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 1.2

, 
 [40, 42])

L , Ro, S, 2 I, 2 W, 

, 
84 1,0 2,57 2,5. 10-4 3.10-3

87 1.0 12,57 5.10-4 6,3.10-3

, 
85 1,0 12,57 3,2.10-4 4.10-3

93 1,0 12,57 2.10-3 2,5.10-2

, , 85 1,0 12,57 3,2.10-4 4.10-3

, , 82 1,0 12,57 1,6.10-4 2.10-3

,
,

90 1,0 12,57 1.10-3 1.10-2

 90 1,0 12,57 1.10-3 1.10-2

101 1,0 12,57 1,26.10-2 1,6.10-1

>115 5 157 >3,16.10-1 ~49,6

- >115 5 157 >3.16.10-1 ~49,6

~110 3 56,5 ~10-1 ~5,65

-100 5 157 ~10-2 -1,57

-100 5 157 ~10-2 ~1,57

~100 5 157 ~10-2 ~1,57

, ,
~100 5 157 ~10-2 ~1,57
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L , Ro, S, 2 I, 2 W, 

~100 5 157 -10-2 ~1,57

,
, 

~100 3 56,5 ~10-2 ~0,565

~100 5 157 ~10-2 ~1,57
~100 3 56,5 -10-2 ~0,565

~100 3 56,5 ~10-2 ~0,565

~90 5 157 ~10-3 ~0,157

, 
~90 5 157 -10-3 ~0,157

- ~90 5 157 ~10-3 ~0,157

 ~90 5 157 ~10-3 -0,157
 ~90 3 56,5 ~10-3 ~0,056

~90 5 157 ~10-3 ~0,157
~90 5 157 ~ -3 0,157
-90 3 56,5 ~10-3 ~0,056

, 
~90 5 157 ~10-3 ~0,157

~90 5 157 ~10-3 ~0,157

,  [75] 
 ( ) 

.  (  9
[75] . .
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, ,   
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31,5 63 125 250 500 1000 2000 4000 8000

- 93 95 100 94 91 90 90 92 94

- 90 94 100 94 91 89 92 94 95

,
-

90 93 100 94 92 95 93 93 93

92 95 99 94 98 100 99 95 92

- 95 102 97 101 99 102 101 98 92

- 87 99 103 109 108 103 106 107 106

-
98 95 91 87 78 76 76 75 73

-
105 110 97 90 87 85 81 74 71

-
-

101 98 95 87 86 90 85 80 73

-
-

104 95 92 93 94 97 95 92 91

 ( . 2, . 2.15) 
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.

* * *
  [79. - . 40.] 

.
 1.4

LAeq, 
5 10 15 20 25

85 0,01 0,03 0,05 0,06 0,07
90 0,04 0,1 0,14 0,16 0,16
95 0,07 0,17 0,24 0,28 0,29

100 0,12 0,29 0,37 0,42 0,43
105 0,18 0,48 0,53 0,58 0,6
110 0,26 0,55 0,71 0,78 0,78
115 0,36 0,71 0,83 0,87 0,84

 ( ) 

, , 
 - 

, , 

, %:

C=(1- 2 2

1 1

)*100,

1 2 - ; 1 2 -
 (

) i 
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[79] 
∆

 (∆ 1);  i
 (∆ 2)  %:

∆  = ∆ 1 + ∆ 2.
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. 

: (  - , ,
;

i ), - 

, 
, i . 

, . 40-
41 [79]. 

, . . ; 
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 i . , 
 [79].  - 

.  [79] , 
, ,  i

.

:

∆ 1 = 0,16(LAeq - 85), %.
,  [79] (  2.2 

), 
, LAeq;  i 85, ,
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 -  [79]?!!
 [79] 

,
. 

:



58

. 1.11. : ∆ 1 LAeq
.

 i
, 

 i :

∆ 2 = 2( ∆ 1 + ∆ 2
0 -t t
t

).
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: ∆ 1 - 

, 
t

:

∆ 1 = 7,5. 1
1

3αβ −

;
∆ 2 - 

:

∆ 2 = 7,5. [ ]{ }1
1

3 1 1 ( )P t βαβ −

− − ;

α =  lg[1-P(10)]lg-1[1-P(t)];
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. 1.13. α β .

β = 1+0,477lg[1-P(10)],
P(t) P(10), , i 

i 
t  10 i.
∆ 2 , i i

i  i i
 i ,  < 85 

t0>t.
i i ∆ , 
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⋅ ⋅

∆ ,
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.
,
i
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 = 1,5
100
⋅ ⋅ (∆ 1- ∆ 2) - (

K
N

+Ce), ./ ,

∆ 1 ∆ 2 - i i i , %, 
i i, 

i  i
LA1eq LA2eq

;   - 
i , .;

 - i , .; N -
i ,

;  - i i 
, .

 [79] .

 [80].
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λL

CL

VL

λL

CL VL

. 2.5. Lv , cv

Lc , cc . λL  - , : (
, ).

Lv

Lc  (
), 

cv , ,

cc ,

Lc cc . v, ,
, 

 Y,    f, .
v=2πYf,  .

,
: 

, ., YL
Y , , , 

, ( , : , .)

 ( Y = 0).
 -  ( ), 

. 

, . , 
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, 
 ( ,  -

). ,
 i ; , 

; 

. 
, :

| | =  - , . (2.1)

, ; ,

/ , . 
, 

.
, 

, 
0 <  < 0 = 2.10-5 . , , 

 ( , 

) , .) ,

0 = 2.10-5 . ,  ( )
0 =  2.10-5  <  <  = 102 , 

 - . 
, 

; 
,  i .i. 

 (
 (2.1)), i ,  (

) 
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, 
.

, 
, 

 (  - 0 = 2.10-

5 ); , ,
 (  10-5  102;

 10 ).  
, ( ),

, ,
 - 

L, .  ( )
, :

L = 20lgP/P0, .

,  (
). , 

, 
 ( ).

, ,  (
)? 
, 

v, , ( v0 = 2.10-5

0 = 2.10-5 ); 
:

L = 20lgv/v0, ;

. 
 ( , 

), 
 I0 = 10-12 2; I  = 102 2; 
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L = 10lgI/I0, .
, 

 0 , (
); 

I0 = 10-12 2 < I < I  = 102 2  140 .
.

,  ( ,
, ) .

Y

X0

. 2.6.  Y 
   (

).

,  (
) 

, ; 
,  (

, 
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); , 
 (

):

Y = logX + C
Y - , ; X -

; C -  (
). 

, ( , ,  [86]).
, ,  (

) 
 1 . , 

, 
.

, , 
) : 

, 
. , , , ?

, , 

.

. 
LRi, 

 ( ) 
, . 

LΣ = 10lgΣ RiL1,010 , ,
 LRi - 

, , .
,
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 ( . 2.7). 
, , , 

∆L .

0     3   5       10       15
                            ( , L L2 1 - )

3

2
1,7

∆L, 

. 2.7. .

, 
, : L1= 90 , L2 = 93 .

 2.7, L1 L2.
, L2 -  L1 = 3 , 

∆L = 1,7 . LΣ = L2 + ∆L = 93 + 1,7
= 94,7 .

, - ,
, 

 ( ). 
, 

.  - 
,  1  1

.
f, , , 

:
f = 1/ , ,

 – , ( ,  1
), .
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, . , 
, , 

, 
, - 

: ( ), - 
. 

, - 
, , 

 ( ).

. , 

, 
, 

 (
)  ( .  1.5  "

" [58]), i 
 i . .

 20 
< f < 20000 .

2         20          200                    2000      20000

L, 

130

110

90

70

50

30

10

 2.8. 
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f < 20 
; f > 20000  -
. 

, .
, , 

. 2.9).

0
20

30
40

100
200 250

300 2 8 15 20 29 40 60 80 100 150 160 200

. 2.9.  (
[87]).

, 
 (

), 
. 

 (  - ), .
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, :
, 

, ,
.
, , 

: 
, , 

, 
.  – 

, , 
.

. 2.10. , , , 
 (  1) – , 

 (  2).

:
, 

, , 
. , 

, (
), 

, - ( , 
, 

.), - , ,
 [88]. 

, ,
, 

, 
, .
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, ,
.

,
, , 

.
, , , 

). 
. 

 [89]1.

:

c = X / , 

 - , 3; X -

1 « , 
 — 

v . . . 
 ( . . 

) . . . 
: p/v = c,  — ,

. . . 
.  « . .» . . 

; , 
 — .   . . —

, 
. 

. . ; . . 
, . . .

 (

), . . 
, 

, .»
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, : ( . 2.11)

. 2.11.  - 
, , .

. , 
, - ,

, - 
, 

, - , , 

).
, , 

, 
, , 

:

T= R R
c f

=
⋅

, , (2.2)
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R - , , , 
λ,  , f , , , : (  – 

). ,
, .

: 
, (

.).
 « » [90]:

, , 
. . . 

 ( ), 
. 

. . 
. .). . . 

 ( ) 
, . . 

. . . 
, 

 1000 . 
 ( )  1000 , 

 ( ), ,
 ( ). .

. 
. . . 

...»

. 

700 - 6000 . 
 20  10-12 2

 1 . .
, .  1

 1 .  ( .  sonus - ), 
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, 
. 1

 40 
1000 .  10 

.
, 

, , 
:

20      50   100  200   500  1000 2000 5000 10000
f, 

L, 
140

120

100

80

60

40

20

0
-10

i

120

100

80

60

40

20

0

. 2.12.  .

.
 [58]. 

; , 
,  [58], -
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.

2.3. 

, : , 

, 
 [91].

, 
,  ( ).

 - -003
 ( . 2.13).

,  "V", "I " 
" , 

; 
,  " ", 

",  0–10
. ,

   " "  
" . 

. 
 " ", 

 " " . 

 " ".
, 
 31,5; 63; 125; 250; 500; 1000;

2000; 4000; 8000 , 
"   " " , 

 0 – 10.

.
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. 2.13. – -
003.

 ( ) 
, 

. 2.14.

. 2.14. : 1 -  - 003, 2 -
 – 101, 3 - , 4 - 

 ( ), 5 - , 6 - .

, 
, 

. 

, 

.
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  , 
; 

.

.
α

 (5.1)  (5.2), 
. 

" ( ) . 
V,  3 T0, . 

SM, 2 TM. :

0

1 1 1
6

V
S

 
= ⋅ ⋅ − 

 
 ( ,

, . ) 
, 

0

1 1
6
V  

= ⋅ − 
 

.

,
,  [92 - 94], 

 –  [95].

2.4. 

 3.3.6.037-99,  12.1.050-86; 
12.1.003-83*;  2867-94 [6, 7, 9, 8].

 12.1.003-83 

: 63, 125, 250, 500,
1000, 2000, 4000  8000 . 

 ( ).
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 —
. . 2.15 

 («
, »  3.3.6.037-99) 

 ( ).

1

:

2

54

3

L ,  ( )

f, 

. 2.15.  (
 3.3.6.037-99 ):

1. , ,
, , ,

, ; 
 – , ,

, , 
, 

 ( , ); 1 . , 
(=50 ).

2. , ,
, 

; ,
, ; 2 . ,  (= 60 ).

3. , ,
; , 

, ,
: 

, 
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  , , 
, ,
, 

; 3 . ,  (=65 ).
4. , , 

: 
; 

, 
. 4 . ,  (= 75

).
5.  ( . 1-4 

) 
. 5 . ,  (=

80 ).

, 
 ( ) 

.

 «
, » (  3.3.6.037-99) [17].

