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1( )

n 0=

∞
+ am0

y( ) ,= m 0 ∞,=

Ãm
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Efimenko A. A.
CHOICE OF OPTIMAL INTERBLOCK ELECTRIC CON-

NECTONS DESIGN FOR ELECTRONIC MEANS
Models and algorithms are proposed for choosing a design

of electric contacts by the criteria of cost and labor expenditu-
res as well as quality and efficiency indices, which permit to
optimize the electronic means engineering process.

Key words: electric connections, intercontact connections,
cost optimization, electronic devices.
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-
.

: , , -
, , , .

. -
-

.
.
-

«  – ». 
 «  – » t

, (1)

ZthjC(t) –  «  –
»; RthCH –  « -

 – »; ZthH(t) –
.

ZthjC(t) RthCH -
-

, -
ZthjC(t) -

, . ,
ZthH(t) -

-
 [1]. 

-
-
-

.
,

-
, .

-
, -

/
.

1. 

-
. 1.
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, . 1, 
:

ZthH(t) = , (2)

ZthH(t) – ;
Ri, τi – ,

, Ri

, -
ZthH(t);  – ,

.

: Ri, τi

. 1 n,
.

,
. 1, , -

,
,  10,  2–4 ,

RthH.

 ( . 1), k = 1, 2, 3, …, K – -
; tK – 1 – -

tk; tK – tk;

ZthH(tk) – tk.

δ, %.

2. 

2.1. , -
, -

-
,  [2]. -

-

Z′thH(tk) = RthH – ZthH(tk) (3)

. 2.
2.2. , -

,
 (K – 1) . 2 

tk = t( – 1); Z′th(tk) = Z′th(t(K – 1)),

, . 2. -
(K – 2), , . 2, 

: tk = t( – 2); Z′thH(tk) = Z′thH (t(K – 2)).

2.3. , ’
 ( – 1) – ( – 2),

, (4)

τ1 – -
 (2).

2.4.
( – 1) – ( – 2) -

ln R1 = ln Z′thH(t(K – 1)) + (t(K – 1)) /τ1, (5)

R1 – 
 (1).

2.5.
( – 1) – ( – 2) -

 ln R1

R1 = exp (ln R1). (6)

-
 (2).

2.6. , -
 ( – 3)  ( – 1) – ( – 2), . 2.

t(K – 3) τ1

ln Z′′thH(t(K – 3)) = ln Z′thH(t(K – 2)) +

+ (t(K – 2) – t(K – 3)) / τ1. (7)

. 1.

 1.

k 1 2 3 … K – 1 K

tk t1 t2 t3 … t(K – 1) tK

ZthH(tk) ZthH(t1) ZthH(t2) ZthH(t3) … ZthH(t(K – 1)) Rth

 2.

k 1 2 3 … K – 2 K – 1 K

tk t1 t2 t3 … t(K – 2) t(  – 1) tK

Z′thH (tk)  Z′thH (t1) Z′thH (t2)  Z′thH (t3) … Z′thH (t(K – 2)) Z′thH (t(K – 1)) 0
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2.7. t(K – 3)

τ1,  ( – 1) – ( – 2), -

 ln Z′′thH(t(K – 3)):

Z′′thH(t(K – 3)) = exp (ln Z′′thH(t(K – 3))). (8)

2.8. Z′′thH(t(K – 3))

Z′thH(t(K – 3))

(9)

2.9. δ′′ < 0, ,
, Z′thH(t(K – 3)) ,

 ( -
) -

. , Z′thH(t(K – 3)) =

= Z′′thH(t(K – 3)),  ( – 3) -

, . -
 ( – 4).

