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Èíòåãðàëüíàÿ ìîäåëü òðåõìåðíîãî ðàñïðåäåëåíèÿ
âèõðåâûõ òîêîâ â íåïðåðûâíî ëèòîé
çàãîòîâêå êâàäðàòíîãî ñå÷åíèÿ ïðè ýëåêòðîìàãíèòíîì
ïåðåìåøèâàíèè â âåðòèêàëüíîé ÌÍËÇ. II

Ðàçðàáîòàíà èíòåãðàëüíàÿ ìîäåëü òðåõìåðíîãî ðàñïðåäåëåíèÿ âèõðåâûõ òîêîâ â ñèñòåìå
íåïðåðûâíî ëèòàÿ çàãîòîâêà êâàäðàòíîãî ñå÷åíèÿ — êðèñòàëëèçàòîð ïðè ýëåêòðîìàãíèò-
íîì ïåðåìåøèâàíèè â âåðòèêàëüíîé ÌÍËÇ. Â îñíîâå åå ëåæèò ÂÑÈÓ, ïîëó÷åííàÿ â ðå-
çóëüòàòå îáîáùåíèÿ ÂÑÈÓ äëÿ îäíîãî ìàññèâíîãî ïðîâîäíèêà íà ñèñòåìó äâóõ áëèçêî
ðàñïîëîæåííûõ èçîëèðîâàííûõ ìàññèâíûõ ïðîâîäíèêîâ, êàêèìè ÿâëÿþòñÿ çàãîòîâêà è
êðèñòàëëèçàòîð ÌÍËÇ. Èñõîäíàÿ ÂÑÈÓ ïðåîáðàçîâàíà ê ÑêÑÈÓ â äåêàðòîâîé ñèñòåìå
êîîðäèíàò. Ïîñêîëüêó òîêè â îáìîòêàõ ÝÌÏ èçìåíÿþòñÿ ñèíóñîèäàëüíî âî âðåìåíè,
ÑêÑÈÓ çàïèñûâàåòñÿ â êîìïëåêñíîé ôîðìå. Âåùåñòâåííàÿ ÑêÑÈÓ âûòåêàåò èç êîìï-
ëåêñíîé â ðåçóëüòàòå ïðåîáðàçîâàíèÿ êîìïëåêñîâ â àëãåáðàè÷åñêóþ ôîðìó.

Ðîçðîáëåíî iíòåãðàëüíó ìîäåëü òðèâèì³ðíîãî ðîçïîä³ëó âèõðîâèõ ñòðóì³â â ñèñòåì³ áåç-
ïåðåðâíî ëèòà çàãîòîâêà êâàäðàòíîãî ïåðåð³çó — êðèñòàë³çàòîð ïðè åëåêòðîìàãí³òíîìó
ïåðåì³øóâàíí³ â âåðòèêàëüí³é ÌÁËÇ. Â îñíîâó ¿¿ ïîêëàäåíî âåêòîðíó ñèñòåìó ³íòåãðàëü-
íèõ ð³âíÿíü (ÂÑ²Ð), îòðèìàíó â ðåçóëüòàò³ óçàãàëüíåííÿ ÂÑ²Ð äëÿ îäíîãî ìàñèâíîãî
ïðîâ³äíèêà íà ñèñòåìó äâîõ ³çîëüîâàíèõ áëèçüêî ðîçòàøîâàííèõ ìàñèâíèõ ïðîâ³äíèê³â,
ÿêèìè º çàãîòîâêà ³ êðèñòàë³çàòîð ÌÁËÇ. Âèõ³äíó ÂÑ²Ð ïåðåòâîðåíî äî ñêàëÿðíî¿ ñèñòåìè
³íòåãðàëüíèõ ð³âíÿíü (ÑêÑ²Ð) â äåêàðòîâ³é ñèñòåì³ êîîðäèíàò. Îñê³ëüêè ñòðóìè â îáìîòêàõ
ÅÌÏ çì³íþþòüñÿ ñèíóñî³äàëüíî, ÑêÑ²Ð çàïèñóºòüñÿ ó êîìïëåêñí³é ôîðì³. Ä³éñíà ÑêÑ²Ð
âèïëèâàº ç êîìïëåêñíî¿ â ðåçóëüòàò³ ïåðåòâîðåííÿ êîìïëåêñ³â â àëãåáðà¿÷íó ôîðìó.

