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-

X1, X2  X3

20 40 60 80

20

40

60

80

0

20

20 20

40

40

40

40

60

60

60

60

80

80

80

80

10
0

10
0

100

10
0

120

12
0

140

14
0

160

16
0

18
0

Zn Sb

Bi

-

-

2  ed.,



 

,



, 

-

2 -

-

-

-

-
-

-
-

  , , 



 

∂ + ∂ − ∂ + ∂

+ ∂ + ∂ − ∂ ∂ − ∂
t z z t z

x y x h
M

x y h
M

u uw u
u uv A u A

( ) (( ) )

( ) ( ) ( ) ( (

ν ν
2 2 ∂∂ + ∂

− − ∂ ′ = − ∂∫
y x

xz x

u v

fv bdz g

))

,
ς

ς

 

2

( ) (( ) )

( ) ( ) (2 ) ( ( ))

.

t z z t z
M M

x y y h y x h y x

x yz

v vw v

vu v A v A u v

fu bdz g
u, v w x, y z -

z H (x, y) (t, x, y), 
t vt v f -

g
M
hA .

 
.0wvu zyx

 0

0gb

0.

 yxt vuw ,z

 
HvHuw yx .z H

 u =0,v =0.

 

( ) ,

( ) .

x
t z s

y
t z s

u

v
x
s

y
s -

-

N -
kz , -

(x, y t

 ),,(),,(),,(...),,(),(),( 110 tyxtyxztyxztyxzyxzyxH NN

kh 1kkk zzh



C -
-

T u U
v V

w W
i X j Y
k Z

(i, j, k). T U V W-
T -

T S  

W

T
T U V X (i, j). 

-



-

-
ρ ρ ε ε= + −( ) + −( )0 1 0 2 0T T S S -

-



-

-



. . 



, , 2, 3

-

-

-



-
-

-

-

-

-



-

-



-

 

-

-

-

-
-

-
-
-



-

-
-

-

-



-

2. 
3. 

6. 
7. 
8. 
9. 

2. -

3. 



6. 

-

2000.



, 

-
-

-

-
-

-
-
-

-
-

-

-
-

-

-



-

-
-

-
-

-

-

-
-



-

-

-
-

-

-

-



-

, -
-

-
-

-
-

-

-

-
-

-
-

-

-



-
-
-
-

-

-

-
-

-
-

-
-

-

-

-
-



-

-

-

-
-

-

,  , -
-

-
, , -



,2

-

-

-

-
-

0t,t,r,xQ r,x,r,r,x 0 -
g x .

L -
At L x L r L, , , 5.0

1 /pA  
1p

,p,t,r,x t,r,x
Q

 0122 rrrrx
0r n

w -

 dx dt x dr dt r x r= ∂ ∂ = ∂ ∂ ( )∈∑ϕ ϕ, , ,
p

 d dt p gxLAϕ ϕ γ− ∇ + − + =−0 5 1 02 2.

tp

 000 VtVptp

tV 00 V,p -

-
-

2 



3. Q

W xW  
x

=

kl,

 
Δh

k k

rj

k k

rj rj

k k

rj rj

ij

h r h h
ϕ

ϕ ϕ ϕ ϕ ϕ ϕ ϕ
=

−
+

−
−

−⎡

⎣
⎢
⎢

⎤

⎦
⎥
⎥
++ + −

−

1 1 1

1� � �
−−

−( ) −
−

−( )
⎡

⎣
⎢
⎢

⎤

⎦
⎥
⎥−

−

− −

ϕ ϕ ϕ1

1 1

1

1 1� �xi ij

k i j

xi k ix x x x
,

 � � �rj rj rj xi i j ij j j jh h x x r r r r= +( ) = −( ) = + +− + + −0 5 0 5 0 25 21 1 1 1. , . , . (( ) ,



kl. 
1k k 1k k
1l l -

 11 klkl .

-
j RRGRAD ,dj

Γ j lj kj= −φ φ .
0x -

0x
Hx

1p Hx
-

.5.01
0 ppg .4.1

At L/ ,= >τ 0 5.1,1 HL
rx,

-

-
1p

-

-

-



-

-

-

-

-
1R

x 0 -

RR0 -
0x -

p H -

-
-

-
-
-
-
-
-



-
-

-

     



, , 

-
-

-
-

-

-
-
-

-

-
-

-

-

-

-

-
-

-

-

-

-
-

-
-
-

-

-



-
-

-

-
-
-

-

-

-

-
-

-

-

-

-

-
-

-

-

-

-
-

-

-

-

-

-

-

-

-
-

-



-
-

-
-
-
-

-

-

-

-

-

-

-
-

-

-

-
-

- h

-

 
r

-
r

 



