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Mk
dt
dJ ,              (3) 
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Calculation of an autonomous low-power ac supply  
system state 
A calculation technique for dynamic state of an autonomous 
low-power ac supply system is introduced. The technique is 
based on preliminary analytical approximation of the solution of 
a nonlinear algebraic equation and numeral integration of differ-
ential equations of the system. The technique is illustrated with 
an example calculation of the state of a power supply system 
with a DC link under variable load conditions. 
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 (disconnectors1: 441-14-05),  (switches: 

441-14-10)  (fuse-combi-
nation units: 441-14-04),  
(disconnector-fuses: 441-14-15); -

 (switch-disconnector-fuses: 441-14-16); -
 (fuse-disconnectors: 441-14-18)  

 (fuse-switch-discon-
nectors: 441-14-19). -

 
 

.  –  
, -

. -
, -

 (dependent manual 
operations: 441-16-13) ,  

,  

                                                
1 -

 (International Electrotech-
nical Vocabulary – IEV) -

 
 IEV. ,  

 
 (International Electrotechnical Commission – ), 
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,  (  
)  ,  -

. ,  
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.  
-
 

(independent manual operations: 441-16-16), -
. 

-
 60947-3. -

 
, -

.  
-

 (sliding contacts: 
441-15-15), , ,  

, 
 (eight-hour duty: 60947-1, 

4.3.4.1; uninterrupted duty: 60947-1, 4.3.4.2).  
, , 

, , -
-

 ( . 2, ).  
-
-
-
-

 ( . 2, ). 
 

)  
 

 

 
  
 

)  
. 2.  

:  –  
;  

 –  
 

  
 (circuit-

breakers: 441-14-20)  
 –  60947-2 ( -

)  60898-1 ( -
).  

, -
,  

,  
. 

-
 (butt contacts: 441-15-14) -

, -
 ( )  

-
 (  – ,  

 – , -
).  

-
 (  5  –  6  ),   

 –   
, -

-
 (current-limiting circuit-breakers: 441-14-21). -

-
, -

,  
 

 (short-circuit making capacity: 441-17-10) -
 (short-circuit 

breaking capacity: 441-17-11). -
,  

-
,  

 – . 
-

 ( -
) -

,   
. -

-
. -

,  ,   
, -

. 
 

,  
. -

-
 ( . 3).  

 
-

)  
,  

-
-

. 
 
 

. 3.   
 

: 1 –   
; 2 –   

  

 
 (contac-

tors: 441-14-33)  (starters: 441-14-38) -
 60947-4-1. -

 
,  -

 
 ( ),  

-
. -

-
 (  

). -
 

 (mechanical durability: 
60947-1, 7.2.4.3.1; electrical durability: 60947-1, 7.2.4.3.2), 

 – -
-

. -
 ( ) -

,  
.  

1 2 
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-
-3 -4. -
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, -3 -
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-4  
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. 
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 ( . 4, )  
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 ( . 4, ). 
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, , 
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. 
 -

 
, , 

. 
-3  

 ( . 5, ) -
 ( . 5, ), -

. 

 

. 5.  
 

-3:  –  
;  –  

) 

) 

 
 

 (control circuit devices: 
60947-5-1, 2.1.1) , -

, , -
. -

 

 (control switches: 441-14-46), -
 (pilot switches: 441-14-48)  -
 (programmers: 60947-5-1, 2.2.1.4).  

 (contactor 
relays: 441-14-35), -

.  
 60947-5-1.  

 
 (push-buttons: 441-14-53),  (joy 

sticks: 2.2.2.19),  (foot switches 
(pedal): 60947-5-1, 2.2.2.21),  
(rotary switches: 441-14-47) ( . 6).  

 
 (position switches: 441-14-49)  

 (limit switches: 441-14-50). 
 – -
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. -

, -
,  

 
. 

 

1

2 
3

4 
5 

6 
7 

8

9

) 

) 

)  
. 6. :  – ;  

,  –  (contact units). 
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; 4 – ; 5 – ; 6 –   
;  7  –  ;  8  –  ;  9  –   
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  =  8,96  3;   = 0,017 ; 



ISSN 2074-272X. . 2011. 4 37 

  = 406 /( );  
 – 386 /( );  – 

1083 ;  – 2600 ;   
 =  35  c/ 2;   

14 2), , -
-

,  
, -

. -
-

. ,  
-

,   
.  

