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inductor and the armature temperatures which vary during the 
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Mathematical model and analysis of the impulsive mode of 
operations of linear electric motor at the independent feed of 
his windings. 
A linear electric motor is intended for excitation of vibrations of 
the earth's crust at the search of minerals. His mathematical 
model is formulated. She corresponds the mode of shock power 
impulse. Its feature is a presence of nonlinear functions of dif-
ferential own and mutual inductances windings. These functions 
depend on three parameters. The same is function of electro-
magnetic force which operates on a reactor and anchor. 
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wires and cables. 
Results of electrothermal stability are experimentally obtained 
for a number of short copper wires and cables specimens of 
various brands of air-borne electrical circuits under direct sepa-
rate or joint action of pulse A or continuous C components of 
artificial lightning current with peak-time parameters rated ac-
cording to international requirements. 
Key words – artificial lightning current, air-borne copper 
wires and cables, electrothermal stability. 
 



56 ISSN 2074-272X. . 2011. 2 

 621.318 
 

. , . , .  
 

 
 

 
 , -

 -
.    -

. 
 

 
, -

. -
.  

 
 

. -
-
 
 

 [1-3].  
-

.  
-

 [4-6]. 
 

,  
,  

. ,  
 – " ",  " " -

, -
, .  

 
, -

-
. -

-
-

 "  – ". 
.  

-
-

, -
 [1-7]. 

,  
,  

. , 
, , -

. [1, 3, 6, 7]. 
, 

, ,  
 –  -

-
.  

 
. 

 
,  

-
,  

. 

 –  
-

, -
 " "  

 
. 
-
-

. 
 

 
. 1,  

zr eee ,,  – -
. 

 
 

 
h 

zå  

0 

 
 

R 
0 

0 

rå  

å  

  

d 

 
. 1  " "   

 
 

 
.  

-
 

. -
-

, -
 " ".  

 



 

ISSN 2074-272X. . 2011. 2 57 

 
.  

, 
-
-

. 
-

. 
 -

 – -
. 

  
 – h,  – R,  

d, , ,  
-

 ~ (z  h) (r  R). 
  

 " " ,   
))2(()()( 00f , 

 ( ) – , 2 0 –  -
 " " ,  

. 
 -

 – j  i(t, r, , z), 
)()()()(),,,( fhzRrtjjzrtj mi , 

 jm – , j(t) – , t – 
.  

 
-

 0,0,0 zr HHHH . 
: 

.0),,,(div

);,,,(),,,(rot

zrtH

zrtjzrtH i        (1) 

 (1)  
-

 [7-9]: 

.0),,,(),,,(

;0),,,(),,,(

;),,,(1),,,(

),,,(1),,,(1

2

2

2

2

2

zrtHzrtHr
r

zrtHr
z

zrtH

zrtjr
rrz

zrtH

zrtH
rr

zrtHr
rr

r

z

i
z

zz

    (2) 

-
,  

 [8]: 

0
)(cos),,(),,,(

n
ni nzrtjzrtj ,        (3) 

 )()()()(),,( 0 hzRrFtjjzrtj nmn , 

.0,1

,0,
)(sin2

)(
0

0

0
n

n
n
n

Fn  

 (2) 

: 

0
)(cos),,(),,,(

n
nz nzrtHzrtH .         (4) 

 (4)  (2), 
: 

.),,(1),,(

),,(),,(1

2

2

2

2

2

2

zrtjr
rrz

zrtH

zrtH
r
n

r
zrtHr

rr

n
zn

znzn

       (5) 

-
 Hzn(t, r, z)  (5)  r =  0,  r  

n  
: 

,,,,,
0

drJztHzrtH nznzn      (6) 

 Jn( r) –  n ,  – -
. 

 (5)  
: 

,)()()()(),,(1

0
drJhzKtjjzrtrj

rr nnmn (7) 

 

.
2

)()()(

);()()(),,(1)(

11

0

0
0

RJRJR

dr
rdJRdrrJRrr

r
f

fFdrrrJzrtrj
rr

K

nn

Rr

n
nn

nnnnn

 

 (6)  (7)  (5) -
-

. 

).()()(

,,
,, 2

2

2

hzKtjj

ztH
zd

ztHd

nm

zn
zn

              (8) 

-
-

, -
, -

. 
, -

. 
-
 

 –  
x = R, x [0, ),  

:  
-

: 

.)(

)(cos)(),(

0
11

0
0

dxe
R
rxJ

R
rxJxf

nF
R
rj

R
hx

nnn

n
n

   (9) 



 

58 ISSN 2074-272X. . 2011. 2 

,)(

)(sin)(),(

0

0
1

dx
x

e

R
r

R
rxJ

xf

nFn
R
rj

R
hxn

n

n
n

r

      (10) 

 

,0,1

,0,
)(sin2

)(
0

0

0
n

n
n
n

Fn  

xJxJxxf nnn 114
)( . 