Ê ë þ ÷ å â û å ñ ë î â à: èíòåãðàëüíàÿ ìîäåëü, òðåõìåðíîå ðàñïðåäåëåíèå, âèõðåâûå òîêè,
íåïðåðûâíî ëèòàÿ çàãîòîâêà, âåêòîðíàÿ ñèñòåìà èíòåãðàëüíûõ óðàâíåíèé, ñêàëÿðíàÿ
ñèñòåìà èíòåãðàëüíûõ óðàâíåíèé, êîìïëåêñíàÿ ôîðìà, àëãåáðàè÷åñêàÿ ôîðìà, ýëåêòðî-
ìàãíèòíîå ïåðåìåøèâàíèå, âåðòèêàëüíàÿ ÌÍËÇ.

Âåêòîðíàÿ ÑÈÓ, îïèñûâàþùàÿ òðåõìåðíîå ðàñïðåäåëåíèå ÂÒ â ñèñ-

òåìå ÍËÇ—êðèñòàëëèçàòîð â ÝÌÏ. Çàãîòîâêà êâàäðàòíîãî ñå÷åíèÿ è

áëèçêî ðàñïîëîæåííûé ê íåé èçîëèðîâàííûé êðèñòàëëèçàòîð íàõîäÿòñÿ â
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ìàãíèòíîì ïîëå èíäóêòîðà, â îáìîòêå êîòîðîãî ïðîòåêàåò ñèíóñîèäàëü-

íûé òîê. Â îñíîâå ìîäåëè òðåõìåðíîãî ðàñïðåäåëåíèÿ ÂÒ â ñèñòåìå

ÍËÇ—êðèñòàëëèçàòîð ëåæèò ÂÑÈÓ, ïîëó÷åííàÿ â ðåçóëüòàòå îáîáùåíèÿ

ÂÑÈÓ äëÿ óåäèíåííîé çàãîòîâêè [1] íà ñèñòåìó äâóõ áëèçêî ðàñïîëî-

æåííûõ èçîëèðîâàííûõ ïðîâîäíèêîâ, êàêèìè ÿâëÿþòñÿ çàãîòîâêà è êðèñ-

òàëëèçàòîð ÌÍËÇ. Èñõîäíàÿ ÂÑÈÓ ïðåîáðàçîâàíà ê ÑêÑÈÓ â äåêàðòîâîé

ñèñòåìå êîîðäèíàò. Ïîñêîëüêó òîêè â îáìîòêàõ ÝÌÏ èçìåíÿþòñÿ ñèíó-

ñîèäàëüíî âî âðåìåíè, òî ÑêÑÈÓ çàïèñûâàåòñÿ â êîìïëåêñíîé ôîðìå. Âå-

ùåñòâåííàÿ ÑêÑÈÓ âûòåêàåò èç êîìïëåêñíîé â ðåçóëüòàòå ïðåîáðàçîâà-

íèÿ êîìïëåêñîâ â àëãåáðàè÷åñêóþ ôîðìó.

Ïóñòü ÍËÇ íàõîäèòñÿ â êðèñòàëëèçàòîðå [1, ñì. ðèñóíîê]. Ðàñïðåäåëå-

íèå ÂÒ â çàãîòîâêå çàâèñèò îò èõ ðàñïðåäåëåíèÿ â êðèñòàëëèçàòîðå, è

íàîáîðîò. Ñ÷èòàÿ ÷òî çàãîòîâêà è êðèñòàëëèçàòîð èçîëèðîâàíû äðóã îò

äðóãà, äëÿ îïèñàíèÿ ðàñïðåäåëåíèÿ ÂÒ â îáúåìå êàæäîãî ïðîâîäíèêà

âîñïîëüçóåìñÿ ñèñòåìîé óðàâíåíèé Ìàêñâåëëà [1].

Âåêòîð ïëîòíîñòè òîêîâ â îáìîòêå èíäóêòîðà îáîçíà÷èì ÷åðåç �
î
, à

îáúåì, çàíèìàåìûé îáìîòêàìè, — ÷åðåç Vî [1]. Â çàãîòîâêå, ïðåäñòàâ-

ëÿþùåé ñîáîé ìàññèâíîå ïðîâîäÿùåå òåëî îáúåìàV
c
, èíäóêòèðóþòñÿ ÂÒ

ïëîòíîñòüþ �
c
. Â êðèñòàëëèçàòîðå, êîòîðûé ïðåäñòàâëÿåò ñîáîé ìàññèâ-

íîå ïðîâîäÿùåå òåëî îáúåìàV
k
, èíäóêòèðóþòñÿ ÂÒ ïëîòíîñòüþ �

k
.

