,02201 0,917570

44 1,15E-14 0,521495 4,854044 -0,046285 0,023435 1 ,089986 0,027624 -1 ,02292 0,917591

45 8,42E-17 0,521495 2.816491 -0,099390 0,074735 1 ,7367 58 4,554884 -0.36197 0,922181
0,917591

46 .8,32E-13 0,521495 4,866234 -1,593999 0,023088 0,277118 0,027624 -1 ,02292

7 2,34E-12 0,521495 2,834327 -3,735388 0,07 4197 0,439603 4,554883 -0,361 97 0,922181

1 ,4E-19 0,52',1495 2,672736 -3,9'18143 7 ,881251 0,446165 0,165275 -0,36238 0,922196

49 0,'136094 0,005099 0,007895 -0,056150 0,014058 0,899692 0,130247 -1 ,02201 0,912939

50 0,003489 0,005099 0,007910 -0,046182 1 ,066298 0,230913 0,130247 -1 ,02201 0,912939
0,912960

1 3,45E-05 0,005099 0,007 432 -0,063079 2,118729 '1,008126 0,027624 -1 .02292

1 ,018-17 0,005099 0,004346 -0,11277 4 6,002863 1 ,635305 4,554884 -0,361 97 0,917573

0,030709 0,005099 0,007452 -0,05'19'10 0,027013 0,258744 0,027624 -1 .02292 0,912960

54 2,84E-09 0,005099 0,004379 -0,094657 0,076937 0,419714 4,554884 -0,36197 0,917573

5
56

7

o,012848 o;521495 0,007833 -0,036088 0,012596 0,263903 0]30247 -1 ,02201 0,917570

0,004138 0,521495 0,007352 -0,054409 0,02622'l .1 ,136662 0,027624 -1 ,02292 0,917591

4,27E-10 0,521495 0,004266 -0,104104 0,076351 1 ,763841 4,554884 -0,36197 0,922181

58 8,81E-15 , 0,521495 4,868351 -0,034186 0,023069 0,279719 0,027624 -1 ,02292 0,917591

AO 5,48E-17 0,521496 2,839289 -0,0801 13 0,074150 0,445697 4,554884 -0,36197 0,922181

0
1

2,52E-08 0,521495 2,672736 -3,918143 0,101718 0,446165 0,165275 -0.36238 0,922196

0,1 16302 0,005099 0,0079'106 -0,046182 0,013762 0,230913 0,130247 -1 ,02200 0,912939

OZ o,036622 0,005099 0,007432 -0,063079 0,027345 1 ,008126 0,027624 -1 ,02292 0,912960

63 3,78E-09 0 005099 0 004346 -0 11277 4 0 o77 47 5 ,| 63530s 4,554884 -0,36197 0,917573
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xAY otllrc c0ilG IBit{H ilGdm uA M6tmil

3.2. Nghifln ctbu xdty dqng cdc m6 hinh
chuy6n dich kh6i dd bao quanh c6ng trinh
ngAm tqi n6c theo phuong vu6ng g6c vd mit
phdn l@ cdc IOP dti' 
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bi6n s6 sau ddy:
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(OZ)

TLp s6 liCu Bdng 4, chrlng t6i x6y dung €4 m6

hinh hdi quy m6 ta m6i quan h6 giira chuy6n dich

kh6i d5 "U'v6i bdy bi6n s6: X1=t; X2=H; X3=o;
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U3=A3.0+A3.1.|n(Xr)+...+Ag.a.ln(Xa); (70)

go = g(A+.0+Ar'r xrr"+era'xr)' (71)

U5=As 0+A5 1/(Xj)+...+As a/(Xe). (2)



(o r. r.) t

(e! r) :

,..,( 'x) ...o( nx),",.."," 
l ,.,
l='O 'r,*,.oro ,,,o( 'X) ,,,o('x) o'nv]

[ ,,,.,*"," .,,-('x) ,,,-('x)l i ' l= ,rfi

|'r,',*ora r,,.*o,e ,,,o( 'x) 
o'tV.l

. . .1 ,..o{ tx) ,-r.,*o,e .o.o( nx} 
".."( 

ox)l 
or^

(/tI) 
L r.y.oyle r 

" 
*v,e' o-v( x)oo'v.l= "

