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, 



27

, 

 [16, 27, 24].
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.
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.
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 [70, 95, 96].
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, ,  – ; ; z.
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= sin .   (2.5)
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+ = (cos + sin ).
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,  – .
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= tg (2.6)

 (2.1) t
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,  Y,  Z ; , y, z – 

; ;  – , y, z.
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= tg  . (2.10)
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tg ; 1),

| | = + + .
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cos = | | | | ,
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cos = | | .

| |  ( , y, z)

| | = + + 1

C  ( ) 

=  , (2.14)
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3.2.1 

, , 

, . 

 3.1),  1:10. 1, 2,

3 4 5.
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7 .

 3.1 – :
1 – ; 2 – ; 3 – ; 4 – ; 5 – ; 6 –

; 7 – .

 [117]. 
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, (  3.2), 
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.
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1-10-203-12,  MIC-018 ( .3.4) 

.

 3.4 – , 

3.2.2 
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, ,).

2. -

.

3. 

.

4. .
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6. .

3.2.3 ,

, 

.
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.
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.

, 

, 

.

, 

, ,

: , , , ,

, , ,

.

, , , 

, 

. , 

, : 1 – , n; 2 – ,

t ; 3 – , h .

, , ,

 [3, 109, 135]
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 200 400

;

 60–80 ;

 45 65 .

 (  3.1).

       3.1 – 

1, 2, 3, 

300 70 55

100 10 10

400 80 65

200 60 45

, 

, 

 (  3.2) [3].

 3.2 – 

N  0 1 2 3 1 2 1 3 2 3 1 2 3

1 +1 1 1 +1 +1 1 1 +1 1

2 +1 +1 1 1 1 1 +1 +1 2

3 +1 1 +1 1 1 +1 1 +1 3

4 +1 +1 +1 +1 +1 +1 +1 +1 4

5 +1 1 1 1 +1 +1 +1 1 5

6 +1 +1 1 +1 1 +1 1 1 6

7 +1 1 +1 +1 1 1 +1 1 7

8 +1 +1 +1 1 +1 1 1 1 8
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 [3, 109, 135]. 

:

:

n
X

X i   (3.2)

 Xi – ;

 n – ;

:

1

2

n
Xi ,   (3.3)

 Xi – ;

:

= ( )   ;   (3.4)

:

= . (3.5)

.

3.3 

 (  2475314) :

;

.
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, .  [52, 53],

.  [126], .  [12], .  [102].

 3 :

1 –  ( );

2 – 

3 – .

. 

[52].
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4 

4.1 

  

, 

 (  4.1  4.2). 

 Excel, Statistica, Mathcad.

 4.1 – 
. X1 2 3

1
13

- 200 60 + 65
46,6

4 47,2
3 48,0

2
23

+ 400 60 45
20,5

15 20,4
18 20,6

3
8

200 + 80 45
45,1

16 48,9
24 44

4
19

+ 400 + 80 + 65
30,7

9 29,1
5 28,8

5
7

200 60 45
50,5

21 52,7
10 49,1

6
2

+ 400 60 + 65
36,2

12 38,1
14 37,4

7
22

200 + 80 + 65
54,1

1 54,7
20 55

8
17

+ 400 + 80 45
24,6

6 27,1
11 26,3
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 4.2 – 

-

.

-

-
, -

(
)

(
)

=
(

)

=

1
13 46,6

47,27
0,67 0,44

0,99 0,49 0,70
0,95

4 47,2 0,07 0,00 0,09
3 48 0,73 0,54 1,04

2
23 20,5

20,50
0,00 0,00

0,02 0,01 0,10
0,00

15 20,4 0,10 0,01 1,00
18 20,6 0,10 0,01 1,00

3
8 45,1

46,00
0,90 0,81

13,22 6,61 2,57
1,28

16 48,9 2,90 8,41 4,13
24 44 2,00 4,00 2,85

4
19 30,7

29,53
1,17 1,36

2,09 1,04 1,02
11,67

9 29,1 0,43 0,19 4,33
5 28,8 0,73 0,54 7,33

5
7 50,5

50,77
0,27 0,07

6,59 3,29 1,81
0,38

21 52,7 1,93 3,74 2,75
10 49,1 1,67 2,78 2,37

6
2 36,2

37,23
1,03 1,07

1,85 0,92 0,96
10,33

12 38,1 0,87 0,75 8,67
14 37,4 0,17 0,03 1,67

7
22 54,1

54,60
0,50 0,25

0,42 0,21 0,46
0,71

1 54,7 0,10 0,01 0,14
20 55 0,40 0,16 0,57

8
17 24,6

26,00
1,40 1,96

3,26 1,63 1,28
14,00

6 27,1 1,10 1,21 11,00
11 26,3 0,30 0,09 3,00

= 14,21.