Óðàâíåíèÿ Ìàêñâåëëà äëÿ ýëåêòðîìàãíèòíîãî ïîëÿ â îáúåìå çàãî-

òîâêèV
c

ñâîäÿòñÿ ê óðàâíåíèÿì [1]
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c
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Óðàâíåíèÿ Ìàêñâåëëà äëÿ ýëåêòðîìàãíèòíîãî ïîëÿ â îáúåìå êðèñòàë-

ëèçàòîðàV
k

ñâîäÿòñÿ ê óðàâíåíèÿì [1]
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� 0 . (4)

Â ïðîñòðàíñòâå, îêðóæàþùåì îáúåìû V
c

è V
k
, óðàâíåíèÿ Ìàêñâåëëà ñâî-

äÿòñÿ ê óðàâíåíèþ
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Â îäíîðîäíîé â ìàãíèòíîì îòíîøåíèè ñðåäå ðåøåíèå óðàâíåíèé (1),

(3), (5) èìååò âèä
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ãäå r
QM

— ðàññòîÿíèå ìåæäó òî÷êàìè Q x y z
Q Q Q

( , , ) è M x y z
M M M

( , , ).

Îäíàêî â (6) âõîäÿò ÂÒ ïëîòíîñòüþ �
c

â îáúåìå çàãîòîâêèV
c

è ïëîòíîñòüþ

�
k

â îáúåìå êðèñòàëëèçàòîðàV
k
, êîòîðûå íåèçâåñòíû. Äëÿ èõ îïðåäåëåíèÿ

íåîáõîäèìî âîñïîëüçîâàòüñÿ ñîîòíîøåíèåì (4) èç [1]:
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Ïîäñòàâëÿÿ â (7) è (8) âûðàæåíèå (6), ïîëó÷àåì ÂÑÈÓ:
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c
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Q t( , ),
Q V

k
� , íåîáõîäèìî ðåøèòü çàäà÷ó Íåéìàíà äëÿ óðàâíåíèé (2) è (4) ïðè

ãðàíè÷íûõ óñëîâèÿõ
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Q
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kn
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k
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Q
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êðèñòàëëèçàòîðà S

k
â òî÷êå Q. Ïðèíÿòî ïîëîæèòåëüíîå íàïðàâëåíèå íîð-

ìàëè n
Q

èç îáúåìîâ çàãîòîâêè V
c
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k

â îêðóæàþùåå
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Èíòåãðàëüíàÿ ìîäåëü òðåõìåðíîãî ðàñïðåäåëåíèÿ âèõðåâûõ òîêîâ
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Ðåøåíèå ýòèõ çàäà÷ áóäåì èñêàòü ñ ïîìîùüþ ïîòåíöèàëà ïðîñòîãî
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Åñëè, êðîìå òîãî, â (15) âåêòîð E Q t
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Òåïåðü, ïîäñòàâèâ â ÈÓ (14) âûðàæåíèå (6), ïîëó÷èì
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(21)

Ñ ïîìîùüþ ÂÑÈÓ (17), (18), (20), (21) ïðè çàäàííûõ íà÷àëüíûõ óñëî-
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Q O( , ),Q V
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ðàñ÷åòà ÂÒ â ñèñòåìå ÍËÇ—êðèñòàëëèçàòîð â íåñòàöèîíàðíûõ ðåæèìàõ.

Ïðåîáðàçîâàíèå ÂÑÈÓ (17), (18), (20), (21) ê ÑêÑÈÓ â äåêàðòîâîé

ñèñòåìå êîîðäèíàò. Ïðåäñòàâèì âåêòîðû, âõîäÿùèå â ÂÑÈÓ (17), (18),

(20), (21) â ñëåäóþùåì âèäå [1]:

� � � �
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Ïîäñòàâèâ (22) â óðàâíåíèå (17), ïîëó÷èì
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Ïðèðàâíèâàÿ âûðàæåíèÿ ïðè îäíîèìåííûõ îðòàõ ñïðàâà è ñëåâà â (23),

ïîëó÷àåì òðè ñêàëÿðíûõ ÈÓ:
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Ïðåîáðàçóåì ñêàëÿðíîå ÈÓ (18) â äåêàðòîâîé ñèñòåìå êîîðäèíàò. Äëÿ