 - 60 
r

-

-
r

-

-

-

-

-
-

-
-

-

-

-

-



, , 2

-

-

-
-
-

-

-
-
-
-

-

2 



            
   



id i

i *
id

2* )( ii dd

n



-

-
i

n k
)(nW spz p s
)(nd p

 d n C W n n ni ( ) ( ( ), ( )) ( )= +β β
)(n C

)(n  
-

z  
p

i
ii dd

1

2* )(

-

-

 d n CW n ni ( ) ( ) ( )= + β
C pz  

 
C

c
w

c
w

c
w

c
w

c
w

c
w

c

z

z=

∂
∂

∂
∂

⋅⋅⋅
∂
∂

∂
∂

∂
∂

⋅⋅⋅
∂
∂

⋅⋅⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅
∂

1

1

1

2

1

2

1

2

2

2

pp p p

zw
c
w

c
w∂

∂

∂
⋅⋅⋅

∂

∂1 2

-
p  

k g
-

-

 

 G n K n n Ci i i
T( ) ( || )= −1

 a n d n d n n( ) ( ) ( || )= − −1 , 



 , 

 K n n K n n G n C n K n ni i i i i( || ) ( || ) ( ) ( ) ( || )+ = − − −1 1 1
Ci C i

pp

)(nGi pwi i

)(na lp -
)(nd d n n( || )1 -

1n
lz )(ˆ nwi -

i n 1n
K n ni ( || )1 ii zz -

-

 K n n E n n n ni
T( || ) ( || ) ( || )− = − −⎡⎣ ⎤⎦1 1 1ε ε

ε ( || )n n −1 ε ( || ) ( )n n w n− = −1 .
-

)(na
 e(n)= .

)(ni  
)(nQi -

 K n n K n n G n C n K n n Q ni i i i i i( || ) ( || ) ( ) ( ) ( || ) ( )+ = − − − +1 1 1 .

)(nQi , 
)(ni

-2 K n ni ( || )1 -
K Ii ( || )1 0 1= −δ I

n  

 .

-

-
-



2006.



, , , 

-

-

-

-

-



-

-

-

-

-

-
-

-

-

-



IF (TEST_RESULT IS LOW )
THEN STUDENT_CLASS IS BAD

-

-

-

-



or 

.

good rare
good rare
good
good

rare
rare

bad rare
bad rare
bad
bad

-
-

-

-

 
P X Mastered a Ai h Hi t Ai Hi Hi

i

n

i

n

i

n

i

n

a
i

n

ht t( ) * * *[( )* *= = − + − +∑ ∑ ∑ ∑ ∑ ]]

A -
-



Hi

ta th

ta
th

a
0.30

-

-

 
0

10
20
30
40
50
60
70
80
90

100
110

0 10 20 30 40 50 60 70 80  



-



, 2

-

-

-
-

-

-

-

-
-

-
-

-
-

-

2 



-

-

-

-

-

-



-

A B AxB T(A, A) (a1,a2) T 
a1 a2.

a A b B (a,b) f
f(a) = b

m x n

-

-
-



-

Real-World
System

Computer
SimulationReal-World

System

Code
Abstraction

No.

2
3

6

-

-

-

-
-



-

-

-

-

-
j

-

E -
i

j
k

ijk Bijkl
i,j k

Bijkl
Cijkl,

i,j,k,l
Tjikl 

-
Eijkl

-
-B Index 

 
ijklijkl

l
ijkj

kijlkjindexenefit EBIB
,,,

max 

 j
ijklijkl

i k l
BUDGETEC

 j
ijklijkl

i k l
LETIMESCHEDUET



 

1
l

ijklE
 

i,j,k i, j, k

 
1

k l
ijklE i,j i, j

-

j

ijk

-

j -

-

CM CMs jP P s j P P= → + = → +−1 1 8 1 s=1 and highest severity 5 -
P

s s -

(s



 
2

22 3 8 2 2

0 9 2 2 3 3-6

0 0 8

0 0 0 7 9 8

0 0 0 0 2 2 8

0 0 2 3 30-70

0 0 0 0 0 0 0 0

22 20 29 27 23

NS

Bijkl ROIj 

j
P

P P
P P+1

 
NS p CAijkl j P ijkl P ijkl P

P
=

=
∑δ * *

1

7

j P =0 P, 1 P, Pijklp  
of  k P j P+1. 

