


  
" 

  
,  

   6115  30.04.2002 . 
  

"  2002 . 
     : 

. . ,  . . ., ,  " ",  
 ., ,  " ",  . . ., ,  " ",  

. . .,  " "  " ",  . . ., ,  " ",  
. . ., , ,  . . ., , ,  

 , , . . ., ,  " ",  
 . ,  . . ., , . ,  

. . ., ,  " ",  . . ., , ,  

. . ., ,  " ",  . ., ,   

. . ., , . ,   , ,  
. ., , GERUS . ., ,  
 ,   , ,  

. . ., ,  " ",  . ., , - . ,  
. . ., ,  " ",   ,  
. . , . . ., , - . , 

 ., ,  " ",   . ,  
 , - ,  . . ., ,  " ",  
 ,  . ., , - . , 

. ., ,  " ",    " ",  
. . ., , - . ,  . . ., , ,  

 ,  . . ., ,  "  
 . . ., , ,   ",  

 ,  . . ., ,  " ",  
. . ., ,     . . ., , ,  

 "  " ",    

        EDITORIAL BOARD: 
Klymenko B.V. Editor-in-Chief, professor, National  Rainin V.E. Professor, Moscow Power Engineering  

 Technical University "Kharkiv Polytechnic  Institute, Moscow, Russia 
 Institute" (NTU "KhPI"), Kharkiv, Ukraine Reztsov V.F. Professor, Vice-director of Institute 

Baranov M.I. Dr.Sc. (Eng.), NTU "KhPI", Kharkiv, Ukraine  for Renewable Energy of NAS of Ukraine,  
Batigin Yu.V. Professor, Kharkiv National Automobile  corresponding member of NAS Ukraine, Kyiv 

 and Highway University, Kharkiv, Ukraine Rozanov Yu.C. Professor, Moscow Power Engineering  
Bíró O. Professor, Graz University of Technology,   Institute, Moscow, Russia 

 Graz, Austria Rozov V.Yu. Professor, corresponding member of NAS of 
Boev V. . Professor, NTU "KhPI", Kharkiv, Ukraine  Ukraine, Director of Science and Technology  

Bolyukh V.F. Professor, NTU "KhPI", Kharkiv, Ukraine  Center of Magnetism of Technical Objects 
Butkevich O.F. Professor, Institute of Electrodynamics   of NAS Ukraine, Kharkiv 

 of NAS Ukraine, Kyiv Rudakov V.V. Professor, NTU "KhPI", Kharkiv, Ukraine 
Dan’ko V.G. Professor, NTU "KhPI", Kharkiv, Ukraine Sokol Ye.I. Professor, corresponding member of NAS of 

Doležel I. Professor, University of West Bohemia,   Ukraine, Vice-rector of NTU "KhPI", Kharkiv,   
 Pilsen, Czech Republic  Ukraine 

Goncharov Yu.P. Professor, NTU "KhPI", Kharkiv, Ukraine Soskov .G. Professor, O.M. Beketov Kharkiv National 
Gurin .G. Professor, NTU "KhPI", Kharkiv, Ukraine  University of Municipal Economy, Ukraine 

Kirilenko .V. Professor, Institute of Electrodynamics of NAS Tkachuk V. . Professor, Lviv Polytechnic National  
 Ukraine, academician of NAS of Ukraine, Kyiv  University, Ukraine 

Kravchenko V. . Professor, NTU "KhPI", Kharkiv, Ukraine Shinkarenko V.F. Professor, National Technical University of  
Masliev V.G. Professor, NTU "KhPI", Kharkiv, Ukraine  Ukraine "Kyiv Polytechnic Institute", Ukraine 

Mihaylov V. . Professor, NTU "KhPI", Kharkiv, Ukraine Vinitzki Yu.D. Professor, GERUS, Moscow, Russia 
Milykh V. . Professor, NTU "KhPI", Kharkiv, Ukraine Yuferov V.B. Professor, Kharkiv National Science Center  

Namitokov . . Professor, O.M. Beketov Kharkiv National   Institute of Physics and Technology, Ukraine 
 University of Municipal Economy, Ukraine Zagirnyak .V. Professor, corresponding member of NAPS 

Omel’yanenko V. . Professor, NTU "KhPI", Kharkiv, Ukraine  Ukraine, rector of Kremenchuk M.Ostrohradskii 
Podoltsev .D. Professor, Institute of Electrodynamics   National University, Kremenchuk, Ukraine 

 of NAS Ukraine, Kyiv Zhemerov G.G. Professor, NTU "KhPI", Kharkiv, Ukraine 
Puilo G.V. Professor, Odessa National Polytechnic  Rudakov V.V. Professor, NTU "KhPI", Kharkiv, Ukraine 

 University, Ukraine   
 

 / Executive secretary: . / Grechko O.M., . +38 067 3594696, e-mail: a.m.grechko@mail.ru 
 / Technical editing:  . / Emel’yanov V.L., . +38 057 7076976, e-mail: evl2008@ukr.net 

 / Editorial office address: 
 " ",  " ", . , 21, . , 61002,  

Dept. of Electrical Apparatuses, NTU "KhPI", Frunze Str., 21, Kharkiv, 61002, Ukraine 
. / phone: +38 057 7076281, e-mail: a.m.grechko@mail.ru 

ISSN (print) 2074-272X, ISSN (online) 2309-3404 ©  " ", 2013 
 

 10.12.2013 .  60  90 . .  – . . . 9,5. 
 200 . .  0457/0357. . 

. 61124, , . -124,  2249 
 "  " "", . , . , 11 

 



ISSN 2074-272X. . 2013. 6  

 

  

  
ELECTRICAL ENGINEERING & ELECTROMECHANICS  

 

 
 

Scientific and practical journal 

 
 

 " " 
9  01  2013 p. 

2013/6 

 
. .  

. .  17:  
.................................................................................................................................................................  3 

 
.   

Comsol Multiphysics.................................................................................................................................................  17 
., ., . 3D- , 

..................................................................  21 
., ., .   

 ...........................................................................................................  27 
., ., ., .  

 .....................................................  31 
., ., .  

 ...............................................................................................................................  37 
., .  

 .......................................................................................................................  40 
., ., .   

 
 ...................................................................................................................................................  46 

 
., ., ., ., ., ., . 

 
 ....................................................................................................................................................  49 

 
.  

 .......................................................................................  59 
., .   

 ...............................................................................................................................................  64 
., ., ., ., ., .  

 .......................  66 
., ., .   