[ ,,""ttx) ..,o{rX) ,"r.'o,o ..,o(oxtl -,
tn"' 'l 

"."", "*, ,,.""," 
".,",; .."t'xt''ol="'n

.[,,""1 'x)" .,"o( 'x)' ,* ,,o,e ,,,,( 'x) | ,"^ (9Ll) 
[ ,^x n'v]o , x","v,e .,'o( 'x)'ns'v.]= 

I l

lr r r; 
: 
",0(k) 

",""(1) rry-rP r*."0F,,v(i<i',V='h
(e ll) :m,"vP'.,o(^x) .*o(5<) ,.",wF r*,*,e o\= *n

t.,,),["-( *' '""\'.e "\(^1] ' 
^:l]ll='r., ',,x'.r'v,o , x "v,a 

u"'V 
]

. t ,-o('x) .*( 'x ) ,1"-o,e
tt"''[ 

-oi'r) .*(eX) ,..,,-o,e,1 '.o,e o'v

[,,"-('x) . ,-('x) , , ..o,a ..".( 'xl-l
(0', L) :L ' ...,'(,xl ,r,.",",,,,"o,".o,0o.]="n

[ ,."-('x) '.".-("x) ,., "'",,o 
I

(ool) 'l ..,", '',,,- ,"," * ,,"," '-o.l='"n
(80t) :.,,0('x)' ',,o(k) r,*,,ore" i*,,o,4 

0lrv= r'6

126 1) :,q'.da ."v(1) r*wP "",(X) 
",*"(5<)'o\= "n

[ '" -('x) "'''"'o'" '"*'" orol ^^
(sol) 'l .",", 'r, .o{ 'xto*v l= 

'n

| ,,, *'o,a ,,,-('X)',,."( 'X) , 
".,'o,e (eoL) 

'L ,,"{ '*, :,,."{ xt*'v.]= 
"n

[,_.o{ 
tx)',,,....o," 

".,o( 'x) ,"* ,.,,e]
('0[) 'l ",."{ "x) : ,,"{ 'x)o^v]='"n

(eor) :

Qo) 
:

,"o( tx) ,..o{ 'x) ,",.,".",e1 
",^

, *..o,a ,".o( oX) ."o( 'y1n*v]= Il

1"y e o,o . .o( 'x ) .,."( 'x tl .r^
,,,,..o.a .. o( 

rx) ".o{ 'x)oqey.]= 
ll

| ,,.,{ 'x) ,-r..".o,"',,o( 'x) .-"( 'x)l "" (t0I) 'L ,,r"-o,"',"o( 'x)"",o{ 'x)o'eyl="n

.[,."] 'r) ..o( 'x) ""..",e "{ 
'x)l_

| ,,,,. 
",e 

o( 'x)" o( 'x)'o''v.]

t , .v( sx) "..o( 
nx),.r.'.o,e 

l_

L , .""","' v( Lx) ...o( 'xlo^v l-
.l *'o,e,.o( 'x) , o{ 

ox)l

| .,. ' 
"," 

.,.o( 'x) ,.o( 'x)o"y_]-

| 
,."{ t*,,,..o,o 

"0.o( nxt ,."t 'x)l_

t , .o.v.a o v{ 'x)' ,.o( 'x) 
oo'v

[,"",t*, .,r('xl,.r"'o,e ""{'x)]_

| ",""t 'x), { .,v,e',..v{ ?x} ,".v{'x)0"'v I

] 
,*"t 'xt' .,,o( 'x) ,.,,,e ", 

"{ 

ox}J_

[ , . ,.o,e ., o( 'x) ,,o{ 'X) 
ottv.]

.[ , ,"{ 'x t . o{ 
nx 

) ,"- ",.o,a1
'[ 

,.^ ","' . .o{ 'x ) .,.o{ 
rx ) 0 /zv 

| 

-

= 
*1,

(oo r-)

(oo)

(eo)

(se)

(ffi)

(ee)

(ze)

n

ttn

I

(t o)

'rl

'r'l

96

96

utn

(ro)

n

n
tz

(eo) :rry""oe',*"(5(),*o(1) r*"",1e',*(!i'Ed= h

(zo) ,['r{''xt''"o1o 
""o( 'x) ' -{ 'x)

L ,.*,-o,o , ,o( 'X) o*V 
l='"n

t ,"-(\) .,."('x),\."',,e.l -
tlo) :l'.",t'x) 

.."{'x),.,,,-o,": "o{r*r"4]= 
*n

166; :,.,,('x),,o('X) r.,-.oyo,,,('x)'o"v= "1-1

[ , .-('x) -('XJ ,",",o,rl
(68) 'l . 