   
, , 

, .  
,  

, -
-

. 
  ( , , ), 

-
-

,  
 ( ), -

, -
. 

 (  
) -

 ( . 7) .  
 

 (  – .) 999, CpM-0,2 -0,1. 

 

. 7. : 
1 – ;  
2 –  ( ) . 

-
  

. 

999 –  
 ( . 1) [1]. 

 1.   999  
 , % 

,  
 

 , 
 

    

999 99,90 0,004 0,035 0,003 0,003 0,055 0,10 
 

999 -
-40, -41, -43  
 5 . 

 
  

 [2].  
, -

 ( =45 2) 
 (  

1539 ), -
 [2]. 

, -
. 

 
, , -

, -

-
 80 2 [3]. 

 
-

. 
 

  -
 4  

. 
 CpM-0,2 -

-
  10  ...  16    

54 ( . 2).  
 2.  CpM-0,2   

 , % 
,  

 
 ,  

   
CpM-0,2 99,196 0,5 0,2 0,1 0,004 0,804 

 
 0,2% -

.  
, -

 0,16% , -
 400    0,012%  . 

 
0,16%  -

,  [2]. 
, 

. 
 600 -

,  
 = 110 2, -

. 
  -

-
,  

 [3]. 
 Cp -0,1  

    ,  
  10  [2]. 

 3.  Cp -0,1   
 , % 

,  
 

 ,  
   

CpM-0,1 99,768 0,12 0,1 0,003 0,009 0,232 
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,  
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, -

. 
-

. 
-

,  -
. -
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33  69+/-0,5 – – 29 2+/-0,3 – – 
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NARMA-L2 controller synthesis for a guidance and  
stabilization system. 
A neuro-controller synthesis is performed on the basis of an 
autoregressive moving average model to solve a control problem 
for a light-armored vehicle armament guidance and stabilization 
system. An algorithm of NARMA-L2 controller  synthesis for a 
given control object is described. NARMA-L2 controller pa-
rameters that significantly affect the control quality are ascer-
tained; the parameters values that provide the system’s preset 
performance quality ratings are specified. Computer simulation 
of the system is made. 
Key words – neuro-controller, autoregressive moving average 
model, neural guidance and stabilization, NARMA-L2  
controller control system, synthesis. 
 



ISSN 2074-272X. . 2011. 4 47 

 629.423: 621.313 
 

. , . , .  
 

  
  

 
 

, -
-

. 
 

, -
-

. 
 

 
 

-
 [1, 2]. -

.  
-

 – -
,   

 ( ),  
-

.  -
,  

.  
 –  

-
-
, 

. 
 

,  
 

-
,  [3],  

. 1,  – . 2. 
 

3

2 

1 
4 

7 

6 
5 

 
. 1.  

1 – , 2 – , 3 – , 
4 – , 5 – , 6 – , 

7 –  
 

-
 

 
 

 
 

 
 

Uu 

Uy 
, 

dt
d  

U F 

, V  max  
 

N 

 
. 2.  

 
 

,

,

V
dt
dN

L
KViRU

dt
di

  (1) 

 

,,,,

,,
,,
,,
,,

,,

maxV
dt
dfU

NFf
iNfF
iNfK
iNfL

UUfU

Ty

uy

, (2) 

. 2  (1, 2) -
: Uu – , 

U – , F – , N – -
, Uy – -

,  – ,  – -
, V  max –  

, t – , i – -
, R – , K – -

, V –  
, L – . 

 (1)  
-

.  (2) -
, ,  –  

 
(1), , , 

,  – . 
,  

 
, 
-
-

 – -
, -

, -
-

, -
. 

-
-



48 ISSN 2074-272X. . 2011. 4 

, -
, ,  

. -
-
-

,  
-
-

. 
 

(1, 2)  
 Simulink.  

 
P,  LD,  
MN  BU. -

.3,  
 [4]. 

 
. 3.  