 ...................................................................................................  72 
 

 (  80- )  ............................................................................  77  

TABLE OF CONTENTS 
Electrical Engineering. Events. Famous Names 

Baranov M.I. An anthology of outstanding achievements in science and technology. 
Part 17: Inventions in material welding. .......................................................................................................................  3 

Electrical machines and apparatus 
Baida E.I. Comsol Multiphysics based calculation of contact pressure in mechanical systems ....................................  17 
Gaydenko Y.A., Vishnevskiy T.S., Shtogrin A.V. 3D-modeling for determination of axial forces acting 
in elements of the end zone of power turbogenerators ................................................................................................. 21 
Galynovskiy ., Dubchak E. ., Lenskaya E. . Reversible thyristor converters of brushless synchronous 
compensaters ............................................................................................................................................................  27 
Zablodskiy N.N., Pliugin V.E., Grin G.M., Gritsyuk V.Yu. Calculation of the thermal field of a polyfunctional 
electromechanical transducer with a hollow perforated rotor ......................................................................................  31 
Lushchyk V.D., Polez n S.Yu., Antipko G.S. Premature failure of medium-power two-pole induction 
motor windings .........................................................................................................................................................  37 



2 ISSN 2074-272X. . 2013. 6 

Milykh V.I., Polyakova N.V. Theoretical and harmonic analysis of magnetic fields in the active zone 
of a turbogenerator under load conditions ..................................................................................................................  40 
Ostashevskiy N.A., Petrenko A.N., Shayda V.P. Development of a mathematical model for a frequency- 
controlled asynchronous motor rotor temperature field on the basis of differential equations of heat conduction .........  46 

Power Electronics 
Zhemerov G.G., Krylov D.S., Ilyina O.V., Tugay D.V., Titarenko I.G., Baru A.U., Shindnes U.L.  
Comparison of converter systems for a high-voltage variable-frequency AC drive. .....................................................  49 

Theoretical Electrical Engineering 
Getman A.V. An experimental magnetic moment determination method based on spatial harmonic analysis 
of magnetic flux density signatures ............................................................................................................................  59 
Kostyukov V.V., Kanov L.N. Visual construction of characteristic equations of linear electric circuits......................  64 
Kuznetsov B.I., Nikitina N.B., Bovdyj I.V., Voloshko A,V., Vinichenko T,V., Kotlyarov D.A.  
Active screening of magnetic field near power stations generator buses ....................................................................... 66 
Rozov V.Yu., Pelevin D.Ye., Levina S.V. Experimental research into indoor static geomagnetic field 
weakening phenomenon. ............................................................................................................................................ 72 

Anniversaries 
Belikov Victor Trifonovich (on the 80th anniversary of his birth) .............................................................................  77  

 
! 

 " " – .  
,  2006 .  

 2014  – 173,10 .,  – 28,85 .,  –  
57,70 .,  – 86,55 .,  – 115,40 .,  – 144,25 .  

: 01216. 
 

! 
 15  2003 .  1-08/5   

" ,  
  

 10  
2010 .  1–05/1.  1 2002 .  
 

 2005  " -
"  

),   
 ( )  ( ) .  

 

1  2006 . 688  01.12.2005 .   
. 

 

 " ",  
 ISSN 2074-272X, -

. . ,  2005 .,  
 (nbuv.mon.gov.ua)  " ", -
 (eie.khpi.edu.ua). 

 

 " "  Ulrich’s 
Periodical Directory (ulrichsweb.serialssolutions.com), -

 OCLC WorldCat  851561709 (worldcat.org),  Index 
Copernicus (indexcopernicus.com),  –  
(elibrary.ru), Google Scholar (scholar.google.com)  DOAJ (www.doaj.org), 
BASE (base-search.net), DRIVER (www.driver-repository.eu), PBN (pbn.nauka.gov.pl), Research Bible 
(journalseeker.researchbib.com), DRJI (drji.org).  

 

 

,  
 (eie.khpi.edu.ua),  " -

" (journals.uran.ua). , ,  
. 



. . 

ISSN 2074-272X. . 2013. 6 3

© . 

 621.3:537.311:910.4

. 

.
 17: 

.

.

" .
..."

, 
. , 2012 )

 [1] -

 ( ) 
. -

 [2] 

 " "  " "
.  ,   " "  -

 " -
-

 ( ) -
"  [3].  -

 ( . ) 
, 

 1000 . . 
 [4]. -

 ( . . ) [4].

, 
 5,4  ( . ), 

 310 . . [1, 4]. -

, -
.  

-
-

, -
, -  (

-
), . -

-

. -
-

, 

-

.

1. 

. 
-
-
.

.
 1802 -

, -
 ( .  1) 

-

-
, 

 ( . 2), 
 2100 -

,  -
 ( )  [5, 6].

. 1. . 
(1761 1834 .),  [8]

. 2. . , 
 1802  [8]

 (  1807 ) -
.  -

-
, -
 "

, -



4 ISSN 2074-272X. . 2013. 6

-
" [7]. 

 (1803 )
-

, 
)  [8,9]. 

. 

.

.
-

, , .
. 

 1881 

 ( . 3), -

,  " " [10]. 

 1881
. -

.  .  -
-
.

-
 31  1886 

 ( )  11982  " -
-

" [10]. -
. -

. 
. , -

 [10].

. 3. 
.  (1842-1905 .),  1881 

 [10]

. 4 -
363320  17  1887 . -

. -
 " " [10]. 

, 

, 
, -
, -

-

 ( . . 4). 
, 

: -
, -

,

-
 [10]. ,  1888 

, -
. 

-
. -

-

-
-

. .  1890-

100  [10].

. 4.  363320  17 
1887 

", . 
.  [10]

,  
-

. -
. -

-
.  [10].  1888 

. 
-

,  ,  .  
1890- . -

.  1892
. 

,  .
-

, 
.



ISSN 2074-272X. . 2013. 6 5

, 
 [10]. 

"
"

.  11  1892 

 [10]. . -
.

.   7   1899  
-
-

 [10]. -
 [10]:

" . , . . -

, -
, -

-
".  100-

 1981 
 ( . 5).

. 5. , 
 1981  100- . 

 [10]

. 
 –

, 
.  1888 -

.  ( . 6) 

)  [11].

. 6. 

.  (1854-1897 .) [11]

.  " -
" (

 1891 ) [11]. -

, 
. , -

, .  1888 
, 

 [11]: -
, , , , , ,

.
. 

-
. 

-
 1 . -

 [11]. -
 1893  .  

) . -
 ( -

) 
[11]: " ".

 1901 -
, -

,  (
1929 )  ( . 7)

-
 (

) -
 ( -

) [12]. 
 1905 . 

.

. 7. , 
,  (1943 )

.  (1872-1951 .),  1905 
 [12]

, -

, 
. 

, -
. 

[12]. -
 19- -

.  
 " " . . 

. , -
 " ", 



6 ISSN 2074-272X. . 2013. 6

 [13].  
1927 . ,

,

. , 
 [13]. -

, .
 1930-

-
.  1934

 " " -
-

, . -
. -

.  1936 

,  " -
". 

 10 . 

-
. . 

 " " 
 [3, 10].

 19-
 20- , -

, .
, -

-
. 

-

. 