7

1
1

P
PijklPj p CAijkl P P

 
CA DD CMijkl P s j r P

r

P

s j P P     = →
=

→ +∑
1

1*

 CA DD CM CMijkl P s j r P
r

P

s j P s j P       = −→
=

+∑
1

1*( )

DD DRECR r Ps j r P  → = ( , ) P of  j s -

Ds j OrIn r  r P Ds j dOrIn r P  

CMsjP P→ +1 P, 

CA DRECR r P CM P CM Pijkl P
r

P

 = + −
=
∑ ( , )*( ( ) ( ))1

1
j s

j=s ijk = Pijklp k

 i -B Index



 
ijklijkl

l
j

kijlkjindexenefit EROIsIB
,,,

max 

ROI
NS
Cijkl

ijkl

ijkl

 i -B Index based 

-

-

-

, 2

-

-



, 

AXB=C

 )(xfx
x S SSf :

 fff �
f

)(xJ )(xfx
)(xJ

)(xJ )(xfx
)(yfx y S

AXB=C 
Nnm, C nm  over C

nmC nm
aC nm  over C .a  

1mC  mC nC1 nC .
nmCA

 AAXA
 of A )1(A A A{1}. 

nmCA gpCB  qmCC

 CAXB  



)1(A )1(B -
A B

 (1) (1)AA CB B C

 X f Y A CB Y A AYBB= = + −( ) ( ) ( ) ( ) ( )1 1 1 1

Y
(1) ,A )1(B ,A B -

(1) ,A )1(B

pnCX 0
 

 )1()1(
0)( AYBBAYXYgX

(1) ,A )1(B ,A B Y

X A CB0
1 1( ) ( ) .  

-
X

Y X f Y A CB Y A AYBB= = + −( ) ( ) ( ) ( ) ( )1 1 1 1 Z Y X A CB= − +0
1 1( ) ( )

X f Y f Z X A CB= = + −( ) ( )( ) ( )
0

1 1

 X g Z f Z X A CB X Z A AZBB= = + − = + −( ) ( ) .( ) ( ) ( ) ( )
0

1 1
0

1 1  

g Y g Y X A CB2
0

1 1( ) ( ) ( )( ) ( )= + −
X A CB0

1 1( ) ( )

0X
X A CB0

1 1( ) ( ) -
A

nnCA 1AB

AX Y C X Y BAYn n= ⇔ ∃ ∈( ) = −×0 , AX A Y C X I Y BAYn n= ⇔ ∃ ∈( ) = + −× ,

XA Y C X Y YABn n= ⇔ ∃ ∈( ) = −×0 , XA A Y C X I Y YABn n= ⇔ ∃ ∈( ) = + −× ,
BAYABYBXCYAAXA nn

nnCA 1AB

AX Y C X Y BAYn n= ⇔ ∃ ∈( ) = −×0 , AX A Y C X BA Y BAYn n= ⇔ ∃ ∈( ) = + −× ,

XA Y C X Y YABn n= ⇔ ∃ ∈( ) = −×0 , XA A Y C X AB Y YABn n= ⇔ ∃ ∈( ) = + −× ,
BAYABYBABXCYAAXA nn



-
nmCA

nnCP mmCQ

 
00
0a

a

I
EQAP

a rank A( ) )1(A A

 Q
WV
UI

PA a)1(

U jiu , V jiv , W jiw ,
2anmk -

,m n
aA C mCc

 Ax c
)1(A A

an
 cAx )1(

A Q P

jiu , , jiv , jiw ,
)1(A

 )()( AQrankAranka a rank A c rank Q A Q c= = ⋅ ⋅([ ]) ([ )]
cQc '  

m ath jth '
jc  ( aj1 0'

jc  

 

x P
I U
V W

Q c P

u u
u u

a

m a

m a

= ⋅
⎡

⎣
⎢

⎤

⎦
⎥ ⋅ ⋅ = ⋅

−

−

1 0 0
0 1 0

1 1 1

2 1 2

� �
� �

� � � � � �

, ,

, ,

��
� �
� �

� � � � � � �

0 0 1 1

1 1 1 2 1 1 1 1

1

u u
v v v w w

v v

a a m a

a m a

n a n a

, ,

, , , , ,

,

−

−

− − ,, , . , ,

'

'

2 1

1

2

� �

�

v w w

c
c

c

n a a n a n a m a

a

− − − −

⎡

⎣

⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢

⎤

⎦

⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥

⋅ ''

0

0
�

⎡

⎣

⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢

⎤

⎦

⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥

 

'
'1
1'
'2
2

'
'

1
'

1,1

'
,1

0 0
0 0

0 0
1 00

0 10

a
n aa

a
i ii

a
i n a ii

c c
c c

cP P P Pc
c v

c v

� � ��
�

� �� �

for i
a

i ivc ,11
'

1 ian
a

i ian vc ,1
' V



 
00

00

'
,

'
,1

��
���

��

jjan

jj

cv

cv
V

 

jv ,11 janan v ,

cAx )1( an cAx )1( an -
  

m n
bB C , nc C

 xB c
)1(B B

m b
 x cB( )1

( CAXB

 A B vec X vec CT⊗( ) ( ) = ( )

Xvec X
X vec vec C Cm n

m n m n
, : ×

↓
⋅→ -

jnijinm xxvec )1(,, mat C Cm n
m n m n

, : ↓
⋅ ×→

, , ,m n i p qmat x x for / 1p i n modq i n .