", 

,r , , o,"] ,o{ ,* 1 0,,o.] = '"n

1ss) : 
",r(5()",,"(k) r,","oF r,*""0F, "o(*)'"fu ='h

(/g) :(,x.,*v)a ,,"('x) ' .,"('x)-1,*.,,o1e'.zy = 
021'1

(sa) :*v(\) ,**vF *o(\) -o(1) ,r,"e1e 
ouV= uh

",,,( 'x) .,,o( 'x),"*.,,o,e I

,o( 'x)"1 .,J '*; ,, ,"," "'o 1= 
''n

,. "( 9x) "..('x) ,,*,,,o,e I
t 
= ''f'l

,.,0{ ox) .,,o( tx) ,,,,"o,e 
0"Y 

I

[ ,,,"( '*) ,,o( nx),,","*,al

| ."i'*, ""{'x),, """ ";v]=

.[ ,.,"( 'x) ' ,,,"( "x)'l

'l ,,"," . (lxt,, """'o]='n

Iillt3

E0z0z - r 0s'0ttt dilltcil uiloc

our Y[ xry:tir H]rlu u[0c siln0 rvx



CNM xlY otltrc cOm rniu mAu vn u6

,, _[R..rx)*.{X,1\.s'o- 
*". 

I-u" 
[e,o*,'.'.1xu,o.' "^-""'.1x,)*- t\]*,_J'

, , _[A, o.(X )& ' .{ X, )& .s'o* ' " ' 
1-& 

Le,A-"\'.tX5)* .{\lo".no",*. ()q}&, 
I

Ur, = Ar, o.e(0,,, 
*,)...."w,. x.l.(X, 

)A',' . (X, )^,,' ; (1.38)
(120)

U,,

Ur, 1

t-t

_t
t

A, o.e(A,,, 
x,)....g(A". xu).

(xu;o'' .elo'' "r.1r,. f"' ]'
Ar. o.e(A'.' 

x')....e(A"' 
''1.(Xu )o"'

(x? )a^' .e(A-' 
x')

(13e)

40

U,,

U.u

U.,

Uuu

_ln,,o.{x,)^ '.{X,)o"'.e'o' 'n''. 
l: nzzt

L"'o' 
, '"'.(x. )"* ....{x/ ,a" ."'n' , r" | '

=[A*..tx 
)o" ... {x.)o" l: rrzsr

I e,o."...,....u,o'.",",.(X, )o' .(X. f"' ]''

= [o.,. ,r. )o--' ....(x" )a'- .s'A-''n' '. ): nz+l

",o.-.., 
'.1y" 1A, 

,.e,o. ..,,.(Xu)o."..1

=[o*..1*. 
]o* ..,.1 x.)o' "'^"^'' l, (12s\

e'o'. ^'.(X" )o"'.(X, )o "."'0""'' ]

= [o,,0.1*,1o' 
-(x" )o"" "'^' ' l, (126\

1...stA*, 
v-'.(X, 

)^ 
.' 

]
_ln*0.{x,)^';'....(x.t^"" "'^",'''l; (127\

[gtA"" 
x.\.1X_ 

)A .e(Abos 
Y") 

]

=[A.,. tx, )o' '....(xo )^"'" .{x, )^" l; (tz*\
I e(A. . 

x'r....g{A' 
' 
x"' 

]
Uu, = Auro.e(&'\)....e6"" x').(x5 

)A"' ....(x, )e" ; (129)

u., = 
Ao..o.e'o' ' '.'.."'o" ^''.{X,)^"'".1. 