, -
 [13].  1850 

. -
, -

. -
 2600 , 
 [13].  1860 

, -
-

 3200 .  1887 

.  1895 
. , 

 ( . 8) ,
. 

, 
, .

, 

 ( ) [13]. 
-

, -
08 08 -

. 
, 

.

                                                                          
. 8.  ( )  ( ) -

 ( ), 
 3  3150  [13]

 (  2930 C)  
 (  20800 ³), 

,  
 [13]. 

) , 
 (

4500 C). 
-

. -
. , 

, -
-

 [13]. , -
-

-
 (  5000 C). -

, 

 ( )  [13].
 19- -

, 
, 
 ( ,

). 
. 

-
 (3-5) . 

. -
.  1850-

-
-
-

 [14]. 
" -

" ,  
, -

, -
. 

,  
, -

, . -



ISSN 2074-272X. . 2013. 6 7

-
, -

 [14]. -
, -

-
 ( )   ( -

). 

. , 
 1898 

-
 [13]. 

. 
-

 500 2 [14]. 
 ( -

, -
-

) 

, -
 [15]. 
 (

, ), 
, 

)  [16].

2. 
-
,

 ( .
9) [17]. -

-

.  1920- -
-

 [17].

. 9. , 
 1943 ), 

 1929 ) .  (1870-1953 .), 

 [17]

 1929 
.

. 
. . . 

.  .  -
, 
, -

 ( -
) . . .

. 
. 

-
, . 

[17].  1929 . -
.  1934 -

-
, 

 ( )
. 

-

.  1929-1938 . . -
-
.

-
.  1941-1943 . . -

, -

,  -
, -

, 
 [17]. -

-
, 

. -
-34 -

 (1941-1945 .) 

 [18].  1941 -
-
-

 ( ) . -

-34 ! [17, 19]. . -
 100 -

,  .  

.  ( . 10), 
 " ".

. 10. 
 (" "),  1953  [17]



8 ISSN 2074-272X. . 2013. 6

 1932 -
 ( ), -

 (  1945 ) 
 (  1953 ) -

 ( . 11) -
 [20].

, 
 (  1945-1948 .  1963 ), -

.

. 11. 
, , 

.  (1894-1984 .) [20]

-
 (1939-1945 .)

-
 ( ) 
. 

, -
, , -

-
,  [20].

, .  (
, -

) -
-

. 
-

 1950-
.

,  20-
-

,  -
, -

, 
. -

, 
, -

, -
, ,

 – 
, -

. 
,  -

. 
-

, -
 –  320  400 .

-
 ( -

-
 100 2) [16]. 

-
-

.  1936-1940 . 
. ,

.  -
, -

, -
-

. 
. -

 [16]. -
-

. 
. 

, -
, 

. -
 [16]: -

; -
; 

; -
-

; -
 – "

"  " ".
 1940- -

.

 ( ) -
 ( . 12) [16]. -

-
 [21].

. 12.  ( )  ( ) 
 (1 ; 2 ;

3 ; 4 
; 

) [16]



ISSN 2074-272X. . 2013. 6 9

. 

-
 ( ) 

.  
-
-

-
.  

-
 ( )  -

.  1965 -

-
 [16]. 

-
-

. ,  1960- -
-

: , . -
-

 – -
 [16]. -

 ( ), -
. 

, -

.

-
 ( .  13),  -

 [3]. 
-

, 
. -

 ( -
)  ( ) -

. 
-

-
. 

 [3].

. 13. 

, 
 Ø 1420 ) [3]

.  ,  
. 

,  
. 

. -

-
-

. 
 0,1

2. 
, , , -

, .
 1950-

. 
 [3]. 

 ( . 14): 
, 
, 

-
. -

-
-

,  [3, 16]. 

, 
. -

-
, 

.
-

. -
.

. 14. 
 [3]

. 

, -
. 

.

, ,
. 

:  



10 ISSN 2074-272X. . 2013. 6

, , , 
, 

. -
, -
, 

, -
 100%-

. 
 [3]: -

 ( ); 
 4   250 ;  

.

. -
, 

, 
. -

, -
 [21]. -

-
-

 2000  50000  [16, 21]. -

1950- -

.

. 
 [16].  

-
, .

-
, -

 ( ) .

-
. , 

. -
-

. 
-

, . 

. 

, .
. 

. 15). 
, -

.
-

, -
,  

 [3].  -

, ,
. -

, -

 [16].

. 15. 
, ., 

.  (1903-1985 .) [16]

-

 ( ,  
).  

-
-
-

. .  1950- -

-
.  ,  ,  ,  -

, , 
. 

-
. 

-
 [13, 16]. 

-
, -

, 
.

 1960-
, -

, , -
. -

, 
-

, .
, 

-
. -

, , 
[16]. 

-
-

, 
-
.

, 
,  ,  -



ISSN 2074-272X. . 2013. 6 11

-

: , -
 [13, 16].

-
.  -

, -
. 

. -
, -

, , -
-
.
-

 10 . 
, -

 " "  " " -
-

 1965
 [3, 16]. -

-
, -

 40 . -
 (0,025-0,8) 
, , , -

, , , . -
.
-

, , , -
, -

, -
, 

.   [13] ,  

.
-

.   19-
 [3, 13]. -

-
 1940-

. 
, ,  1949 

-
 [16].

-
.  

 ( ),  ( , -
),  .  

1952 . 
. -

-
. 

 (  1958 ) 
. 16) 

-

 (0,5-1,2) 
[13]. -

-
-

. -
,

, . -

-
 [13,

16]: ,
-
;
-
-

; -

.

. 16. 
, , 

, 
 50- .  (1918 ) [16]

 1961 -
 [13]. 

-

. 
, 

-
. -

. -

. 
-

-
.

 1950- -

 [3, 13]. 
-

, -
 (  1962 )  (  1992 ) .

 [16].  -
-

. 



12 ISSN 2074-272X. . 2013. 6

. -
,  -

-
.  ,  -

 1949 .
,  1956 -

-
 [16].  -

.   1958  
 " " -

 " ".

, -
, , 

 100
 [13, 16]. 

, , -
.

, -

,  [16]. -

. 

-
, -

.  1960-

-
, ,

, , 
.

-
.  1950-

. 
. . 

. -
 (

. , . , .
) 

 [3, 13]. -
 " " -

, 
. 

-
 " " 

. 
 10-4 . 

.

 (  110 2)
 (  10-7 2)

, 
-

 " "

 [16]. -

 1953 ), . ,
,  (1950 ) 

 (1957 ) . 
, 

, -

.

3. 

, -

 19521-74 [3]. -
, , -

, -
 [3]: 1)

, -
); 2)

 ( , -
); 3)

 ( , -
). 

 [3]: ) 
;  )  ;  )

. -
 19521-74 -

. 
 [3,16]:

.
, -

.
, 

-
. 

:  ( , );
 ( , );  ( ,

); . 

, 
. 

-
. 

