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 621.926; 621.928                                          26.08.2013 

. . , . . ,  (  « - »); 
. . , . . ,  ( )

, -
-

. -
.

Schemes of technological lines for reception of additives to mixed fodders on which experimental researches 
of processes of crushing and division of polydisperse materials spent are given. As a result of experimental re-
searches the influence of technological and kinematic parameters of carrying out of processes on the characteristic 
sizes of particles of the received powders is revealed. 
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-
-  4. 
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 8, 
 9  7, -
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 220 ° ,  6, 
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– 5-12 %  – 1-3 %. 
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 15. ,

 7,  12, 
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; 12 – ; 15 –
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 13, 
 14 , -

 10,  –
.

, , -
 10,  (  0  1 ;

1 – 3 ;  3 ).
 11 ,

3 ,  20 %, -
 1 .

, . 2, -
.  2 

 1 -
 4. 

5  4. -
-

 6, ,
, , -

 7, 
,  8, -

.
-
-

 11  12, 
 13. 

 14, 
 – 15. 

, ,
.

-
 (5  – -

, 1  –  0,75  –
),

-
,  [3]

exp NR d B d ,      (1) 
B N – .

1 2

1 2

1 1ln ln R ln R
N

ln d d
,     (2) 

1 1

1 1
N

B ln
d R

,        (3) 

R1 R2 –
;

d1 d2 – .
 (1) 

Ri(di) R(d) -

R1 – d1, R2 – d2.
,

.
R(d) -
,

R1 = 0,65 – 0,8 R2 = 0,1 – 0,25 [3]. 

,
:

–
6 1,45exp 9,8 10R d d ;   (4) 

–
4 1,43exp 4, 2 10R d d ;   (5) 

–
4 1,51exp 3, 2 10R d d .   (6) 

, , -
. 2, 

-
n (  1980 

2700 /  180 / ) -
 (  25  60 / ).

-
,

 (  25 / )
-

. 3 [4].

, -
, -

, , d10 ( ,
10 % ), 

d50 ( ,  50 % 

 2. 

:
1 – ; 2 – ; 3 –

; 4 – ; 5 – ; 6-
; 7,8 – ; 9 – ; 10 – -

; 11, 12 – ;
13 – ; 14 – ;

15 –

 3. 
 25 / :

1 – 2700 / ; 2 – 2520 / ; 3 – 2340 / ; 4 –
2160 / ; 5 – 1980 /
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d50,  19,7 22,3 24,7 23,9 26,7 
d90,  59,2 68,7 69,4 67,9 77,5 

=30 / ,
n=1980 /

=37,5 / ,
n=1980 /

=50 / ,
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 8 

d10,  6,2 6,1 6 6 3 
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d90,  85,7 89,1 99 95,6 65 
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: 1 – ;
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. . , . . , , . . , . . , , . . ,
. . , , . . ,  ( )

-
.

Experimental results and substantiated modes and parameters electroactivated aqueous solutions to improve 
germination and seed vigor of green crops in buildings protected ground are given. 
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1) 2) 
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 3. « »:

1 – ; 2 – ; 3 – ; 4 –
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 1:1 
 %  %  %  % 

« » 63,3 100 85,1 134,4 64,9 102,5 71,5 113 
« » 28,3 100 42,6 150,5 29,3 103,5 26,4 93,3 

 3. 

 1:1 
 %  %  %  % 

« » 39,9 100 66,8 167,4 63,4 158,9 75,9 190,2 
« » 34,6 100 39,4 113,9 53,6 154,9 34,8 100,6 



10

-
.

,
. ,

-
. , -

, -
- .

-
,

.

, -

-
 –

=7,8...8,2 = -350...-530 .
, -

,
, -

-,  – +

[1, 2, 4].  – -

.
-
,

.

-
: -

.

1. , . .  / 
. . . – .: . , 1992. – . 2. 

– 657 c.  
2. -

 / . .  [ .] // -
, -

: . . -
. – .: , 1997. – . 99-100. 

3. , C.B. -
 / C.B. -

, . .  // 
, 2007. – 8. – . 26.

4. , . . -

 / . . , . .
 // -

: . . – ,
2000. – . 57.

5. , . . -
-

 / . .  // -
, :

, 2012,  3. 
– . 126-132. 

6. , . .
Excel / . . . – .: , 2003. 

– 240 .

 4. 

,

p<0,05)

-
-
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-

>0,95 
« »

0,03 0,962 14,26+ 
+0,39 0,026 0,998 1,98+ 
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0,0000

5 0,955 -4,42+
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+1,57

 0,001 0,982 -1,51+ 
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0,0000
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+0,274
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+0,809 0,0185 0,963 0,813+ 
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0,0001

2 0,95 -1,17+
+0,8 0,00028 0,955 1,39+ 

+0,61
« »

0,0025 0,864 15,33+ 
+0,69 0,0446 0,65 3+0,542 0,0007

4 0,94 4,22+ 
+1,25 0,0021 0,97 -15,1+ 

+0,99

 0,0044 0,9 -12,35+ 
+0,79 0,61 0,051 -13,8+ 

+2,2
0,0001

6 0,953 -43,4+ 
+1,68 0,0032 0,97 -0,72+ 

+1,1

 0,05 0,83 2,67+ 
+0,73 0,64 0,05 -4,79+ 

+1,5
0,0000

085 0,964 -1,09+
+0,579 0,0018 0,98 -15,1+ 

+,99

 0,00075 0,96 3,45+ 
+0,637 0,00033 0,951 -9,92+ 

+1,92
0,00004

9 0,971 -1,65+
+0,77 0,0002 0,975 -1,04+ 

+0,35
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. . , . . . (  « -
» , . )

-
. -

.