 AXB C X= ⇔
⎡

⎣

⎢
⎢
⎢

⎤

⎦

⎥
⎥
⎥

⎡

⎣

⎢
⎢
⎢

⎤

⎦

⎥
⎥
⎥
=

− −
− −
− −

⎡

⎣

⎢
1 2 1
0 1 0
1 1 1

1 1
1 1
2 2

3 3
1 1
2 2

⎢⎢
⎢

⎤

⎦

⎥
⎥
⎥

 A B vec X vec CT⊗( ) ( ) = ⇔( )

1 1 2 2 2 4 1 1 2
1 1 2 2 2 4 1 1 2
0 0 0 1 1 2 0 0 0
0 0 0 1 1 2 0 0 0
1 1 22 1 1 2 1 1 2
1 1 2 1 1 2 1 1 2

1 1

1 2

1 3

2 1

2 2

2

⎡

⎣

⎢
⎢
⎢
⎢
⎢
⎢
⎢

⎤

⎦

⎥
⎥
⎥
⎥
⎥
⎥
⎥

⋅

x
x
x
x
x
x

,

,

,

,

,

,,

,

,

,

3

3 1

3 2

3 3

3
3
1
1
2
2

x
x
x

⎡

⎣

⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢

⎤

⎦

⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥

=

−
−
−
−
−
−

⎡

⎣

⎢⎢
⎢
⎢
⎢
⎢
⎢
⎢

⎤

⎦

⎥
⎥
⎥
⎥
⎥
⎥
⎥

111
010
121

A
22
11
11

B



 Cedcba
eedec
bbb

ebaedbaecba
A ,,,,,1

22221
)1(

 .,,,,,
2

221)1( Crqphg
rqrqp

rhqgrqphg
B

 X A CB
c d g h cg ch dg dh g cg dg h ch dh

0
1 1

1 3 2 3 6 2 3 3
= =

− + + + + − − − − − + + − + +
( ) ( ) −− + + − −

− + + − + + − − − −

⎡

⎣

⎢
⎢
⎢

⎤

⎦

⎥
⎥
⎥

1 2
3 3 6 2 3 3

g h g h
c cg ch d dg dh cg dg ch dh

Chgdc ,,, .

66CQ 99CP

 
00
0r

r
T I

EPBAQ ,

TBArankr rank A rank B 2r

 Q =
−

−
−
−

⎡

⎣

⎢
⎢
⎢
⎢
⎢
⎢
⎢

⎤

⎦

⎥
⎥
⎥
⎥
⎥

1 0 0 0 0 0
0 0 1 0 0 0
1 1 0 0 0 0

0 0 1 1 0 0
1 0 1 0 1 0
1 0 1 0 0 1

⎥⎥
⎥

, P =

− − − − − −

− −

1 2 1 2 0 0 1 1 2
0 0 1 0 0 0 0 0 0
0 0 0 1 0 0 0 0 0
0 1 0 0 1 2 0 0 0
0 0 0 0 1 0 0 0 0
0 0 0 00 0 1 0 0 0
0 0 0 0 0 0 1 0 0
0 0 0 0 0 0 0 1 0
0 0 0 0 0 0 0 0 1

⎡

⎣

⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢

⎤

⎦

⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎥
⎥
⎥
⎥

.

 ' ( ) 3 1 0 0 0 0 TC Q vec C  

 1,7

1,6

1,5

1,4

1,3

1,41,3

1,2

1,1

1,71,61,51,21,1

'

4,73,72,71,7
1,7

4,23,22,21,2
1,2

4,13,12,11,1
1,1

4,23,22,21,2

4,13,12,11,1

)1(

21

221

0
3

0
3

0
3

10
01

)()()(

v
v
v
v
v

vv
v
v

vvvvv

C

wwww
v

wwww
v

wwww
v

uuuu
uuuu

PCvecBAXvec T

������



 

X mat vec X
v v v v v v v

v= =
− − − − − −

− −( ( ))
, , , , , , ,

,

1 2 2
1

1 1 2 1 5 1 6 1 7 1 1 1 2 1

3 1 −−
⎡

⎣

⎢
⎢
⎢

⎤

⎦

⎥
⎥
⎥

2 4 1 3 1 4 1

5 1 6 1 7 1

v v v
v v v

, , ,

, , ,

.

11,71,61,21,1 vvvv 01,51,41,3 vvv

 
110
001
117

1X

)1(A , )1(B 10 XX  
0g 0 3 1=( ) − − =cg dg  for 

(1) ,A (1) .B

 

ff 2

-

-
 

= 
= 

-



 

-

 
D = (V, B, I) V B I V×B -

V B If A V
A A

 A b  b B  A I b( ) = ∈{ : �, } .

Moreover, for A1, A2, …, An A (A1, 
A2, …, An). 