(130)"u, 
;",o",-.^ 

,.(Xu )o*"....(x, )o. 
. ]' ''""'

,, =lAuo.o.e'o.'','...."'4. 
",'.1X")^"". (.r31)-" 

[{x,14' .s'o,'x'.1x,)^"".{x,1o''.1'
[t 6,ab. .x., 6,46\ .\., 

-l

|| _l "650 " (132\"" 
[lx. )^' " ....{x^ )o*' ."'o"" * '.1x, ro"'_l

IA^^ ^.e'A.. "]''|....eA", ' x''. l
'" =|(;";^-' 

r,-,^-' "^""'^" ]' 
(133)

Uru

Uro = Aroo.e(o'.'*')

Uru = Ar. o'e(o'o' 
*') 

'

U

U

.e(A., x,).(X8)A,,, ; (lil)
e(A,.. 

x.).(X? 
)A,,, ..te*,.xs. ( 42)

(143)

(144)

(145)

(146)

; (a7)

( 148)

( 14e)

(150)

(151 )

IAr"n.1x, 1o 
" .e'o'' t '...."'o'' ' '.'l

=l

[{x" f *....rx.1^ "' 
.]

=[Ar,.o.(X, 
)o-'.e'o,, ' '...."'^ '" "''. 

-l

l{x, )^ '."o "' '.(x, )o {x, f--']

= I 
A^...(x. )o'' .e 

o . ^ .. "^,'^'. l
| { x, t^-" .{x" }A!' .e{A6-' 

x 
'.( x, )^ " ]

- | 
n,"o.tx, yo- .s'o"'-'... e'^ " ' '.',l.

[{x. )o "....{x- )^ 
e .eA!s^ ' ]

= [A*0.(x, )o'"'.(x, )o""' .

I e'o* ' '....e'a-' \''.(Xr )o" .(X")o"'

[A., o.(X, )o' .(X- )o' 
- .e'o,' ^ ... I

=[.",^,.., ,.1xu 1^..."'* - ,.1x, 1^..];

- [Au. o.{x, )o''' .{ X, }o' .s'o,. ^' I
[." 

o,' ' '.txu )o'" .{X- }o"' ."'o",.''.]'

IA.,0.(X,)o"' (x,f'' I
= 

| ",* 
",",....",o,. " ,.{x, 

)^. 
. 
]'

IA*0.(x )o' ....1x,yo'"."'o,'"'"'
= 

l."n*, 
*,,.1x. 

)As?.e(Ass 
xi)

U,,

U,,

U

U

U

U

U 6

8l

82

u^^

Uu.

uu, = A.ro.e(&' x')'.. et4,'&) (x.)^'' (\

U* =n*o (X)o*' ...(X, )o*' .sto*.' ""t...."ir*.'x,r; (152)

Sau khi sr? dqng chuong trinh x6c tlinh c5c m6
hinh h6i quy bdng phuong phdp binh phuong t6i
thi6u. ch0ng t6i x6c dinh dLrEc cdc gi6 tri c6c h6.s6
cia cec m6 hinh bi6n dAng n6c c6ng {rinh ngAm
theo phuong.vu6ng g6c voi met phan l6p d6t d6
trong cac mO hinh (68)+(152) th6 hiCn !r6n BEng 6.
Tai day: Ui - MO hinh bi6n dqng n6c c6ng trinh
ngAm theo phLpong vu6ng g6c v6i mdt ph6n l6p
d6t de th(} "i"; Ri - Hc s6 tuong quan b6i cia m6
hinh bi6n dang n6c c6ng trinh ngAm theo phuong
vu6ng g6c v6i mit phAn l6p d6t da thu "i"; i=1+84.

4,. . (134)

(135)

(136)

IA .^ ^.e,o 
. \.)....e,A,o. x.]- I

Il =l '" 1.-" 
I tx" f '"' . ..(x. )o '" ." 

r ' x" 
l'

c01{G ltGHlEP ilto. S0 I - 2020

(137)

(121)

, , [A* o.e'o* 
x')....e.od" x" 

'.{ x5 )ais

'u' - 
| u,o*..^.,.1x, )o"., .(x, )o...