:
 ( . 17); 

; ; 
; .

. 17. ,
 [22]



ISSN 2074-272X. . 2013. 6 13

.
, -

. 18). -
: , , , , , -

, , ,  [3].

. 18. , 
 (  1942 ) [3]

, -
, 

. 
, " " -

 ( ). -
.

. -
, -

. 

 [16].
. -

,
-

.
. -

, 

" [3]. 
 (10-3  10-4) .

 0,2  5 , -

 0,1  200 .
.

, 
 [3, 24]. -

-
.   0,1

-
. 

, 
. -

.
.

 [3]. :
, -

, .
 [16].

. -

 ( ) 
[13]. -

 [3].

 [3, 16]:
. -

, -
. 

: 
-

. 
: 

, , ,
 ( )  [3].

, 

 ( -
 800 ). 

,
-

, -
. -

 1950- .
 [16].

. -
-

, -
 [3]. 

.
.

1950- , .
-
-

 (
) [3].

-
 [3, 16]:

. -
-

, -
 [3,

23]. 
-

. . 
,  -

.  [23].

-
-

 [23, 24].
.

-

-
, 



14 ISSN 2074-272X. . 2013. 6

[3]. , 
, -

, , 
 [3].

. -

-
 [3]. -

-

. -
, . 

-
 [16].

4. 

:
, , 

, , , , -
, .

,
 ( -

) 
-

. 
-

 ( . 19).

. 19. 
, 

 [3]

-
-
.

, -
 5000  [3], 

, -
, -

. 
-

 ( -
), 

, . 

. , -
,

-
. 

-
, . -

, 
-

, 
. -

. -
-

, 
. 

), 

 [3]. -

, 
.  -

 (
), 

. 
) 

, -
 ( ) 

, -
,  ( )

. 
-

 ( , , -
), 

. -
, . -

,

 ( -
). , -
,  (

)  ( ) -
. -

 70  90 % [3].

5. 

-
-

,  
-

.  19- -
 20- -

, 
-
-

, 
. -

-
,   20-

 21- .  [3, 16]:



ISSN 2074-272X. . 2013. 6 15

. -
 ( ) -

. -

, 
 20-  [23,

25]. 
-

EL tL
. -

tL
, 

. 
EL -

,  106  107

2 [25]. EL<105 2

-
. EL>107 2 -

 ( ) , -
-

 [25]. EL tL
-
-

.  .  20  

 [3].

. 20. 
 [3]

,  -
 ( -2 -20) -

 1963 
 2

 20  [25]. -
 0,1  1 . 

, . -

, 
-

. 
-

, , -

. -

, 
.

.

. 
-
-

 1960- ,
-

.  [13, 26].

. 21) -
104 -

. 
, -

-
, -

, -
, -

.

. 21. 
,  [13]

-

 16  1969 
 " -6" -

. .  [3,
16]. -

-
, -

. , , 
, -

, -

. ,

, -

 ( , ) [3, 16]. -

,  
, 

 ( ) -
 [3, 16].



16 ISSN 2074-272X. . 2013. 6

1. . 
.  16:  //

.  2013.  5. . 3-13.
2. http://www.weldguru.com/welding-history.html.
3. http://ru.wikipedia.org/wiki/ .
4. http://www.keytometals.com/page.aspx.
5. .  (1761-
1834). .: , 1985.  224 .
6. ., . :
200-  // 

.  2003.  2. . 46-49.
7. . : -

 2- .  1: 
. :  " ", 2008.  252 .

8. http://ru.wikipedia.org/wiki/ .
9. . -

 / . . . .: .
. , 1958.  436 .

10. http://ru.wikipedia.org/wiki/ .
11. http://ru.wikipedia.org/wiki/ .
12. http://ru.wikipedia.org/wiki/ .
13. http://www.svarkainfo.ru/rus/lib/history.
14. ., ., ., 

. . . .: -
, 2004.  320 .

15. . 
.  15:  // -

.  2013.  4. . 3-15.
16. ., . , , -

. :  " ", 2006.  296 .
17. http://ru.wikipedia.org/wiki/ .
18. ., ., . 

-34. .: "  XXI ", 2005.  480 .
19. . -

. .:  " ", 1941.  112 .
20. http://ru.wikipedia.org/wiki/

.
21. .  / . .

. : , 1989.  864 .
22. http://ru.wikipedia.org/wiki/ .
23. . 

:  2- .  1. :
 " ", 2011.  311 .

24. ., ., . -

 "
" . . " // -

.  2007. 11 (47). . 102-108.
25. http://www.migatronic.ru/content/view/43/46/
26. ., . 

: , 1998.  184 .

Bibliography (transliterated): 1. Baranov M.I. Antologija vydajushhihsja
dostizhenij v nauke i tehnike. Chast' 16: Otkrytija i izobretenija v metal-
lurgii // Elektrotehn ka  elektromehan ka.  2013.  5.  S. 3-13.
2. www.weldguru.com/welding-history.html. 3. ru.wikipedia.org/wiki/
Svarka. 4. www.keytometals.com/page.aspx. 5. Shnejberg Ja.A. Vasilij
Vladimirovich Petrov (1761-1834).  M.: Nauka, 1985.  224 p.
6. Namitokov K.K., Klimenko B.V. Jelektricheskaja duga: 200-letnij jubi-
lej velikogo otkrytija // Elektrotehn ka  elektromehan ka.  2003.  2. 
P. 46-49. 7. Baranov M.I. Izbrannye voprosy jelektrofiziki: Monografija v
2-h tomah. Tom 1: Jelektrofizika i vydajushhiesja fiziki mira.  Har'kov:
Izd-vo NTU "HPI", 2008.  252 p. 8. ru.wikipedia.org/
wiki/Petrov_Vasilij_Vladimirovich. 9. Vydajushhiesja fiziki mira. Rek-
omendatel'nyj ukazatel' / Nauchn. red. B.G. Kuznecov.  M.: Tipografija
B-ki im. V.I. Lenina, 1958.  436 p. 10. ru.wikipedia.org/
wiki/Benardos_Nikolaj_Nikolaevich. 11. ru.wikipedia.org/wiki/Slavjanov
_Nikolaj_Gavrilovich. 12. ru.wikipedia.org/wiki/Mitkevich_Vladimir
_Fjodorovich. 13. www.svarkainfo.ru/rus/lib/history. 14. Frolov V.A.,
Peshkov V.V., Kolomenskij A.B., Kazakov V.A. Svarka. Vvedenie v
special'nost'.  M.: Vysshaja shkola, 2004.  320 p. 15. Baranov M.I.
Antologija vydajushhihsja dostizhenij v nauke i tehnike. Chast' 15: Izo-
bretenie transporta // Elektrotehn ka  elektromehan ka.  2013.  4. 
P. 3-15. 16. Shalimov M.P., Panov V.I. Svarka vchera, segodnja, zavtra. 
Ekaterinburg: Izd-vo "UPI", 2006.  296 p. 17. ru.wikipedia.org/
wiki/Paton_Evgenij_Oskarovich. 18. Vasil'eva L.N., Zheltov I., Chikova
G.F. Pravda o tanke T-34.  M.: "Atlantida  XXI vek", 2005.  480 p.
19. Paton E.O. Skorostnaja avtomaticheskaja svarka pod sloem fljusa. 
M.: Izd-vo "Mashgiz", 1941.  112 p. 20. ru.wikipedia.org/wiki/
Hrenov_Konstantin_Konstantinovich. 21. Kuz'michev V.E. Zakony i formuly
fiziki / Otv. red. V.K. Tartakovskij.  Kiev: Naukova dumka, 1989.  864
p. 22. ru.wikipedia.org/wiki/Dugovaja_svarka. 23. Baranov M.I. Antologija
vydajushhihsja dostizhenij v nauke i tehnike: Monografija v 2-h tomah. Tom
1.  Har'kov: Izd-vo "NTMT", 2011.  311 p. 24. Reznichenko V.I.,
Pahomov S.N., Mostipan S.E. Jeksperimental'no-promyshlennyj kompleks
svarki vzryvom gosudarstvennogo predprijatija "Konstruktorskoe bjuro
"Juzhnoe" im. M.K. Jangelja" // Aviacionno-kosmicheskaja tehnika i
tehnologija.  2007. 11 (47).  P. 102-108. 25. www.migatronic.ru/
content/view/43/46/ 26. Paton B.E., Lapchinskij V.F. Svarka i rodstvennye
tehnologii v kosmose.  Kiev: Naukova dumka, 1998.  184 p.