:

= = ,
,

= 0,47,   (4.1)
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;

.

:

f1 = n – 1 = 3 – 1 =2,

 n – ;

f2 =N=8,

N- .

= 0,05

G =0,515 >  G =0,47.   (4.2)

, 

.

:

= = , = 0,82.   (4.3)

= 0,82 = 0,91.

=
47,27 + 20,50 + 46,00 + 29,53 + 50,77 + 37,23 + 54,60 + 26,00

8 = 38,99;

=
47,27 + 20,50 46,00 + 29,53 50,77 + 37,23 54,60 + 26,00

8 10,67;

=
47,27 20,50 + 46,00 + 29,53 50,77 37,23 + 54,60 + 26,00

8 = 0,05;

=
47,27 20,50 46,00 + 29,53 50,77 + 37,23 + 54,60 26,00

8 = 3,17;

, =
47,27 20,50 46,00 + 29,53 + 50,77 37,23 54,60 + 26,00

8 0,60;

, =
47,27 20,50 + 46,00 + 29,53 + 50,77 + 37,23 54,60 26,00

8 = 1,90;

, =
47,27 + 20,50 46,00 + 29,53 + 50,77 37,23 + 54,60 26,00

8 0,14;

, , =
47,27 + 20,50 + 46,00 + 29,53 50,77 37,23 54,60 26,00

8 3,16.
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:

= 38,99 10,67 + 0,05 + 3,17 0,6 , + 1,90 , 0,14 , 3,16 , , . (4.4)

 (  3.2):
= 38,99(+ ) 10,67( ) + 0,05( ) + 3,17(+ ) 0,6(+ ) + 1,90( ) 0,14( )

3,16(+ ) = 47,26;

= 38,99(+ ) 10,67(+ ) + 0,05( ) + 3,17( ) 0,6( ) + 1,90( ) 0,14(+ )

3,16(+ ) = 20,50;

= 38,99(+ ) 10,67( ) + 0,05(+ ) + 3,17( ) 0,6( ) + 1,90(+ ) 0,14( )

3,16(+ ) = 46;

= 38,99(+ ) 10,67(+ ) + 0,05(+ ) + 3,17(+ ) 0,6(+ ) + 1,90(+) 0,14(+ )

3,16(+ ) = 29,53;

= 38,99(+ ) 10,67( ) + 0,05( ) + 3,17( ) 0,6(+ ) + 1,90(+ ) 0,14(+ )

3,16( ) = 50,77;

= 38,99(+ ) 10,67(+ ) + 0,05( ) + 3,17(+ ) 0,6( ) + 1,90(+ ) 0,14( )

3,16( ) = 37,23;

= 38,99(+ ) 10,67( ) + 0,05(+ ) + 3,17(+ ) 0,6( ) + 1,90( ) 0,14(+ )

3,16( ) = 54,6;

= 38,99(+ ) 10,67(+ ) + 0,05(+ ) + 3,17( ) 0,6(+ ) + 1,90( ) 0,14( )

3,16( ) = 26.

 (  4.3)

 4.3 – 

( ) ( )
1 47,27 47,26 0,007 0,00004
2 20,50 20,50 0 0
3 46,00 46,0 0 0
4 29,53 29,53 0,003 0,00001
5 50,77 50,77 0,003 0,00001
6 37,23 37,23 0,003 0,00001
7 54,60 54,6 0 0
8 26,00 26 0 0

( ) 0,00008
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:

= { } =
0,00008

0,83
= 0,00009.

:

- f1 = r-1 = 3-1 = 2,

 r ;

f2 = N = 8,

 N- .

= 0,05

F =0,515 >  F =0,00009   (4.5)

:

:

= = , = 0,19.