, 

, ,

.  3.3.6.037-99 

. , 
 12,5 

 80 ,  16  - 90 ,
20  - 100 , 25  - 105 ; 

 31,5 - 10 
 110 .
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 110 .

" (  1733-77)

 (
80  110 

 12,5  100 ).
, ,

 "
, , 

"  2282-80.

 " ,
" (  3.3.6.037-99), 

. 

 10 . 
.

 2, 4, 8,
16 .  3.3.6.037-99 

. , 
 105  2, 4, 8,

16  102  31,5 . 

 110 .

.
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2.5. , 

2.5.1. ,

I ,
, :

I , 2;

I ,  2;
I , 2;

I = I  + I  + I , 2   (2.3)

I ,  I , I I
:

- , - ( ):

 = I ; (2.4)

 - :

 = I ; (2.5)

 - :

 =
I

. (2.6)

,  (2.3) (
 –
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) :

 +  +  = 1. (2.7)

2.5.2. .

 2-
 " "  [96]. 

: 
' ; , , 

, ,
.
 = ' = const.

l ), 
 (l )  [97, 98]. 

, , 
. , 
, 

, 
.

: , 
, 

, 
,  [99, . - 420]. 

 7- .
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i

ϕ’ ϕ

n1

n2

. 2.16. , .

, 
n1

n2, . 

. 

,  — 
. 2.17).

. 2.17.  (
 - ( .

 « » [58])).

 [58], 
, , 
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. 
. 

tg  = n12,
n12 = n2/n1 - , 

, ,
, . 

: +  = /2.

.
, 

,
. 

.
2.5.3. .  - c

f.

  
 :

c
f

dc / df < 0

  
 :

c
f

dc / df > 0

. 2.18. .

, 
c , 

, , 
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. 
- 

, .
2.5.4. .  – 

, 
, 

, . 
 (

). 
. 

, 

.

,  - 
. 

, 
, , 

. 
 — : 

, 
. 

, , 
, . 

. 

, 
, 

 [97].  — 
, 

.
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. 2.19. 
.

 – 
: , , 

zλ  ,  z –
 ( , 

; , 
 ½

, ).
, ,

,

.
2.5.5.  - (  d chroos - ), 

. .  (P. Cord er)  1809.

.  - 
.

 - .
 (pleon -  chroa - ),

, . , 
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. 
, 

.
 ( ) - 

E - , . 

, . 
, 

? 
, 

… , 

 [100, 101]. , 

), .
, 

 ( )
 - , , 

, - , 

S, 
, 

.
2.5.6. .

, .): 
f,  (

 - ) :

f - f  = · îV f
c

 , ,

 f  - , ; V - 
, ; c - 
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, .
2.5.7.  – , 

. 
– .

2.5.8. . 
 [97], :

 = K , 

 - ;
 = (2K + 1) / 2, 

 - :
 - ; K -

 (0; ±1; ±2 ;±3; ...).
, , 

, 
.

2.5.9.  ( . cohaerens — 
), 

. 
 2 

, 
. , 

,
. 

, ,  ( .  [104, 105 -
113]).

2.5.10. . , ,
 ( , 

 - )
, 

. 
. 

 –  ( )
, - , 
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, . ,  – 
.

2.5.11. .
, 

. 

, 
, , 

.
, 

: 
, - , 

? 
 «

» ( . 2.3.15). 
, 

, - (
),  [106], 

, - 
,  (

) .  – ; , 
,

, 
 [106, 115], - 

!
 2.5.12. .  - 

 2- . 
X  

) :
1i

i

csin
sin c

ϕ −= ;

ci-1  ci - -1 
i, .
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, 

,
 > . ϕ

.

  < ϕ.

.

, 

,

, 
  ,   ,

,     sin sinϕ X
 , ϕ λ

,    λ ϕ/sin
.

. 2.20. .

2.5.13 . 
[116] 

 2-
i-1 

ci-1, i
ci, 

, 
:
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sin  = 1i

i

c
c

− ;

 -  ( . 2.16).
 [97, . - 243, 273] , 

-1, 

i
,  > ; i

, 
, 

sin  > 1.
 > ,  [97, . -

273] , 
i -1,

, i-1 < i.

. 2.21. :  - 
:  < ;  - 

:  = ;  - 
:  > .

. ,  [117]
,  ( , 

ϕ ϕϕ

) ))
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): «
, 

, 
 -  - 

π/2».
 2.5.14. .  - 

, , 
, 

, 
.

, 
 (

).
,

. 

 10° .
α, 

, , 
ε = 2,718 , 

-1 ( ) 
 (1  = 1,15·10-3 -1). 

e = αλ/ρ: ( λ -
) Q = 1/e. αλ

. 
  ,

 ( . « » - .), 
,

2

2

4 1 1
3 v pc C C

w
h z c

é ùæ ö÷çê ú÷ç= + + - ÷ê úç ÷÷çè øê úë û
  (2.8)
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ρ - ,  - 
, ω - , η ξ -

, χ -
,  Cv - 

.
η, ξ χ f, 

, α ~ ω2. 

, 
,  (2.8). 

2 2 2
0

3 2 2
0

( )1
2 1

c c
c

w t
w t
¥ -

=
+

t - , c0  c  - 
ωτ << 1 ωτ > 1 . 

. 
α/f2, f = ω/2ρ, , 

. , , , 
, , 

.
,
.

  
. 

, 
. 

. , 
ω  = 1/τ, , 

, 
. 
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. 

, 
 - 

, , 
, , . 

 (
, ), 

, , 
, . , 

, ,
., 

. 
α ~ ω, 

.
  

, ,
,  (α ~ 15 

f = 9 ). 
, , 

, 
. 

 "
",   . 

, , .

. 
, 

.

 (> 100 ), - , , 
.
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, > 0,2 (  { }
f = 500 ).

 2.5.15. .

 ( ) , 
n

 . 
 ( ) 

, 
) - . 
 [116]. ,

 « »,  .
2.3.21).

, ;
, , 

,
).

2.5.16. .  - 

. , 
 ( , 

)   [106].
, 

) . 
, 

. , 
. 2.22. .
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E

N

H

i
,,

) )
. 2.22. :  – ;  - 

 - ,  N
.

 [119].
,


, N

. 2.22. ).
-

.

, ,
.  « »,

 5,   5.1-5.7. 
 3.

2.5.17. ,  - ( ).

.

; , - (
, ), - , 
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. 
 –   ( . reverberat o - , 

. reverbero - ), 

 [120, 121]. 

. 
, 

. 

.   
, 

, 

. , 
. , 

, 

,
.

, ,   
 106 , 

 60 .  - , 
 ( .  5). 

,  (
) 

.
2.5.18.  ( . resonance, . resono -

), 
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.
, , 
, 

, 
, . 

 =
. 
Y

, , , 
.

.
.

. 
, 

. 

, 
.

2.5.19. .  - 
, 

. 

, .
, 

, :
- 

;
- ,

.
, 
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.  [122], 
.

 [123, 124] 

f .
2.5.20 .  - , 

, 
, 

, .

 ( ), 
, ,

. 
, 

, 

, .).
2.5.21. .

, 

, 

 [59, . - 322-323].
2.5.22

.
, 

.
 [125, 126]. 

, , 
, 

. 
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 [125, 126],

 [97, 127, 128].

 2.1.

 (

)
 (

[97])
 [127,

128]

)

~ 1 / r2, / 3

L = L  - 20 lg
0

r
r

, 

)

~ 1 / r, 3

L = L  - 10 lg
0

r
r

,

r - , ; L -
, r,  

; L  - , r ,
.

, 
, 

, 
E, 

 [129]: (
):

E = 2

cosI
r

ϕ⋅ , ,

I  - , ; r -
, .

2.5.23. , :
, , 
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, 
,

. 
, 

 (
). , , 

, , (   
, ), 

, , 
, 

: S = S1 +   + S2 + S3 + ...
, 

 (
, ) 

; 

.
ψ , , 
c , 

, 
). ψ = Σ c ψ

ψ .
2.5.24. : (

, , .
) – 

  ,       
  .               

         
  . 

. 
.

    :

δ
B

A

ds∫   = 0,
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— , ,
ds = ndl

s, dl —  ( ) 
,  =  ( , , z) - 

, δ
. 

, 
, 

, , 
.

2.5.25.  – 
 [130] , 

: (
, , .)

, , [131];
2.5.26. . ,

, 
.  – , 

, 
.

2.6. 

 [133],
, 

». 
, 

, 
, : ( .

2.23)
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1 

2 

3 

. 2.23. « »  [133]. 
 (

) .

, 

.
2.6.1.

. 
.

, 
. 

 ( . 2.24. ),  
 -  (  2.24. ). ,

. 2.24:  – 
 ( ), ; t – , ; N –

.

: , 

.
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10-4

ε

T t, c t, cT

N

0

-15

-30

-45

-60

a)                                                                )

. 2.24.  ( ) 
) .

, , 
 (

),  ( ). 

, 
, 

. (  – . 5).

  , , 
. 
) 

.
, 

, 
. 

,  100-
4000 . 

 (
). 

 4 
, 
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. 

. , 
, 

 100 . 
, , 

.  100  3,4 . ,

, 
.   

, , 
, 

».

3 V = ,

V – ,  3; λ - , .

. 
, 

. , 

. 
.

, 
, , 

, .  - 
, 

. ,
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. 
. 

, 
. 

, 
, 

, 
. 

, , 
. 

, 

.
2.6.2.

,
. , 

, , , , 
. 

: 
, 

λ , 
, 

 ( ) . 
, 
, 

, 
. 

, 
, ; 

, 
. , 

, 
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, 
?

. 

. , ,
. 

, . 
, . 

 (1877 .), 
, 

,  (Duhamel)  1849 . 
 1/fo

, 

2 2 2
0

0

2c p q n
f l b h

λ      = = + +     
     

,

2 2 2
0 0

0 2
c c p q nf

l b hλ
     = = + +     
     

.

l, b, h - , , q, n -
 ( . 2.25).

          

        

              

. 2.25.     
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, q, n.

 ( ),  - 
 ( , 

),  - . 

. 
. 

. , 
, , 

, . 

, .

, ( , , 
). 

 – , , 
 (

. 2.24. , 
. 

. , 

. 
, , , 

. , 
,

", 

.
, 

, 
, 
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,
. , 

.

,
, . , 

. 
? . 

, ,

. 
, , 13  14 , 

, 
. 

. , 
f = 500

 1  10 
. ,

, 
. 

, 
) . 

, 
, ,  " ".

, 

. 

, 
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)  250-300 .
" .

, 
, 

 100 . 

. 
, .

,  - , 
 " ". ,

, 
.

, 

: , 
,

  ,   

. , 
, , 

. 
, . 

. 
 -

, , .   , 
, , 

. 

α(θ)  = α(0)/cos(θ), α(0) - 
 ( ) , θ -  

. 
θ  90° α
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 ( . 2.26). 
  , 

.
α

θ

1.0

0.8

0.6

0.4

0.2

0     15    30     45    60    75     90
. 2.26. α

, α
,

 A = αΘS.
   

 1,5-2 .
, ,  -

, 
  

. 
, 

, 
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".
2.6.3.

, 
. 

, 
, 

, 
, , 

, 
.

 (  - ) 

. 
.   

; , 
, . 

,   , ,
λ, 

λ.

)                                           )                                         )

. 2.27.
.

  , 
.  ( . 2.27. )

', 
, 
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.  ( . 2.27. )
'. 

 ( , , , 
)  ( . 2.27. ).

, . 
 -  - 

, 
 - . ,

,
, , 

, .

, : , 
, ,

. 
 ( ) ,

 - .

 -
, .

 ( ) 
. 