 
 

-
 

. 
, -

. 1. 
 1 

 
. . , ° 8 

,  21,9 
.,  3,08 

,  1,3 
.,  1,6 

,  1,51 
,  17500 
 4 

 
 

 
-

,  
[3], -

, . 4. 
 

O 

Y 

Z 

 

Lp 

br br 

y , z  

y , z  

bb bb 

 

z1 

y2 

z2 

 
  

 

 

 

y1 

 
 

 

 
. 4.  

, -
, -

  FH -
). , -

   
 N,  

 
 F ,  

. , , 
-

 F ,  
 N. 

,  
,  

–  
. 

,  
-

,  

pbr LbbzyzyA ,,,,,, ,            (3) 
 y , z  – ; 

y , z  – ; br – 
-

; bb –   
; LP – . 

 
 

T
KKn iwBHHDB ,,,, , (4) 

 D  – ; Hn – ; 
H ,  – -

; iw – . 
-

:  8° 
 2°/ ,  

-
, -

-
; -

.  
 

. 
 

: , -
.  

,  
. -

. 
 
 

.  
. 
 

-
, , -

 
. 

 
. -

-
 

, .  



ISSN 2074-272X. . 2011. 4 49 

  
 

 y1, z1, y2, z2, ( . 4). 
 

, -
 

. -
-

, . 5. 
 

-1,0 
 

hbr

hbz

0 

Z 

 z = –0,3  

Y 

 z = 0,65  

 y 
=

 1
,3

-0,2 

0,2 

0,4 

 
 

=8° 

 

0,2 0,6 -0,2 -0,6 

y1 
 

y2 z1 

z2 

1.1 1.3 

 y
 =

 –
1,

3
 

 
. 5. " "  

 
 

-
, -

.  
,  

,  
-

, . -
 

. , ,  
 

-
. 

, . 5 -
 " -

"   = 8°. 
 FH,  

, -
 , -

. 
 

-
,  

. ,  
 

. -
. -

 
. 6. 

 0° 

0° 
8° 

8° 

-0,2 -0,1 0 Y,  
0,6 

0,7 

0,8 

Z,  

F  

l =0,265 

1 

2 

 
. 6.  (  1) 

 (  2) 
 

 ( ) -
 F -

 l ,  

 
.  .  6  ,   

-
,  

 
  = 8°.  

 F , 
. 

, -
 (  

)  
. 

 
  

 
.  br, bb  LP, -

,  
-

.  
 
 

. -
 y , z , y , z  – -

 
. -

 N  F  
,  

, . 
 
 

,  
 

. , -
 

, , -
,  FH. 

-
 " " -

 ( . . 5).  br  LP 
 

 hbr = Zr – Zb. , -
 hbr -

 0,1…0,8 , -
 br  LP . 

 
 

 hbz, -
 br, -

 LP: 

.,
22

bz

brbbz
p

bz

brbzb
r h

hbh
L

h
hhbb         (5) 

 br -
 0,27…1,04 ,  LP – 0,15…1,18  " " 

 1.1  ( .  .  5).  ,   bb -
 0,1  ,   
: br – 0,024…0,09,  LP – 0,1…0,8 .  

, -
: br – 0,024…1,04 ,  LP – 0,1…1,18 . 

, -
 br  bb,  

-



50 ISSN 2074-272X. . 2011. 4 

 FH  8°  
 58  30  –  83  36  

 1.3 . .5).  
 Lp -

 
58  86  –  83  174 . 

 
-

. ,  bb ,  
, ,  Z 

, ,  
, , -
, , 

. 
-

,   
.  

, 
 FH , -

, . 
 y ,  

y ,  1,3…1,3 ,  z  z  
0,3…0,65 . 

, , 
-
 

-
.  

 
 

 y , z  
 FH  

 N.  
. 7. 

. 7,  N 
(215 )  y =  1,2  ,  
z = –0,3 ,  FH (510 ) – y =  –  0,3  ,  
z = 0,6 . 

 
 y , z -

,  ,  .   
, -

, , .  FH 
 F . 

 

 
. 7.  N ( ) 

)  FH ( ) ( )  
 y , z  

,  
,  

,  
F  – ,  

 
,  

, . , 
-

,   
 N. 

, -
-
 

. , -
-

 N -
 FH  YOZ ( . 7,  7, ). 

