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x′ +∆x = x0 − f.
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y′ +∆y = y0 − f.
r21(X −Xs) + r22(Y − Ys) + r23(Z − Zs)

r31(X −Xs) + r32(Y − Ys) + r33(Z − Zs)
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a1 = −λ
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a2 = −µRT
(
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b =
(

bx by bz
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./ R !0# 12 32#$) ! %! $'#2#)'"4 λ !# µ 0'"# %!0 0 212)$!0 &'0)#)50* 6! &1704 1! 8'173! %7

&2$211919&)&:%! 5'$39 &2$  !0 #$')0 8! #!7$0 %')# ;#$! 9<21 = >9$'*
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x′ −∆x =
L1X + L2Y + L3Z + L4

L9X + L10Y + L11Z + 1

y′ −∆y =
L5X + L6Y + L7Z + L8

L9X + L10Y + L11Z + 1
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∆x = −δxr − δxt

∆y = −δyr − δyt
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BC δxr )# δyr )D.%!1)&# *E)F)#  ) *'  !"#$%"!$& %' !'*) 76%27 )# 8&9:;%& 89:;G<? @

δxr = x(K1r
2 +K2r

4 +K3r
6)

δyr = y(K1r
2 +K2r

4 +K3r
6)

893H<

I5)0 x )# y *)" 0$$% $&&/)"  , .$!&#  E!&#/%J# 0$%%!(/)" .'% x0 )# y0K #'& !" +,) r =
√

x2 + y23
K1K K2 )# K3 "$&# *)" 0$)L0!)&#"  )  !"#$%"!$& %' !'*)3 M&",!#)K *'  !"#$%"!$& #'&()&#!)**) 8δxt
)# δyt< )"# 1$ /*!"/) .'% *)" /+,'#!$&" ",!5'&#)" 76%27 )# 8&9:;%& 89:;G<? @

δxt = P1(2x
2 + r2) + 2P2xy

δyt = 2P1xy + P2(2y
2 + r2)
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x = x0 − f.
r11(X −Xs) + r12(Y − Ys) + r13(Z − Zs)

r31(X −Xs) + r32(Y − Ys) + r33(Z − Zs)
+ δxr + δxt

y = y0 − f.
r21(X −Xs) + r22(Y − Ys) + r23(Z − Zs)

r31(X −Xs) + r32(Y − Ys) + r33(Z − Zs)
+ δyr + δyt
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 !"#$#%& '!()&% *+,-.*+,#/0% (% (#1,!21#!3

 !"#$ xhd = (1 +R1r
2 +R2r

4 +R3r
6)xh + 2T1xhyh + T2(r

2 + 2(xh)
2)

yhd = (1 +R1r
2 +R2r

4 +R3r
6)yh + 2T2xhyh + T1(r

2 + 2(yh)
2)

 %&'&()*+ x′ = x(1 +K1r
2 +K2r

4 +K3r
6 +K4r

8) + P2(r
2 + 2x2) + 2P1xy

y′ = y(1 +K1r
2 +K2r

4 +K3r
6 +K4r

8) + P1(r
2 + 2y2) + 2P2xy

 %&'&,&-./.0 xc = x(1 +K1r
2 +K2r

4 +K3r
6) + P1(r

2 + 2x2) + 2P2xy

yc = y(1 +K1r
2 +K2r

4 +K3r
6) + P2(r

2 + 2y2) + 2P1xy

 !"#$ %&'() Cx = (1 +R3ρ
2 +R5ρ

4 +R7ρ
6)du + P1(2d

2
u + ρ2) + P2(2dudv)

Cy = (1 +R3ρ
2 +R5ρ

4 +R7ρ
6)dv + P1(2dudv) + P2(2d

2
v + ρ2)
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 !"#$#%& ∆x ∆y x y r K1 K2 K3 P1 P2

*+,-. xhd yhd xh yh r R1 R2 R3 T2 T1

*/$0$1234 x′ y′ x y r K1 K2 K3 P2 P1

*/$0$5$6"7"# xc yc x y r K1 K2 K3 P1 P2

 !"#$ %&'() Cx Cy du dv ρ R3 R5 R6 P1 P2
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;! <&0 $,'5&0 #&77&0 ':'#7 )&0 8+$#70 )& /'6'5& =$&# )4>#$0 8&3,&77'#7 )& 6&0 ,&0(3&3 834?
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