, , 
- 

. 
. 

, 
.

, 
.
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.
,  -

 ( ) ,
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.

, , 
, 

, 
. ,

.
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 3. 

, ,

, ( , ,  ( )
); ; 

, -  [15].

 (  12.1.003-83),

 12.1.029-80), ,
.

, 
;

.

.
, ,

, 
, , 

. 
. 

 ( ), 
. 

,
. , 

, ,
, , 

.
 12.1.029-80 
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, 
, , .

3.1. 

- -

-

-

; ;
  

 "
- ”

. 3.1. 

 12.1.029-80
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,  [134]. ,

, , 
. ,

, 
. , :

; 
,

, 
; ;

. ,  5-10 
, 

, 
. 

, 
.

. 47-48 [135].

 12.1.029-80 
,

, 
, , 

,  - 
.

 85 



122

. 

 135 .

:
;

, 
, 

; .

, ,  [137 - 141].
, 

,  (
, , ,

), .

, 
.  100 

, , 
 [136]. , 

. 
, 

,  - , 
.

. 3.1,  [40], 
.

, , 
. 

  ( , ,
), 
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.

i 

` i
i

i
,

i 

i

, 

i i
:

i

i 

i
,

`

i 

i

,
-

- i
i

. 3.2. 
, ,

 (
 [40]).
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. 

. , , - 
, - , 

. 

 - 
, , , 

, 
 [142].

  , 
, 

; 
 - 

, . 
  , , 

, 
.

 R» [118, . 58], 
:

R = 10lg 1
τ

, . (3.1)

, , 
 100  (I  / I = 1/100), 

= 0,01; R= 10lg100 = 20 .

 [143].
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, 2 (
 [144] ).

;  – 
.

2 , , 
, -

 ( ) . . .
, . 

. . :  (
) ; 

; ,
, . -

, 
 …, 

, , 
,  … . .

...
. .  30- . 20 . 

 50- . 
 … 

 … ),  …
, 

. . .  … 

.  … . . — 
,

, 

, 
.

. . , 

 ( , 

, , 
)…»
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, 
.

100-3200 

 ( ,   .)

 ( , ,
) 

, 

 100-
3200 

3.3. .

, 
, 

,
 ( , 

.), 

, , 
.

, , 
, 

, .
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. 

. 
 ( , - 

).   
,

. [145].

; 
, , 

. 
, 

, 

. 

.

, 
,  [146,

147]. , 
 3 , 

 — 
18 . , 

 (80 ) 
 (5 ),  49 .

 ( . 3.3, ).
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. 3.4. .

, 

. 
, 

. ,

. 
 1,5—2 , 

 50  ( . 3.4, ).

 ( . 3.4, ), 
 3 ,

, ,  (
) 
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.  -
, 

2  1. 
 6, 

, 
, . 

,  (
, , ).

 15—20 .
, 

, .

 ( ). ,
, 
, 

. 
 ( . 3.4, )  40

 55 .

 [148]. 

,  (2.5).
,

,  ( , ,
) 

, 

. 
,  60 %

.



130

. 3.5.  (  [142]).
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. 3.6. : 1 - 
; 2 - ; 3 - ; 4 –

.

. 3.6, ) 
,  ( .

3.6, ),  [149] ( . 3.6, ).

 6—8 .

. 
, ,  [150 - 153]  [58].

, , [154,
155].

 - . 
 [156 - 164] 

, 
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 ( , ),
 ( , ), 

, .
, 

,
,  - .

- , 
. 

, , 
.

. 3.7. : ; 2- ; 3 -
, 4 - ; 5 - .

.
 - ,

, 
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 ( . 3.7. ).

, 
. 

 15 . 
 "

", 

 ( . 3.7, ). 
 25-30 .

, 
, , , 

. 
, 

. 
 (  3.7, ) 

.

 ( . 3.7, ) . 
 20 .

 [165]. 
[58].

3.2. 

 [166]. 
.

, 
[40], ,  i

, 
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, 

, .

, , , 
, , 

, ..., i .)  ( ) 
. 

 (
, , ,

, , 
, , 

, 

 [41].

, 

.

.  [40]
. .)  [42]

, , 
, 

. , ,
; ; 

.
 ( . 3.8). 

 - ,
 1 ( ) 

 2 .
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)

)
. 3.8.  :  - -

,  - 
.

, 

), . 
. 

 « » , 
, , .
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 ( . 3.8, ), 
 (

  , , 
).

. , 

, 
. 
, 

, 

. , 
, 

, .

,

. ,
 1. 

, ,   
 2.  3

, 
 1. 

 4, 
 1. 

 5 
, , ,

, 

. , 

20% , 
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,  3 ,  2 .
1

1

1-1

1

3

2

1

2

3

4

5
5

. 3.9. 
[42].

3.3. 
, 

 – 
3.3.1. . , ([167]), 

.
, 

. 
, . 
 [168], 

 [169].

, ( ), 
 [170 - 172]. 

, , 
, 

 .

, ,  - 
,  [167],
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. 
, 

, 
, 

, 
. 

 [167])  [170]

, ) 
.

3. 3.2.  [106]
,

 [106], 

, , 
,

, 
; 

, 
 - , 

; 
, 

 - , 

. 

- , 
, 

, :

N = 1 + n, (3.2)
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n - ,  2 ; N  3.
,

, .

. , 
, ,

. 
. , 

.

.
 (

) 
, 

. 
,  " ", 

2
S2, (  ).

1 . , 
 ( 2 / 

3), , (

 " "). 

, . 
 ( ) 

S2 ( ) 
S3 ( ). 

3) 
S2, 3
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) , 
S3:

S3 = - S2.
2 3  (

), S3

S2 , S3

S2,
.

 3 ( ) 
:

S3 =S2 + S3 =0,
, :

S3 =S2 *cos .
3

:
I3= I2*cos2 , 2,

I2- ,
2; I3 - ,
2;  -  3 

S2 (
).

", 
.

, 2 3, 
.

 (3.2):

N = 1+n  3,

n –  " " (
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 - ,  2).

. 3.10. 
.
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3.3.3.  [106]
. 

, 

 ( ) 
 ( ) . 

 - 
 [106], 

.
 ( . . 3.10) 

, 
. 

0 , , 
, 01

, 
 1 , 

S1,
v1 ,

 (  1) 
, 

1, S1, v1, 
, 

.
 [106, 168] ,  – 

, - 
:

 = /G ρ , , (3.3)

– , 3; G – 
.

, , 
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 (
, 

) ,

, .

 [106].
 ( ) 

1 2 , 
1,  2

, , 
1 2  -

2, 
S2. 

 - , 1
 1,  1  2, 

 ( S1
), 11

2 ,
 -  2 - 

 ( S2
).

1;2

1 2:
2

1 1 241;2 1 2 2
1 2 2

/ D mtg c c
m D
ω

θ
ω

= = ⋅   =

=
4

2
2
2

2
2

3
22

1
2
1

2
1

3
11

m)1(12
dE

m)1(12
dE

µ−
ω

µ−
ω

 =

=
3 2 2 2 2 2

1 1 1 2 2 2 2 1 1 14 4
2 3 2 2 2 2
1 1 2 2 2 1 1 2 2 2

12(1 ) (1 )
12(1 ) (1 )
E d m E d

m E d E d
ω µ µ ρ ω

µ ω µ ρ ω
− −

=
− −
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1;2; 2;3; 3;4;  - 
 1  2; 2  3; … ; D1;  D2;  D3;  -

 ( 1; 2; 3; ...
), , :

D  = E ·d 3/(12(1- 2)), ,

1; 2; 3;  –  ( 1;
2; 3; …), ;  –  (  = 1;  2;  3); 1;   2;   3;   -

; 1;  2;  3;  - 
:

 = 2 f,
f1; f2; f3;  - , ; m1;

m2;  m3;   - 1; 2; 3; …
, ( 1; 2; 3; … 

), 2, 
:

m = ρ·d,
d1;  d2;  d3;  - 1; 2; 3;  …

, ; ρ1; ρ2; ρ3; – , 3.
 ( )  2  3

, 

2,  3, 3 , 
2 3

 - 3,  (
S3 ), 

 - 21

3.
:

tg  2;3 = 2 3=
2 2 2
3 3 2 2 24
2 2 2
2 2 3 3 3

(1 )
(1 )

E d
E d

µ ρ ω
µ ρ ω

−
−
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tg 1;2 ≠ tg  2;3

S3 ,
S2,  2  3

2. , 
, .

, - .
, 

,  1
, 

 2, 
. 

 3- . 
. 

, 
 (

) , 
 tg 1,

. 
, , , , 

, ; 

, 

.  (
)  2 :
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1)

1 2

1
1,2

2
o o

1,2 1,2

  ;

= tg   1;

 > 45 ,   = 90 .

c c
c
c

θ

θ θ

 ≥

 ≥




, .

2)

1 2

1
1,2

2
o o

1,2 1,2

  ;

= tg   1;

 < 45 ,   = 90 .

c c
c
c

θ

θ θ

 ≤

 ≤




 1  2  [173 - 174].

, 
, 

 [175 - 177] .
3.3.4. 

!

: .
, 

, . ,

. , 
, 

.
, 

, 
. 



147

,  1
, 

 2, 
. 

 2- . 
. 

, 

 1  2 
1 2

,  (3.3). ,
 0 ;  0 :

, 

di (
, , 

, , ,
).

 [97, . - 291], ” , 
,  - 

. 
, 

, 
/2,  180

”.
 [97, . - 243], , 

,
. 

 i- , ( ,  2- )
di, . 

:
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= 2ditgi-1,1 - /2 = 2di
. 1i

i

−  - /2.

 = k ,  (k= 0; 1; 2;  - ), 
, :

-  (i-1)1

(i-1)11:

= 1

(2 1)
i i

i k
−⋅

⋅ +
,  (k= 0; 1; 2;  - ). (3.4)

-  (i-1)1

(i-1)11:

= 1i i

i

d
k

−⋅
⋅

 ,  (k= 0; 1; 2; - ).  (3.5)

. 
di,  k  =  1

, 
; , ,

di, ,
. i

 (3.4),
, . ,  (3.5)

:

= 2di
. 1i

i

− , ; (k= 0; 1; 2;  - ).

, , 
k=1, 

 (k = 2; 3; 4; )... ,  = 0,02 , -
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, ,  0,04;
0,06; 0,08; 0,10; 0,12; ... , .)

3.3.5. 

 « » 

, , 

, 
[106]. 

,

 [168, 167]. 
 [106] 

– ,
. 
 « » [178].

: 
; - ; - 

; ; 
; 

; , 
; 

; 
;

.
 « »  2-

 1  3),  –
 (  2). (
1, 2, 3, 

). 
, ,

. 
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.
, 

, 

, , .
 « » - 

,

 [168, 106, 167]. 

: 
,  ( ) 

.
 « » 

, 
, . , 

, f  6500 . 

 ( , 
).  « » f ,

,
, 

f  = f1
21− , (3.6)

f1 – 
» , .

, 
 (

, ), 
, :
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f1=
2

2π
 · 1 1m D  , (3.7)

 – ,
; m1 -  1, 2; D1 -

 1, ; 1 - 
 1, .

d1, , , 
 (3.7) 

 ( ):

f1=
2

1 11,8 nc d
, . (3.8)

 « »
f  (3.6) 

. :

2  0,1, (3.9)

f .  (3.9)?

 = 2 1 2 3

2

( / 2 / 2)c d d d
c d
+ + (3.10)

(d1/2+d2+d3/2) – 
1 3, 

2, ; d1;  d2;  d3 - 1; 2; 3
, ; 2 – 2-

 ( ). 
:
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2 = 2 2 2/G d m , (3.11)

G2 – 2
, ; m2 – 2, 2.

