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NCC

T “ rt0, tf s

min
x,y,u

Φpxptf qq

M 9xptq “ fpxptq,yptq,uptqq, @t P T

0 “ gpxptq,yptq,uptqq,@t P T

0 “ hpxpt0q,ypt0qq

0 ě cpxptq,yptq,uptqq, t P T

yikptq K yi1

k
ptq, @t P T , k P t1, ..., NCCu

0 ď yikptq, yi1

k
ptq, @t P T , k P t1, ..., NCCu

X :“ R
Nx ˆ R

Ny ˆ R
Nu t0 P R tf P R u : T Ñ R

Nu

x : T Ñ R
Nx y : T Ñ R

Ny

f : X Ñ R
Nx g : X Ñ R

Ny´NCC

M P R
NxˆNx h : X Ñ R

Nx c : X Ñ R
Nc

yik yi1

k



ik, i
1
k P t1, . . . , Nyu, ik ‰ i1

k Φ : R
Nx Ñ R

NCC “ 1

ŷ P R
ny´2

ŷ “ pyjqjPt1,...,Nyuzti,i1u

f g
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ˇ

ˇ

ˇ
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Bg
Brŷ,yi1 s

ˇ

ˇ

ˇ

xpuptq,tq,ypuptq,tq,uptq
t P T

yi yi1

g rŷ, yis rŷ, yi1 s

rŷ, yis rŷ, yi1 s







ϕ pyiptq, yi1 ptqq :“ yiptq ` yi1 ptq ´
a

pyiptqq2 ` pyi1 ptqq2.



M 9xptq “ fpxptq,yptq,uptqq, @t P T

0 “ gpxptq,yptq,uptqq,@t P T

0 “ ϕ pyiptq, yi1 ptqq, @t P T

ryi, yi1 s ‰ r0, 0s

Bg
By pxpuptq, tq,ypuptq, tq,uptqq

Bϕ
By pypuptq, tqq t P T

Bg
By pxpuptq, tq,ypuptq, tq,uptqq ryi, yi1 s “

r0, 0s v : vk “ 0, @k P t1, ..., nyuzti, i1u, vi “ 1 ´ r cospφq, vi1 “ 1 ´ r sinpφq

0 ď φ ă 2π, 0 ă r ď 1 t P T

g

rg, ϕs y xpuptq, tq,ypuptq, tq,uptq
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1

tr0, 0su g

yi



yi1 ryi, yi1 s ‰ r0, 0s

Bϕ

Byi, yi1

ˇ

ˇ

ˇ
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«

1 ´
yi

a

pyiq2 ` pyi1 q2
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yi1
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pyiq2 ` pyi1 q2
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ˇ
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¸
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lim
rÑ0
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‰˘
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φ

r φ

Bϕ p0, 0q “
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1 ´ ρ cospφq, 1 ´ ρ sinpφq
‰

: 0 ď φ ď 2π, 0 ď ρ ď 1
(

,

r0, 0s R Bϕ p0, 0q

rg, ϕs ryi, yi1 s “ r0, 0s

Brg, ϕ sT pxpuptq, tq,ypuptq, tq,uptqq “
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Byi

, Bg
Byi1

0, 1 ´ ρ ¨ cospφq, 1 ´ ρ ¨ sinpφq
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By
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ryi, yi1 s ‰ 0
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ϕ pyiptq, yi1 ptqq :“ yiptq ` yi1 ptq ´
a

pyiptqq2 ` pyi1 ptqq2 ` ε

ε ą 0

yiptq ¨ yi1 ptq “ ε{2, yiptq ě 0, yi1 ptq ě 0.



M 9xptq “ fpxptq,yptq,uptqq, @t P T

0 “ gpxptq,yptq,uptqq,@t P T

0 “ ϕ pyiptq, yi1 ptqq, @t P T

ε
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u p sx “ Bx
Bp sŷ “ Bŷ

Bp syi “ Byi

Bp syi1 “ Byi1

Bp
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χ χ “ 0.5

9Q
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0
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dt.
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tf “ 100 F0 w1 w2

w3
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ÿ
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pLiptq ´ Li q2dt.

F0 w1 w2 w3
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ż tf

0

wnp 9n ptq ´ 9n q2 ` wxpxN2 ptq ´ x
N2, q2dt

9n 9n xN2

x
N2, wn wx

wn “ 1 wx “ 1000

9n “ 50 x
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