The results of theoretical investigations of the impact pins fractionation drums on the dry layer weight are 
given. Engineering parameters of fractionation are proved. 
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 631.348.3                                                      20.04.2012 

. . ,  (  « »)

. ,
, , -

, ,
, .

The calculation results of the economic and energy efficiency of cultivation of ecologically pure potatoes 
with combined unit for collecting the Colorado potato beetle are given. Such indicators as the value of production, 
cash costs of production per unit area, the cost of labor per unit area and per unit of cultivation grown produce, the 
cost of the resulting products, the level of profitability, bioenergetic factor are used as the evaluation criteria 

-
 [1, 2].

-

-
, -

 [3].

-
,

-
-

 ( . 1).

-
,

.
-
-

. -
-

 5 %.
-

, ,
, -

.
-

 ( )
, . . -

.
-

 « » -
.

-
, -

,
-

,

 1. 
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 [4].

-
-

. -
-

, ,
.

-
-

:
– ;
– -

 ( . / );
– -

 ( - / )
( - / );

–  ( .
/ );
–  (%);
–  [5].

-

-

, -

.
-

,              (1) 
 – , / ;

– , . ./
:

,
          

(2)
– , .

;
– -
, . ;

– , .
;

– , . ;
– , . ;

– -
, . ;

– , . .
 2 %.

-
-

. 1.

-
.

.        (3) 

.       (4) 

100 % .       (5) 

= ,        (6) 

– , ;
– , / .

 ( . 2, 3) -
,

 (13200 .
.), . -

1.

- -
- - -

-

-
, . .

441 479 434 468 

, . . 1760 1760 1760 1760 
, . . 1025 759 671 607 

,
,

, ,
. .

4026 4026 4026 4026 

-
, . .

515 520 483 467 

 1 , . . 7767 7542 7347 7328 

2. -

- -
- - -

-

, /  300 300 300 300 
, /  - - - - 

, . . 13200 13200 13200 13200 

1 , . .
7767 7542 7347 7328 

, . . 5433 5658 5853 5872 
 1 ,

. .
25,9 25,1 24,4 24,4 

, % 69,9 75,0 79,7 80,1 
, -

 1 
 1 

130 
0,43 

130 
0,43 

130 
0,43 

130 
0,43 
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225 . . , ,
 0,8 . . -

,  5,1 % -
 0,01 -

.
-
-

, -
 (13200 . .)

 1  (7347  7328 . .),
 (5853  5878 . .)

(24,4 . ./ ).
79,7  80,1 % -

, . .  0,4 % . -
 0,09 

.

,
, -

, , -
-

, -
. . . -

.

1. -
: . 1961 . ,  01  13/02, 

01  5/04 / . . , . . , . . ,
. . ; . . - . –
 u20040469; . 15.10.04; . 15.02.05 // 

. / . . . –
2005. –  10. – . 8.

2. , . . -
 / . . , . .  // -

, 2006. – 6. – . 32-34. 
3. , . . -

-
 / . .  // 

, 2009. – 1. – . 16-19. 
4. -

: .
 / . .  [ .]. – .: 

, 2005. – 462 .
5. , . . -

: .- .  / . . , . .
, . . .– .: , 1995. – 18 .

3. –

,
/

-
, /

-
,

/  1 ,

-
-

 300 33801 113 114000 3,37 
 300 33648 112 114000 3,38 

 300 33797 113 114000 3,37 
-  300 32971 110 1140000 3,46 
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 663.331+582.542.11+577.151                        8.04.2013 

-

. . , . .  ( )

, -
.

-
, , -

2 . -
, .

The influence of surface quality rye on the condition of soaking the grain established technological process 
parameters on the abrasive surface of the rye plant. It was investigated: water maintenance in different parts of rye 
depending on the soaking, the influence of water temperature and grain size on the water absorption, the impact of 
aeration of water on the C 2 content in the soaking grain. The scientific and practical bases of rye soaking in the 
process of rye malt manufacturing were clarified and improved. 
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 8, 10, 12, 16, 20, 24 
 2,0-2,38; 1,66-2,00; 1,19-1,68; 

0,84-1,10;0,71-0,81; 0,50-0,71 .
,

,  400 / . -
 100 . -

.
:

 = V /V ,
– ;

V – , 3;
V – , 3.

. 1.
, -

16  20, 
,
-
-

 16-  20- , -
,  16-20. 
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-
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-

. 2.
. 2 , -

,
-

. -
-

(W)  1,3  1,7 / .
-
-

. 3.
-

 = 2 – 0,5 t2 – 0,0004 t + 1,2043 ,     (1) 
– ;

t – , .
R2 = 0,9667. 

. 3  1 , -

 40-50 .

-
 12- ,

 1,52 / ,
16 (0,84-1,19 ). -

.
-

:
–

1,3-1,7 / ;
–  16-20 -
 0,84-1,19, 0,71-0,81, 0,50-0,71 ;
–  40-50 ,

 0,15  (0,0015 %) -
 10-20 %. 

-
, -

,  30 %-
.

46-48 %,  (48-50 %) 
.

 – -
, ,

, 10 %- .
,

.
,

 0,01 N -
 [1, 2].

-
, ,

, ,
, .

, ,
,

, ,
, - -

, ,  ( . 1).
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 6° – 95 ;
 12° – 72 ;
 16° – 48 ;
 18° – 42 .

-
. 4.