:

w/l  1/200 (3.12)

w - 
; l -  « », .

,  « »
- , , 

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

, :

2
2
2 ' 2

2 2 20,192 4,8 ( )â

Pld
E d gl xcβ −

≥
 − 

, (3.13)

–  « »  1 ,
:

 = mgl, ;

m – , 2; g = 9,81 2 = const 
;

 = G2 / G ,

G2;  G – , 
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 2, ;

 = E(1- 2);

E – , , ; 
 « ».

.
2 f , 

f1  (3.6).
 1-  3-  « »

; f1= f3).  (3.8)
 (1-  3- ) 

d1; d3.  (3.13) d2. 

2= G2 d2·g·l / ( 2)

G2
.  (

) 
. 

», :

f  =1/(2 2 1 2 1/( )G d d ρ  ) >3200 .

 « » , 
: 

, 
 (3.12) 

f , 
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 [179].

; 
, - 

w, 
. ,  (

) 
.

1.  « » , 3.
, 

, ,  ,  -
 = ( 1 2 3)),
V  = V , 3.

 (
, ) V1; V2; V3

 « »; 
, ) 1; 2; 3, 3.

= ( 1·V1 + 2·V2 + 3·V3)/ V =
(d1l·b 1+d2·l·b 2+d3·l·b 3)/ ((d1+d2+d3) l·b) =
= (d1 1+d2 2+d3 3)/ (d1+d2+d3), 3. (3.14)

l b,  (3.14) – , 
.

2. , 
 « » m, 2

m = / (d1+d2+d3) , 2

3.  R w, , 
 « » 

f ÷ f , 

w = (R  + R ) / 2, ;  ( k =
2/( )):

w =((20lg k·m·f  -47,5)+(20lg k·m·f  -47,5))/2, ; (3.15)
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f  (=100 )  f (=3200
)  (3.15) :

w = (20 lg m2+15,1)/2, . (3.16)

» ] -
, 

[180].  “Visual
Basic”. 
“Microsoft Excel”, 
“Microsoft Office” ( ),  “Pocket
Excel”, .

, 
, .
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3.3.6. 

 « » 

. 3.11.  (
).

. 3.11, 
 “Microsoft Excel” 

, . 

, 
.
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. 3.12.  (
 (  “Pocket PC”)).

, (
 “Microsoft Pocket PC Windows 2003”),

» . 
. 3.12, 

“Pocket Excel” ,
. 

   
, .

3.4. 
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 - .
(

)

(
,

,
)

(
,

,
.

.)

, 

)

, ,

. 3.13. 
12.4.051-87  .

12.4.051-87 , 
.

. 3.14.
 - , 

 - i (" "; "
"- ). 

 4—6 . 
.

, , 
. ,  ( )
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.

)

)
. 3.14. :  – ;  –

;  – ;   –  ( ).

, 

, , 
, , 
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, , .

, 
, 

. 
. 3.1.

 3.1

, , , 
20-

100
100-

800
800-

8000 8000
 5-20 20-35 30-40 30-40

5-15 15-35 30-40 35-45
15-25 25-45 30-60 40-60

 2-7 7-20 20-55 30-55

3.5. 

3.5.1.  [182 - 184].

 [185]. 
. 

, 
.
,

, 
, - .

, , , 
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, 
, ; 

 [181].

, 
, 

, 
. 

, 
, , (

, , ,
), ,

; 

.

.
 [182] 

, 
, 

.
, 

, 
, 

,
;

, 
 [182], , 

 (  1 - 2 ) 
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, .
3.5.2. . 

, 
, 

R = + , 
. , 

, 
.

,  [181]

[182]. 

, 
. 

 (  1 - 2 ) 

 ( ) 

R = + , 

.

. 
 1, ,

 2, ,

 3, .
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)

5

4

1

) 1 2

3 6
5

4

7

d

. 3.15.  [182]:  - 
) ;  – : 1 - 

; 2 - ; 3 -
, ; 4 - 
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; 5 - ; 6 - ; 7 - 
 (  l > d).

2  4 
5 , , 

 6. 
 1  2, 

,  3, 
 7, 

 (  1 - 2 )

 1  2.
3.5.3. . 

, - , , 
 ( ) 

, 
, , , 

”  1 
, . 

. , 

 2, 
; 

,
, 

, 
 ( . ) 

, 
, 

, ,
.

3.5.4. .  1  2 
 3, , 
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, .
, 

, 
, 

7 
, – 

, , 3 
, 

, 
 ( , .). 

.

 (  [186]).
, 

 (
) 

, 

.
 3.2

-

 20-20000 
 100
 0,1

 150

, 
1 %
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. 3.16.  ( ).
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0

-10

20 100 1000 10000

. 3.17. 
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 4. 

4.1. 

4.1.1. .
.

, 

.  (
) 

. ,

;
. 

, 
. . 

,  19-
20 . , 

; 
  

, . , . . , . . 
 - , 

,  " " .

. , 1947) 
 ( . , 1948) 

 - 
, . 

, 
.  
. , 

 - ,
, -  "

". 
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, , 
. , 

, , 
, , 

 - 
. 

, 
.  " "

.
4.1.2.

. ,
.

, 
.

,   ,
, 

, , 
 ( , ) 

;  (
) , ( ), 

 (
) 

 " " 
 (

) .
,  – 

: , , 
 – 

,
),  (
). , 

,
, 
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; 

; , , , –
, , ,

.  –
 ( :

, , , , , , )
,  (“ ” ) 

, .

,  [187 - 188].

, 
, 

.
, 

, 
, 

. 
, 

, .
,

, , , 
 -

, 
.

4.1.3. , , 
.  [116], 

 (
) 

.  [116] 
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, 

 ( ,  «
»), ,

), 
, .

, 
, : , 

, , 
, 

, 
. 

, , 
, 

 ( . ). , 
, , 

 - , 
,  – , 

 ( ) 
. 

.
4.1.4. , . -

, 
 (  "

",  " ", 
). , 

 ( ) 
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) 

. , 
:

1) ;
2) ;
3) .

,  « » .
.

. ,
. 

 ( ,
, ) 

: "
",  (" ")

, 
" - , , 

, 
. 
, 

, , 
 (

, 
, , ,

, , 
.).

   ( , )

(" ", ). 
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.
 - -

, 
" 

 ( ) 
,  ( ) 

. 
, , " " ,

, 
 " ", .

,   
" ( )  " " ;

 " ",  - 
" , ,

, 
, 

 " " ,  "
". " " 

, , 
, 

. ,
" 

, (
), " ", 

; 
 ( ) , 

 -  (
   - 

). ,  (
 " ")  "
, ".



173

-, 
)

, 

,
,

.

, 
, 

:

,
, ,

.

, ,
. 

,

, 
.

, 
; , 

:
1)

3) .

;
2)

;

, 
;

, 

’

, .

. 4.1. , - , .
. 

, ,  ( ) 
[189]  ( )  [58].

, 
, 

, , 
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 " ". 
,  - 

 (
, , 

. ). , ,
   , 

.  ( , ) 

, , 

, , .
, 

   ; 

, .  " "

, 
,   , 

 (
). , 

,
, . 

. 
.

: , , ,
, , 

).

 ( ) ,
. 

, , 
 ( ,
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, , 
, 

, .).  " "
 ( , )  - 

, .  -
 " ", 

 ( ) 
, , 

, 
" , .

  
:

, .  
, , 

 ( ) 
, . 

 ( )
. 

 « ». , 
 " "

, 
. 

.
, 

, 
 (

, , .). 
, 
, 

,
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, 
. 

" 
,  " ",

 ( ) 
 ( ): (  ( )) " " 

" (" " 
, " " - , 

).
 ( , ,

. ) 
, 

. 
, 

, 
, .

* * *
 - 

,  - 
 - 

, 

,   ,
.

, 
, 

, 
.

, 
 [190, .20], 

:  "
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,
 ... 

, ."

, . 
, ,

 ( , 
).

4.2. 
?

 [191]:

     " "  "
"  "

" 
, 

.
    , 

, ,
.

    
:

- 
- 

- 
- 

:
- 
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- 
-  ( ,

)
    

:
1. 

.
2. 

.
3. 

.
4. , 

.
5. 

.
6. 

.

 (

), 
.

    :
- 
- 

- 
.»

 [192]: «
. 

. 
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. , 
, 

»

 [193]: «

, 
. 

. 

. 
: 1) 

, .), 
,  2) 

, . ,
, 

»
 «  "

» [194].
, 

[195 - 198].

4.3. 

  
, .

, 
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, , 
, , 

, 
, 

,
. 

 ( ) 
, . 

, , 
  , 
 ( ) 

 ( , , 
.).

3

3 « , . . .
 ( . )  

. . . 

.
  , , 

,
, 

. 
.

  
.

 ( ) 
. 

. , 
; 

 ( , , 
.);  ( , ,

.) ,
; 

; 
 — , , , . 

 — .
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 (  [199] 
) 

[200].

 ( ) 
: 

, , 

[201]. 
,

, 

 - 
[202].

, 
, – , , 

  ,
, , .

. , , 
, . .

, , 
, .

, 
, . 

.
  

, , , 
, . . 

, 
, , 

.
  , , 

; 
. 

…»
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, 
.  , 

, , 
   . 

. 
. 

,   

.
 [203]: . .

,
, 

, 
, 

. . . 

, , 
, , 

. . . 
,

, 

.» (  « .» 
 [203] 

»).

, , 

. 
, 

, 
. 
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:
–  (

) [204 - 208],
–  [209].

, -
, ,

 [58, 210 - 212].

, 
 [128, 213]:

1.  (

L , ,
, . ,

, ( L= n:1; ; 2:1; 1:1; 1:2; ;
1:n)- ).

L
L :

L  = L·L , , (4.1)

L -  ( . ).
S S :

S  = L
2S ., 2, (4.2)

:
V  = L

3V  , 3. (4.3)

2. L
 ( )  ( )

f f ) 
c c .

, , 
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, 
.  [209]:

L

L

 = , ,
 =  / , ,
 =  , /c.

c
f f c
c c

⋅





(4.4)

 (4.1)  (4.4) 
 [214, 215]. 

, 
 (4.4). , , 

 - . , 

:
L /  = L /  , (4.5)

L L  - ,
, ( . ); ,  - 

, .
(4.5)  (4.1)

 (4.4), 
 (4.1),  (4.4), 

 (4.4).

 (4.1) 
c c

 (
). , 

,  - 
. 
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.
3. .

, ,  [216], 

 =   (

 (
) , 

, .).

:
- . 1 -

 ( ) , 
 ( , L = 1:10 

 1000
). 

 [209].
- . 2 - , 

 [209]; 
L = 1:20 

, f

 [216].
, f >  2.105

). 

.
- . 3 – 

, 
 [216] 

:
1) 
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;  “ ” 
4 (

[217] . );
2)  = , 

, , 

, 

 ( . 1);
3) 

.

.

4
«… , , 

 ( , , . .). . .

 (
, . .).

. . Za = Ra + iXa,  i=√(−1) — .
. . , Ra

Xa . . — 
. 

,  —  ( ) 
). 

. ⋅ 5,  
 — ⋅ 5 (

»). . . 
, 

, , . .
. . 

. Za, Z1

Z , 
Z = SZ1 = S2Za, S — . 

. 
. . .  (

) 
 ( . . )

. 
 — ⋅ ,  — ⋅  (

»)…»
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 (
) , ,  [128].

. 1, 2, 3 , 
. 

