
  ISBN 7-776-8361-7 14

 62-69 

. .

:
,

.
:  [5] 

.
:

.
:

,
 Z :

 Z  = R  +  L ,       (1) 

 L – ; R  – 
;  – .

.
.
: ,

, .

 – , :

=         (2) 

,  – 
.

,

.
,

. , ,

.
,

,
 X .

,  X  R
[4]: 

 tg  = X  / R        (3) 



, 2006, 2   15

 (3) ,

 X  =  L  R .

.
. :

 = U·I (4)        

:

 = U·I·cos       (5) 

:

 =  /  = U·I·cos  / U·I = cos     (6) 

,  - 

.
,

,
 1 .

.  [ ·  / 2]
, .

:

 H = m sin (  t + H)      (7) 

 E = E m sin (  t + E)      (8) 

 ( )
:

 H m sin (H =  t + H) Hj(
mH e = j

mH e     (9)  

 E m sin (  t + E) Ej(
mE e = j

mE e     (10)  

:

= E H        (11) 

E   H ,  E  H 
;

:

s

- dS P + jQ =I2RH+jI2XH=I2ZH     (12) 



  ISBN 7-776-8361-7 16

:

s
2

dS
Z R jX

I
      (13) 

I ,
H E

.
:

 J =  ,       (14) 

J - , ; -
.

 (14) 
[3].

:
 rot H =        (15) 

arotE = -j H  ,     (16) 

 µ  - .
 (16)  (14) :

 rotH=J        (17) 

arotJ = -j       (18) 

 (18): 

2
arotrotJ = graddivJ- J = -j     (19) 

:

divJ = 0

:

2
aJ = j       (20) 

2J :

2
m m

a m2

d J dJ1 j
dr r dr

      (21) 



, 2006, 2   17

:

aX=r -j         (22) 

 (21) :

2
m m

m2

d J dJ1 J 0
dX X dX

      (23) 

 (23)  [1]. 
 (23) :

m 0 0J AJ (X)+BN (X)       (24) 

 A  B - ; J0(X) – 
; N0(X) – .

 A  B  r = 0  r = R, . .  X 
= 0 aX=R -j

 N0(X) ,  = 0 ( . .  r 
= 0) . , J

,  BN0(X) 
 (24)  (  = 0). :

m 0J AJ (X)       (25) 

 J0(X) :

2 4 6

0 2 22 ....X X XJ (X)=1-
2 2 4 2 4 6

 = 
k 2k

2
k=0

-1 X
2K!

  (26) 

m0J .
:

0j
m m0 0 m0 0J J J (X) = J b e      (27) 

 J0(X) ,  (22) 
.  b0 , 0 - 

 J0(X) [2]. 
:

m
m

dJ j
dr

      (28) 

:
m

m
a

dJ1H
j

      (29) 

 (22)  (29) :



  ISBN 7-776-8361-7 18

a m0 0m
m

a a

-j J dJ (X)dJH
j -j

    (30) 

 (26) :

3 5 7
m0

m0 2 22
a

J X X X XH ...
2 2 4-j 2 4 6 2 4 6 8

=

= m0
1

a

J J (X)
-j

 = 1jm0
1

a

J b e
-j

     (31) 

 b1 , 1 –  J1(X).
 (26)  J1(X) :

k 1 2k

1
k=0

1 XJ X
k! 1+k ! 2

    (32) 

 Z  L 
 [3]: 

0

1

j
0 a

j
1

b e L -j
Z=  = 

0
0

1

jj45
0 a

j
1

e b e L j
2 R

     (33) 

 (33) :

0 a 0 0
0 1 0 1

1

b
Z= cos

b 2 R
   (34) 

:

0 a 0
0 1

1

b
R cos

b 2 R
     (35) 

a 00
0 1

1

bX sin
2 R

      (36) 

 (22)  (26)  (32) ,
0-j45-j e

aR  b0,b1 0, 1 ,  tg , cos ,
 = 0- 1-450  – ,

.
.1.



, 2006, 2   19

 1. 

R  b0 0  b1 1 tg  cos

0.1  1 0.143 0.049 -44.977 0.0021 1 
0.2  1 0.573 0.1 -44.576 0.0026 1 
0.3  1 1.261 0.15 -44.462 0.0126 0.9999 
0.4  1.001 2.292 0.2 -44.003 0.0226 0.9997 
0.5  1.001 3.558 0.25 -43.201 0.0307 0.9995 
0.6  1.002 5.157 0.3 -42.284 0.0426 0.9991 
0.7  1.003 6.99 0.35 -41.539 0.0617 0.9981 
0.8  1.007 9.167 0.401 -40.451 0.0808 0.9968 
0.9  1.01 11.516 0.451 -39.248 0.1009 0.9949 
1  1.015 14.267 0.502 -37.873 0.1253 0.9922 
2  1.229 52.254 1.041 -16.73 0.4449 0.9137 
3  1.951 96.52 1.8 +15.699 0.7218 0.8108 
4  3.439 138.21 3.173 +53.915 0.8183 0.7733 
5  6.231 178.911 5.809 +93.552 0.8498 0.7620 
6  11.501 219.649 10.85 +133.43 0.8760 0.7522 
7  21.547 260.271 20.5 +173.526 0.8924 0.7461 
8  40.818 300.928 39.07 +213.69 0.9080 0.7404 
9  77.957 341.493 74.974 +253.957 0.9175 0.7369 
10  149.85 382.12 144.67 +294.293 0.9269 0.7334 
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: R  = 9.5 , L  = 1.64·10-3 .
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 1 .  S1, 1 -1-1,  0.1
 13.3 ,  R  1 .

 R 1-97,
 I ,  = 0.05·10-3 .

 L :

L = ·R = 0.05·10-3 ·133 = 6.65·10-3 .
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 (38) µ :

µ  = 6.65·10-3 ·8·  = 0.167. 
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µ  = 1.9·10-3 ·8·  =0.048. 
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0
1

-0.123
0.127

-3 5

7087 1R 1 133.135  
2 0.05 10 9.573 10 0.177

-3 5

7087 1X 0.015 1.997  
2 0.05 10 9.573 10 0.177

31.997L 6.357 10   
2 50

:
1.

.
2.

.

In article on the basis of theory Maxwell, theorem Pointing-Umov, the equation and 
functions Bessel the mathematical model is developed for definition active and internal inductive 
resistance of a cylindrical wire of a heater. For confirmation of adequacy of mathematical model 
results of experiments by definition of active, inductive resistance, magnetic permeability, 
specific conductivity nihrom wires of two various diameters are resulted. 
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