 (received) 29.06.2012

, ., .
 " "  " ",

61013, , . , 47,
/phone: +38 057 7076841, e-mail: eft@kpi.kharkov.ua

Baranov M.I.
Scientific-&-Research Planning-&-Design Institute "Molniya"
National Technical University "Kharkiv Polytechnic Institute"
47, Shevchenko Str., Kharkiv, 61013, Ukraine
An anthology of outstanding achievements in science and
technology. Part 17: Inventions in material welding.
A brief scientific essay on the history of invention of the main
welding technologies for metals and other materials is presented.
Key words – history, invention, welding of materials.



ISSN 2074-272X. . 2013. 6 17

© . 

 621.318

. 

 COMSOL MULTIPHYSICS

-
 Comsol Multiphysics.

-
 Comsol Multiphysics.

-
 ( ,

, 
.). 

-
, -

, 
. -

, -

 " " 
-

. -
-
-

, 
-

.
-

 "Structural Mechanics Module", -
 " omsol Multiphysics".

 – 
, ,

.
 – 

, . 1.

F

Q

. 1. , F – ;
Q – 

-
,  (

).
.

-
 ( . 2). 

, 

. -

 Draw,

 dxf.

. 2. 

 File/
Import/Cad Data From File. 

 Import. , -

. . 3.

. 3. 

-

. -
-

 "Coerce to
Solid",  "Split
Object" . 4. -. 4. 



18 ISSN 2074-272X. . 2013. 6

 – .
,  -

omsol Multiphysics -
, 

utoCad . -
 10 ,  100

 150  .  
, -

 (Ctr+A) 
 – 1e 3 ( . 5) 

.

. 5. 

.
: 

Q=2500 ;  Diam=10 ; -
 d=10 . 

Options/Const ( -
 Tab). 

. 6.

. 6. 

 " " -
 (

). .
:  Draw/Create Composite

Object  Ctr 
. 7). . 7.

. 7. 

 – -
, -

.
:  Draw / Create Pairs -

. 8). .
-

.

. 8. 

 Physics / Sub domain
Setting ( . 9), , -

, .

. 9. 

 ( )  
Constraint  Fixed.

-
 Physics  /  Boundary  Setting.  

 Ctr 
33,35   Load  

 ( . 10).

. 10.

 (  37-40)
 – Constraint-Free;

Load-0.  Load 
41,43  Fy= 2 Q/pi/Diam/1.5 [N/m]. 



ISSN 2074-272X. . 2013. 6 19

Pairs,  Pairs 1.
 Boundary. C -

.

,  Mesh / Free Mesh Parameters.
 Subdomain, ,

 1e 3[m]. 
Boundary  33-44, 
0.1 -3[m].  Mesh / Free Mesh
Parameters ( . 11).

. 11. 

-
, 
. 

 2 .
 Solve  /

Solve Problems . 
 " " 

 i5 .
, 

Postprocessing / Plot Parameters 
. 12), 

Surface , 
 Deform .

. 12. 

.

.  13,  -
.

.

. 13. 

.  ,  
.

Postprocessing / Domain Plot Parameters 
, . 14. -

.

. 14. 

. 15.



20 ISSN 2074-272X. . 2013. 6

. 15. 

-
 ( . 16).

. 16. ) ) 

.  15,  16  
 (

).
, 

Postprocessing / Plot Parameters  Arrow ( . 17).

. 17. 

. 18
).

. 18. 

 ( . 19), 
.

. 19.  ( )  ( ) 

, 
, -

, 
 Postprocessing / Plot

Parameters,  Postprocessing.

 (received) 12.07.2013

, ., .

",
 " ",

61002, , . , 21,
/phone: +38 057 7076976, e-mail: baida_kpi@i.ua

Baida E.I.
National Technical University "Kharkiv Polytechnic Institute"
21, Frunze Str., Kharkiv, 61002, Ukraine
Comsol multiphysics based calculation of contact pressure in
mechanical systems.
In the article, a calculation technique for contact pressure in the
axes of mechanical systems based on Comsol Multiphysics
package is considered.
Key words – mechanical system, contact pressure, calculation
technique, Comsol Multiphysics.



ISSN 2074-272X. . 2013. 6 21

© . , . , . 

 621.314: 621.391

. , . , . 

3D- , 

-1000-2 3 -
. . -

, , , -
, , .

-1000-2 3 -
. . 

, , , -
, , .

.  [1] 
-

 ( ), -
. -

, , 
,  ,  

, 
.

-1000-
3, 

,  [1] -
-

, , 

-
-

. , 
 – -

, , -
 [2].

, 
, , 

, -
-

, 
,  [3]. 
, -

-
.

, , 
, -

. , 
-

, . -
, 

, , 
 10-20 . ,

, -
-
-

. , -
, -

-
-

, , 
-

. , -
,  
 10 … 20  [1].

, , -
, -

.
 [1] , -

-
, 

-1000-2 3. , ,
-

.

, , 
: -

-
, 

?".
-

. , 
–1000–2 3,  20- -

-
,  [1] 

, , -
514 k (52,41 ). ,

3,153.1010 , -
 100  10 . -

-
 45.

-
-

. 
, -

, 
-
-
-

. , 
.