, 
, 

, 

.

4.4. 
   – 

. 

, 
,  (

.3 
). 

.
,  [79] 

» . 35 :
. ,

, 
, ». 

 [79] . 31 
»

, :

, 
». , 
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 - (
), 

, -
,  [79] 

, 
,

? – (
 [79] 

?!)
, 

 [216], , 
. , ,

, ,
,

 1  2 
, Q V

:
P1V1/Q1 =P2V2/Q2 = const (4.6)

1 2
 ( )  ( ). ,

L  1:1, 
, V =V2

V =V1  (4.3). 
, - 

, 
, 

.
, 

 (4.6),  (  -
,  – ):

P V / = P V / (4.7)
P  , P  - , ;  ,  -

, .
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,  (4.7) :
P 3

LV / = P V / (4.8)
, = P V /  = nst

:
P  = 3

L (4.9)
P  =P = nst
:

= 3
L (4.10)

, , , 
, 

.
, 

 [79] .
31 [79], 

.
 (4.4) 

:
L

L

 = , ,
 =  / , ,
  , /c.

c
f f c
c c

⋅


 ≠

,

c c≠

 (  [58, 210-212, 219]).
, 

, 

,  [218]. 
, ,  (

) 
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 [218], 
,

, 

, - , 
, , 

, 
, , 

, 

.
, 

 ( ) 

:
– 

, 

, , ( , ),
, 

, , 
.

– 
, 

, , , ,
, 

,
, 

.
– 

, 
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, 
, , .

 ( )  ( ,
, ) 

 4 
, 

) 

, - (
cm·c-2

T·c-1
L

, 
):

 = cm·c-2
T·c-1

L· .
, , 

, 
. ( m, T, L . . 4.1)

, 

, . 
,

,  (
 [218]):

« ,

, , 
, 

.»
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 [218] :

1 2 3

2 2

L m T L

L m T

Q

c c c P c VP V
Q Q

c c c P V
c Q

− −

−

⋅⋅
= =

⋅
=

Q

í

c

í í ì

í ì ì

1
P V Q
Q P V

⋅ ⋅
= →

⋅ ⋅

( ) ( )
( )2 2

1Q

m L T

P V c Q

Q c c c P V−

⋅ ⋅
→ = →

⋅ ⋅

2 2 1Q

m L T

c
c c c−→ =

cL, cm, cQ
,

 [58, 219, 220, 210, 211, 212, 221]:

 4.1

- -

-  ( )
( )

L L L = cL·L
m = cm

T  = T

I I I  = I·I

Q Q Q  = Q·Q

N N N·N

J j J  = j·J
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4.5. 
,

 (  -
) , , 

, 
)  [222]. 

.

  (  -
) 

.  S',  S,
 " "  S ("

 S  S' ") 
   S 

 " " S'.
  

.
 S  S', 

Fk(x1, x2, ), k = 1, 2,  n,
 – 

k(x 1, x 2, ), k = 1, 2,  n,
S  S'

, 

 = ϕ (x),  x = ψ(x )
S,  x' 

S'), Fk (x1,x2,...) F'k ( '1, '2,...), 
. 

, .
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, 
, 

   . 
, ,

: 
, 

, 
. 

,  " ", 
". 

, 
. 

- 
 = ϕ (x), x = ψ (x )

Fk(x1, x2, ...)
, Fk(x1, x2, ...) F'k(x'1, x'2,

...), . , 
  .

.

; 
.

 –  " " [223]. 

,  (
)  ½ . 

 – , 
, 

.
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 [223]. 
, 
, , 

, - 
, , 

.
, 

, , 
, 

.
 [224] 

 (
).  [224],

, , 
, 

. 
.

,
, [225]:

«
,  ( )

. . . . 

 ( .), 
, 

. 

, ,
, 
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,  1-  ( )  2-
 ( )  ( . .).

1-  2-  1-

 ( )
U

 F  v  p

 i  v  F
S v

 L
 m 

) Ma = ρl/S

C ) 
 M 

Ca = V/ρc2

 R  r
1/r

ra

  . S , ρ  , c 
, V .

  
 1- .

  . . . 

, 
. 

 ( ) 
. . . . 

»

[58, 210, 212, 221, 226]

 (
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, 
), 

[209].

. 
, 
, .

 [227].  [216], 
1964 .,  [227], , 

. 
 [228] , 

, 
, 

. 
 (

) 
[229]. , 

, 

, 
 [229], 

, 
 ( ), 

, , . 
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, 

, 
, 

.
, , ,

.

[100, 101, 102, 103], 
 (  90- , 

) , 
, .

 [100], 
, 

, 
. 

, ,
,  [230 -236].  [58, 210, 212, 221, 236, 237]

 ( ).

 [231, 235]

, , 
 [230].
, ,  [96] . 292 :

, 

. 
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».
,  - , 

, 
. 

».
 [210]. 

[234]. , ,

, , 
, 

.
 4.2

 (  [58, 210, 212, 234])

- -
-

-

-

L2MT-2 - L2MT-2 - TJ .

-

-

L-1MT-2 /
3

- L-1MT-2 3 - -  -

LT-1 - LT-1 - LT-1

- L-1MT-2  - - -  - -  -

 L2MT-3 L2MT-3 - J 



200

- -
-

-

-

-  - - - L2MT-3 J 

-  - -  - - - -

-

-

L-2M-

1T3J
/

-
-

MT-3

2
-

-
-

MT-3 2 L-2J 

-  - - 

-

-

MT-3 2

-

-

L-2J / 2

-  - - - MT-3 .

2
- L-2J 2

L-2M2T-

3

2. -

-

-2 2 -

-

L-2TJ .

L-4MT-1 . /
3

- - -  - -  -

-1 . / - - -  - -  -

L-2MT-1 . / - - -  - -  -

: I: 
L ( ), ),  ( ),  J ( ).
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, 
 [238 - 240].

, ,

 – 
 [241].

[241] ( ), 
  [210, 212, 221, 242, 243, 244] 

. 
, ,

.

4.6. 
  : 

[245])

4.6.1.  "Mustek
Scanexpress 1200 UB Plus".  –

; ,
,  (
) 

 [241] 
, , .

, 
 (
),  [246, 247]

, 
: , «Mustek SCANEXPRESS

1200 UB Plus».
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. 4.2. 
«Mustek SCANEXPRESS 1200 UB Plus».  (

!) , 
.

,  "Scan";
"Copy"; "Fax"  "Email" ( . . 4.3; . 4.4. ; . 4.5;
4.6). 

 “Setting” ( . 4.7).

. 4.3.  “Panel”  «Mustek SCANEXPRESS
1200UB Plus». , , 

.

. 4.4 ; 4.5; 4.6;  4.7, (
)

 “Panel” 

.
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)

)

. 4.4.  «Mustek SCANEXPRESS 1200UB
Plus»): ) -  «Scan”, 

; ) -  "Email".
;



204

)

)
. 4.4.  «Mustek SCANEXPRESS 1200UB Plus»:

– ( ): ) -  “Fax”; ) -  «Copy” –
, 

, : ( . 
. 4.5  4.6).
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"Copy", 
. 

, 
 ( . 4.5)

 ( .
4.6).

. 4.5.  “Copy” (
, 

,  – ) – 

 «Mustek SCANEXPRESS 1200 UB Plus».

 (
).
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. 4.6.  ”Copy”, , 
?!

 (
) ,

;
; ; ; 

; .  -
 «Mustek SCANEXPRESS 1200 UB Plus» 

. . 4.6. , 
 ( ) ,

 5 
 ( -
 [241]). «Mustek SCANEXPRESS 1200 UB

Plus»  – .
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.  4.7.  “Setting” ( ), 
 «Mustek 1200 UB Plus».

 «Mustek SCANEXPRESS 1200 UB Plus» 

:
). 

. 4.8. 

; 

, 
. 

, , 
, 
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; 
. , 

, ,
 (

). , 

.
)

)
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. 4.8.  «Mustek SCANEXPRESS 1200
UB Plus» . ) –  ( , 

); ) - , 
 « ».



210

. 4.9, 4.10, 4.11, 4.12) ,

. 

: Alt  Print Screen.

. 4.9.  “Main”  TWAIN ( )
 «Mustek SCANEXPRESS 1200 UB Plus». 

 ( ); 
; , ; ;

„Descreen”; , , 
 1% (  100 ) ÷ 600% (  6 ). , 

 4.10, 4.11, 4.12 
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 400% (  4 ). ,
,  100% (1:1).

 TWAIN ( )
 ( ),

, 
. 

.

. 4.10.  “Enhance”  TWAIN ( )
 «Mustek SCANEXPRESS 1200 UB Plus». 

, ;
; ; 

.  “Sample”  ( ) 
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, 
 'Original”).

. 4.11.  “Filter”  TWAIN ( )
 «Mustek SCANEXPRESS 1200 UB Plus». 

, 
 (  –  “None”). 

 (“Invert”). 
“Sample”  ( ) 

, 
 'Original”)
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. 4.12.  “About”  TWAIN ( )
 «Mustek SCANEXPRESS 1200 UB Plus».  “Preview”

) , 
. 

 “Scan”.

, 
 [249].
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)

)

) -0
-1
-2
-3
-4
-5

-8

-8

-6
-7

-9
-10

-8

-0
-1
-2
-3
-4

-5

-5

-8
-8

-8
-8-6

-6

-7

-7

-5
-9

-9

-10-11

-9
-9 -9

-10
-10

-11

. 4.13. 
. 
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: ) ; )
 (

); ) 
: ( ; ).

: 0  - ; - 
 - ).  1:1250 ( L=0,0008).

),  (
), 

. , 
, 

, 
.
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4.7. 
  : «

, , 
»

4.7.1. .  [212, 221] ,,

,
, 

) 
 ( ) ;

, 
; 

. , 
, 

 [212] .

, 

 1 [246, 247] 
 [245]. ,

 ( . ). , 
 1,7  <  < 17 , 

 770  <  < 1 ,

. ,
, f

= 20 , (  = 1,7 ), - = 1 ,
, 

, :
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cL = L  / L  = 1  / 1  = 0,001 / 0,017 = 1:17,

, . 
. 

- . , 

. 
, 

: ,
, 

, , , 
, , 

, 
 ( ) , 

, . 
 ( :  -  +

) 

, 
,  [210, 212],

:
) . 4.14 

, 
;

) . 4.15 : 
 ( . 4.14, , 

); 
, , 

, 
)  ( . 4.14).
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. 4.14. 

, , 
 ( . 4.15).
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                         ( )

11

)

3

6

5

1

4

6

2

. 4.15. . 4.14. 
:

-  ( ): 1 - 
 - ; 2 - ;

3 - ;
-  ( ):
4 -  [250, 251, 252, 253, 254, 255] 

; 5 - ; 6 –
;

- ,  ( -
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), :
7 - ; 8 - ; 9 - ; 10 -

; 11 - ; 12 – .

, : [256 - 259].

4.7.2. .

, ,  [260]
:

-  1,
, -

 ( , ), 
, .

 2 
 ( .) 3,

- , .
, ( ,  4)

 ( ) , ( , 
) 5, 

 4  5 
 6;

-  7, 
, 

, 
, , 

 8, 
 9, 

, , 
 10; 

 12,
, ,

, 
 8,  12
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.  12 
 1  2 , 

:  ( : 
) -  7 (  9;

 8);  ( ) –
 9; 

, , 
,  11. 

 12 
, , 

.
, 

, 
, 
. 

 ( , 1995
., [100]). ( , 

,  [261]).  

 12,
, 1997 . [262]. 

.
4.7.3.  [262; 263;

264]. 