ýòîãî çàïèøåì íîðìàëü â òî÷êå Q S
c

� :
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Q QM
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cos ( , ) ( ) ( , ) ( ) ( , ) ( ) ( , )n r Q Q M Q Q M Q Q M
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Ïîäñòàâëÿÿ (22) â (20) è ïðèðàâíèâàÿ âûðàæåíèÿ ïðè îäíîèìåííûõ îðòàõ

ñïðàâà è ñëåâà, ïîëó÷àåì òðè ñêàëÿðíûõ ÈÓ:
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Ïðåîáðàçóåì ñêàëÿðíîå ÈÓ (20) ê äåêàðòîâîé ñèñòåìå êîîðäèíàò. Äëÿ

ýòîãî çàïèøåì íîðìàëü â òî÷êå Q S
k
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� . (33)

Ïîäñòàâëÿÿ (33) â âûðàæåíèå äëÿ cos( , )n r
Q QM

, ïîëó÷àåì

cos ( , ) ( ) ( , ) ( ) ( , ) ( ) ( , )n r Q Q M Q Q M Q Q M
Q QM r r r

� 	 	� � � � � � .
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(35)

Òàêèì îáðàçîì, ÂÑÈÓ (17), (18), (20), (21), îïèñûâàþùàÿ òðåõìåðíîå

ðàñïðåäåëåíèå âèõðåâûõ òîêîâ â ñèñòåìå ÍËÇ êâàäðàòíîãî ñå÷åíèÿ —

êðèñòàëëèçàòîð ïðåîáðàçîâàíà ê ÑêÑÈÓ (24)—(26), (29)—(32), (35).
Êîìïëåêñíàÿ ôîðìà ÑêÑÈÓ (24)—(26), (29)—(32), (35). Äëÿ ðàñ-

÷åòà ñèíóñîèäàëüíî èçìåíÿþùèõñÿ âî âðåìåíè ÂÒ íåîáõîäèìî ïîëó÷åí-
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íóþ ÑêÑÈÓ ïðåîáðàçîâàòü â êîìïëåêñíóþ ôîðìó. Äëÿ ýòîãî ìãíîâåííûå
çíà÷åíèÿ ñèíóñîèäàëüíî èçìåíÿþùèõñÿ âåëè÷èí áóäåì èçîáðàæàòü ìíè-
ìûìè ÷àñòÿìè ñîîòâåòñòâóþùèõ êîìïëåêñîâ [1]. Ïîëó÷åííóþ òàêèì îáðà-
çîì êîìïëåêñíóþ ñèñòåìó óðàâíåíèé ïðåäñòàâèì â ñëåäóþùåì âèäå:
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V
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V
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Q
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M

M
d� , Q S

k
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(43)

Äëÿ êðàòêîñòè çàïèøåì ÑêÑÈÓ (36) — (43) â îïåðàòîðíîé ôîðìå:

�
��

� � � � �
�

��

c
cxm cc cxm ck kxm cc cmQ

Q j T j T P
( )

� ( ) � �
�	 	 	 �

1

0

� j T
co oxm

� �� , Q V
c

� ;

(44)

�
��

� � � � �
�

��

c
cym cc cym ck kym cc cmQ

Q j T j T P
( )

� ( ) � �
�	 	 	 �

1

0

� j T
co oym

� �� , Q V
c

� ;

(45)
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�
��

� � � � �
�

��

c
czm cc czm ck kzm cc cmQ

Q j T j T P
( )

� ( ) � �
�	 	 	 �

1

0

� j T
co ozm

� �� , Q V
c

� ;

(46)

� ( ) �
� ��

�
� � � � � � � �� �

cm cc cm cc cxm cc cym
Q P j T j T j	 	 	 	

1

2
2 2 2 � ��T

cc czm
� 	

	 	 	 �2 2 2� � � � � � � � �� � �j T j T j T
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� � � , Q S
c

� ; (47)

�
��
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�

��

k
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Q j T j T P
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� ( ) � �
�	 	 	 �

1

0

� � j T
ko oxm

� �� , Q V
k

� ; (48)

�
��
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Q j T j T P
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� ( ) � �
�	 	 	 �

1

0

� � j T
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� �� , Q V
k

� ; (49)

�
��

� � � � �
�

��

k
kzm kk kzm kc czm kk kmQ

Q j T j T P
( )