 A  A   A   b  b B  A I b for all i N1 2 n i n, , , { : , }…( ) = ∈ ∈ ,

N Nn={1, 2, …, n} b, b1, b2,…, bn B,
 (b) = {A: A V, A I b},
 (b1, b2, …, bn) = {A: A V, A I b  i Nn}.

b b .
 

P=(V, B, I) -

P = (V, B, I) n
 of P

a) A = g =n+1( ) ( ) , for all A V and g B;

b) A = B =n +n+12( ) ( )
n S(2, n + 1, n2 + n +1).

n.
P = (V, B, I) -

n2 + n + 1, n +1, 1 N b B f b : (b)  N

V =n +n+12



AB =1( ) A,B V;
kb = n + 1 b B

fb(A) tAb A b,
for A V tA = A bi tAbi

for b B kb = Ai b tAib b.
S’=(V’, B, )

S = (V, B, ), if V V’ b B there is b’ B’ (b) (b’)
A (b), tAb’

 = tAb.
 

(V’,B’, ) n2+n+1, n+1, 1 

 V’=V
 B’=B B”  B”={{An+1}: A V}

A V, tA=r+n+1 r B A,
n2+n+1, n+1, 1

S’(2, n+1, n2+n+1).
S’(2, n+1, n2+n+1)

(2, n-1)
Q n m

 f:(x1, x2, …, xn) f(x1, x2, …, xn)
Qn  Qm. Q(f) (n, m)

A (n, m) Q(f) (n, m) -

(a1, a2, …, an) Qn  Nn={1, 2, …, n} Nn+m
(b1, b2, …, bn+m) Qn+m b (1)=a1, …, b (n)=an 

 f(b1, b2, …, bn) = (bn+1, bn+2, …, bn+m).
(n, m) (n, m)

 A (n + m) Qn+m (n, m) -

(a1, a2, …, an) Qn Nn={1, 2, …, n} Nn+m
(b1, b2, …, bn+m) Qn+m b (1)=a1, …, b (n) = an 

 (b1, b2, …, bn+m) .

A (n, m) (Q, f) (n, m) (n + m) Qn+m 

 (x1, x2, …, xn+1)   f(x1, x2, …, xn)=(xn+1, xn+2, …, xn+m)
(n, m)

A (n, m)
 f(x1, x2, …, xn)=(xn+1, xn+2, …, xn+m)  f(y1, y2, …, yn)=(yn+1, yn+2, …, yn+m).

(x1, x2, …, xn+m) Qn+m (y1, y2, …, yn+m) of (x1, x2, …, xm). (n+m)
Qn+m 

S’(2, n+1, n2+n + 1) 
(2, n - 1) Vn+1

 (A1, A2, …, An+1)   {A1, A2, …, An+1} B.



(2, n-1) Vn+1 satisfying (A, A, …, A)=(An+1)
A V S’(2, k, n2+n+1)

 {A1, A2, …, An+1} B  (A1, A2, …, An+1) .

G P
P

 G = 1210 ,1/,
P

2  

  = ( 0 2, 
. . .

9 0, 2 , 22, 
. . . 29 0, 3 , 32, 

. . . 39
. . . (90, 9 , 92, 

. . . 99

0 2, 
. . .

9, 20, 2 , 22, 
. . . 29, 30, 3 , 32, 

. . . 39, 
. . . 90, 9 , 92, 

. . . 99 P.

 
9

9
2

999
9

3
2

333

9
2

2
222

9
1

2
111

,,,,,,,,
,,,,,,,,

�����������

�����������

 
9

9
2

999

9
3

2
333

9
2

2
222

9
1

2
111

,,,,
,,,,,,,,,,,,,,,,,

�����

�����������������

P.
�

 � ={10, 11, 12, 
… , 19}.

1� 1�
W
 1�  = { ,10, 20, 

. . . , 90}.

1�
932 ,,,, � 1� 1�  

� 0 932 ,,, ���� 0

P P
932 ,,,, � 932 ,,, ����

 11
k

i �� , i = 2, 3, . . . , 9, k = 0, 1, 2, 3, . . . , 9

 i� {10, 1’1, 2’2, 3’3, 
. . . , 9’9}

. . . , 9}.

P  
1

0

1� 9321 ,,,,, ������ , 

0, 20, 30, 
... , 90.

 

...

  = (0)(1)(2, 9)(3, 8)(4, 7)(5, 6)



 = 6 

 ,ii ��  i = 2, 3, ..., 9

,i�  i = 2, 3, . . . , 9

 6574839210 ,,,,,,,,,1 ddccbbaaii�

dcba ,,, . . .

 2� {10, 21, 22, 29, 33, 38, 44, 47, 55, 56}.

,i� . . .

 
6574839210 ,,,,,,,,,1 ddccbbaaii�

 12
k

i �� , i = 3, 4, . . . , 9, k = 0, 1, 2, . . . , 9
dcba ,,,

 
1k

j
s

i �� , i j, i, j = 3, 4, . . . , 9, k, s = 0, 1, 2, . . . , 9

i� j� , i j dcba ,,,
i� . . .