 0 ≤ δ′′ ≤ δ, δ – 
, ,  ( – 3) -

,
,

 ( – 4).
δ′′ > δ, ,  ( – 3)

,
, -

 ( – 3).
2.10. Z′thH(tk)

( . 2) ,  (k = 1) ,
,

 2.9 -
 (Ri, τi), ,

Z′thH( + 1)(tk) = Z′thH (tk) – R  exp (–tk /τ ), (10)

= 1, 2, … – ,
Ri, τi; k = 1, 2, …, K′′ –

 ( . 2), 
, -

Ri, τi; K′′ – 
 ( . 2), -

, Ri, τi ( -
 2.9 ,

).
2.11. -

,  2.9, -
-

,  2.2–2.10 
 2 – 1.

2.12.
, -

 3 – 2 -
 (k = 1)

, -
.

Z′thH( – 1)(t1)

-
 (R( – 1), τ( – 1))

Z′thH (t1) = Z′thH( – 1)(t1) – R( – 1) exp (–t 1/τ ( – 1)). (11)

2.13. ,
 (k = 1).

, ,
R ( -

 3 – 2 t0 = 0), 

R = RthH – (R1 + R2 + … + R( – 1)). (12)

2.14.  1 – 0 ( ,
’  1  ln Rn)  3 – 2 -

(13)

. 2. Z′thH(t)
( )
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-
.

, ,
. 2;  – , -

-
.

2.15. -
, -

, . 3.

2.16. -
-

.
2.16.1.

Zth (tk) = , (14)

Zth (tk) – 
tk . 1 ( -

) Ri, τi -
, . 3.

2.16.2. .

= Zth (tk) – ZthH(tk), (15)

Zth (tk) – ,  2.16.1;
ZthH (tk) – . 1.

2.16.3. .

=
= [( ) / ZthH (tk)] · 100 %. (16)

: tk; Zth (tk); Zth (tk); -

; .
2.17. , ,

.

3. 

, -

253  6 /c,
 3 . 3 [3].

. 0 /c -
,

 (0,3–1,2) /c.

 3 . 3 ,
-
-

 6 /c,  (k = 1)
t1 = 2 c, 

 3. -
. 4.

. 3 . 4, -
 (k = 8); 

Zth (2000) = 0,0975 K/ -
, RthH = 0,0975 K/ . ,

δ = 0,5 %.

 (3)
. 5.

 3.
« , , »

i 1 2 3 … n

Ri, K/ R1 R2 R3 … Rn

i, c 1 2 3 … n

. 3. 253
:

1 –  0 /c; 2 –  3 /c; 3 –  6 /c; 4 –  12 /c

 4. 253  6 /c

k 1 2 3 4 5 6 7 8

tk, c 2 4 10 40 100 400 1000 2000

Zth (tk), K/ 0,004 0,0087 0,0161 0,037 0,0485 0,08 0,0928 0,0975

 5. 253 
 6 /c

k 1 2 3 4 5 6 7 8

tk, c 2 4 10 40 100 400 1000 2000

Z′th (tk), K/ 0,0935 0,0888 0,0814 0,0605 0,049 0,0175 0,0047 0



27

ISSN 1607-3274. , , . 2011.  1. 

 (k = 7),
, . 5, : t7 = 1000 ;

Z′th (t7) = 0,0047 K/ .

 (k = 6), , . 5, -
: t6 = 400 ; Z′th (t6) = 0,0175 K/ .

, ’
7 – 6,  (4):

=

= =

= 600/(–4,045554 + 5,360193) = 456,4.

 7 – 6 
 (5):

ln R1 = ln Z′th (t7) + t7 /τ1 = ln 0,0047 +

+ (1000/456,4) = –5,360193 + 2,191 = –3,1692.

 7 – 6 
 ln R1

 (6):

R1 = exp (ln R1) = exp (–3,1692) = 0,0421 K/ .