 1.  N 
 (1) -
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 2. 
 W  (1) 

,

 3. 

 t, .
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, -
 50 

35,5 %,  – 34,7 %. 
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, -
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 40-45 %, -
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-
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, -
-
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, -
, 2,

-
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, ,
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,
, -

.
2 -

-
 30 3

, -

,  2-4 ,
2  15-20 %  –

1,7-1,9 / 3 [5, 6]. 
, 2 -

-
. ,  13°  1,8-5,9 % 

2 ,  16-17 °  – 29 11,5 % .
-

, -
.

 24 ° ,
.

 1. 

, % 
1,5  3  6  24 

 17,6 30,8 48,5 56,8 
 31,2 38,3 50,3 56,8 

- -
, 11,4 13,6 25,9 35,9 

10,5 11,8 20,4 34,8 

 21,1 23,2 28,1 38,1 

 4. -
 (1) 

 (2) 

 5. -
: 1 –  1,8-2,2 ; 2 –  2,2-2,6 ;

3 –  2,6-3,0 

 6. 
: 1 –

1,8-2,2 ; 2 –  2,2-2,6 ; 3 – -
 2,6-3,0 : 1 – 32 %;  

2 – 43 %; 3 – 25 % 
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 2-3
,  – 30-31 %.

-
,

.

 « »
.

-
, -

.
-

 4-8 ,
 15-16 ° -

, .
-

14-16 °  20-25 
.  4-5 

. -
 1,5-2 -

,  14-
16° .

 18-24
.

.
,  46-

48 %  1-1,2 3/ .
, -

 85-90 %. 

,
, -

- ,
.

-
,

, .
, .

-
-

, .

 0,2  1,1 % . -
, -
. -

 0,08 %. -
 1 %, ,

- , –
, .

-
 0,8-1,2 %. 

 1 
 2 %.

-
. -

-

:
 – 1,3-1,7 / ;

 – 0,50-1,19 ; -
 – 40-50 ., -

,  0,0015 %,
 10-20 %. 

, ,
. -

, , -
,

.
-

, -
.

, -
 2-4 .

 24 ° -
, -

 2-3
 30-31 % 

.
-

 4-8
15-16° , -

 (  4-5
,  –  1,5-2 )

-
 18-24 .

-
,  1  2 %.

1. , . .  / . .
. – .: , 1990. – . 176.

2. , . . -
 / . . . – : -

, 1984. – . 318.
3. :  29272-92. – .

01.06.93. – .: , 1993. – . 22.
4. , . . -

 / . . – 7- .; . . – .:
, 2007. – . 1. – . 548.

5. , . . -
-

 / . . , . . , . .  // 
, 2006. –  2. – . 22-24. 

6. , . . : , -
,  / . -

, . . , . . , . . ,
. . , . .  // -

: . . . – .: , 2009. – .
345-359. 
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- ,

. . , . .  ( ); . . , . . , . . , .
.  (  « - ); . .  (  « -97»)

- –
Lactobacillus helveticus, Lactobacillus casei, Lactobacillus acidophilus, Lactobacillus plantarum, Streptococcus 
salivarius subsp. thermophiles  « - -

», .

The results of studies on the industrial valuable, of Bifidobacterium, Lactobacillus helveticus, Lactobacillus 
casei, Lactobacillus acidophilus, Lactobacillus plantarum, Streptococcus salivarius subsp. thermophilus from Cul-
tural Collection of "Institute of Meat and Dairy Industry," intended for the production of new dairy products for 
baby food are given in the article. 

-
,

, .
 1  2012 -

, -
. -

-

.
.

. , -
,

,
IQ

,
. -

-
.

 (
)

, -
-

,
, , -

, .
-
-

, -

, -
.

-
 (

),
, -

. -
-

- ,
-

, -
.

-
 ( , -

, , -
)

,
-

, -
. -

-
, -

,
, .

-
-

.  22 -
, 17 , 14 

 Lactobacterium delbrueckii subsp. bulgaricus, 
10  Streptococcus salivarius subsp. 
thermophiles, 8  Lactobacillus plantarum, 4 
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 Lactobacillus casei  8 
ifidobacterium -

 « -
». -

- :
– ;
– ;
– ;
– ;
–  (

);
– ;
– .

 ( ) -
. .

, -
-

:
 (100 )  3 % -

40-42  –
, 37-38  –

32-35  –  Lactobacillus plantarum, L. casei. 
,
.

-
,  ( ),

 3624-92.
 3-5 

 16-18 .
, , .

 3 %  100 

 – 37-38 -
 32-35  – Lactobacillus planta-

rum, L. casei.  7 .

-
.

 ( / 3)
( ) -

.
-

 ( -
- , - , -

.)  10 % -
-

 37  18-20 . -
-

. -
/ 3  lg / 3.

-
, -

: Lactobacillus plantarum, Lactobacillus 
acidophilus, Lactobacillus paracasei subsp. paracasei, Lac-
tobacillus rhamnosus, Lactobacillus fermentum, Lactobacil-
lus delbrueckii subsp. lactis, Lactobacillus brevis [1]. 

Lactobacillus acidophilus 
 Lactobacterium delbrueckii subsp. 

Bulgaricus -
-

, -
.
-

- , -
-

-
.  22  10 

-
, , -

, .
. 1 – 2. 

-
 4,4-5,5 . -

 60-70 , -
 – 240-440 . ,
. 1,  4 ( 23, 27/2, 30/4, 

38/4)
, -

,
. , -

:
, .

,
 2,5-4 . -

 47-95 ,
204-384 . -

 4  – 4, 6, 7, 14/1.
. 3 

-
.