:

t =2,12

:

403,019,012,2bii Stb .

t  [109] 

f1 = N(r 1)=8 (3-1)=16 

a=0,05.

.

,  [3], 

.
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 (4.4) 

,  ( ):

thnhnthtnY 0014,00019,00006,0155,0262,0169,058,66   (4.6)

-

, 

.

:

, , 

, t

h.

, , 

 – , n-1.

 4.1 – 
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, , 

.

1. n, 1, 

t, , , %,  4.2.

, 

 %, 

n, 1 t, .

, 

, , 

 75 85 %.

 45-50
 40-45
 35-40
 30-35
 25-30
 20-25
 15-20

 4.2 – n, 1 t, , 

, . ,

n, 1

t, , 
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 75 85 %, 

.

2. n, 1, 

h, ,  %,  4.3.

, 

 c , %,

n, 1 h, .

, 

, ,

,   

75 85 %.

 35-40
 30-35
 25-30
 20-25
 15-20
 10-15

 4.3 – n -1 h, 

. ,

n 1

h, , 
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 75 – 85%, 

.

3. , t, , 

h, ,  %, 

 4.4.

, 

 c  %,

 t, h, .

, 

, ,

,   

75 85 %.

 4.4 – t, h, , 

. ,
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t,  h

 75 85 %, 

.

, 

 100 400 1,  100 1

, 

.  400 1

, 

.

,  (  4.2, 4.3, 4.4) 

.

 (  20-30%) 

) :

n, 1  250-350 1;

 t,  0,65-0,75 ;

 ( ) h ,   0,5-0,6 .

 4.5), , 

. 

, 

.
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 4.5 – 

 ( ) 

, ,

, , 

. 

 (  4.6).

 4.6 – 

:
____________ - ; ----------  - 

y = 336,2x-0,76

R² = 0,971

0

100

200

300

400

500

600

700

0 1 2 3 4 5 6

n -1
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 4.6 , 

,  Vc, 

 2,0 

. 

 (85 % )  1,2 

. 

, .

4.2 

, 

, 

.

, 

, , 

. 

100 -1 .

 (

4.7)

, 

300 -1 , 

 25%. ,  250-

350 -1

, .
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 4.7 – 

. , 

, 

 (  4.8).

 – 4.8 

y = 74,27e-0,00x

R² = 0,973

0

5

10

15

20

25

30

0

10

20

30

40

50

60

70

50 250 450 650 850

, %Vc,%

n,

y = 15,15e1,235x

R² = 0,983

-2

2

6

10

14

18

22

26

30

0

10

20

30

40

50

60

70

80

90

0,1 0,3 0,5 0,7 0,9 1,1 1,3 1,5

, %Vc,%

t , 
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, 

 0,65  0,75 

 8-13 %. 

.

, 

 4.9).

 ( ) 

, 

 (  4.8).

 – 4.9 

.

,  0,45-0,65 

.

, 

y = 74,27e-3x

R² = 0,973

0

5

10

15

20

25

30

0

10

20

30

40

50

60

70

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

, %Vc,%

h,
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. 

.

4.3 

 40 50 % 

, 

, 

. 

.

4.3.1 , 

, 

. 

, 

 ( , . .).

 ( ) 

 120  0,3

 28; 24; 14 % ( ).

, 

 0 10  (1,13 3), 

 (1,09 3), 

.
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 2, 11, 7 % (  4.4).

 4.4 – , 3

, 
0-10 10-20 20-30

 ( )
2011 0,99 1,05 1,08
2012 1,14 1,06 1,12

2013 1,15 1,04 1,10

1,09 1.05 1.10
2011 1,12 1,15 1,17

2012 1,15 1,17 1,19

2013 1,14 1,16 1,15

1.13 1,16 1,17

, 

-

. , 

, 

 [7].

. 

.
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4.3.2 

, , 

. 

. 

, 

 ( , .) 

, 

, .

, 

, 

[45, 47].

 (  4.5).

   4.5 – 

,%

,  /100 
 -

P2O5 K2O

 ( )
2011 7,5 4,53 3,83 6,95 31,33
2012 7,55 4,52 3,79 6,93 30,9
2013 7,6 4,53 3,82 6,87 31,32

7,55 4,53 3,81 6,92 31,18
2011
2012 6,8 4,50 4,65 7,92 46,9
2013 7,1 4,50 4,90 7,87 47,8

6,6 4,51 4,77 7,89 47,3

, 

, 

. 