,
(k = 5)  7 – 6.

t5 = 100

τ1 = 456,4  (7):

ln Z′′th (t5) = ln Z′th (t6) + (t6 – t5)/τ1 =

= ln 0,0175 + (400 – 100)/ 456,4 =
= –4,045554 + 0,657318 = –3,388236.

t5 = 100

τ1 = 456,4 (  7 – 6) -

 ln Z′′th (t5)  (6):

Z′′th (t5) = exp (lnZ′′th (t5)) =

= exp (–3,388236) = 0,03377 K/ .

Z′′th (t5)

Z′th (t5)  (9):

·100 % =

= [(0,049 – 0,03377)/0,049]·100 % =
= 31 % > δ = 0,5 %.

, Z′th (t5)

.

Z′th (tk)

( . 5) 
 (R1, τ1)  (10):

Z′th 2(tk) = Z′th (tk) – R1 exp (–tk /τ1);

Z′th 2(t1) = Z′th (t1) – R1 exp (–t1 /τ1) =

= 0,0935 – 0,0421 · exp (–2/456,4) =
= 0,051584 K/ ;

Z′th 2(t2) = Z′th (t2) – R1 exp (–t2 /τ1) =

= 0,0888 – 0,0421 · exp (–4 /456,4) =
= 0,04707 K/ ;

Z′th 2(t3) = Z′th (t3) – R1 exp (–t3 /τ1) =

= 0,0814 – 0,0421 · exp (–10 /456,4) =
= 0,0402 K/ ;

Z′th 2(t4) = Z′th (t4) – R1 exp (–t4 /τ1) =

= 0,0605 – 0,0421 · exp (–40 /456,4) =
= 0,02193 K/ ;

Z′th 2(t5) = Z′th (t5) – R1 exp (–t5 /τ1) =

= 0,049 – 0,0421 · exp (–100 /456,4) =
= 0,01518 K/ .

,
 (k = 5)  (k = 4).

,
(k = 5), : t5 = 100 ; Z′th 2(t5) =
= 0,01518 K/ .

 (k = 4), : t4 = 40 ;
Z′th 2 (t4) = 0,02193 K/ .

, ’
5 – 4,  7 – 6  (4):

=

= = 163,1.

 5 – 4 
 (5):

ln R 2 = ln Z′th 2 (t5) + t5 / τ2 =

= ln 0,01518 + (100 /163,1) =
= –4,1877765 + 0,613121 = –3,5746555.

 5 – 4 
 ln R 2 

 (6):

R2 = exp (ln R2) = exp (–3,5746555) = 0,0280 K/ .

,
(k = 3)  5 – 4.

t3 = 10
τ2 = 163,1  (7):

ln Z′′th 2 (t3) = ln Z′th 2(t4) + (t4 – t3)/τ2 =

= ln 0,02193 + (40 – 10)/ 163,1 =
= –3,8198997 + 0,183994 = –3,635963.
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t3 = 10 

τ2 = 163,1  ln Z′′th 2(t3)

 (8):

Z′′th 2(t3) = exp (ln Z′′th 2(t3)) =

= exp (–3,635963) = 0,02636 K/ .

Z′′th 2(t3)

Z′th 2(t3)  (9):

=

= [(0,0402 – 0,02636) /0,0402] ·100 % =
= 34,4 % > δ = 0,5 %.

, Z′th 2(t3) -
, .

Z′th 2(tk)

(R2, τ2)  (10):

Z′thH3(tk) = Z′thH2(tk) – R2 exp (–tk /τ2);

Z′th 3(t1) = Z′th 2 (t1) – R2 exp (–t1 /τ2) =
= 0,051584 – 0,028 · exp (–2/163,1) =

= 0,02393 K/ ;

Z′th 3(t2) = Z′th 2(t2) – R2 exp (–t2 /τ2) =
= 0,04707 – 0,028 · exp (–4/163,1) =

= 0,01975 K/ ;

Z′th 3(t3) = Z′th 2(t3) – R2 exp (–t3 /τ2) =
= 0,0402 – 0,028 · exp (–10/163,1) =

= 0,01386 K/ .