 N = 
100…150  FH = 50…100 , 

. 8 ( ). 
 Z 

Y 

yK=0,725 
zK=0,4 

y =0,4 
z =0,038 

yK=-0,15 
zK=-0,225 

y =-0,65
z =-0,025

 0,65 

-1,3 1,3 

 
. 8.  

 
 

 
 [4], -

 
, -

-
-

. 
 
 

. 
. 9. 

 
 

 

S
N

wIF 2

22
0

2
,  (6) 

: F  – , ; 0 
– ; I – -

; w – ; S – -
; N – . 

 

N 

Ø
20

0 50 

190 

Ø
48

0 

11
0 

400 
100 100 

 
. 9. ,  

 



ISSN 2074-272X. . 2011. 4 51 

 
-
 

femm.  
:  

,  
,  

,  
 

. 
-

,  lua , -
 N  0,1  

105,1  5  
 0  200  10 .  -

 220 .  
-

, -
-

. -
,  

 – . 
-
 

 

,

;

;

0 0

1 0

1

0 1

1

JF

j

PF

p

pj
jp

J

j

P

p

pj
jp

J

j

P

p

pj
jp

ZKFNMKFZJFiMJFAFF

ZKNMKZJiMJjAL

ZKNMKZJiMJkAK

 (7) 

 Ajp – , -
; MJ, MK –  

 i  N, -
; ZJ, ZK –  ,  -
; J,  P –  

, ; AFjp – -
,  

; MJF, MKF –  
, ; ZJF, ZKF –  

, ; JF, PF – -
, . 

 
 

. 
,  

, -
, 

.  10. -
. 

0

100

200

300

400

500

0,00 0,05 0,10 0,15 0,20 N, 

2
3

4 5

0

F  , F    H       

1

 
. 10. : 

1, 2 – ; 3, 4, 5 –  

 1 -
 y , z , -

 FH, 2 –  
 N. -

 (3  3  ,   
4 – 5 , 5 – 20 ). 

.10, -
 (  2) -

 (  5).  
-

 (  1)  
,  F  

 F   
.  

, -
, -

. 11. -
, . 

 

0 

50000 

100000 

150000 

200000 

0 0,02 0,04 0,06 0,08 N,  

F ,F , 
 

1 

2 

3 
4 

     150

     100

      50

 
. 11.  1 –  

 11000 ; 2 –  10000 ; 3 – -
 9000 ; 4 –  

 
. 11,  

-
 2.  3, -

 9000  
20  58 -

, . -
. , -

 1 – . 
 w -

 D -
 1 -

 2 .  K1  
K2 ,  

 [5] 

min2
2

2
1 KKK ,          (4) 

K
KK
1

1
1 ; 

K
KK
2

2
2 . 

 K1  K2 -
-

 – . -
 K1  K2  

-
 200  

 1000. 
 ( . 12),  K  

,  220 . 



52 ISSN 2074-272X. . 2011. 4 

  

1 

1,4 

1,8 

D    220 150 

1 

2 

0 

1

1000 2500 w   

2 

1 3 

) ) 
. 12. : )  

 )  
. : 1 –   

2 –  3 –  
 

-
 w -

 K2, 
-

. . 12 
, -

 w = 2500. 
,  

-
. 

 
 

1.  
-
-

. 
2. ,  F  N -

-
-

. -
,  

-
. 

3.  
. 

,,0max,0max

,,0max,0max

5

1
2

7

1
1

i
iiii

i
iiii

dBBcBU

bAAaAU

 

.min

,1

)(

)(

min,)(min

,,0max,0max
,,0max

7

0

0
6

0
5

max00minH 4

3

max

max

max

KU

dNNF

dNNF

UdNNFU

FNFNFFNU
NFNFNU

N

H

N

N

H

HH

H

 

 dcba ,,,  – ; 
Nmax – ; N0 = N(0); 
FHmin  FHmin – -

; 

 U1  U2 -
; U3  U4 -

-
; U5 – , U6 – -

.  
 U7 – 

 – . 
 

 
1. ., .  

. . – ,  
", 2007. – 159 . 