, , [A* 0."'o* ^"...."'A*' x''.1Xu 
)A""

u^^ -l" 
I lx" )^'"' .erA." x').(xo 

)4"' I

32



E206808'089e69' t -610'e t-692?2,9'vcg L't8-9r9609t.
t999180ztvzl'9'86 t.000-6 t8Z90t996tLl-L688'82

t8999'0-01.0290'0-809199'0ZV+=ZV'Lt9
6tv9r'L-0es980'0-891899'08r+=Z'909

L8t6V80
?91098'0

z)zt t'9'LZZT,,I,L-989t99'008 t t' t8-90266'VL16819'0-00l, t 90'0-t166z9'09rr=99'L6'
0988t'9-e999'Z L-69919'9 t0696'62-zvLv9'91v99V9'0-02t990'0-9L8tt9'00t+=96'z

9999t8'09Lttt'9'ZZVS,ZI-LVgt,t'V'ZLL''VL-tz69Lt'0t8909'0-0t r9r0'0-8Vl9Z9'069+=r'LLV

tgztvq'08ZL9I098ZVVZZL9Z8V0t606196L9 t990Z690t9Z.9Z800'0801900080+=92'e
61t.198'069VtZV9L9Z0-t098s8t8096s8-8t2989LLToi -09r090'0-,91900'0ze+=96'L'9'
Lwt98'0zL6tz'9-LsWZ'-L8 LZqt,'Z6896't.r-ZVVOZ0t9t9988-0669900-089900060+=80'?v,
0 L6 t98'08t tqz'9-nzeS' t t'n zt,t' tt2900'9t-9 t0 L9'0 tvz99t'8-0 t00r00-8t990009t+3 l, IZ

0198t8'0OZ'22.9.t6ct'zl-o too l/z o2980'tv-LLtrzt'069' LZ'8-088rt0'0-t. t9900'00qrl90'6Z'
I te6r8'0gZLZt'9-ttgt'et-6t926'9t0818's8-t89r0'9I,t,199'0-091t 90'0-t.16900'0t +=6t'tlv
8966e8'0Lt90L't-vSnL'tt-986626'rl8t-L'6t-9t-t Ltq'ge09 r8'8-0zzz9'81'9 t16e9'0ng+are'90v
tzL6v8'0t99tr'9-99882'0-v L/999't,L6LZ'08-16980'9 t9L09' Lr-08te9'92-lee0 r9'0,01+A6'Zs
L99018'0v6LtL't-6ZVL'Zl-960200'69e90'9 l,-6r9t7,t'60LLtr'8'06e60'02-99 t809'098+fe?'?80
fl.9098'08Lt1z'9'98012'0'99Ztt'91909 t'62-zsqtv'9tetg['9t-09v818Z-tzzt090,01+fgZ

u8098'00818 r'9-znvs'zt'9lt0t6'lsLtz'vt',9r616'8nLt89'8-09vlt6t-8966690v8+aLEt_9t
869r.88'08ZLOL,I.,190't,l'e00/r.0'899S t'6e-98180 t'0L6Z9t'8-0 te6/Lt-zqnzt9'0Z6+ALLo90
ztwvS'08Zt9t'9-t09LZ'0-L6Vg9'rtoLZg'91-r99/6r'0886r.'9 r-0t929'rz'Lt Lt,t9'09tL+av'9
98 t8r8'06029 t.'9-9 LVI't t'L9S8e/'I968 r'lt-9t190t'0t666t'8-08t tz' Lt-t92969'0z6+180' !
,09818'09ez6 r'9-989L,ZL-99t160'8tzL6'tl'92160t'09tt0L'8-0vLqt'8t-,9e269'0ZOrf90'8
zt09e8'0L8699't,-z9v9't l'ttvzS'zL8?60'91-z9tt9'zt0LLtq'0-OWLL,VZ.16ee19'0L0!+f9'tt0
99 .18'099926'V-?6 [ te'0-tStt'92LLL'6St-68896'rZ99080't-0ze8e'0r-zL9V89'0ztt+az'90e
906918'0t8 r90'9-6098'0 t-tz69t8'zLVLt'VL't9989'Z t89109'0-tgt8z'vz',169e9'0z0t+at'zaa
029818'09e90 r'9-tgzv'tL-zzSvt'tLO6L9, LZ.e [990't tzt0z9'0-Z96Z0, LZ-9?6929'090!+16'98a
002w8'09V0LO'9-9Z6V'tt-0Lgtv'LtL98L'69-I t.0 t.9 t'0e998r'0-9296r'ZZ'9960e9'00l.l+]IILZ
ngrw8'0V L6Z L. L-860e'z r-10e00' t t8608'tt-LLqtV'01twt L'8-0098e0'0-8006090ze+ft6v9Z
920I98'068ZeZ:9-vetgz'0'I tz80'8 rztz6'ts-92828LISLlVot-8tte900-081t0909t +f LZs9Z
tr9t980zLStz'9-96ZV'Zt-lEtzgtZ2806LV-9189t0|,VZZ682869t00-8166698e+fe6'9VZ