. 
. ,

 - , , 

, 
”  „ ”. 

, 
. , 
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 12 
,  - 

, , 
, -

.

. 4.16. 
[262]  [265].

, 

, 
, , 

, - , 
, 

,
, 

. 

, 
, 

.  [97, .278-279], ,
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. 
.

, ,
, ,

, .

, 

, 
.

, ,
:  1 

 2,  3,
, 

 R , 
 4, , 

 1 , 
R .,  1, 

: R . = R .
 [99, - . 427 ],

 ( . 48.2),
». 

, , 
 48.2  [99, - . 427 ], 

. 4.17:



224

. 4.17. 
).

 – .
4.18 ( ).

. 4.18. 
[262; 263; 264].

 1 

, 
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, , 
 9  4.14;  3

 8  11  (
: , 

 2 ).  2
. 4.14  12.

 [262; 263; 264] .
 1 , (

, ), 
 R , 

 1, 
, , 

, 
. 

. 
 3 

. , 
,  4 

2, 
, , 

, 
. 

, 
, 

, 
, 

, 
. 

, 
,  - 

 ( )
. 

 4  2,  (
”  „ ”  1 (
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 3 ) R . =
R .

4.7.4. .

, ,  [210],
. 

,
 1 

 2,  3, 
 4  5 . -

, 
 (  [219]) 

. - 

, c = 1:17 
=1,7  -

=1 ), 
 6  4  5.

, -

. - 

, - 
, 

.). 

, , ,
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 3.  7
, ,

, ,  8
. 

, 
. , 

, 
,  1 (
), - 

- .  8
, , 

, 
.  11  8

 10) ,
, 

11 , " " ,
. , 

, , 
, 

, 
 ( - ).

. 4.19.
 [128], 

 „ ” 
.  [128], ,

, 
: ( . . 4.19), 
. 

, : [266 -
271].

 [272 - 277],
 [58, 210, 212].
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. 4.19. , 
.

. 4.20. , 
[128].   .
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4.8. 
, 

, , 

. 
; 

.  
, , ., 

.
, , 

.
 II-12-77  [18]?

 [79, . - 201] ( ,
 i  [18], 

):
"...

, 
,

, 

..."
, 

, 
, 

 (
, . , .), 

. 
, , ,

, ,
. 

6.2. ,
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, 
. 

 [18], 
. 

.
, , . 4.2 

[18,- . 4]  – ,

, . 3». 
, . 4 , 

 (
 – . 7.7 

[18, - . 21],  (43) 
, 1 – ,

,
). 

.
 [18] 
, ,

. 3 , 
. 

: 
, 

, ,
, ,

1
, : 

, 
 ( . . 6.10
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)); 
.  2

: , 
, , , 

.
, 

,  i i ,
. , ,

 [18]  [278] (
): "...

, 
, 

,  «
». , ,  II-12-77 "

" 
 «

»; 
»  (

: ,  ...) 
). , 

. 
, 

). 

, 

. 
 « » 

.
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. , 

, , 
. 

, 
 ( , , ,

.), 
. ,

, ) 
: , 

, 
, .

, , 
, 

.
, , 

"
 [278] (  - 

) , 
, ,  

, 
, 

,  i . 
, , 

i 
, 

 ( , ,
, :

i )).
, ,

.
, , 
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, , 
. , 

, 
[278]  , 

 « » 
, 

».

. 
, 

: 
. 

 (
) 

i 
. 

, 
.

 (
 i ,  " i

"). , 
, 

 " " 
. 

, 

i. 

i , 
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. 

. , ,
, , 

, 

.       
   ,   

, 
; 

.

, 
 «

». , 

, 

, .

. 

,  ( )
, 

, .
:

i 
",  «

, 
»,  (  - 



235

): [210], 1997  [212], 2007 (
 [211, 221]); 

8 
, 

. , 
, , 

? 
?! 

, 
 [125 -

88]; 
,  (

i, 
i 4.4). 

 " ,
"; , 

, 
, 

. 

; i 

.

 " " 
: , , 

 i
 - (

i, 
, 

).
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.

4.9. 
[279]

. 

, 

; 
; 

. 

, 
, - , , .

, 
.

 (
), 

, 
 Q Q
Q :

Q = Q  + Q .
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i
i

i
i

i

i
ii

i
i

i
i

i
i

i i
i

i
. 4.21. , .

Q
, 
, 

. 

,  « » .
Q

, 
, , - 

. 

, 

. 
, 
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3 ; 
.

Q

 (  - 
). 

, 
. 

, 
, .

Q
, 

; 
,

, , 
).

, 
. 

 ( , 
) 

; 
1n; 2n; 4n: ... . 

 1n; 2n; 4n: ... . 
, 

,
.

, 
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, 
, 

;  – .

. 4.22. ,
,  ( ) 

, 
: q ) – , 

, 
; 

, , ); q )– 
, 

 ( )
,  (

); q ) – 
, 

)  ( )

, - 
. 

q ) ( )
 ( )

 ( )

q ) q )
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.

: q ); q ); q ). 
, :

q ) = q )+ q ).. (4.11)

 (4.11) :
2q ) = 2q )+ 2q )+ 2 2q )

:
(q) = q/q.

, 
.

, 
qi (i = 1; 2; ; n. n ). 

:

( )( ) ( )( ) ( )( )
2 2 2

1 1 1
i i iHB AM HB MM MM AM

i i i
q q q

∝ ∝ ∝

− − −
= = =

δ = δ + δ∑ ∑ ∑

:

( )( ) ( )
2 2

1
0i MM AMHB MM

i
q

∝

−−
=

δ ⋅ δ =∑  (4.12)

 (4.12) 
:

2q ) = (  2q )+  2q ))½.

, , 
. :
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 (q )=3  (q ).

 (4.12) 
, 

, - (
: 

 – 
, ?) - 

:

 ( )  ( )(1+ ) ½,
 =  ( )/  ( ).

, 
 2

. 
½  2% , 
2,2%! , 

, .

, 
, 

. , 
:

 = Y·F(q1; q2; ; qn)

, 
, );

qi , (i = 1; 2;  ;
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n).

:

( )
1

/ i i
i

Y F q q YF
∝

=

∆ψ = ∂ ∂ ∆ +∑

:

( ) ( )
1

/
/ / /

/
i

i i
i i

F q
q q Y Y

F q

∝

=

∂ ∂
∆ψ ψ = ∆ + ∆∑ (4.13 )

 (4.13), 
:

( ) ( )
( ) ( )

1/ 22

2 2

1

/
/

i
AM MM HB AM

i i

F q
q q

F q

∝

− −⋅
=

 ∂ ∂   ψ = σ + σ 
    

∑ ∑

,
Q

Q ), 
, 

, 
, 

.

, 
, , 

, .
, ,

 6.2.
, 
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, 
; 

 ( ) 
.
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 5. 

5.1. 
, 

  
. 

 - , - 
.

. , 
" 

, , 
,  " ", 

, 
, 

.
 [280],  (  - 
), , 

, 
, 

. 
 ( ,

, , .) 
. 

   
, , 
, 
, , .

, 
. 
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,  ; 
.

, 
 ( . 5.1).

2

4

4 4

3

3

1

. 5.1. .

, 
,  1 

,  2 , 
,  3, 

. , 
 4, .  

. 
. 

. , 
, 

. 
, 

 ( . 5.2).
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1 2 3 4 5  , t

N

. 5.2. .

,
. 

, 
, 

.
 50 

 0,5  3 , 
 [281]. ,

 - 
. 

, , 
, .

, 
 ( , , ). 

 ( ,
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, 
, 

, .) 
. 

. 

 ( , , , ) 
 (6000 ) 

.
, 

: 
 ( , ), 

. 

, 

. 
 1- . . 

. 

 - . , 

. 
 - . , 
  , 

, . 

, 
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,     .
, , 

. , 
  

 ( , , ).

.
 XIX 

. , 
. 

, , 
, - 

, 

 (  60 ). 
, 

 106 , 
103,  60 .

«Reverberat on»  " ",
". 

 Nachhall, 
", " ", " ".  " " 

 60 
.  [133] 

. 
 90-100 , 

- 35-40 .  63-70 
 (  60 ) 
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. , 

?
, 

.

, 

. ,
, 

.
, 

, , 
 ( .

5.3).
, 

, 

-

,

.

. 5.3. , 
, .
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, , 

. ,
 (

),  - 
: , . 5.4

. 5.4. , 
.

.

. , ,
 ( , ) 

. 
. 

, , 
 ( ).  i

 ( ) 
, , 

 48 . , 
, , 

 48 . 
48  17 . 



251

, , .
, 

, , , 
, 

5 - 6 , , 
", " ", " ".

. , ,
, 

,   
. 

 " " , . 

, 
, 

. , 

. 
, , , 

.

   
. 

. , 
 10 - 15 

,  25 -
35 . 

 " " , 
 20 

30 . 
 45 - 70 .
, 
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.

, , ) 
,

. 
 ( ) 

 ( . 5.5).

T < 0,5

,
(

,
,

)
,

"
",

2 < T < 4

,
,

0,5 < T < 1

,

1 < T < 2

, , T

. 5.5.   ( ) 

. 
 1  1,7     ,

. , 
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. 
, 

   . 
, 

. 

. 
, 

.  
. t, 

ε  (
 8,7 ),  0,125-0,15

 (  0,165 ). 
 60 , 

 0,86-1,05 . ,  <
0,86 

. 
 ( )

. 

 < 0,86 
. 

 0,86 . , 
 1 

1,7 .

) 
 (  10 - 15%) 

. 
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, . 

, , 
, . 

, 
.

. , ,  30-40 , 
, 

, , 

.
* * *

, , 

 – 
. , 

. 
, ,  [282]:

-
 ( ) 

. . . 
, ,

, 
. .

. , .
, 
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, , 

. 
, . 

, 
, 

. 
, 

. 
,

, , 
»

, 
. 

, 

, – (  20- ), – 

.
, , 

i ,

? 
i 

, 
, , 

. 
, : (

). 
, 

. 
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, 
, – , , 

.

 - , 
, 

,
.

 - , 
 – .

,

, 

,

, 
, 

,

,

 - 

, ,

, 

. 5.5. , 
.
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. 5.6. 
.

  

, 
, 

. , 

» , 
. , 

, . 
50- . XX , 

, . ,

, 
.

, 
, 

» , 
, 
. 

, 

. 

, 
,

. , 

» , 
 « » . 
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, 
.  « »

 ( . )
 « » .

, , 
,   

, 
, 

.

, 

.- .

  , , 
,

. 

. 

 ( , 
). 

.

5.2. , 
 ( , 

)
, 

. ,  [127, .
248 -249] 

:
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T= 0,162
(1 )

V
S ln Θ

−
⋅ − α

, (5.1)

 ( ):

T= 0,162V
S Θ− α

,  (5.2)

 - , ; V - , 3; S -
, , 2; αΘ

- , 

).  [127, .
248 -249] α ( Θ). 
α

 ( , ,
).  

 (
)

αΘ  :

αΘ= α + ,  (5.3)

α - , 

 (2.5);  - 
, 

 " " 
 (2.6).

, αΘ

,  [127, . 248 -249] 
 - α .
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 ( , ) 
. 

, , 
, 

. 

? , ,
,

.

5.3. , , 
 ( ;

)
,  3 . .

, 
.

, . , 
, 

.
, 

,   

. 
, 

,   , 

. 
. 

. 

. . 
, , 



261

, 
.

. 
,

 " " (
,  2:20,5:1, 

5:3:2), 
:

R =4V/S,      (5.4)

V - ,  3;  S - 
 ( , , ), 2.