 3� {10, 31, 23, 28, 32, 39, 85, 86, 74, 77}

 4� {10, 41, 34, 37, 42, 49, 75, 76, 93, 98 }

 5� {10, 51, 24, 27, 52, 59, 73, 78, 95, 96}
   .   .   .

 9� {10, 61, 35, 36, 54, 57, 63, 68, 72, 79}

P=(V, B, ) 
P’=(V’, B’, ) V=V’, B’=B B’’ B’’={{A10}: A V}

V9+1

 (A1, A2, A3,…, A9, A9+1)  {A1, A2, A3,…, A9, A9+1} B or 

 A1 = A2 = A3 = … = A9 = A9+1,
(A, A, A, …, A, A) = (A9+1)  

A V |V|=92+9+1=91 |B’|=92+9+1+91=182
tA=10+10=20.

P P





, , , 2

-

-

-

-

-

-

-
-
-

-

-

 
-

2 



-

-
-
-

-

 

-

-

-

-

-

-

-

-

-

-



-

-

-
-

-

-

-

-

-

-



-
-

 
 

-

-

-
-

 

-

-

-



-

-

-

-

-

-

-

-
-

-

-

-



-
-

-

-

-

-

-
 



-

-
-

-

2. 
-

-

2. 
3. 

-
  

-

-

-



-

-
-

 

-

-

-

-



-
-

-
 

-

-

-

-



, , , 

 

 

-

-

-

-

-
-

-

-

-
-



-

  
 

-

-

-
-

-
-

-
-



-

-

-

-

-



-

-

-

-

-

-

-
-

-

-



-

-



-

-

-

-

-
-

-

-



VSCIT TMMEOV },,,{ }{O  - 
}{E }{ CM  

}{ SM VT -

-

-
-

-
-

-
-

-

-
-



-
-
-
-

-

-

-

-

-



-

-
-

-
-

-
-
-

-
-

-

-
-

-
-

-

-

-

-
-



, , 

-
k

-

 



-

 

 
k

2 2 2

1 2 3 -
2 2, N2

-
-
-
 

2 2

 k
k

y U yJ
x

 ' '
4i k ik i k i i

k k k

y U U yP y u u y F JU
x x x



 

' ' ' '

5

1 1 2 2
4

i
k k k ik i k

k k k k k

m m m m m
m

UTy HU U yP y h u u u
x x x x x

y C T T U F U F

 
, 1, 2mT

m k m m
k k k

y U y D yJ m
x x Sct x

 
' ' iT

k i k s
k k k k k

Uky U k y y u u
x x x x

 

 
2

' '
1 2 3

iT
k i k s

k k k k

Uy U y y C u u C C
x x x k x k

 
3

0
4

/m m
m

P TR g

 ' '2 2,
3 3

i k l
ik ik i k ik T ik

k i l

U U U u u k
x x x

,

 2 ' '/ , T
T k

T k

HC k h u
Pr x

,

 ' ' , 3, 4m mk m m m
k

y U u J m
x

 ' '
4 4 4 4 4/ 0k

k

y n U u
x

 ' ' ' '
m mi mk mi m mi m mi mk m Rm i mi

k

y U U U u u y C U U
x

 ' ' ' '
m mi m m m m m m mk m m m m

k

y U H H u h u y C T T J Q
x

 2 1 4 5, , 0J J J J J J .

ik
' '
i ku u

U
��

h T
T RC

C TPr
k 1 2,J J

2 2, mg Q
n -

RC , C
s k



kr 4 4n
4 4 43 / 4r cn c

4J

( )u

of k

1 2 0J J J , 1 2,

 ' ' 0, 1, 2m mk m m
k

y U u m
x

 

' ' ' '

2

1
/

m mi mk mi m mi m mi mk m i
k k

m Rm i mi mj m j ji mi j m
j

y U U U u u G y
x x

y C U U K U U M M

 

' ' ' '

2

1

2 2

/ ,

/ 2,

m mi m m m m m m mk
k

m m m mj m j mj j m
j

m j m jmj mj m j

y U H H u h u
x

y C T T K M M

U U K r r U U
�� �� �� ��

mjK mr mG

-

2 1u u -

0.2
-



*r -
*a

0

3d  = 4d
/ 10s gW W  1 2( )sW W W

1 2/q W W 0T

 

-

 



-

-

250x -

 

.

 

-



k
q

-

 

dp

 

-
dp

dp .
dp dp . 

dp



 

dp

dp

 

-

dp

-

, 

, p.872-879.



, 2

 

        to 
           

  to          -
         

 on  that  content     -
  

-

-

-

-

2. 
3. 

-

-

-

-
-

2 



-

-

-

-

 

-

http://e-learn.viser.edu.rs/moodle



 

-



-
-

-

page. 