[1] 
 (2D) , -



22 ISSN 2074-272X. . 2013. 6

, , 
). -

-
 ( ) -

427,7 k (43,61 ).
-

. .
, , -

. , 
-

1, 
 45, -
 [1]. -

-
.

 514 k , 
, 

10 . , 
 15-

 20- . 
, -

, -
.  ,  ,  

, , 
-

.
, -

-
, -

.  -

 2D , -
 [1],  

. , , -

. , 
, 

-
, , -

.
,  2D-

-
, -

, 

, -
. ,  [1] -

-
, , , . -

,  -
.

: , -
. , 

, , -
, -

,  17 % , .
, 

 3D- -
.

, -

, 
,  3D-

.

,  [1], -1000-2 3 -
: 

P2N = 1000 , U1N =
= 24 ,   p =  1,  

n1N = 3000 .
.  3D-

-
-

 SolidWorks 2013
 COMSOL Multiphysics 4.3b.

.
 3D- -

.
,  -

SolidWorks -
 – -1000-2 3. ,

-
, -

-
 ( . 1). -

, -
, , 
., , , -

.
-

 COMSOL Multiphysics, 
, 

-
.
, 

, 
, , -

,  -
,  – 

 ( . 2).
-

. -
-
-

 ( ), -
:

0

JAAj
r

,                   (1)

 – ;  – ;  –
; µr – -
; A  – 

; J  – 
.

 –

. -



ISSN 2074-272X. . 2013. 6 23

-
:

3
4

3
2

tj

mC

tj

mB

tj
mA

eJJ

eJJ

eJJ

,                      (2)

Jm – -
.

-
, 

, -
, 

 = 30  (  – -
). 

 cos  = 1.
-
,

. . 3

,  2 -
. 

-
.

 5 .
, 

 (
).

. .  4  -
-
-

. , 
. ,

-
, -

 ( -
),  ,  

.
-

, -
.

, 
-

. , , 
-

. , 
 (Bx,  By,  Bz) -

 3000 -
. -

, , 
. , 

,  -
, 

 (Bx) -
.

. 6-8 
 (Bx) 

 ( , ,
). , -

,  ,  ,
-

. -
Bx  0,4 ,  –

0,45 ,  – 0,48 .
. 9-11 

 ( ) 
 ( ) 

.
,  ( )

, , , -
-

. -

-
,  (

) .
, -

, , 
,  –

, , , 
.

.  9-11  
, -

.  -
. 
, -

, 
.

, 

, , ,

100 .
 COMSOL Multiphysics -

, -

. -

, 
. . 1 -
 (Fx) , -

.
 1

Fx, Fx, 
38514 3,927
16193 1,651
2225 0,227

 ( ) 56932 5,805
 ( ) 113864 11,61

, -
,  -

, -
 11,61 . -



24 ISSN 2074-272X. . 2013. 6

,
 [1] (43,61 ), 

541,6  (55,22 ). -
, -

 (52,41
).

. -
-

-
, 

, -
. -

-
-

,  
.

 3D-
,

 [1], 

, , .
, , 

, . -

-1000-2 3, 
.

1. ., ., . -

 // -
. – 2009. – 2. – . 25-30.

2. ., . -
.– .: , 1965. – 456 .

3. ., ., . -
-
-

 // 
. -

. –  3/2007 (44)  1. – . 51-55.

Bibliography (transliterated): 1. Vaskossky Y.M., Shumilov Y.A.,
Shtogrin A.V. Analysis axial forces disturbing vibration in the sta`tor
core of a powerful turbogenerator // Electrotechnica  electroenergetika –
2009. – 2. – P. 25-30. 2. Ivanova V.S. The nature of fatigue metals. -
Moscow, Metallurgy, 1965. - 456 p. 3. Demidyuk B.M., Vladimir
Kuzmin, Shpatenko V.S. About the development of physically meaning-
ful approach to the analysis of power and energy processes in the ele-
ments of the magnetic cores of electrical machines // News of Kremen-
chuk Sovereign pol tehn ch University Mykhailo Ostrogradsky name -
Vipusk 3/2007 (44 ) Part 1. - P. 51 - 55.

 (received) 23.10.2013

1, ., .,
1,

2

1

",
,

03056, , . , 37, . 20,
/phone: +38 044 4068238, e-mail: gaidenko@ukr.net,

taras.vishnevsky@gmail.com
2  " ",
30100, ., ,

/phone: +38 03848 623447

Haydenko Y.A.1, Vishnevskiy T.S.1, Shtogrin A.V.2
1 National Technical University of Ukraine "Kyiv Polytechnic Institute"
37, Prospect Peremohy, Kyiv-56, 03056, Ukraine
2 Khmelnytskyi Nuclear Power Plant
Netishyn, Khmelnytskyi region, 30100, Ukraine
3d-modeling for determination of axial forces acting
in elements of the end zone of power turbogenerators.
A field mathematical model of the end zone of a powerful gen-
erator type TVV-1000-2U3 in the three-dimensional setting is
developed. The modeling of the nominal mode of operation of
the turbogenerator is done. The distribution of the electromag-
netic field, eddy currents, and the Ampere force appearing in
such elements of the end zone of turbogenerator as the pressure
plate, push pins and electrically conductive screen.
Key words – end zone of power turbogenerator,
3D-mathematical model of electromagnetic field.



ISSN 2074-272X. . 2013. 6 25

a
. 1. -1000-2 3  SolidWorks

 – ;  – )

  . 2. ,   . 3. 

. 4.  ( ) 



26 ISSN 2074-272X. . 2013. 6

. 6. . 9. 

. 7. . 10. 

. 8.  ( )  . 11.



ISSN 2074-272X. . 2013. 6 27

© . , . , . 

 621.313.333

. , . , . 

-
. , 

, . -
.

. , -
-

, . 
.

– -
, , , 

 ( ).
,
-
-
-

. 
-

, -

. -
 ( ). -

-
 [2, 4, 6-12].

 [2] 
, 

 ( ). -
 ( ) 

15 % .  [6, 7] 

 ( ). 

.
 ( ) 

. -
 [2, 7] – .

 [8-10, 12] , -
. 
. 

 ( -
) 

.
 [1, 8, 10, 12] -

, -
, -

 ( ) -

-
-

 ( ).  [8,
10] 

. : 

 [3]
; -

 [5] -
 [5], 

. -

-
.

: -
-

-
, -

.
-

 Micro Cap (  MC).

.  1,  :  Va1,  Vb1,
Vc1, Va2, Vb2, Vc2 – ;
ra=rb=rc=ri,  xa=xb=xc=xi – -

; T1-T12 – 
; Rn, Ln – -

. 
 B25RIA120,  RC- .

:
);120sin();120sin(;sin 111111111 tEetEetEe mcmbma

120);sin(120);sin(;sin 222222222 tEetEetEe mcmbma
Em1=Em2, i1 = 2 fi1, i2= 2 fi2.