� ( ) � �
�	 	 	 �

1

0

� � j T
ko ozm

� �� , Q V
k

� ; (50)

� ( ) �
� ��

�
� � � � � � � �� �

km kk km kk kxm kk kym
Q P j T j T j	 	 	 	

1

2
2 2 2 � ��T

kk kzm
� 	

	 	 	 �2 2 2� � � � � � � � �� � �j T j T j T
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� � �

� � � �2 2 2� � � � � � � � �� � �j T j T j T
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� � � , Q S
k

� . (51)

Ïðåäñòàâèì êîìïëåêñíûå âåëè÷èíû, âõîäÿùèå â ÑêÑÈÓ (44) —(51), â

àëãåáðàè÷åñêîé ôîðìå:

� ( ) ( ) ( )� � �
cxm cx cx

Q Q j Q� � 	 �� , � ( ) ( ) ( )� � �
kzm kz kz

Q Q j Q� � 	 �� ,

� ( ) ( ) ( )� � �
cym cy cy

Q Q j Q� � 	 �� , � ( ) ( ) ( )� � �
oxm ox ox

M M j M� � 	 �� ,

� ( ) ( ) ( )� � �
czm cz cz

Q Q j Q� � 	 �� , � ( ) ( ) ( )� � �
oym oy oy

M M j M� � 	 �� , (52)

� ( ) ( ) ( )� � �
kxm kx kx

Q Q j Q� � 	 �� , � ( ) ( ) ( )� � �
ozm oz oz

M M j M� � 	 �� ,

� ( ) ( ) ( )� � �
kym ky ky

Q Q j Q� � 	 �� , � ( ) ( ) ( )� � �
cm c c

Q Q j Q� � 	 �� ,

� ( ) ( ) ( )� � �
km k k

Q Q j Q� � 	 �� .
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Ïîäñòàâèâ êîìïëåêñíûå âåëè÷èíû (52) â ÈÓ (44), ïîëó÷èì ðàâåíñòâî,

ýêâèâàëåíòíîå ñëåäóþùèì äâóì ÈÓ:

�
��

� � � � �
�

� ��

c
cx cc cx ck kx cc c coQ

Q T T P T
( )

( )� � �� � �� 	 � �
1

0

���
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, Q V
c

� , (53)

�
��

� � � � �
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� ��

c
cx cc cx ck kx cc c cQ

Q T T P T
( )

( )�� 	 � � � 	 �� � �
1

0
o ox

�� , Q V
c

� . (54)

Ïîäñòàâèâ â ÈÓ (45) êîìïëåêñíûå âåëè÷èíû â àëãåáðàè÷åñêîé ôîðìå (52),

ïîëó÷èì ðàâåíñòâî, ýêâèâàëåíòíîå ñëåäóþùèì äâóì ÈÓ:

�
��

� � � � �
�

� ��

c
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Q T T P T
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( )� � �� � �� 	 � �
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0
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� . (56)

Ïîäñòàâèâ â ÈÓ (46) êîìïëåêñíûå âåëè÷èíû â àëãåáðàè÷åñêîé ôîðìå (52),

ïîëó÷èì ðàâåíñòâî, ýêâèâàëåíòíîå ñëåäóþùèì äâóì ÈÓ:

�
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0
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c

� . (58)

Ïîäñòàâèâ â ÈÓ (47) êîìïëåêñíûå âåëè÷èíû â àëãåáðàè÷åñêîé ôîðìå (52),

ïîëó÷èì ðàâåíñòâî, ýêâèâàëåíòíîå ñëåäóþùèì âåùåñòâåííûì ÈÓ:
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c
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� . (60)
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Àíàëîãè÷íî ñâîäÿòñÿ ê âåùåñòâåííûì êîìïëåêñíûå ÈÓ (48)—(51). Îïóñ-

êàÿ ïîäðîáíûå âûêëàäêè, ïðèâåäåì ýòè óðàâíåíèÿ. Óðàâíåíèå (48) ýêâè-

âàëåíòíî ñëåäóþùèì äâóì:
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( )� � �� � �� 	 � �
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1

0
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�� , Q V
k

� . (62)

Óðàâíåíèå (49) ýêâèâàëåíòíî ñëåäóþùèì äâóì:
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0
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�� , Q V
k

� . (64)

Óðàâíåíèå (50) ýêâèâàëåíòíî ñëåäóþùèì äâóì:
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1

0
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�� , Q V
k

� . (66)