,
.

-
.

-
-

 2,5-4 
 (43 )  5-6  (30 ). -

 – 60-63 , -
 – 105-119 .  5 -

(St 36/1, St 44/2, St 55/1, St 72/2, St 78), 
.

-
.

-
,
-

.  Lb. plantarum 
, -

,
,

-
 [2].

Lactobacillus planta-
rum Lactobacillus casei 
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,

.

-
. -

. 4 – 5. 

 1. - Lactobacillus acidophilus

, , 0 , 0
: -

, ,
 1 5,0 71 290 ,
 2 5,0 61 440 ,
 6 5,0 65 390 ,
 7 5,5 71 500 ,
 8 5,5 71 386 ,

 10 5,0 57 370 ,
 11 5,2 65 385 ,
 13 5,0 68 497 ,
 16 5,0 61 270 ,
 17 5,0 66 425 ,
 18 5,5 69 400 ,
 19 5,0 65 350 ,
 21 5,5 68 350 ,
 23 5,0 65 328 ,
 24 5,0 70 346 ,
 25 5,5 67 352 ,
 15 5,0 64 440 ,

 27/1 5,5 67 375 ,
 27/2 5,0 70 270 ,
 27/3 5,5 60 240 ,
 30/4 4,5 64 370 ,
 38/4 4,45 61 335 ,

 2. -
Lactobacterium delbrueckii subsp. bulgaricus

, . , 0 , 0
: -

, ,
 3 2,5 57 381 
 4 2,5 50 380 
 6 4,0 64 255 ,
 7 2,5 56 384 
 9 3,5 52 361 

 12/1 3 60 305 
 12/2 2,5 95 342 
 13/1 2,5 71 354 
 13/2 3,0 82 350 
 14/1 2,5 47 298 
 14/2 3,0 65 288 
 15/2 3,0 67 292 
 17 3,0 51 204 

 18/2 3,0 54 212 
 3. -

Streptococcus salivarius subsp. thermophilus
, .

, ,
/

, :
, ,43 30

St 18 2,5 5,5 63,0 2,0 108 110 ,
St 21/3 2,5 5,5 62,4 2,5 108 117  ,
St 36/1 3,5 6,0 60,0 7,5 108 105 ,
St 42 4,0 6,0 62,0 2,0 108 125 ,

St 44/2 3,5 5,5 61,0 2,5 108 108 ,
St 48/2 3,5 6,0 62,0 2,0 108 123 
St 55/1 2,5 5,0 62,3 2,5 108 112 ,
St 72/2 2,5 5,0 62,0 2,5 108 110 ,
St 77/1 3,0 5,0 61,0 2,0 108 124 
St 78 2,5 5,5 63,0 3,0 108 119 ,
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 2,0  108  4,5 109 / 3.
-

 4,3 – 4,8 .
68-70 .

Lactobacillus plantarum Pl 28/2, 
Pl 30/1, 

.
Lactobacillus 

casei  [3] 
, , -

Lb. 
casei, -

. -

, -
, Lb. casei. 

 Lactobacillus casei 
-

 4,35-4,61 . -
-

 4,0 109-4,5 109, -
(L. cas 2  L. cas 5/1).

,  99 % -

 4. Lactobacillus plantarum
-

. ,
/ 3

.
-

,

-
-
.,

˚  * 

-
-
,

˚  * 

Pl 28/2 8,0  108 4,9 68,0 103 ,

Pl 30/1 4,5  109 4,4 70,0 110 , , -
 3-4 

Pl 30/2 3,5  109 4,3 69,0 108 , , -
 3-4 

Pl 30/3 6,0  108 4,6 67,8 111 , , -
 3-4 

Pl 30/4 5,0  108 4,7 71,0 115 , .
Pl 30/5 4,0  108 4,8 68,0 110 , .
Pl 30/6 2,0  108 4,7 69,0 105 , .
Pl 30/7 3,0  108 4,8 70,0 112 , .

* : -
.

 5. 
Lactobacillus casei 

- ,
/

-
, .

L. cas 1 3,5 109 4,52 + ,
L. cas 2 4,0 109 4,35 + ,
L. cas 3 2,5 109 4,61 + ,

L. cas 5/1 4,5 109 4,41 + ,

 6. 
ifidobacterium 

,
/

-
, .

 bifidum 
 2/3 5,0 109 4,68 +,

,
 longum 
½ 3,5 109 4,56 +, , -

. adolescentis 
 43 3,0 109 4,61 +, , ,

.
. adolescentis 
 47 5,5 109 4,58 +, , ,

.
B. breve 

 39 4,0 109 4,54 +, , ,

 longum 
 44 3,5 109 4,56 +, , -

 bifidum 
 2 1,5 109 4,62 +,

,
B. infantis 

 11 2,0 109 4,63 +,
,
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-
 [4]. 

 B.bifidum ( ),
.adolescentis, B.longum, B.breve, B.infantis -

.

. -
-

,
, .

. 6.
-

 1,5 –
5,0 109 / .

 4,54-5,5 . .

 7 -
, -

.

-

- -
-  « -

», -
-

.

1. -
 / . . [ .] // -

, 1987. – . 32. –  3. – .
173-179. 

2. Elango, V. Oral Biotherapeutic agents for gastro-
enterritis / V. Elango, S. Dhanapal, S. Devi // Ecoim-
munonutrition / eds. R. Deolankar [et al.] ; Ind. Dietetic 
Assoc. Pune, 1997. – P. 39-46. 