, -
, -

: 

,,, 22
R
rj

R
rj

R
rj r .  (11) 

 
 

,  
,  

, -
,  -

-
,  

: 
)()()()()(),,,( 21 fhzRrRrtjjzrtj mi ,(12) 

  – , R1 = R, 
R2 =  (R + d) –  

. 1 
, 
-

 –  fn( )  
Kn( )  (7)  (8). 

.)()(
2

)()(

)()(

)()()(

2

1

2

1

11

0
21

021

0
21

R

R
nn

R

R

n

n

n

nn

drrJrJrdr
dr

rdJ
r

dr
dr

rdJ
RrRrr

rJRrRrr

drrJRrRrr
r

f

(13) 

, -
-
-
-

 
2

1

)()( 1

R

R
n drrJrf , 

-
, ,  

. [7] 
-

, -
:  

,)(

)(cos)(),(

1

0
11

0
0

12

1

dxexJxJxf

nF
RR

R
j

R
hx

nnn

n
n

   (14) 

.)()(sin

)(),(

1

0

0
112

1

dx
x

exJxfn

Fn
RR

Rj

R
hx

n
n

n
n

r

       (15) 

 

1

2

)()(
4
1)( 11

R
Rx

x
nnn dyyJyJy

x
xf ; 

)(
),,(

),(,
)(
),,(

),(
tjj

rtj
rj

tjj
rtj

rj
m

r
r

m
, 

 = r/R1 –  
 (14)  (15) -

 (11)  -
 

-
 " ",  

.  
 

 
-

,  " -
" -

, -
 – h/r = 0,1. -

 
, -

 
. 

, , 
 

.  
.  1,   (" -

")  – 
2 0. -

 
,  

 =  2 0/(2 ). , -
, ,  

.  
-

. 
, -

,  (9) 
– (11) -

. 2, 3. 



 

ISSN 2074-272X. . 2011. 2 59 

 

 
. 2  

,  " ",  = 0.1 
 

 
. 3  

 (r =1.0) 
 

 
 

. 
 -

 
 

 ( .3), -
-

. 
 -

,  
, -

. 
  (  

) -
. 

  ( -
) -

 ( . 2 . 3). 
  

 
 ( . 3),  

. 
 ,  

, -
-

, , -
. 

,  
-

.  
-

.  
 

-
-

. 
 (14), 

(15), (11) . 4-6. 

 

 
 .4.  

, ,  = 0.2  d 0 
 

 
. 5.  

, ,  = 0.2  d = 0.005  
 

 
. 6.  

, ,  = 0.2  d = 0.01  
 

, -
-
-

, -
 

, . 2. 
, 

 R1 = 0.025 . -
,  d = 0.005  d = 0.01 -

 R2/R1 = 1.2  R2/R1 = 1.4. -
 

, h = 0.1 ( -
 R1).  

: 
  

, 
 (R2/R1) 1  

(R2/R1) 1.4 -
 ( . 4, 6); 

 -
 

 ( . 4-6); 
 , -

, ,  
-

.  
 
 



 

60 ISSN 2074-272X. . 2011. 2 

 
1. -

-
,  

 " "  
-

. 
2. -

-
-

. 
3. ,  

, 
, -

-
. 

 
 

1. ., ., .  
.  3. 

 
:  – : 

, 2009. – 240 . 
2. . -

, 
 // 

. – 2009. –  6. – . 46-49. 
3. ., .,  

. – :  
", 2001. – 270 . 

4. ., ., .,  
.,  

 //  13-  
 " -

". , 19-20  
2007 . – . 352-355. 
5. ., ., .,  

. -
 // 

. – 2010. –  3. – . 39-41. 
6. ., . -

 –  
 // -

.– .: ,  
. – 2010. – . 1. – . 175-180. 

7. . -
. – .: , 1981. – 200 . 

8. , . . – 
: , 1978. – 397 . 

9. . . – 
.: , 1980. – . 1. – 340 . 