Óðàâíåíèå (51) ýêâèâàëåíòíî ñëåäóþùèì äâóì:

� 	 � � �� � �� ��
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k kk k kk kx kk ky kk
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ko ox ko oy ko oz
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k kk k kk kx kk ky kk
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	 � 	 � 	 � �2 2 2�� � �� � �� �� � �T T T
kc cx kc cy kc cz

� � � � � � �2 2 2�� � �� � �� �� � �T T T
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, Q S
k

� . (68)

Âûâîäû

Â îñíîâó ðàçðàáîòàííîé èíòåãðàëüíîé ìîäåëè òðåõìåðíîãî ðàñïðåäåëå-

íèÿ ÂÒ â ÍËÇ êâàäðàòíîãî ñå÷åíèÿ ïðè ýëåêòðîìàãíèòíîì ïåðåìåøèâà-

íèè â âåðòèêàëüíîé ÌÍËÇ ïîëîæåíà ÂÑÈÓ, ïîëó÷åííàÿ â ðåçóëüòàòå

îáîáùåíèÿ ÂÑÈÓ äëÿ îäíîãî ìàññèâíîãî ïðîâîäíèêà íà ñèñòåìó äâóõ
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áëèçêî ðàñïîëîæåííûõ èçîëèðîâàííûõ ìàññèâíûõ ïðîâîäíèêîâ, êàêèìè

ÿâëÿþòñÿ çàãîòîâêà è êðèñòàëëèçàòîð ÌÍËÇ. Èñõîäíàÿ ÂÑÈÓ ïðåîáðàçî-

âàíà ê ÑêÑÈÓ â äåêàðòîâîé ñèñòåìå êîîðäèíàò. Ïîñêîëüêó òîêè â îáìîòêàõ

ÝÌÏ èçìåíÿþòñÿ ñèíóñîèäàëüíî âî âðåìåíè, ÑêÑÈÓ çàïèñûâàåòñÿ â êîìï-

ëåêñíîé ôîðìå. Âåùåñòâåííàÿ ÑêÑÈÓ (53)—(68) âûòåêàåò èç êîìïëåêñíîé â

ðåçóëüòàòå ïðåîáðàçîâàíèÿ êîìïëåêñîâ â àëãåáðàè÷åñêóþ ôîðìó.

The integral model of three-dimensional distribution of eddy flows in the system continuous casting
of square cross-section –– mould under electromagnetic stirring in vertical MCC. It is based on VSIE
obtained as a result of VSIE generalization for one massive conductor for the system of two closely
distributed isolated massive conductors which are a casting and a mould MCC. The initial VSIE is
transformed to ScSIE in the Cartesian system of coordinates. Since currents in windings of EMC
change sinusoidally in time, ScSIE is recorded in a complex form. Substantial ScSIE follows from the
complex one as a result of transformation of complexes into the algebraic form.
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íè÷åñêèé èí-ò. Îáëàñòü íàó÷íûõ èññëåäîâàíèé — òåîðèÿ ìîäåëèðîâàíèÿ ïðîöåññîâ è ñèñòåì â

ýíåðãåòèêå, òåîðèÿ ôóíêöèîíàëüíî-îðèåíòèðîâàííûõ êîìïüþòåðíûõ ñèñòåì, àíàëèç è ñèí-

òåç ïàðàëëåëüíûõ âû÷èñëèòåëüíûõ ìåòîäîâ è ñèñòåì.

ÏÅÒÐÓØÅÍÊÎ Åâãåíèé Èâàíîâè÷, êàíä. òåõí. íàóê, ñò. íàó÷. ñîòð., çàâ. îòäåëîì ìîäåëè-

ðîâàíèÿ çàäà÷ ýëåêòðîìàãíèòíîé ãèäðîäèíàìèêè Èí-òà ïðîáëåì ìîäåëèðîâàíèÿ â ýíåðãåòèêå

èì. Ã.Å. Ïóõîâà ÍÀÍ Óêðàèíû. Â 1960 ã. îêîí÷èë Íîâî÷åðêàññêèé ïîëèòåõíè÷åñêèé èí-ò, à â

1963 ã. — Ðîñòîâñêèé ãîñóäàðñòâåííûé óíèâåðñèòåò. Îáëàñòü íàó÷íûõ èññëåäîâàíèé —

ìîäåëèðîâàíèå ýëåêòðîìàãíèòíûõ ïîëåé.
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