080290t9692'9-0168'l, t-Lglzt' t 
'

8?86'9 l.-6?e/9'0 rr0268'8-0000?0'0-9 t 9969'09t+f99't
6288?8089ZZZ,9-t6vt'zl-9V88Vt-6LVt0Lt-898t2 t02690s8-t98tt00-9Z t069009+f,tZZ
06?6?80LSnZt'9-8t8 t0t-t t6t69t,8 t0v8-6 t9t0ct9t0990-t18 t900-o08LZg0zv+at,L8

'Z 0100t80SLLOLL-,1800t-U.tt698t896LV'8t99 t680t6t98-286268t-0t96t90v8+az6LOZ

9196V80evgvt,09820-t98 t69t0816s8-90809ot0080Ll-IOZZILa-6 t89000?01+18I6t
0920980ZTEgLLLg 

'
0t-606028I6t-LZ9Z6L8E9Z9 L8-gzt6Z'8t-089S000v8+aLtZ8t.

t,LL09808096IZO9L9Z9r9t_89990tvgtL06t-LZgt8-8r6e1'6 t -r.19900'98+189' rLI
nv08v809919 t0r80829808Lt89 t6t-zLt80t02990t8-ILLLVLt-t199000Z6+AZ9t
,00118'0e re9069VLz9LL9'Zt29099L-0ttz9ZIt90290-OOZL9vz-9r09000ZOL+=ZL9t
6t9198'0zvqzz'9'0LZt'zl-tz1 L9'0tLn99'Vr'66LZt,,OL60609'8-ItLLt0'0-919S00'08e+fe0' l,vt
96t018'06LL1L't-t180'0 t-eIrt69'8v896'tr-8?99 r6'801609'8-98626'8 t.-0196e9'0,8+:726't0t
rt86t8'0I LnV t'9'9Z982'0-6ZLZ6,9L1916'e8-0t9Lv'glt-tat' Lt-Z16IL'LZ.e8r609'0t0l+=6'ZZI
9rr098'0t Ltgr'g-z69r'tt-gL90L8'l98'6e-t6t891'80 t681'8-t9v6z'8t'vt,Lt09'oe8+fr0',tt
296098'001e6 t'9-

'Z9L,Z'-
t91'898 r0'9 r-nLbgto'6nz69t'8-I I Lt L'6t-0e9669'0V8+at8'Z0t

nrc8v8'020991t?60r t9608'z6tzt'6e-9Z9L0t'06LjW,'8-LOg LV' LL-t881690I6+f98't6
88lLVg0t.90909-8I LLL9869'ZL90899L-t0609Z'9LIZq0-ZS9L9vz-vz99t90! 0 L+=6ZI
969t980ISVZZ9-t8s0t89990t00 19w-I,ZZ6Z0t/o9L98-zILLt00-t9e6690n+aLZZL
LgOIZL09919I9-8860vwzzn'88tt6tv'20669888-0r0698 t.-2899000e8+f 1.1'89
tL9n9L'0I ^C,tn-01x10'L0tx t9'z'01,x90' t.,x?g'.2-Lxt69'e-)txgtt'tlx6v'tz
zzqszq'0,o80L'L-669V2'0'6ettzL'9e009'9r-,t9600'0vL Lgg'0-9LgZL0'0-,08900'08Lgt'Lqt
8988e1'0z60 t'8t-eeg' t6 r-6rvz0'lz-Ln?'919-L1gL'9t,1nqv'6vt-6892'0ZZ-sLbn'vtLIg'OZLZt
e,9098'0t6991.'9-,0tt't,t-9LV1ZV'8r868'r.r-8299t8'8ts6 r9'8-00 t.69'8 r-t8?109'00z19't6tZ
q86t01'009tt'tL'LLnL0'V-610ee'6999 r'9 r8-8Z98LZ'9TCOT|Ot -[090e['[-L99 Ltt'OZ9L,9LOT,