3. , . . -
: /

. . , . . ; . . . . -
; . . – : , 2003. – 664 .

4. , . . -
, -
 / . . , . . ,

. .  // . . . .

,
, 21-23  1999. – ., 1999. – . 34-37. 
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. . , . . , ( )

-
.

The text deals with the express method of the assessment of power efficiency of capital investments in mod-
ernization of lighting installations and results of calculations with its use. 

-
-
-

 ( -

+20…–10 % -
)

, ,
,  [1]. 

-

,

 [2].

-

, -
 ( ). -

,
, -

 ( ), -
 ( )  ( ), 

-
 ( ),

 ( ),  ( )
,

( ), -
 ( , . .) -

2 2 2 1 1

1 1 1 2 2

2

1

1P . (1) 

, ,
 1 

 (  2),  –
.

-

 ( )
W ( )

W P W ,       (2) 
W

, , -
W  = P TMO;

–  ( ) -
, ;

– -
 ( ) -

,  [3, 4].
- -

, , -

,

-
, -

.,  (1) -
:

–

2 1
1 /P ;      (3) 

–

-
, ,

 ( )
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1 2
1 /P ;      (4) 

– , , -
-

1 2
1 /P ;      (5) 

–
, -

, -
 ( , ,

)
( , )

2 1
1 /P ;      (6) 

– , -
,

2 1
1 /P ;      (7) 

– -
, , -

-
, -

2 11 /P ,       (8) 
1, 2 -

, .

-

1
-

 [5]

1 U (U )
U

k U
,      (9) 

-
, ;

k , -

 (  4 -
 2 );

U , ;
U -

, .
-
-
-

 [5, 6]
( / )1 ( )Ct t

C Cg b e ,   (10) 
g , b , t

 [6]; 
t -

.

,
min -

, ,
 [7]. 

 (1) W -
(2) -

,
, , -

-
.

-
-

. -
 [8, 9] -

-
.

,
-

 [5]:
k ,      (11) 

k , -
, :

– -
 ( ) -

 – 0,1…0,15;
–  ( ,

-
) – 0,2…0,25;

–
-

 – 0,3…0,4.
-

-
,

:
1. ,

-
, .

 = W· ,     (12) 
–

, .· · –1.
2.  ( .)

. -

: , ,
. , -

-  (
25…30 % ) [2].

3. ( ) -
 [2]

 = / .     (13) 

-
 ( -

,  – 100 -
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) 215-225-75 
(  – 75 ,  – 1030 ,

 – 1000 ,
 01.10.2012 – 2850 .)

-

3SPC20  « » ( )
:

–  – 20 ;
–  – 1100 ;
–  – 8000 ;
–  – 37100 .

-
 – 1000

 – 2,5…3 . -

295 .· –1.
-

 (1) :
)  – 2 = 75 ; (2) =  

= 13,7 · -1; (2) = 1,2; (2) = 1,0; 
)  – 1 = 100 ;

(1) = 52,5 · -1; (1) = 1,4; (1) = 1,05. 

) -

100 1, 4 13,7 1,05
1

75 1, 2 52,5 1,0
P = 0,43; 

)

2
W  = · · = 0,1·1000·1,0= 100 ,

–
, ;

– -
, ;

)

W = 0,43·100 = 43 ;
)

 = 43·295 = 12685 ;
)

-
-

.
3SPC20 (8000 )

 8 
215-225-75 (1000 ),

 = (37100 – 8·2850) = 14300 ;
)

 = 14300 / 12685  1,13 .
, -

-
-
-

,
 40…50 % 

.
, -

-
,

 1 .
C -

.
,

12  41…63 % 
; 8

 44…68 % 
5 – 46…70 %; 

– 40…50 %;  – 38…48 %;  –
52…68 %  – 55…73 % ; -

 – 42…95 %. -
12 8 -

-
 15…24 %, 5 –

18…32 %,  – 21…38 %, 
 – 18…25 %  – 22…30 %. 

 32…48 % ,
 – 36…52 %. , -

-
 10…15 % .

, -
-
-

, -
-
.

-
. -

, -
.

-

-
 ± 20 % 

-
.

-
-

.

1. , . . -
: .
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. . -
 / . . , . . ; .

. .  [ .]. – .: , 2012. – 262 .
2.

- -
. .: -

, 2003.  60 .
3. , . . :

. / . . , . . , . . -
. – 2- . – .: , 2008. – 271 .

4. , . . : . . / 
. . , . . . – , ,

2012. – 568 .: .
5. , . . -

 / 

. . , . .  [ ]. 
– 2012. – : http://www.marketelectro.ru. –

: 19.10.2012. 
6. , . . -

 / . . . – .: ,
1995. – 528 .: .

7. .
:  45-2.04-

153-2009. – .: - -
, 2009. – 59 .
8. , . . -

 / . . ,
. . . – .: , 1986.  192 .

9. , . . -
 / . . . .: -

, 1989. – 112 .

 621.365                                                         27.11.2012 

. . , . . ,  ( )

-
,

.
,

.

A method for modeling steady-state heat transfer processes in isotropic materials using electrical circuits 
with nonlinear resistive elements, which allows taking into account the nonlinear dependence of thermal conductiv-
ity on temperature, is proposed in the article. The proposed method allows more accurate modeling of heat transfer, 
especially when using modern materials. 

, -
-

, , – -
-

.
-

 [1-3],
-

 [3]. -
,

,
.

-
-

, -

-
,  [1, 3]. 

-
-

 [2], 

-

,
 [3].

-
 [4, 5], 

.
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-
-

, -
 [1, 2].