, , , 
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, 

 [45]

.

, 

. 

, 

 0,32 %, 

. 

.

4.3.3 

, . 

), 

, .

, 

,

, . ,

. 

, , 

.[21]

.

 3 

 120 
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 19,7 %  41,8

%.  .

 (  4.6).

 4.6 –  0-30 
, 

>10 10 0,25 <0,25

2011 20,3 72,2 7,5 1,73

2012 22,9 69,9 7,2 1,61
2013 21,8 71,3 6,9 1,68

21,7 71,3 7,2

- 2011 20,7 72,4 6,9 3,15
2012 23,0 69,6 7,4 3,21
2013 21,2 71,3 7,5 3,18

21,6 71,1 7,3

, 

.

, 

 3-5%. , ,

, 

.

4.4 

. 
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,

 50%  28 %

. (  4.10).

 4.10 – 

, 

 60 %,  –

 39 %. 

 2 .

4.5 

, . 

y = -7,9x + 15998
R² = 0,955

y = -22,3x + 44938
R² = 0,969

y = -37,2x + 74884
R² = 0,967

0

20

40

60

80

100

120

140

2010 2011 2012 2013

,
/
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, 

, 

) 

 .

, 

.

, 

. 

,  ( , ). 

 [19].

 4.7)

 4.7 – 

, 
%

2011
15,4

10 655,4

2012
19,5

6,8 34,812,7

2013
17,8 3,5 19,614,3

, 

. , 

, 
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 (  4.11). 

 65 %,  35 %.

 4.11 – 

 – ;  –

, , 

 ( )

. 

.

4.6 

1. 

, 

, 

. 

 75 – 85 % : 

n, -1  250-350 1; t,  

 0,65-0,75 ;  ( ) h ,  0,45-

0,65 .



100

2. ,

.  3 

:

 0-10

1,13 3, ;

 4,51 %;

 (71,1), .
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5 -

, 

, 

, . 

.

,

.

, 

, , , , 

.

: 

 [28, 29, 79, 104, 105] 

,

[106, 107]. 

, -

, 

.

5.1 

.
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, 

, , 

.

 [28]

c KSKH ,   (5.1)

: Hc  ( . ), 

, Hc =33÷264 (  174);

S – , ;

K

, =1,9; K –

K =1.

:

 ,   (5.2)

 – , ./ ;

K

.

.

[79]. 

 (  2475314).

,   (5.3)

 – 

, . .;
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- ,

. .

:

,   (5.4)

, . .;

, .

.;

- , , . .

:

hF ,   (5.5)

 – , . .;

F , 2;

h – , .

F ,   (5.6)

 – , .  / 2.

:

  (5.7)

– 

, .

F   (5.8)

 – , ./ ;

F  – , ;

– 

, .:
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V  ,   (5.9)

 – 

, . ./ 3;

V  – , 3;

– , .:

FQ (5.10)

 – , .:

FQ (5.11)

,  – , . ./ ;

Q ,  Q  – 

.

:

FQ (5.12)

 – , . ../ ;

Q  – 

, .

, 

.  1 2

, . (  5.1)

, , 

 407864 . 

. 

. 

 3 ,  5

.
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 5.1 – 

. 

. 

 [140].

 – 

 ( ) 

 [141, 148]:

1

n

i
(5.13)

. (  5.1)

0

50

100

150

200

250

300

350

400

2011
2012

2013

30%

15%
14%

6%
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 5.1 – 

. 63,3
 1 .

584025 500719

 1 1,69 1,78

5 3

. 95723

,  3 

1,78. . 

 1,78.

5.2 

, 

 500719 . . 

1.78. 

, 

 14,3 %.
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1.  1-1,3 %, 

 30

. . , 

. 

, , 

.

2.

 (  2475314) 

 ( ) -

 (  129528), 

.

3.

 (75 – 85 %

)  (

300 1)  (  0,70 

 0,5 ).

4.

.  3 

, 

,  0,32 %,  0 10

 1,13 3,  0,36 %. 

, 

 0,3 %.
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5.

 1,78, 
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