:

;cos)120sin(
;cos)120sin(

;cossin

21

21

21

ttEeee
ttEeee

ttEeee

mccc

mbbb

maaa

m=Em1+Em2, f fi1 fi2 /2,
=2 f , f =(fi1+fi2)/2, =2 f .

Vc1

Vb1

Va1

T1 T2 T3
Rn

Ln
Vc2

Vb2

Va2 ra xa

rb xb

rc xc

T4 T5 T6

T9T7 T8

T10 T11 T12

. 1. 



28 ISSN 2074-272X. . 2013. 6

fn=f =0.
: Em1=Em2=55 B; f =fi1=fi2=138 ;

zi=1 ; -
kr= ri/xi=0;

Rn=14 ; Ln=0. 
fu=f Tu=120 .
. 2,a-c 

= t
: a) u=15 ; b) u=24.37 ; c) u=24.38 . -

: ea, eb, ec, ia, ib, ic – -
 (ii); un, in – -

; su – 1 3;   –
. -

-
. -

u. 
 2-3. 

u u=24,37 , -
 = 60  ( . 2, ). u>24,37 >60 ,

un = 0. -
. 2,c, u=24,38 .

)  10 .
: Em1=Em2=110

B; zi=3 ; kr=0,5; Rn=14 ; Ln=0; fi1=134 ; fi2=142
;  f fi1+fi2 /2 =138 ; f fi1 fi2 /2 =4 ;

u=18,2 .  ( .
2,d) : >60

.

. 3, 4 
:

Em1=Em2=110 B; fi1=146 ; fi2=148 ;
f fi1+fi2 /2=147 ; f fi1 fi2 /2=1 ; zi=2 ;
kr=0,5; Zn=14 ;
cos n=0,9. iu=0.5 . -

 ( . 3) 
: a) u=45 ; b) u=15 ; c) u=5 ; d) u= 5 .

. 4 – 
u=5 .

.), -
 ( .) :

B36433
0 md EU ; 110A

i

m
dk z

EI ,

Em=Em1+Em2=220  – 
. . 

 (*).
: ud0*=ud0/Ud0, un*=un/Ud0 –  

. 
; uT7* uT10* – 7 

10; aik– -
; su  suo – -

.
,
-
-

 ( ),  ( ) 
 ( ).

u, B
ea                          eb            ec

 ia ibin

un

in

              ia ib ic

un

in

ia

ib

ic

un

 ea, eb, ec

       0            60           120          180         240         300  

                                     125                                250           

a

b

c

d

i

 100
    0
-100

   10

    0

  -10

 200

 100

    0

   20

    0

  -20

 200

 100

    0

 200

    0

-200

 200

    0

-200

   20

    0

  -20

 100

    0

-100

i, A

ii, A

un, ; in, A

ii, A

un, ; in, A

u, B

in, A

ii, A

=600

su

. 2. 



ISSN 2074-272X. . 2013. 6 29

b

c

d

su

su

su

in/aik

un*

in*

ia*, ib*, ic*aik*

in*

in*

0                 0.25                   0.5                 0.75                  c

a

  ea*, eb*, ec*

ud0*

u*; i*

in/aik

un*

ia*, ib*, ic*aik*

su

in*

 1.0

   0

-1.0

 1.0

   0

-1.0

 1.0

   0

-1.0

 0.2

   0

-0.2

 0.2

   0

-0.2

 1.0

   0

-1.0

 1.0

   0

-1.0

 0.2

   0

-0.2

 0.2

   0

-0.2

. 3. 

. 3,
u=45 .  

in/aik=1 in/aik= 1. -
un*.

,
u 50 -15  ( . 3,a,b).

0.435         0.44              0.445               0.45                 

      1

     0

    -1

0.5
      0

    1.5

  0.05

      0

-0.05

       1

   0

-1

  0.01

      0

-0.01

ea* eb* ec*

un*

uT7* uT10*

ia*

ib* ic*

in/aik

iu*

-iu*

ud0*

uT7* uT10*

su

suo

. 4. 
  u = 5

 ( .  3, .  4)  
. 

 ( )

.  .  in iu

 ( ) , -
. 

.  4,  .
iu*=iu/Idk=0,5/110=0,455. -

-
 (iimax) -

-
, 

. -



30 ISSN 2074-272X. . 2013. 6

.

 ( . 3,d).
, 

, -

,  
.

-
 [11, 12].

1. 
-

: -

,
,

.
2. 

.
3. 

-
-

.

1. . , 
. – .: " ", 1974. – 128 .

2. .  ( ,
, ). .: . 1980. 

272 .
3. . 1104639 A 02  13/30. -

./ . -
, . , . . . 1984,  27.

4. . . -
 // -

. – 1984. –  8. – . 16-19.
5. . 1339821 A1 02 M 5/42. -

-
. / . , . . . 1987,  35.

6. . 1356130 CCC 02  9/14. -
./ .

, . , .  // . 1987,  44.
7. ., -

./ . , . -
, . , .  // 
. – 1987. – 11. – . 61-67.

8. . . -
-

 / . , .
, . , .  // 

. – 2006. –  4. – . 36-43.
9. .  22001 U .  H02P 9/14: -

-
. / . , . , . ,

.  // . 10.04.2007. .  4.
10. . ,

-
-

 / . , . , . , .
 //  " ". – 2008. – 45. – . 17-35.

11. . 

 / . , .  // -
 / . – 15.01.2010 .

12. . -

 / . , .  // 
.  –  2012.  –   1.  –  .

77-80.

Bibliography (transliterated): 1. Bruskin D.Eh. Generatory,
vozbuzhdaemye peremennym tokom. - M.: "Vysshaja shkola", 1974. - 128
s. 2. Pekne V.Z. Sinkhronnye kompensatory (konstrukcija, montazh,
ispytanija i ehkspluatacija).  M.: Ehnergija. 1980.  272 s. 3. A.s.