, 
, 

 " ", 
.

, ,
.

:
.

, 
V

αΘ

S:

kVT
SΘ

=
⋅

 αΘ :

1 1 2 2( ... )n nS S S
SΘ

⋅ + ⋅ + + ⋅
=
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α1, α2, ..., αn - 
; S = S1 + S2 + ... Sn - ; n

- .
, 

, 

= αΘS.
 1 2 ,
,  (

).  ( ).

, k
. 

 96  1960 3 . 
k=0,164 (

 1/6). 

k=0,161, .
, 

k=0,162,   [127, . 248 -
249]. ?

,  (
) , 

k .
 k

. 5.7.
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,

k = 0,177

"
”

k = 0,164

,

k = 0,160 k = 0,157

,

k = 0,152

. 5.7. k

, 
, 

. . ,

R, , 
.

, 

.

, 
, 

, 
.

   
, , 

. 
.
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1929 . ,  1930 . - 
. :

1
6 ln(1 )

VT
S αΘ

= ⋅
− ⋅ −

.

 ln(1- αΘ) 
αΘ , , 

αΘ

. ,
321 1ln(1 ...

2 3ΘΘ Θ Θ Θ− = − − + − = −

? 
. , 

 – . , 
, 

= αΘS, .
,   

, T.
αΘ:

 5.1.
, αΘ

αΘ 0,2 0,5 0,8

, % 11 37 100

αΘ = 1 
: T=V/6S,  (

) =0.
,

   ,
, , 



265

.
,

, αΘ = 0,19. 

.

, 
. , 

, 
, 

, . ,
, 

, 
, , 

 - , 
, , .

, ,
. 

(M ll ngton) . 
, 

S1, S2, ... Sn . 
, 

. 
:

1
6 ln(1 )i i

VT
S α

= ⋅
−Σ ⋅ −

S  - α .
:

, , 
, α = 1. , 
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. ,
, ,

.
, αΘ

, . )
.

, ) 
, 

. α , 
, 

, 
, 

. ,
α, 

, 
.

 «2.3. » ,
  

: α
.

* * *
 1929 .  (Paul Sab ne, .

) ,  2 
i ,

 - ).
 (Erw n

Meyer), -  {  3,2
},  (Vern Knudsen)  1931 . -

, ,
, , 

.  100% 
, 
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, 
. 

 2  2000 3

}. 

:

1
6 ln(1 ) 4

VT
S VαΘ

= ⋅
− ⋅ − +

,
,

:

0,07
ln(1 ) 1,74

VT
S VαΘ

=
− ⋅ − +

µ - , 
-1, ( , 

, 
); 

. 
, 

. 
I. .  4 

 1/3-1/4 
.  ( , 

 2000 3) 

T = 1/24 µ. , 

, .
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, 
 ( . 5.8).

. 5.8. 
.

, (
; i ), 

 - , (
). 

:

D = .

r1  (D = 1).
r1

 " " .
r1 V
T : 

150 3  0,7 r1 = 0,87 , 
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 8000 3  2,0 r1 = 3,8
.

1 0,06 Vr
T

=

r1
. 

. 
, , 

. 5.9 " "  1-2-3.
L
0

-60

, 
1

2

4         3 6                  5
t, 

T
T

Θ

. 5.9. 
.

 " ", , 
, 

. . . . 
 -  " " 

 " ". , 
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, 
, 

 0,1 - 0,3 
, .

T  < ,
 2-4-3  1-4-5. 

,   
 60  0 

 " ", 
, D,

, Ω
: ( , ; , 

,  - 
Ω ). 

1 1 1lg
6

D
T D T

Ω +
= +

Θ
5

Θ - ,
  

,  0,2 , 
t = 0,165 . 

 6Θ, 
1 1,2

1,2 lg

T
DT

D

=
Ω +

+

i i  (
), 

. 
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, , )
  

,
.

, 
 (

; , ; 
). 

,  - 
. 

 " " .

5.4. 
 [283, 284, 285]

, 
, ,

, 
. ,

,  [286]: , 

, . 

, 
. , ,

, 
»

, 
, , 

.
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 [283]  1994 . 

, .
 (2.2), 

, , , 
R, , ,

λ, f, ).
:

T = R R
c f

=
⋅

, ,     (2.2)

, :

 = t0 +
1

n
Σ  tn = R0

0

1
0

n
n

n

R R
c c

+ Σ ,   (5.5)

t0 - 
 ( ), ;

tn - 
 ( ), ;

n - , 
 106 ;

0 - 
 ( ), ;

n-   
, ;

R0 - , 
 ( ), ;

Rn - ,   
 ( ), .

n, 
. 

, , 
 = 0 = n = const

, , – 
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, 
.

, 
Ri, 

, 

 Ri = Rn = const
t = tn = const.

T = t0 + nt = (R0 + nRi)/c =  (R0 + nRi)/(λf). (5.6 )
, 

  t0 i 
t, , R0

i Ri , i 
(5.5)  (5.6 ) :

T = t(n + 1) = R(n + 1)/c = R(n + 1)/(λf), (5.7 )

t R , ; , , 

, .
 ( ),

R,  [79, 118, 283] :

R = 4V/S, ,  (5.4)
 V- , 3;

S - , , 2.
 (5.7 ) :

T = 4 ( +1)V n
S c⋅

 = 4 ( +1)V n
S f⋅ ⋅

, .   (5.8)

ρ , 
, I , 
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I
:

I = ρI , 2;

I  = (1–α−τ)I , 2;
ρ, α, τ - , ,

, .

:

I1; I2 = ρI1; I3 = ρI2; ...; In = ρIn-1.
, 

, ρ= const.
, 

. 
ρ < 1, 

. :
In = I1ρn-1 , 2     (5.9)

I1 -  (
), 2;

I - n , 2;
n -  (

).
, 

 106  - (

), :

I1/In = 106.
n - , 

, 
 (  106) , 

. , n - , 
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: 
.

 (5.9) In :
In = I1ρn-1 , 2

1
1

n
n

n n

I I
I I −= ,

1 = 106 ρn-1 ,
ρn-1 = 10-6,

:

n-1 = logρ10-6,
n, 

: 
:

n = 1 + logρ10-6.

,

),  i . 

, 
α , (

, 
):

n = 1 + ( )log 10-6.   (5.10)
, , (

, ,  [79]), 

, .
ρ  [58, 118] 
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ρ =  (1  - α−τ). 
α i τ  "

" [127, . 248 -249] - (
), 

 (  -  " "), 
, ( ), 

, , " ", (  -
). : 

, 
: , , (

ρ): 

; ,  " " 

,  (
, 

, , ): 

αΘ.
:

ρ = 1 - αΘ,      (5.11)
αΘ - 

, ( αΘ = α+τ),

αΘ = i
1

i

∑ Si/S,    (5.12)

α∆i -  i-
 ( , 

), , 
Si.

ρ :
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ρ = i
1

i

∑ Si/S,     (5.13)

ρ∆i - i
 ( , 

), , 
Si.

, 
, ,

 "
ρ∆i " (  "

ρ"),  " α∆i" (
αΘ" [284]. ,

, 
, : , 

; i , 
: (

, ).
 (5.1),  (5.11)

, :

 =  - 0,162
ln

V
S ⋅

,    (5.14)

 (5.2) :

 =  0,162
(1 - )

V
S ⋅

,    (5.15)

,  (5.7 ), 
 (5.10):
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T = -6
)(2+ log 10 )t  =

-6
)(2+ log 10 )R

c
 =

=
-6

( )(2+ log 10 )R

f⋅
, c.   (5.16)

R  (5.4)

T =
-6

)4V(2+log 10 )

S c⋅
 =

=
-6

( )4V(2+log 10 )

S f⋅ ⋅
, c.   (5.17)

 (5.17),  (5.13):

T =
i

1

64 (2+ 10 )log i
iS

S

V

S c

−

−∑

⋅
 =

=
i

1

64 (2+ 10 )log i
iS

S

V

S f

−

−∑

⋅ ⋅
, c. (5.18)

,  (5.12):

T =
i

1

6

(1
4 (2+ 10 )log i

iS
S

V

S c

α
−

− −∑

⋅
 =

=
i

1

6

(1
4 (2+ 10 )log i

iS
S

V

S f

α
−

− −∑

⋅ ⋅
, c. (5.19)

 (5.16-5.21):
T - , ;
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t - ( ) 
, ;

R - 
, ;

V - , 3;
α  - 

,  ( ,
);

ρ - ;
ρ∆i - i

, 
Si, ;

αΘ - ;
α∆i -  i-

 ( , 
), , 

Si, ,
;

S  =
1

i

iS∑ - , 

, 2;
- , ;

λ - , , ;
f - , , .

 (5.17) :

T = L3/(L2LT-1) = T.

λf
, 

 = 344 . :
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 =
i

1

60,0116 (2+ 10 )log i
iS

S

V

S

−

−
⋅

∑
; (5.20)

 =
i

1

6

(1
0,0116 (2+ 10 )log i

iS
S

V

S

α
−

− −
⋅

∑
. (5.21)

.

,  [284, 285].

5.5. 
 (    [287])

, 
, 

.
 - , 

. 
, 

. 
, 

.
, 

. 
, 

. 
. 

,  " ",
" , 
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, . 
. 

. 
, 

,  " " .
, 

 ( ) 
. . 

, 
, 

. 
: 

,
 - ,

 " ". 
, , 

, 
, .,

.
,

, , , 
., 

, 
 [288].

, 
, , 

,  [289]. , 

. 
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, , 
. ,

, 
,  V- 

, 

, , 
, 

,  V-
, 

, 
.  V-

, 
,  [289].

, 
, - ( , 

), 
.

, :
,  [290 - 298]. , 

, 

.
, 

, , ,
 [298, 297]  5.10.
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10

3

7
4
8

11

9

4
8

5
6
7

1

2

6

5

. 5.10.  [298, 297].

 I, ( ,
, , ), 
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 2, 
, , 3,  4, 

 5 
 6, , , 7, 

 8, 
,  9,

 10 
II, 

 ( ). 
 10 , 

 ( ) .
, , 

, 

 R, .  [297].
, , 

, 
, , 

, 
, , (

).

: , . , 
, 

, 

, 

, , , 
, 

, .
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, .

 (
), 

 - , 
.

 [290 -298].
, 

, 
, , 

 [287], 
. 

, 
, , 

.

, 
, , 

. (
, 

; 
).

 [287] 

.
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; , , 
, , 

, 
, 

.
 [287] .

 [127, . 248-249] 
 (

), - ,  ( . 5.1-5.3) , 
: - , ; V - 

, 3; S - , 
, 2;  - 

, 
 ( ). 

:
 = ' - ,

'- , 
;  -

, 

).
, 

 - ’ .
, V 3,  

, , S, 2,
, 

, .
, 

 - .
, 
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, 
.

 [116, . 68, 493] 

I =
2

2
V cρ ⋅ ⋅ , 2, (5.17)

 - , 3; V
- 

, ,  - 
), .

, 
I , , 

I ,  [116]
 (5.17) :

 =
I

=
2

2

V c
V c

⋅ ⋅

⋅ ⋅
. (5.18)

 (5.17)

 I =
2

2
V cρ ⋅ ⋅

, 2; (5.19)

I =
2

2

V cρ ⋅ ⋅
, 2, (5.20)

, 
 (5.19)  (5.20) :  -

, , 
, 

, ,  -
, ,

, 
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, 
. 