-
,

-
-

 ( ) -
.

,
q -

 ( )
tq .        (1) 

i ( ), -
,

 ( )
ugi .        (2) 

g – -
 ( /( · ))

( / ), t u – ( ) -
( ) .

 (1)  (2), 
-

,
-
-

, , -
, .

 [2] , -

,

,
, ,  [1, 3]. -

, -
( )f T ,

: 0 01 ( )b T T kT , -

: kTb e  [2].
, -

( )f T , -
, -

, g -
( )g f U . ,

( )f T -
, -

( )g f U
.

,
x y(t) -

 [4– 6]: 

1 2 1 2 1 2

( ) ( ) ( )

( , ) ( ) ( )

y t k x t d

k x t x t d d

1 2 3 1 2 3 1 2 3( , , ) ( ) ( ) ( )k x t x t x t d d d

1 2
1

( , , , ) ( ) ,
k

k i i
i

k x t d          (3) 

x y –
; 1 2( , , , )kk –

( ) k- , ,
.

 (3) -
pi –

1 2( , , , )kp p p , i – ( 1, 2 , , k ),
:

1 2 1 2
1 1̀

( , , , ) ( , , , ) ( )
k

k k i
k i

Y p p p K p p p X p , (4) 

1 2( , , , )kY p p p – ;

1 2( , , , )kK p p p – k- -
, -

;
( )iX p – .

.  [7], 

 – .

:
1.  (

, ), -

.
2. , -

.
3. ,

 ( ),
,

y(x)=k0+ k1x+k2x2+k3x3+…+kixi+….  (5) 

 (5) ,

0 0( )k y x , 1 0( ) / 1!k y x , 2 0( ) / 2!k y x ,…, ( )

0( ) / !i

ik y x i ,
x0 –  (5), 

.
-

,

, -
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ki  (5) -
.

4. -
 [4, 

5].

 (4), 

.

,
-

 – .

: , -
 ( . 1). 

i -
u :

( )i f u ( )u f i – ;      (6) 

( )
du

i C u
dt

– ;

( )
di

u L i
dt

– ,

C(u) L(i) – -
-

, -
, .

-
 (6) -

-
:

( )

0 0

1

!

nm m
n n n

n
n n

d i
i u G u

n du
;

( )

0 0

1

!

nm m
n n n

n
n n

d u
u i R i

n di
,

G(0)=G; R(0)=R.

 (6) 
-

,
, -

.
-

3)3(2)2()1( xKxKxKy ,     (7) 
y x ,

.
K(1), K(2) K(3)

 (7)  [4]:
1. -

, .
2.

,

 (7): 
K(1), K(2) K(3).

3. x

.
4. ,

, -
 ( ),

.1.

, , , , ,G G G R R R -
-  ( - ) -

.
-

, -

,  [8].
5. -

 (7).
-

u

i

u

i

C(u) L(i) 

u

i

 1. 

 1. 

-

)(ufi

(1) (1) 0i uK GK
(2) (2)

i uK GK
(3) (3)

i uK GK

2(1)

uG K
3(1) (1) (2)2u u uG K G K K

2 3i Gu G u G u

)(ifu

(1) (1) 0u iK RK
(2) (2)

u iK RK
(3) (3)

u iK RK

2(1)

iR K
3(1) (1) (2)2i i iR K R K K

2 3u Ri R i R i

)(ufi

(1) (1) 0i uK GK
(2) (2) 0i uK GK
(3) (3) 0i uK GK

—

)(ifu

(1) (1) 0u iK RK
(2) (2) 0u iK RK
(3) (3) 0u iK RK

—
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 [1]. 

,
-
)(Tf

R1
R2, . 2.

i=f(u),
R1 R2,

,
(1) 2 (2) 3

1 1 1 1 1 1i G u G u G u (1) 2 (2) 3

2 2 2 2 2 2i G u G u G u .
,

, :

1 2

1 1

2 2

0,

,

,

.

u u u E

i G u

i G u

u R i

      (8) 

. 1, -
.

2 2 2

(1) (2) 2 (3) 3

2 u u uu K E K E K E .     (9) 

:

1 2

1

2

(1) (1) (1)

(1) (1)

1

(1) (1)

2

(1) (1)

1 0,

,

,

,

u u u

i u

i u

u i

K K K

K G K

K G K

K R K

1 2

(1) (1) (1)

1 2 1 21 / ; / ; / ;i u uK L K R L K R L L R R R .
:

1 2

1

( 2) ( 2) ( 2)

( 2) ( 2)

1 1

( 2) ( 2)

2 2 2

( 2) ( 2)

0,

,

,

,

u u u

i u

i u

u i

K K K

K G K

K G K

K R K

1 1

2(1) (1)

1 uG K ;
2

2(1) (1)

2 2 uG K ,
(2)

1 1 2 2( ) /iK R R L ;

1

(2) (2)

1 1( )u iK K R ;
2

(2) (2)

2 2( )u iK K R .
:

1 2

1

(3) (3) (3)

(3) (3)

1 1

(3) (3)

2 2 2

(3) (3)

0,

,

,

,

u u u

i u

i u

u i

K K K

K G K

K G K

K R K

1 1 1

3(2) (1) (1) (1) (2)

1 1 12u u uG K G K K ;

2 2 2

3(2) (1) (1) (1) (2)

2 2 22u u uG K G K K ,
(3)

1 1 2 2( ) /iK R R L ;
1

(3) (3)

1 1( )u iK K R ;

2

(3) (3)

2 2( )u iK K R .
, -

2

(1)

uK ,
2

( 2 )

uK
2

(3)

uK -
 (9) 

, -

.