-



paper. 



Nev-

 



, 2, 3, 3, 3

 

-

-

-

-

-

 

-

 
,0div

,0)(
u

upuu

2 
3 



 
)(11

xpp , 
)(22

xpp

 0
3

u

 0),(u , 21 ∪x

),( yxx , ),( vuu ),( yxuu , ),( yxvv , 
),( yxpp 0 ),(1 yxp , ),(2 yxp -

321 ∪∪ , 

1 2 3

u 1 2

Γ1 = AB , Γ2 = CD , Γ3 = AD BC∪ .

-
-

-

0t -

-
-

0v , 0
x
u  ( 0u , 0

y
v

-
0v

( 0u -



 

-
h , 

h -

u u v pij ij ij( , , ) , 1),( Jji 2J -
uij pij

0v  
1 2 3 . 
uij 2J

-

-

-
m

 fuuA )(

 mRtstAtsAtsA ,,)()( 21 ,

)(1 uA -
2A

f 1A  
T

muuu ),,( 1 … . 

 
u u A u u f
u u z n

n n
n

n n

n n
n

n

+
+

+ +
+

= − −

= + =

1 2
1

1 1 2
1 0 1 2

/

/

[ ( ) ],

, , , ,...,

τ

α
T

m
n zzz ),....,( 1

0u
A , 1n -
1n

1n

fuuAr nnn )( -

)(uA  
1n

-
-6 -



-

2 , 3 , 5 , 
6 1 P = 0 4

4 4

4
-

-

-



h.

-

-

)(1 yp -
)(2 yp

)(max)(min 21 ypyp .

  
)(1 yp  )(2 yp

-
u x y y0 216 8( , ) ≡ − + 0),(0 yxu  

u0(x,y y2+8 u0(x,y
v



-0,6

-0,5

-0,4

-0,3

-0,2

-0,1

0

0,1

0,2

0 0,2 0,4 0,6 0,8 1 1,2

-1

-0,8

-0,6

-0,4

-0,2

0

0,2

0,4

0,6

0,8

0 0,2 0,4 0,6 0,8 1 1,2

-6 -7

-

-

-

-

 

),(
,0div

,0)(

00 xuu
u

upuu
t
u

t

 )(11
xpp , )(22

xpp , 0
3

u

 0),(u 1 , 2



-

-

h , 
.

 ;~~)~(
~

uuuu n

 
;

~Dp

 u u p
n+ −

= −∇
1 �
τ

,

u ,uD uD ~~
.

h
-

1 , 2 -
-

 

a a a
a a a

a a a
a

a
a

N N

N

11 12 13

21 22 23

32 33 34

43

3 2

0 0
0

0

� �
�

�
� � � �

� �
� � � �
�

− −

−− − − − − −

− − − − −

− −

2 3 2 2 2 1

1 2 1 1 1

2 1

0
0

0 0

N N N N N

N N N N N N

NN NN N

a a
a a a
a a a

�
� � NN

⎛

⎝

⎜
⎜
⎜
⎜
⎜
⎜
⎜
⎜
⎜
⎜
⎜
⎜

⎞

⎠

⎟
⎟
⎟
⎟
⎟
⎟
⎟
⎟
⎟
⎟
⎟
⎟

-
-

n
p

-

-



-

-

-

-
,1.01p  ,02p  ,1.04p  ,1.05p  1.06p

0953.03p .

 

 
p3 t

-



-
-

-

-

-

-

-

-

688-698.
-

-

-



, 2

X Y

YXf : - Y
Xx xU  of x V  VUf x )( .

YXgf :,  are 
YIXF : Xx , xfxF 0, xgxF 1, , F st  

XNF | 1,1,0N  of I .
  …�…�� -

n ≺ .
)( nf YXfn : X Y

Y , …�…��
nm , nf mf  are 

)( nf )( nf  are 
Y , …�…�� )( nf )( nf  are 

n. 
YXfn :)( ZYgk :)(

   of Z  of Y ≺g
 ZXfgh

knkk :)()(
[( )]fn  

-
YXf : - Xx

x x . 
YXgf :,  are 

YIXF : Xx , xfxF 0, xgxF 1, . 

A X Y
YXfn : 0 0n nf 1nf  for 

0nn YXfn : nf .

nf nf 0 , nf
nf n .

2 



…… n21 -
0n n .

][ nf YX: ][ ng ZY: YXfn : ZYgn :  
…… n21  

ng
2

0n
0ng 0nn …… n21

nnn ygygd ', n y y Y …… nkkk 21  

kf 2
n

nkf nkk [ ][ ] [ ]f g f gn n n kn( ) ( ) = ( )

-

X , Y Z
Q AR .

 X  to Y QXfk : , 
Nk V  of Y Q 0k 0kk , 

kf 1kf V  Qk YXf :
YXfk :  .