 

Bibliography (transliterated): 1. Turenko A.N., Bat'igin JU.V., Gnatov 
A.V. Impulcn'ie magnitn'ie polja dlja progreccivn'ih tehnologi'. Tom 3. 
Teorija i ekcperiment pritjajenija tonkoctenn'ih metallov impulcn'imi 
magnitn'imi poljami: Monografija - Harkov: HNADU, 2009. - 240 c. 2. 
Gnatov A.V. Elektromagnitn'ie protsecc'i v induktsionno' induktorno' 
cicteme c odnovitkov'im colenoidom, maccivn'im ekranom i 
tonkoctenno' lictovo' zagotovko' // Elektrotehn ka  elektromehan ka. - 
2009. -  6. - C. 46-49. 3. Bat'igin JU.V., Lavincki' V.I., Impulcn'ie 
magnitn'ie polja dlja progreccivn'ih tehnologi'. - Harkov: NTU "HPI", 
2001. - 270 c. 4. Bat'igin JU.V., Lavincki' V.I., Cerikov G.C., 
CHapl'igin E.A., Vozmojnocti magnitno-impulcno' tehnologii dlja 
rihtovki kuzovn'ih elementov avtomobile' // Trud'i 13-o' Mejdunarodno' 
nauchno-tehnichecko' konferentsii "Fizicheckie i kompjutern'ie 
tehnologii". Harkov, 19-20 aprelja 2007 g. - C. 352-355. 5. Bat'igin 
JU.V., Golovaschenko C.F., Gnatov A.V., Cmirnov D.O. Ekcperimen-
taln'ie iccledovanija magnitno-impulcnogo pritjajenija tonkoctenn'ih lic-
tov'ih metallov // Elektrotehn ka  elektromehan ka. - 2010. -  3. - C. 
39-41. 6. Bat'igin JU.V., Gnatov A.V. Magnitno-impulcnoe pritjajenie 
lictov'ih metallov - percpektivnoe napravlenie v razvitii elektromagnitno' 
shtampovki // Tehn chna elektrodinam ka.- K.: Tehn chna 
elektrodinam ka, Tematichni' vipuck. - 2010. - CH. 1. - C. 175-180. 7. 
SHneercon G.A. Polja i perehodn'ie protsecc'i v apparature cverh ciln'ih 
tokov. - L.: Energoizdat, 1981. - 200 c. 8. Dj.Metjuz, R.Uoker. Mate-
maticheckie metod'i fiziki. - M: Atomizdat, 1978. - 397 c. 9. Atabekov 
G.M. Teoreticheckie ocnov'i elektrotehniki. - M.: Energija, 1980. - CH. 
1. - 340 c. 

 
 20.12.2010 

 
, ., ., 
 

 
 

61002, , . , 25 
. (057) 700-368-53, e-mail: batygin48@mail.ru 

 
, ., ., 
,  
 

 
 " " 

61002, , . , 25 
. (057) 700-38-52, e-mail: kalifus@yandex.ru 

 
Batygin Yu.V., Gnatov A.V., Smirnov D.O. 
A finite-width cylindrical coil with a cut over a perfectly 
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In the article, a three-dimensional electrodynamic problem of 
eddy currents space-time distribution is solved, eddy currents 
excited by the field of an open final-width flat circular coil in a 
bulk conductor of high specific conductivity. Comparison of ob-
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2,4 1,228 0,045 1,526 -24,077 -7,830 -6,04 1,4 0,063 1,538 -14,077 -8,650 -5,50 

1,933 0,989 0,045 1,520 -38,737 -0,053 -6,46 0,985 0,069 1,544 -19,777 -0,051 -5,82 
2,2 1,126 0,027 1,502 -44,077 -12,919 -6,70 1,228 0,038 1,513 -24,641 -12,524 -6,24 20 
2,4 1,228 0,023 1,498 -48,077 -18,148 -6,84 1,4 0,032 1,507 -28,077 -16,954 -6,45 
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Zhivankov K.I., Mikhailov V.M. 
About avoidance of cylindrical shell compression after  
external magnetic field pulse shaving. 
Furth’s idea of inductor shorting to prevent current oscillations 
after pulse shaving for avoidance of internal cylindrical conduct-
ing shell compression after the shell magnetic-impulse extension 
by negative pressure forces is theoretically verified. Feasibility 
of the shaving impulse frequency and magnitude increase along 
with negative pressure gain is also shown as compared with a 
scheme without inductor shorting.  
Key words – pulsed magnetic field pressure, cylindrical  
conducting shell compression, external field interruption, 
coil shorting. 
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B.G. Naboka, A.V. Bezprozvannych, E.S. Moscvitin, M.V. Bytko, 
S.M. Bytko, A.A. Golovan  
Diagnostics of power system cable lines on dielectric  
dissipation factor and impregnated-paper insulation  
self-discharge time constant. 
The paper suggests extending the experience of impregnated-
paper-insulated power cables technical condition maintenance to 
power supply system cables. Classification of cable line defects 
according to dielectric dissipation factor and impregnated-paper 
insulation self-discharge time constant is introduced. Results of 
technical diagnostics of power cable lines in operation are given.  
Key words – cable lines, technical condition maintenance, 
cable line defects, impregnated-paper insulation, dielectric 
dissipation factor, self-discharge time constant. 
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