,
 (k = 3)  (k = 2).

,
(k = 3), : t3 = 10 ; Z′th 3(t3) =
= 0,01386 K/ .

 (k = 2), : t2 = 4 ;
Z′th 3(t2) = 0,01975 K/ .

, ’
3 – 2,  5 – 4  (4):

=

= = 16,942.

 3 – 2 
 (5):

ln R 3 = ln Z′th 3 (t3) + t3 / τ3 =
= ln 0,01386 + (10 /16,942) =

= –4,2787483 + 0,59025 = –3,6884983.

 3 – 2 
 ln R 3

 (6):

R3 = exp (ln R3) = exp (–3,6884983) = 0,025 K/ .

,
(k = 1)  3 – 2.

t1 = 2
τ3 = 16,942  (7):

ln Z′′th 3(t1) = ln Z′th 3(t2) + (t2 – t1)/τ3 =
= ln 0,01975 + (4 – 2)/ 16,942 = –3,80655.

t1 = 2
τ3 = 16,942  ln Z′′th 3(t1)

 (8):

Z′′th 3 (t1) = exp (ln Z′′th 3 (t1)) =
= exp (–3,80655) = 0,02222 K/ .

Z′′th 3(t1)
Z′′th 3(t1)  (9):

=

= [(0,02393 – 0,02222) /0,02393] ·100 % =
= 7,1 % > δ = 0,5 %.

, Z′th 3(t1) -
, .

Z′th 3(t1)

(R3, τ3)  (11):

Z′th 4(t 1) = Z′th 3(t 1) – R3 exp (–t 1/τ3);

Z′th 4(t1) = Z′th 3(t1) – R3 exp (–t1/τ3) =
= 0,02393 – 0,025 · exp (–2 /16,942) =

= 0,001714 K/ .

,
 (k = 1). 

, ,
R4 ( -

 3 – 2 t0 = 0), 
 (12):

R4 = Rth – (R1 + R2 + R3) =
= 0,0975 – (0,0421 + 0,028 + 0,025) =

= 0,0024 K/ .

 1 – 0 ( ,
’  (k = 1)  ln R4)  3 – 2

 (13):

ctg ψ4 = τ4 = =

= = 5,941.
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,
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,
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1. -
 [ ] : -

 / . –
.  (1 ). –  : -

, 2007. – : http://www.elvpr.ru/polup-
rovodnikprib/ohladiteli/vozd_tabl.php ( ). – 

.
2. , . . -

 / -
. – . : , 1967. – 144 .

3.
343, 253, 353

[ ] : , -
 / . –

.  (1 ). –  : -
, 2007. – : http://www.elvpr.ru/polup-

rovodnikprib/ohladiteli/O343%20O253%20O353.pdf
( ). – .

 08.11.2010

. .

-
,

-
,

.
-
-

.

: , -
, ,

, , .

Ostrenko V. S.

ALGORITHM FOR DETERMINATION OF EXPONENTS
PARAMETERS WHICH APPROXIMATE HEAT SINK
TRANSIENT HEAT RESISTANCE

The algorithm is proposed for determination of exponents
parameters which approximate heat sink transient heat resistan-
ce as a function of time. It permits to include the heat sink in-
to the system for calculation of power semiconductor structu-
re temperature.

Key words: semiconductor device, heat sink, semiconduc-
tor structure temperature, heat resistance, exponents parame-
ters, cooling modes.