 YXfk :   YXfk :  are 
V  of Y , kf kf V k .

QQfk : , ,...3,2,1k  
X  to Y V  of Y U  of X

UkUk ff 1  
V k  QQk YXf ,: .

 YXfk : Q -

 QQk YXf ,:ˆ ff
Xk̂ .

 YXfk : QQk ZYg ,: , 

QXfg kk :  ZXfg kk :
 ZYgk : YXfk : -

 YXfk : YXfk :  QQk ZYg ,:  

QQk ZYg ,: ZXfg kk : PXfg kk :  are 

YXfk :

g Y Zk Q Q
:

,
→( )⎡

⎣
⎤
⎦ PXfg kk :

g Y Z f X Yk Q Q k: :
,

→( )⎡
⎣

⎤
⎦ →( )⎡⎣ ⎤⎦

Sh .



 Let X  be paracompact topological space. Than for every  continuous function 
QXf : , where Q  is Hilbertov cube, there exist 2 -close .

YXfk : YXn :  
0 Nn0 0nn , 

nnfd , .
YXn :

YXfk : n -
n

Let YXn : YXn : onsider 
null sequence …… n21

1 1,YB 111 nn , 

1nn , n 4 1n 4 1,nnH . 1,nnH
4

-

1,nnH
2 1,nnH

0,1,
1 tHtf nnn 1,1,

1
1 tHtf nnn 1,YB nf  

1,YB 1,YB -

121 1
,..., nfff .

2 2,YB

1222 nnn 12 nnn , n 4 1n 1,nnH . 

1
1

1
1

1
211

,...., nnn fff . 1,nnH
4

-

1,nnH
2 1,nnH 0,1,

2 tHtf nnn

1,1,
2

1 tHtf nnn nf 2,YB , 

2,YB . 

In k-th step we have that there exist k

kYB , kkk nn 1kk nnn , n 4 1n

1,nnH 1
1

1
1

1 ,....,
11

k
n

k
n

k
n kkk

fff . 1,nnH
4

1,nnH
2 1,nnH

0,1, tHtf nn
k

n 1,1,1 tHtf nn
k

n nf

are kYB , kYB , .

YXfk : V Y Q Y

VYB n, YXfk : -



YXn : sequence YXfkn :  

n -

sequence n  . 

n .

n n

YXfk : YXfk : n n

n n YXfk :  

YXfk : n n

V Y Q 0 N0k

V VYB , , 
0kk ff

0kk ff V 0kk , 

2
,

00 kkfd
2

,
00 kkfd

4
H

0k 0k .

 V   Y Q Y 01

VYB 1, 1 V  are 

n n

YXfk : YXfk : n n

0n 0nn , 
2

, nnfd 0'n

0nn  
2

, nnfd . YXfk : YXfk :

Nk0 0kk Nm  , kmk ff kmk ff  
gf f g

n n N0n 0nn  

n 4 n 4
YIXH : .

N0k 00000 ,, nnnk

nn YX: ΩX Y InSh X Y Sh X Y, : , ,( ) → ( ) 
X Y

X Y . 

YX ,

nn n n X Y
YXfkn : YXfkn :

QIXH :

2
H H

24
2



VIXH '

22
,,, 00 0000
HdfdHfd kkkk , 

22
,',,' 11 0000
HdfdHfd kkkk

0kf 0H
0kf 1H . 

00
Hfk 10

Hfk

10 HH
00 kk ff YXfYXf kk :: .

YX , YXfYXf kk :: YXfkn :  

YXfkn : 0
3

,YBV .

YXfk : YXfk : 0k  

0kk , kf kf V

VIXHk :  

YXfk : n -

N0k 0kk , 
3

, kkfd -

N0k 0kk  
3

, kkfd 000 ,, kkkk kf

kf kH
3

, kkfd
3

, kkfd .

YIXGk :

 
3

, kk HGd , xxG kk 0, xxG kk '1,

Xx 1,0t , xxG kk 0, , xxG kk '1,  
txHtxG kk ,, YtxHk ,  or txGk , Y

,,txHB k . kG k k  

0kk . 

YX , YXShYXfk ,:
…… n21 YXk :

 nkkfd , nkk .

∪
Yy

nn yBYB ,, nk YBxf ,

Yy nk yBxf , yxk

YXn : YXfkn : n

n -

Ω : InSh SH→ InSh SH

 XX
X

 nYXn ,

YXn : ΩX Y InSh X Y Sh X Y, : , ) ( ,→( )



XXin : i id X Xn ≡ →: Nn
InSh QXin :

YXin : Nn

ni ni
SH. So XX 11 .

nnnn

n X Y n Y Z

YX , -

Q Q  can be 
placed any compact metric space ZYgk :

sequence ZYn : QYgk : , 
Nk QQk ZYg ,:ˆ kYk gĝ  
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