,
-
-

. -
,

. -
, -

, -
-

.
, -

, -
-

, -
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. . , . . , , . . , . ,
. . ,  ( ); . . ,

 (  « »)

-
.

The analysis and forecasting of refusals of distributive networks of the Republic of Belarus by way of exam-
ple of Vitebsk electric networks are given in the article. 

 ( ), -
-
.
-

,

.
-

, -
-
.

:
– ;
– -

;
– ;
– -

, -
.

-
,

-
 ( -

.). -

, , -

 10  0,4 , -
-

,
 [1].

, -
, -

, ,
.

-

,
-

.

,
.

 –
 – 110 . -

 – 110/35, 
110/10, 35/10, 110/35/10 .

 –
 – 35  10 . -

 – 35  10 ,
 – 35/0,4  10/0,4 .

 – -
 – 0,4 .

.



34

, , , -
, -

, -
.

-
-

, -
, -

; ; -
;

; -
 ( ) .

.
-
-

 0,4-10 , -
 2002  2011 .

-

( ) -
. :

1. :
– -20 ( );
–  35 2

2. :
– ;
– .
3. , , :
– ,

250 ;
– ;
– -10; 
– -10. 

. -
-

 [2].

-

. -
 2002  2012 .

,
 7  ( ,

, ,
, , -

, ).
-

-
.

, -
 2002  2011 .

-

,
. 1.

, . 1. -
-

.
 [3]:

max min 27 0
3,5,

1 3,21 lg 1 3,21 lg120
x x

x
n

max min( )x x –
;

n –
(120 ).

max min 27 0
7,7.

3,5
x x

k
x

     (1) 

,
 2002  2011 .,  8 .

-

*
1( , ) ,i

i i i

l
p X x

n
il – ,

i- .

*

1

1.
k

i
i

p

:
*

* ,i
i

p
f

i
i – .

,

1 3,375.i ii x x
. 2.

 1. 

 (2002-2011 .)

1 2 3 4 5 6 7 8 9 10 11 12 
2002 4 0 5 0 1 1 0 2 7 6 4 2 
2003 14 1 1 0 0 3 1 5 2 2 2 1 
2004 27 2 2 6 4 1 7 1 0 1 6 2 
2005 5 0 1 2 1 2 5 7 1 1 7 3 
2006 13 4 1 0 4 4 2 6 4 7 1 3 
2007 7 5 1 0 1 2 3 4 1 4 2 1 
2008 2 3 2 5 3 1 7 6 5 5 1 5 
2009 7 2 2 2 4 6 5 1 1 1 1 6 
2010 4 0 1 0 4 3 10 4 3 1 4 6 
2011 23 8 0 4 3 2 14 2 1 5 2 4 



35

. 2  ( . 1).

-
f(x)

.
-
-

.
,

, . -

 [4]. 
, -

,

( )    ( 0),xf x e x
( )x const –  ( -

) .

:

0

( ) 1 .
x

x xF x e dx e

*
xm

* *

1

1,688 0,583 5,063 0, 291

8, 442 0,083 11,813 0,008

15, 237 0,017 21,942 0,008

25,313 0,008 3,911.

k

x i i
i

m x p

*

1 1
0, 256.

3,911
x

m
-

0,256( ) 0, 256 xf x e .

2 , -
,

, -

2

2

1

( )
,

k
i i

i i

n np

np
      (2) 

k –
(1); pi – -

i- ,
.

 2. 

0÷3,375 3,375÷6,75 6,75÷
10,125 

10,125÷
13,5 

13,5÷
16,875 

16,875÷
20,25 

20,25÷
23,625 

23,625÷
27 

,
*

i
p 0,583 0,291 0,083 0,008 0,017 0,000 0,008 0,008 

,
*

i
f 0,173 0,086 0,025 0,002 0,005 0,000 0,002 0,002 

,
i

l 70 35 10 1 2 0 1 1 

0,000 3,375 6,750 10,125 13,500 16,875 20,250 23,625 27,000
0,00

0,01

0,02

0,03

0,04

0,05

0,06

0,07

0,08

0,09

0,10

0,11

0,12

0,13

0,14

0,15

0,16

0,17

0,18

f*(
x)

 1. 

f(x)=0,256e-0,256x

0,000 3,375 6,750 10,125 13,500 16,875 20,250 23,625 27,000
0,00

0,02

0,04

0,06

0,08

0,10

0,12

0,14

0,16

0,18

0,20

0,22

0,24

0,26

0,28

f*(
x)

0,00

0,02

0,04

0,06

0,08

0,10

0,12

0,14

0,16

0,18

0,20

0,22

0,24

0,26

0,28

f(x
)

 2. -
-



36

=0,05 [5].
-

, -
m =3,911 =0,256 -

 ( . 3).

-
:

1

1

1

( , )

( ) ( ) ( ),
i

i

i i i

x

i i

x

p P X x

f x dx F x F x

( ) 1 .xF x e
 (2) 2:

28
2

1

( )
10,17.i i

i i

n np
np

r -
 [6]:

2 8 2 6.r k
2 r = 6 

 = 0,05 [3].
2 (0,05;6) 12,6.

2 2 ,

10,17 12,6.
, , -

-
-

.

 2012 .
-

=0,95 [5]. 
. 3 

f(x)=0,256·e-0,256x. -
= 0,95. 

-

0 ,95 0 ,95

0 ,95

0 0

0,256

0

( ) ( )

0,256 0,95.

a a

x

a

x

P F x f x dx e dx

e dx  (3)

, -
. -

 (3) 
 (

)
 95 % . -

-
- ,

-

.
 (3), : 0,95=11,7. 