1104639 A SSSR MKI N02 R 13/30. Sposob upravlenija tiristornym
preobrazovatelem chastoty./ A.M. Galinovskijj, E.M. Dubchak, V.V.
Pracjuk. Opubl. 1984, BI  27. 4. Gerasimenko Ju.N. i dr. Moshhnye
sinkhronnye kompensatory s besshhetochnymi sistemami vozbuzhdenija //
Ehlektricheskie stancii. - 1984. -  8. - S. 16-19. 5. A.s. 1339821 A1
SSSR MKI N02 M 5/42. Sposob kombinirovannogo upravlenija
tiristornym preobrazovatelem chastoty. / A.M. Galinovskijj, E.M. Dub-
chak. Opubl. 1987, BI  35. 6. A.s. 1356130 CCCR MKI N02 R 9/14.
Sinkhronnaja mashina s besshhetochnojj reversivnojj sistemojj
vozbuzhdenija./ Ju.V. Zozulin, Ju.E. Savel'ev, V.V. Kuz'min //Opubl.
1987, BI  44. 7. Kil'dishev V.S., Tiristornye besshhetochnye vozbuditeli
moshhnykh sinkhronnykh mashin./ V.S. Kil'dishev, G.A. Koval'kov, V.V.
Kuz'min, Ju.E. Savel'ev //  Ehlektricheskie stancii.  -  1987. - 11. - S. 61-
67. 8. Galinovskijj A. M. Issledovanie modelejj trekhfazno-odnofaznykh i
trekhfazno-trekhfaznykh vozbuditelejj beskontaktnykh mashin dvojjnogo
pitanija / A.M. Galinovskijj, E.M. Dubchak, M.A. Cjurila, E.A. Lenskaja //
Gidroehnergetika Ukrainy. - 2006. -  4. - S. 36-43. 9. Pat.   22001 U
Ukra na. MKI H02P 9/14: Pristr jj reversivnogo bezshh tkovogo
zbudzhennja sinkhronnogo kompensatora. / O.M. Gal novs'kijj, O.O.
Lens'ka, .M. Dubchak, Ju.Ju. Savel v // Opubl. 10.04.2007. Bjul.  4.
10. Galinovskijj A.M. Ehlektricheskie i ehkvivalentnye skhemy, issledo-
vanie raboty trekhfazno-odnofaznykh ehlektromashinno-ventil'nykh
preobrazovatelejj s modulirovannym naprjazheniem / A.M. Galinovskijj,
E.M. Dubchak, S.V. Kovalenko, E.A. Lenskaja //  V snik NTU "KhP ". -
2008. - 45. - S. 17-35. 11. Antonjuk O.V. Asinkhronizirovannye
nejavnopoljusnye kompensatory / O.V. Antonjuk, N.D. Pinchuk // Nauka i
tekhnologii / Priborostroenie. - 15.01.2010 g. 12. Gal novs'kijj O.M. El-
ektromashinno-ventil'n  peretvorjuvach  bezkontaktnikh sinkhronnikh ta
asinkhron zovanikh kompensator v / O.M. Gal novs'kijj, .M. Dubchak //

snik V nnic'kogo pol tekhn chnogo nstitutu. - 2012. -  1. - S. 77-80.

 (received) 15.06.2013

1, ., .,
1,

2
1

",
,

03056, , . , 37,
/phone: +38 044 4068238, e-mail: alga 40@mail.ru

2

,
04112, , . , 1,

/phone: +38 044 4564835

Galynovskiy .1, Dubchak E. .1, Lenskaya E. .2
1 National Technical University of Ukraine "Kyiv Polytechnic Institute"
37, Prospect Peremohy, Kyiv-56, 03056, Ukraine
2 State Agency on Energy Efficiency and Energy Saving of Ukraine
1, Ivan Gonta Str., Kyiv, 04112, Ukraine
Reversible thyristor converters of brushless synchronous
compensaters.
Behavior of models of three-phase-to-single-phase rotary re-
versible thyristor converters of brushless synchronous compen-
sators in a circuit simulation system is analyzed. It is shown that
combined control mode of opposite-connected thyristors may
result in the exciter armature winding short circuits both at the
thyristor feed-forward and lagging current delay angles. It must
be taken into consideration when developing brushless compen-
sator excitation systems.
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Theoretical and harmonic analysis of magnetic fields in the
active zone of a turbogenerator under load conditions.
The paper presents some principles and results of numerical
field calculation and the corresponding harmonic analysis of
magnetic field in the active zone of a large turbogenerator under
load conditions. In addition to the traditional coordinate function
of the magnetic induction, its time functions are considered at
fixed points and at rotating rotor linked points in the gap. The
stator magnetic flux linkage functions are also examined. It is
revealed that these magnetic induction functions, which are
different from sine curves, fail to provide the basis for determin-
ing time functions of magnetic flux linkage and the stator wind-
ing EMF that are close to sine waves.
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. , . 3,
, , 

-
 10%.
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 15  50 Hz: 1 – ,
2 –  5000 Hz

. 11, , -

 6.5
. ., 

-
-

.
Matlab- -

. 

. -
.

. 4 

, -
-

, . 
. 4, 

, -

. -
, 

.

1.  Matlab- -
 8 MVA: -

; 
 13-

, 

.
2. 

 (THD) 

. 11.  50 Hz

THD, %
, %

f, Hz
IS US IAM UAM

1 2 1 2 1 2 1 2 1 2

50 1.85 0.54 1.96 0.35 3.48 0.98 5.65 8.94 96.7 96.6
45 5.08 0.9 4.07 0.28 4.50 2.55 5.74 12.3 96.4 96.4
40 5.29 0.89 4.40 0.22 4.37 2.63 6.28 12.7 96.1 96.0
35 5.57 0.94 4.29 0.18 5.37 2.71 11.6 13.2 95.7 95.2
30 5.52 1.09 3.99 0.16 7.14 5.76 18.0 15.7 94.7 93.5
25 5.61 1.21 3.61 0.1 8.90 5.94 22.1 19.5 93.4 90.5
20 5.03 1.68 3.08 0.09 10.5 8.62 26.7 25.8 90.4 85.3
15 4.34 2.13 2.42 0.06 10.9 9.86 33.5 32.6 83.5 75.2
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1 2 1 2 1 2 1 2 1 2
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40 5.29 4.2 4.40 0.49 4.37 7.33 6.28 9.77 96.1 98.1
35 5.57 5.2 4.29 0.42 5.37 8.94 11.6 16.9 95.7 97.8
30 5.52 6.63 3.99 0.32 7.14 12.9 18.0 25.8 94.7 96.9
25 5.61 7.06 3.61 0.21 8.90 16.3 22.1 29.2 93.4 94.9
20 5.03 8.27 3.08 0.14 10.5 17.9 26.7 33.8 90.4 89.6
15 4.34 22.1 2.42 0.08 10.9 18.7 33.5 48.5 83.5 67.3
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Rozov V.Yu., Pelevin D.Ye., Levina S.V.
Science and Technology Center of Magnetism of Technical Objects
of National Academy of Sciences of Ukraine
19, Industrialna Str., Kharkiv, 61106, Ukraine
Experimental research into indoor static geomagnetic field
weakening phenomenon.
A technique and results of experimental studies of geomagnetic
field (GMF) induction in 195 different rooms in educational
institutions, residential buildings, shopping malls and subway
are presented. It is shown that in all the buildings there is weak-
ening  of  the  natural  GMF.  However,  the  GMF  weakening  is
slight in the most areas and not dangerous to public health. Ex-
ceptions are areas of high-rise frame-cast-in-place residential
blocks, offices and premises of shopping centers with steel
frames and platforms of underground stations. Here, the GMF
can be weakened to a dangerous level (less than 25 µT), which
requires measures for its normalization.
Key words – static geomagnetic field, steel building
construction, residential areas, geomagnetic field weakening,
sanitary norms.
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