Eelv9lvtlvtlvzVtlvolv lVL
n

I

webu Lluut 6uec cou bubp u?lq LlulLl ew cec e1c gs 0q cec it Qle 9 bu?g

@
gil Yn ilyDlr [lrlur uiloc 0iln0 rux

0z0z - I 0s '01fl dilltslt !1t03

tt

nt

,0t'89'z-
v



xAy tl,ttc c0ltc TBit{H HoAnr vA m6

Beng 6, Gie U cdc he s6 cla c1c m6 hinh bi6n d4ng noc cOng trinh ngAm (tidp theo)

Ur f1i 0 Ai.r A; Ai.+ Ao Ar.z Ai.a R

q, 2E+114 0,624921 -24,47760 -0,47691 0,155118 -24,9475 1 '1,865'l 'l -13,111 -5,11439 0,845257

5J 4,5E+111 0,635334 -22,22170 -0,49893 0,150923 -67 ,7184 2,558700 -13,58'16 -5,06214 0.843978

54 6,5E+146 0,697546 -33,28470 -0,8834 0,275213 -131 ,642 21 ,39243 -0,27604 -4,98804 0,834262

4,8E+'1 '10 0,672102 -22,61020 -0,47803 0,150687 -69,0502 1 'l ,65558 -13,3444 -1 ,67302 0,833159
0,84846956 1 ,7E+93 0,592947 -18,17020 -8,28342 0,'108761 -13,2634 1,799350 -12,8330 -5,18687

57 1,2E+116 0,607648 -25,96020 -14,8545 0,196532 -26,4934 14,74522 -0,26016 -5,20381 0,844

58 1,35E+94 0,630483 -18,82090 -8,12317 0,11067 4 -14,0023 8,373931 -12,7357 -1 ,71688 0,837E63

AO 2,6E+105 0,604379 -28,23910 -16,6'109 '16,35570 -27 ,8834 3,598312 -0,27402 -5,19025 0,850410

60 1,17E+86 0,638500 -19,71760 -8,6'1684 9,03218'l -14,2560 2.001251 -12,8285 -1 ,71568 0,840465
0,840016
0,845413

ot 2,3E+106 0,646297 -27 ,10060 -17,7127 '16,54495 -80,7597 3,621860 -0,29056 -1 ,70073

62 8,5E+59 0,0060'10 -0,046090 -0,50313 0,176212 -74,3547 14,11873 -12,8223 -5,1 3608

63
64
65

1 ,64E+41 0,005849 -0,056240 -0,54281 15,55972 -29,9176 16,65344 -12,5456 -5,19076 0,850593

8,55E+45 0,005991 -0,051020 -0,57591 1 5,00250 -80,9489 3,559066 -13,2986 -5,11445 0,849007

3,04E+49 0,00634'1 -0,085210 -1,14994 28,88014 -171 ,643 30,47860 -0,30'141 -5,02718 0,846501

bfi 4,58E+43 0,006350 -0,052280 -0,55364 15,10802 -83,5737 16,21751 -13,0540 -1,69435 0,838698
0,846238
0 845193

67 6,49E+57 0,005900 -0,049510 -0,48338 0,180282 -26,2122 14,64462 -12,2035 -5,19447

68 I,77 E+61 0,006030 -0,045510 -0,52069 0,175985 -71 ,9114 3,159380 -12,9568 -5,12423

69
70
71

2,63E+72 0,006680 -0,068090 -0,90890 0,308923 -137,109 24,95494 -0,26210 -5,07924 0,837387

7,36E+59 0,006386 -0,046480 -0,49757 0,176491 -73,8690 14,38978 -12,6928 -1,69684 0,834572

1 ,49E+60 0,005924 -0,048920 -0,50397 0,180238 -25,3939 3,280249 -12,3841 -5,17959 0,846048

72 2,77E+67 0,000420 -0,072110 -0,83743 0,30432',1 -46,333'l 24,91031 -0,23952 -5,18815 0,839534

73 9,4E+57 0,006283 -0,050040 -0,48024 0,180984 -26,1417 14,94916 -12,1051 -1 ,71782 0,835569

74 7 ,79E+71 0,00647? -0,071790 -0,88389 0,307862 -45,5273 5,648240 -0,24600 -5,16189 0,839096

75
76
77

2,3'l E+60 0,006305 -0,049410 -0,50107 0,180906 -25,2964 3,345928 -12,2881 -1 ,71225 0,835331