-

0,95
max

, % ,
, %

r
r

–
;
0,95 – -

 0,95;
r , % – -

,  % 
;

rmax, % – -
,  % -
.

 3. 

0÷3,375 3,375÷
6,75 

6,75÷
10,125 

10,125÷
13,5 

13,5÷
16,875 

16,875÷
20,25 

20,25÷
23,625 

23,625÷
27 

,
i

p 0,579 0,244 0,103 0,043 0,018 0,008 0,003 0,001 

0,00

0,02

0,04

0,06

0,08

0,10

0,12

0,14

0,16

0,18

0,20

0,22

0,24

0,26

0,28

f(
x

)

a=0,95

 3.  f(x)=0,256 e-0,256x



37

, -

100 %
t t

W
t

 , 

t –
;

t – .

-
-

 2012 ,
,

 2012 . -
. 5.

-
,

.

10-0,4 , -

-
. -

f(x)=0,256 e-0,256x -

0,95
0,256

0

0,256 0,95.
a

xe dx

-
-
,

 19,75 %, -
 –  50 %.

-
,

.

-
,

, -
.

1. , . .
- -

 / . . , . . -
 // , 2010. – 2. – . 14.

2. , . .
 / . .  // . . .

.- . . – ,
2006. – . 314.

3. , . . -
: . . / . .

, . . . – 2- . – .: . ., 
2000. – 480 .

4. , . . :
. . / . . . – :

. . . , 2006. – 141 .
5. , . .

: . . / . . , . .
. – .: , 2007. – 151 .

6. , . . -
: . .  / . .

. – 5- ., . . – .: . .,
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 2002  2011 .
r , %

1 24,824 
2 5,854 
3 3,747 
4 4,449 
5 5,854 
6 5,854 
7 12,646 
8 8,899 
9 5,854 

10 7,728 
11 7,025 
12 7,728 

 100 

 5. 

W, % 
1 12 3 -290 
2 3 8 65,51 
3 2 7 74,77 
4 2 5 58,06 
5 3 3 8,03 
6 3 5 44,82 
7 6 8 25,5 
8 4 5 16,11 
9 3 4 31,02 
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11 3 2 -65,55 
12 4 3 -21,41 

 47 59 19,75 
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In the article an attempt to justify the possibility of rehabilitation of certain categories of silvicultural fund 
'contaminated', based on the calculation of economic efficiency of cultivation of energy plantations willow for the 
production of ecological fuel is made.  
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The basic principles of information and structure of integrated computer-aided design process sheet metal 
cutting and machining work pieces are considered. 
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The method of adjustment coefficients calculation of a device based on the experimentally obtained table of 
solution conductivity versus concentration and temperature is proposed. 
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 20  70 C
 2,5 .

n
( ) m
( ) ( . 2). 

, -

 1. 

-8

-
,

T C

, N /

5 10 15 20 25 30 
20 0,23 0,46 0,69 0,9 1,11 1,32 
30 0,32 0,61 0,89 1,18 1,45 1,7 
40 0,42 0,73 1,1 1,43 1,75 2,05 
50 0,5 0,89 1,31 1,7 2,07 2,42 
60 0,58 1,05 1,51 1,95 2,38 2,78 
70 0,65  1,21 1,71  2,2 2,68 3,14 
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Xij ( .2)
Nj

Ti,
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j

(1 / ) (1 )i j j j i j j j i j j iX D E T D E D T D T ,      (1) 

/j j jE D .
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Dj j, j , -
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(1 )i j j j iXP D T , 1, ; 1,i n j m .     (2) 
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, . 1. 

-
S ( k ).

S
. ,

 (2) -
.
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. 1 k =20 =0,06657. 
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1
i j

i j

i

X
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T
, 1, ; 1,i n j m .     (3) 

-
. 1 
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, .

, ,
5 /  20  70 

 1,16 ,
. 1 –  2,8 .
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N , /
T C

1N 2N …
JN …

mN

T1 X11 X12 … X1j … X1m
T2 X21 X22 … X1j … X2m
… … … … … … …
Ti Xi1 Xi2 … Xij … Xim
… … … … … … …
Tn Xn1 Xn2 … Xnj … Xnm

 3. 

-
,

T C

, N /

5 10 15 20 25 30 
20 0,099 0,197 0,296 0,386 0,476 0,566 
30 0,107 0,204 0,297 0,394 0,484 0,567 
40 0,115 0,199 0,300 0,39 0,478 0,56 
50 0,116 0,206 0,303 0,393 0,478 0,559 
60 0,116 0,210 0,302 0,39 0,477 0,557 
70 0,115 0,214 0,302 0,389 0,473 0,555 
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2 1(1 )
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b , c
.
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2

2 11
ax bxN c

TT
,

x – , T – -
, -

;
a , b , c -– , -

.

-
-
-

, -
,
-

.

1. , . .
 / . . , . . . – .:

, 1975. – . 207.

4. ,
a , b , c

, -

-
, a, b c

T C
, N /

5 10 15 20 25 30 
20 4,51 9.328 14.68 19.746 24.984 30.394 
30 4.599 9.66 14.734 20.186 25.439 30.457 
40 5.005 9.435 14,921 19,996 25,082 29,998 
50 5,048 9,771 15,05 20,13 25,109 29,961 
60 5,08 10,018 15,033 19,998 25,010 29,813 
70 5,014 10,208 15,021 19,898 24,083 29,7 