 6.

i 1 2 3 4

R , / 0,0421 0,028 0,025 0,0024
, c 456,4 163,1 16,9 5,94

 7.

tk ,
Zth (tk), 

K/

Zth (tk), 

K/ , K/ , %

2 0,004 0,004 0 0

4 0,0087 0,0075 –0,0012 –13,8

10 0,0161 0,0157 –0,0004 –2,48

40 0,037 0,0347 –0,0023 –6,2

100 0,0485 0,0484 –0,0001 –0,2

400 0,08 0,0776 –0,0024 –3

1000 0,0928 0,0927 –0,0001 –0,1

2000 0,0975 0,0975 0 0

 8. ,

253

 220 

1 2 3 4 5
Ri, K/ 0,2328 0,05165 0,0491 0,0187 0,00275

τ , 1248,4 1326,4 356,5 13,55 21

 3 /c

i 1 2 3 4
Ri, K/ 0,0635 0,05216 0,0219 0,00244

τ , 865,6 178,6 16,17 6

 6 /c

i 1 2 3 4
R , / 0,0421 0,028 0,025 0,0024

τ , 456,4 163,1 16,9 5,94

 12 /c

i 1 2 3 4
R , / 0,0345 0,0195 0,0286 0,0024

τ , 496,6 212,4 18,17 5,8
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   -
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  a C = T/R.
.

, . 1.

. 1.
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k

Tp 1+
---------------- x.⋅=

Uy
R

RCp 1+
-------------------- Jx.⋅=
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( . 2).
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; PR – /
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, PR = –1 – -
, PR = 0 – ); , ,  – 

, ,
, ,  – -

, ; ∆ –
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;   – -

;

 – .

-
. 1 

( . 3), -
, -

- .

. -
-

.
 ( . 3) 

J1 C1, J1 =
= f( 2, 3) – ,

. UC1
UP. C1, -

,

Jk = f(UC1),
J1

.

 1.

:
JY,0-1 = F3(0,0, X#U1);

:
X = x1, y1, x2, y2, x3, y3, x4, y4, x5, y5, x6, y6;

y t( ) k x t( )⋅=

y t( ) k1 x1 t( ) … kn xn t( )⋅+ +⋅=

T
dy t( )

dt
------------ x t( );= y t( ) 1

T
--- x t( ) t;d

0

t

= y
1

PT
------- x=

T
dy t( )

dt
------------ y t( )+ k X t( );⋅=

y
k

Tp 1+
---------------x=

P , P

P , P

PR =

f P P,( )=



32

 – -

. . 3 J2, R2,

2 J3, R3, 3, J2 = 1·UC1 -

UP, J3=1·UC2
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 – , -

: P -

P . P  (

) -

P = f(t).  ( . 3)

J4 = 1⋅UC3 J , -

C4,

P .

P  – 

, . 3 -

2 = f(U 3)  E3 = f(U 4), -

= f( ), = f( ).

. 3 -
J1 = f( 2, 3), -

,

 ( ) -
,
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- -
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, .
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 IBM PC, 
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-  FORTRAN-77
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 ( ), -
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,
.  F59 -
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- .

- -
. 4.

-
2 3, -

= f( ) = f( ). -

-

   

UPR (  , hres), -

-
PR. tn –

, hn – -

, hres – , Tk = k⋅hres –

k- .

,
: -

-
 ( )

.
- ,

, , ,
,

 UPR.

, -
-

hn = h , tn = t , , -

T1, -
t = 0, T1 = (tn – h ) + hres.

 2 
,

PR = 0 ( ), -
hn, -

 4 d1,
t = tn

t = T1, , -
t = T1 + D (D = 0,000001 

, T1 ).

,
k- , -

hn – 1 t = Tk + 0,000001 -

hn,  , 

 2 
, -

PRk -

,

PR
, -

,

, .
. 4. -

P , P

P , P

tn 1– hn Tk>+

t tn hn– Tk 0 000001,+= =
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(SQL INJECTION)
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-
 SQL injec-

tion:
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-

;

– -
;

–
;

–
exec (  Microsoft SQL
Server).

-
 ( )

. ,
, -

,
.