V V , 
, 

, V =V . 
 - 

,  a
c c  (

),  > .
 (5.18) 

 =
I

=
ρ

ρ

⋅

⋅
. (5.21)

, > , I  < I
,

), 

.  [97, c. 154, 249, 253]

 =P/(R . T), (5.22 )

 – , ; T - , ; R – 
, /(  . ).

 (5.22 ) :

 =
R T⋅

; (5.22 )
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 =
R T⋅

. (5.22 )

 [97, c. 154, 249, 253]  (
) :

 =
R

ρ
ℵ⋅  = R Tℵ⋅ ⋅ , . (5.23 )

 – .
 (5.23 ), 

:

 = R Tℵ ⋅ ⋅ , ,  (5.23 )

, 
:

 = R Tℵ ⋅ ⋅ , . (5.23 )

 (5.22 ), (5.22 ), (5.23 ), (5.23 )  
 (5.21):

 =
I

 =
ρ

ρ

⋅

⋅
  =          (5.24)

=
R T

R T

R T
R T

⋅ ℵ ⋅ ⋅
⋅

⋅ ℵ ⋅ ⋅
⋅
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,  (

), :
R  =R ,

 = .
 (5.24) :

 =
T T

T T

⋅ ⋅

⋅ ⋅
 =

=
T

T

⋅

⋅
.    (5.25)

, 
/  = const, 

T

T

⋅

⋅
 = const,

. ,
 (5.25) . 

(5.25), , 

I , , 
 (

, ), I ,
, 

:
1. ,

,
2. 

.
.
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, 
, , 

, , .,
, 

 ( . ). 

 - 
, (

, 
 - 

 ( ,  - ) 
 ( , )).

 [116] 

, ,
. 

, , 
, 

. 

. 

, , , 
,

, 
, , 

 – 
, . 

, 
.
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[299].
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 6. 

6.1.  ( ,
)

:
1) 

.
2) 

.
3) .
4) 

.

 63; 125; 250; 500; 1000;
2000; 4000;  8000 .

 [79. - . 190] 
  

 3 : , 
 5; , 

 D/H >5. G/H 4;  ,  D/H >5. G/H<4. 
  .

:

1
AB =

−

 - , 2;  -  
:

= A
S

: S  - , 2.
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.

. 1000 (  f = 1000 )

:

1000= V/20

 = µB1000, µ
. 4. [18, - . 4])    V, 3,
.

 6.1
:  – ,

. 4 
, 

V,
3

31,5 63 125 250 500 1000 2000 4000 8000

< 200 0.82 0.8 0,75 0,7 0,8 1,0 1.4  1.8 2,5
200 <
V  <
1000

0.67 0,65 0,62 0,64 0,75 1.0 1,5  2,4 4,2

< 1000 0.5 0.5 0.5 0,55 0.7 1,0  1.6  3.0 6.0

, 
 ( 2) 

:

=

( 1)

S
S

S

⋅
=

+   + 

;
S

=
+

: S    - , 
, 2.

) :
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∆L=10lg 1 ;

1 - 
; 2.

1
1

11 Θ

+ ∆
=

−
,

: 1- 
, ,

1 =   (S  - S );

S  - , 2

: S  S , 2; αΘ 1 - 

αΘ 1=(A1+∆A)/S ,
∆A =α · S .

α
.
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6.2. 

, 
, )

6.2.1. , :
1) ;
2) 

,  (
 „ ”, . ).

6.2.2. .
:

−  ( ),
;

−  ( , 

) ,  ( ) ;
−

; ;
−  (

)  – 
, , 

;
−

 (  3.3.6.037-99).

.

, , 
, - 

 (
, 
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).  (
)  1 . 

, 
.

6.2.3. . (
).

6.2.1.  (
.xlt)  "Microsoft Excel". 

:  " ..." 
" "  "Microsoft Excel" (

. 6.2.3.1); 
 ( )  "Microsoft

Excel 2002"  "Microsoft Office XP". 
 ( ) 

) , 
. , , ,

, 

 ( ). 
 (  "0" 

) ;  (
) ; 

. :
, 
.
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. 6.1.  « » "Microsoft Excel"

, , LP1 = 0 , 
10,110 PL  = 1). 

. ,
. 

, ,
. 

, (
),  1 

,  - 
 "Microsoft Excel"). 

) , 
,  (

 "Microsoft Excel") . 
, 

, , 
. 

,  "
"  " ". 
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; , , ,
 1  1 .

6.2.2. . 6.2.
,  (

) .
6.2.3. 

 D1  1 . 
) 

. : 
, . ,

,  (
) 

"Microsoft Excel".
6.2.4. 

5 : 7  1 ). 
- („  /  / ), - 

.
6.2.5. 10  1 

 ( ) 
.  m – 

, 9; 

 ( , 
, 

m = 6). 
13: 18; 

 F13:F18  (
) ,  H13:H18

.
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. 6.2. .
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. 6.3.  1 ( ) 
1.

6.2.6. 25: 30 
. 10,110lg PL

 ( 32: 37) .



302

. 6.4.  2 ( ) 
1.

6.2.7. 40: 45 
, .

 (
: 1,2÷1,5 ) 



303

47: 53 .

. 6 .5.  3 ( ) 
1.

6.2.8. n (
)  (

. 6.2.7 . 6.2.5. 
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m = n; , , m n. 
, , 

, 
-12-77) .

6.2.9. 
 (  3.3.6.037-99) 

98: 98. 

,  (
) 

.
6.2.10. 

.  95
 ( )  94; 

: 
; 

) – 98:I100.
 "Microsoft Excel"

 1 
.

6.2.11. , 
 1 

. 
 1 

 2 . 6.2.13 –
. 6.2.17).

6.2.12. . 6.2.3- .
6.2.10 

 ( 2). 
 "Microsoft Excel" – „  2 2”. 

, , , 
;

.
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. 6.6.  1 ( ) 
2.

, 

 ( ) 
 1  2  II-12-77, 

. 42-44).



306

. 6.7.  2 ( ) 
2.

, 
25:I25  «  2». 

.
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. 6.8.  3 ( ) 
2.

6.2.13. , 

,
:

. 
.
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. 6.9. 2 
.
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6.2.14. /S  B1/S , ,
. 

 ( . 3  II-12-77, . 4), 
1 , 

18:I18 37:I37 . 
 (

/S , 
) , , .

 – 
.

, . 
.

6.2.15. 
48: I51. , 

». 
, 

 0; »
. 

.
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. 6.10. 2 
.
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6.2.16.  2 
:

1) 
: ,  – ;

2) 
, : , , , 

.

. , 

», - ( : «
: . 

 S
, »), - 

.  «S  - 
, 2», 8, - 

 ( )  2. , 
,

 (
 2) .

 (  2  3 ).
6.2.17. , 

, - 
 ( . 42-44  II-12-

77),  (

).
6.2.18. , 

 (

). 
: 
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, . 
;

 ( )

, 
»,  ( ) ,

. 
, 

; , 
, 

.
6.2.19. 

,  (  1  2
); 
 1 
 2. 

.
6.2.20. . 6.2.3-6.2.10 

3 ( ).
. 13-17, 

 - . 18. ,
. 19, 

2 
3.

6.2.21. . 6.2.20 :
 ( , 

).
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. 6.11. , 
1 2.

6.3. 



314

. 
. 

, , 
. 

»  75 .

: 55 
 ( , 

.), 40  30 
.

 — , 
, 

, 
. 

. , 
, 

, 
.

. 

. 
. , 

, 
, 

, . 
, 

 [300, 301].

, 
, , , 

, .

[302].
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 —

. . ,
: 

 3 . ,
 7,5  75

,  9  60 ,  12
 -  120 . 

, 
, 

. 
, 

 [303]. 

 (
 15  12 ) . 6.2.

 6.2.

, , 
,

2 26 24 22 7 0
20 26 22 18 11 9
40 23 21 17 13 11
60 22 20 17 14 12
80 21 19 16 14 12

35

100 20 18 16 14 12
2 22 21 18 3 0

20 21 19 14 7 4
55

40 19 18 13 8 6
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, , 
,

60 18 17 13 9 7
80 17 16 13 10 7
100 16 16 13 10 7

6.4.  [304]

. , 

. 

.  50- , 
, 

: 
, , . 

 95%
.

,
, 

. , ,
, 

, ( , ), 
. , 

, 
, , 

, 
.
?

, , . 
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[304, 305].

. , 
 [304, 305] 

. 

.
, ,

; 
. 

. 

. 

. 
, 

, 
 - , 

.

, , 
, 

. 
 57  90 . 

 —  4  6 .
 30 :
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, 
, .

, 
)  ( )

, , 
. 

, 
, 

. 
 20% , 

.

. 
, , 

. 
,   , 

, 
, 

.

 — 
. 

: 
. , , 

, 
 —  (

). 
. 

, , 
, 

.
-
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. 
, , 

 25—35 .

. -

.
 38—40 

. 
 (

)  [306] 

,  [12-18], 
. 

, 
, 

: 
, , - ( ) – 

, 
, 

, 
, .
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 7. 

7.1. 

7.1.1. .
, (

, ),
 [307]:

1. , 
, 

 (
);

2.  (  7 )
50-120- , -

, 
, 

, ; ( , 
, 

 -  i .) [308];
3. ,

;
4. 

, );
5. ;
6.  1 2 .

, ,
. 

 ( . ). , ,
,

, 

.
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. 7.1. . . 
, 

, .
, 

. ).

) )

) )

. 7.2. .  ( ).
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 3 
 " " 

, ., 
 i  ( .4 .5), 

,  " ". 
 (

), . 
, , 

, 

. , i  - 
i. 
,  i -

. 
 [309].

7.1.2. .

. 
: (

, , i .)
 - 

.  10-15  "
" 

, 
. 

" , 
,  i . , i

.

 - 
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.
 [304], . 

.
i 

, ,
. ?

,  i 
,

, , 
. 

 ( ) .

, , 
, 

, 
" ( ). 

, ,
, ,

, ; 

, ) .  
, 

, ,  3-10 , - , 
, 

,  2 !
7.1.3.

.  
. 

.
;

, 
, 

. R R
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, 
. 

 ( , . - 
. ). ,

. 

0 < θ < 360 .  
. 7.3,  0 < θ < + 180

 0 < θ <  - 180 . 

, 
, 

).

0 < Θ < 180ο

0 < Θ < −180 ο

. 7.3. 
.

:
1. , 

  (0 < θ <  - 180 ); 
. :

. 
θ, , , i 

.



325

1
Θ

Θ

1

. 7.4. 
, 

.

1. . 
θ, ,

, i . ,

  0 < θ < + 180 ,  2
 3.

Θ
Θ

Θ

Θ

. 7.5. 
, 



326

.  2.

 2  3   0 < θ < +180 .
2. , 

; . 

.

Θ
Θ
Θ

Θ
Θ

Θ
Θ

Θ
Θ

R R

1

2

1

2

1

2

2

max

max

. 7.6. 
, . 

.

3. , 
. 

.



327

Θ

. 7.7. 
) θ, , 

, .

7.2. 

7.2.1. , 

.  2 

. 

 - ( );  -  -
). 

: 2 - 
; 1 - 

, i . 

: ( , , , 
, , 

, . , , 



328

; 
, 

, i 
: n

n
).

R , 
max) R , 

 ( max).
, 

θ,
1.  ( . .
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θ −
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. )
1

 (  -
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1 = R tgθ. (7.2)
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.
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1 1.
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.
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1

2.
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H max< 2 .
H max > 2):

2 = 2 + 2 = (4R +3R )tgθ; (7.5)
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tg α∠  =
R

;



340

β∠  - , 
, 

, ;

tg β∠  = h
R
+ ;

ϕ∠  - , 
, 

, ;
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