1 ,06E+57 0,,613393 -0,049550 -0,48583 0,179974 -26,2481 14,66268 -12,2203 -5,19233 0,846374

1,61E+61 0,627224 -0,045550 -0,52341 0,175698 -72,0328 3,163919 -12,9771 -5,12188 0,845337

78 3,45E+71 0,67 8126 -0,068090 -0,91 189 0,308565 -137 ,241 24,98177 -0,26242 -5,07649 0,837453

70 'l ,07E+59 0,664653 -0,046520 -0,50040 0,176183 -73,9981 14,41052 -12,7137 -1,69609 0,834737

80 2,5E+115 0,626631 -24,17650 -0,49235 0,1 551 04 -24,2354 2,6557 51 -13,2322 -5,1 0383 0,845040

81

82
83

7,1E+154 0,673385 -37,07010 -0,87257 0,281637 -46,9144 21 ,94066 -0,26759 -5,06489 o,837297

3,8E+114 0,663649 -24,63770 -0,47154 0,155083 -24,771" 12,10500 -12,994 -1,68870 0,834359

2,89E+94 0,630990 -18,49090 -8,31012 0,109633 -13,2679 1 ,859655 -'12,81 36 -1 ,71480 0,837912

84 2,8E+107 0,640891 -28,73950 -16,8329 16,52478 -28 0801 3,667395 -0,27619 -1 72023 0,840829

4. L\"pa chgn m6 hinh m6 ti chuy6n dich kh6i
d6 bi6n c6ng trinh ngam theo thdi gian

Sau khi so sanh c6c gia tri hC.s6 tuong quan

bOi "Ri'cCra 63 m6 hinh bi6n dqng n6c c6ng trinh
ngam theo phuong thing drlng th0 "i" (Bdng 5), ching

Tai ddy: n*r=2,38E-18; 4$1=0,521495; A::z=2,M8798;
Affi=4,814969; &34=7,927319: A-.ss-1,7 32881 ; Aco=0''1 65275;

Ae;0,36238; A1&f1,4E-19; A4s1{,521495; Anz=2,672736;

A€s=-3,918143; Aas,=2,881251 ; Aqes-0,446165; A4sf ,165275;

Aaa,-0,36238; A60r+,52E{8; A601{,52'1495; kat2.'6727rc;
4r;3,918143; Aoo+=0,101718 A60s-0,446165; 4606=0'165275;

Aoo z:0,36238.
Sau khi so sanh cac gi6 tri he s6 tuong quan bQi

"Ri' crira 84 m6 hinh bi6; dang n6c c6ng trinh ngim
theo phuong vuOng g6c v6i mat phan l6p d6t de tho
"i" (Bdng 6), chfng t6i nhQn thdy c6 mO h]nh "U,3" c6
gia tri hC s6 tuong quan bOi Rz:=0,852080 la ldn nh6t.

Vl uqy 
"t',lng 

tOi chqn mO hlnh bi6n dqng n6c c6ng

trinh ngAm theo phuong vu6ng g6c voi met ph6n l6p
d5t ctd co dang cu th6 sau:

t6i nhQn th6y: ba m6 hlnh "Ugg'

h6 s6 R..=Pru= Roo=0.,922'196

toi chen ba mO hinh bi6n dang
theo phLrong vu6ng g6c v6i m

', "U+e", "Uoo" c6 gi6 tri
lorfnhet. Vi vqy, ch0ng
n6c c6ng trinh ngAm
et phan ldp d6t d5:

(153)

(154)

U., =

Uou =

A,.0.(t)o"' (H)&" (0)A"'

(w"r"' (br"' .s(e:ao 
R").s(Amu Lu)

Aouo.(t)o"' (n)^"' .(")^"'

(W )A*. .etA..,.or.g(A4s 6.R").e(A4s7 Lb)

_l Auoo.e'o* t'.e'oqo'z' r'.e'Abo' u'. 
l

e,A"" 
vY '.{b )o.. .e'o""'.o '.1L0 )o" 

I

Ur. =[
Ar..o.(t)o"' ."1o,,.'nt.16a)o"' .(W" )o"'

e(Aa5 
h).(b)As6 (n" )^.., (t-,)^,,.

Uuo
(155) (156)

tf,Illll

I
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