-
, -

:

–
,

 2-  SQL in-
jection ( . . -

). -

 [3]. , Ounce Labs, Parasoft’s
Jtest & C++test, Klocwork Insight, Fortify Source Code

Analyzer (SCA), GrammaTech CodeSonar, Coverity
Prevent;

– , ,
;

– ;

–
;

– -
;

– -
,

;
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 sp_executesql  exec

(  Microsoft SQL Server);

–
 quotename (  Micro-

soft SQL Server).

-
-

 [4]. 
 – -
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 – 
, .

. -
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– -
 ( , -

);

–  ( ,  32- -
 16- );

–  ( ,

, -
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,
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–
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++, 
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-
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Romanuke V. V.
SOLVING THE FUZZY ANTAGONISTIC -GAME
There has been represented a concept of solving the antago-

nistic -game, whose matrix elements are defined in the
form of non-one-element sets. It has been revealed that the solu-
tion of such fuzzy game may be a special intersection of soluti-
ons of all ordinary -games, whose matrices elements consti-
tute those sets. For cases when such intersection appears to be
empty, it is suggested to use a fuzzy solution of a fuzzy -
game. If this solution is unacceptable, a noncooperative metaga-
me is constructed, the solution of which will contain the optimal
behavior of both players in the initial fuzzy -game.

Key words: modeling within uncertainty, decision making
within uncertainty, fuzzy -game, noncooperative metaga-
me, optimal behavior.
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m = 510,340,255,204,170,102,85,68,60,51,34,
30,20,17,12,5,3,2 N = 1530,231200,
765,0,58310,306,14705,9248,0,153,2414,90,800,629,864,
965,1008,1022. m = 15,10,6,4 
N = 45,1430,882,1088,  = 1335,830,
1098,992. 
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i 0modm= j 0modm= 1 m2⁄=

n q 1–( ) 2m2⁄=

m q 1–( )>

Xm Ym Zm+ + 0=

q 1–

q 1–( ) m⁄

q 1–( ) m⁄

q 1–( ) m⁄

2–( ) q 1–( ) m⁄ 1 modq( )=

Xm Ym Zm+ + 0=

q 1–

2–( ) q 1–( ) m⁄ 1 modq( )≠
q 1–( ) m⁄ 0 mod2( )= q 1–( ) m⁄ 0 mod3( )≠

N 3m 2 q 1–( ) 2m2( )⁄ 3m2+≈
q 1–( ) m⁄ 0mod2≠ q 1–( ) m⁄ 0mod3=

N 2 1 q 1–( ) 2m2( ) 1–⁄ 3+( )m2≈
q 1–( ) m⁄ 0mod6= N 3m +≈

2 1 q 1–( ) 2m2( ) 1–⁄ 3+( )m2+

q 1–( ) m⁄ 0mod2≠ q 1–( ) m⁄ 0mod3≠ N ≈
2 q 1–( ) 2m2( )⁄ 3m2≈

2–( ) q 1–( ) m⁄ 1 modq( )=

q 1–( ) m⁄ 0 mod2( )= q 1–( ) m⁄ 0 mod3( )≠
N 3m 2 q 1–( ) 2m2( ) 1–⁄ 3m2 3m2+ +≈

q 1–( ) m⁄ 0mod2≠ q 1–( ) m⁄ 0mod3=

N 2 1 q 1–( ) 2m2( ) 2–⁄ 3+( )m2 3m2+≈

q 1–( ) m⁄ 0mod6= N 3m +≈
2 1 q 1–( ) 2m2( ) 2–⁄ 3+( )m2 3m2+ +

q 1–( ) m⁄ 0mod2≠ q 1–( ) m⁄ 0mod3≠ N ≈
2 q 1–( ) 2m2( ) 1–⁄ 3m2 3m2+≈

x 3
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g ∞→ q ∞→ m q→
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Ng q( )

sup 
Ng q( )

Ng q( )HV
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g ∞→

lim
5

q
-------=

N 3m +≈
2 1 q 1–( ) 2m2( ) 2–⁄ 3+( )m2 3m2+ +