2. .   
 / . , 

. , . , .  // -
. – : . – 2008. – 5. – . 12-17. 

3. . -
 / . , . , . 

 // . – : -
, 2010. –  6. – . 23-25. 

4. .  
 / 

. , , .  // 
. – : , 

2011. –  2 . – . 48-52. 
5. . -

 / . . – : , 
1975. – 201 . 
 
Bibliography (transliterated): 1. Kornienko V.V., Omel'yanenko V.I. 
Vysokoskorostnoj `elektricheskij transport. Mirovoj opyt. - Har'kov, 
NTU "HPI", 2007. - 159 s. 2. Omel'yanenko V.I. Poezda s naklonyae-
mymi kuzovami dlya skorostnogo passazhirskogo dvizheniya / V.I. 
Omel'yanenko, G.V. Krivyakin, D.I. Yakunin, E.S. Redchenko // Lokomo-
tiv-inform. - Har'kov: Tehnostandart. - 2008. - 5. - S. 12-17.  
3. Omel'yanenko V.I. Privod naklona kuzovov na baze linejnogo dviga-
telya / V.I. Omel'yanenko, D.I. Yakunin, E.S. Redchenko // Zal znichnij 
transport Ukra ni. - Ki v: Transport Ukra ni, 2010. -  6. - S. 23-25.  
4. Omel'yanenko V.I. Modelirovanie mehanizma naklona kuzova s 
privodom na baze linejnogo `elektrodvigatelya / V.I. Omel'yanenko, 
B.G.Lyubarskij, D.I. Yakunin // Zal znichnij transport Ukra ni. - Ki v: 
Transport Ukra ni, 2011. -  2 . - S. 48-52. 5. Salukvadze M.E. Zadachi 
vektornoj optimizacii v teorii upravleniya / M.E. Salukvadze. - Tbilisi: 
Mecniereba, 1975. - 201 s. 
 

 25.03.2011 
 

, ., ., 
, , ., 

, , . 
  
" 

 
61002, , . , 21 

. (057) 707-63-67. 
 
Omelyanenko V.I., Lubarsky B.G., Yakunin D.I. 
Actuating mechanism parameters influence on linear motor 
performance in high-speed train carriage tilt drive system 
By the example of solving a test problem with a mathematical 
simulation model, an algorithm of a linear motor parameters 
choice  for  a  body  tilt  system drive  is  introduced;  a  problem of  
actuating mechanism and linear motor parameters choice is for-
mulated as a multicriterion optimization problem. 
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Strelets . 
Determination of optimal electrode arrangement  
on a piezoelectric actuator 
A problem of optimal electrode arrangement on a piezoelectric 
actuator under meeting conditions of the piezoelectric actuator 
maximum shift and shift control ability is considered in the arti-
cle. With the help of experimental research, optimal arrange-
ment of input and output electrodes on the surface of the piezo-
electric actuator piezoelectric elements is specified. 
Key words – piezoelectric actuator, electrode arrangement, 
optimization. 
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Skoblikov O.Y. 
Simulation results for electric field penetration  
into an electromagnetic screen with structure  
inhomogeneities. 
Numerical simulation results for penetration of pulsed electric 
field following a lightning strike into a finite-size thin-wall cylin-
drical screen with various orifices are given. The solution to the 
problem is obtained by the means of two methods, namely, a finite 
element method and a hybrid method developed by the author. 
The simulation results are compared with experimental data.  
Key words – electric field penetration, thin-wall cylindrical 
screen with structure inhomogeneities, simulation results, 
hybrid method, finite element method. 
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Marenich A.A. 
Improvement of heating circuit reliability in CHS 4  
and CHS8 electric locomotives. 
Power contact fusing currents for 7SP1 and 1SVAD8 contactors 
used in heating circuits of electric locomotives have been deter-
mined. It has been shown that in operation there may be situa-
tions when short-circuit currents are significantly greater than 
fusing currents. In this condition, a short-circuit current goes 
through the contactors contacts before protection actuation over 
a period of time long enough for the contacts fusion resulted 
from insufficient thermal stability current. Recommendations for 
thermal stability current values in the heating circuits have been 
developed. 
Key words – heating circuits, electric locomotives,  
short-circuit, power contacts. 
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