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Ïðåäëîæåí ìîäèôèöèðîâàííûé ïîäõîä ê ðàñ÷å-
òó ìàãíèòíûõ ïîëåé ýëåêòðè÷åñêèõ ìàøèí (ÝÌ)
ñ àêñèàëüíîé íåîäíîðîäíîñòüþ ñåðäå÷íèêîâ. Ïðè-
ìåíÿåòñÿ äâóõìåðíûé ÷èñëåííûé ìåòîä ïðè îäíî-
âðåìåííîé ìîäèôèêàöèè ñâîéñòâ ìàãíèòíûõ ñðåä,
ïàçîâûõ îáëàñòåé è âîçäóøíûõ çàçîðîâ, ïîçâîëÿþ-
ùèé ó÷åñòü ñòðóêòóðó ñåðäå÷íèêîâ â îñåâîì íà-
ïðàâëåíèè. Ìàãíèòíûå ïîòîêîñöåïëåíèÿ îáìîòîê
ÝÌ îïðåäåëÿþòñÿ íà îñíîâå òîïîëîãè÷åñêîãî ïîä-
õîäà, óíèâåðñàëüíûì ìåòîäîì, ïîçâîëÿþùèì âî
ìíîãî ðàç ñîêðàòèòü âðåìÿ ñ÷åòà ìàãíèòíûõ ïî-
ëåé, ïàðàìåòðîâ, õàðàêòåðèñòèê è ÿâëåíèé â ÝÌ.

Ê ë þ ÷ å â û å ñ ë î â à : ýëåêòðè÷åñêàÿ ìàøè-
íà, ìàãíèòíîå ïîëå, ìàãíèòíûå ñåðäå÷íèêè, àêñèà-
ëüíàÿ íåîäíîðîäíîñòü

A modified approach to calculating the magnetic
fields of electrical machines with an axial nonunifor-
mity of their cores is proposed. The use of a two-di-
mensional numerical method is proposed with modify-
ing simultaneously the properties of magnetic media,
slot areas and air gaps, which enables the structure of
the cores to be taken into account along the axial di-
rection. The magnetic flux linkages of the windings of
electrical machines are determined on the basis of a
topological approach, using a universal method that
enables the time taken to compute the magnetic fields,
parameters, characteristics and phenomena in electri-
cal machines to be reduced several-fold.

K e y w o r d s : electrical machine, magnetic field,
magnetic cores, axial nonuniformity

Â ïîñëåäíèå 30–40 ëåò ïðè ðàçðàáîòêå ýëåêò-

ðîìàãíèòíûõ óñòðîéñòâ (ÝÌÓ) ëèäèðóþùåå ïî-

ëîæåíèå äëÿ ðàñ÷åòà ìàãíèòíûõ ïîëåé, áåçóñëîâ-

íî, çàíèìàëè ÷èñëåííûå ìåòîäû. Àíàëèòè÷åñêèå

ñïîñîáû ðàñ÷åòà ñîõðàíÿþò ñâîè ïîçèöèè, ÷òî

îáóñëîâëåíî öåëûì ðÿäîì ñóùåñòâåííûõ ïðåèìó-

ùåñòâ ïðè ðåøåíèè ñïåöèôè÷åñêèõ çàäà÷ àíàëèçà

ìàãíèòíûõ ïîëåé è ïðîöåññîâ â ÝÌÓ. Îäíàêî

îíè íå ìîãóò óñïåøíî êîíêóðèðîâàòü ñ ÷èñëåí-

íûìè ñïîñîáàìè ïðè îïèñàíèè ñëîæíîé êîíôè-

ãóðàöèè îáëàñòåé àíàëèçà, íàëè÷èè ñðåä ñ íåëè-

íåéíûìè õàðàêòåðèñòèêàìè, âîâëåêàåìûìè â

ðàñ÷åò, íåîáõîäèìîñòè ó÷åòà ðåàêöèè âòîðè÷íûõ

ñòîðîí, à òàêæå ïðè ïîïûòêàõ âîñïðîèçâåäåíèÿ

îáúåìíûõ è ñëîèñòûõ ñòðóêòóð. Ýòè ïðè÷èíû, à

òàêæå ðÿä äîïîëíèòåëüíûõ ñâîéñòâ ñïåöèôè÷å-

ñêèõ êîíñòðóêöèé ÝÌÓ ïðèâåëè, êàê èçâåñòíî, ê

ïîäàâëÿþùåìó äîìèíèðîâàíèþ ÷èñëåííûõ ìåòî-

äîâ, ñðåäè êîòîðûõ äî ñåðåäèíû 70-õ ãîäîâ ïðî-

øëîãî ñòîëåòèÿ íàèáîëüøåé ïîïóëÿðíîñòüþ ïî-

ëüçîâàëñÿ ìåòîä êîíå÷íûõ ðàçíîñòåé (ÌÊÐ), à

ïîñëå 70-õ ãîäîâ — ìåòîä êîíå÷íûõ ýëåìåíòîâ

(ÌÊÝ). Âíå âñÿêèõ ñîìíåíèé, ðåøàþùèì ôàêòî-

ðîì ñòðåìèòåëüíîãî ðàçâèòèÿ ÷èñëåííûõ ìåòîäîâ

â ïîñëåäíèå 30 ëåò áûëî ñîçäàíèå ìîùíûõ âû-

÷èñëèòåëüíûõ ñðåäñòâ è ñîîòâåòñòâóþùåãî ïðî-

ãðàììíîãî îáåñïå÷åíèÿ. Ñóùåñòâåííóþ ðîëü ñûã-

ðàëî è ðàçâèòèå ìåòîäîâ ìàòåìàòè÷åñêîãî ìîäå-

ëèðîâàíèÿ ÝÌÓ.

Ïàðàëëåëüíî ñ ðàçâèòèåì ñðåäñòâ è ìåòîäîâ

ðàñ÷åòà âîçðàñòàëè ïîòðåáíîñòè èññëåäîâàòåëåé

â ïîâûøåíèè ðàçìåðíîñòè ðåøàåìûõ çàäà÷ ñ óâå-

ëè÷åíèåì ÷èñëà ó÷èòûâàåìûõ ôàêòîðîâ ïðè êîí-

ñòðóèðîâàíèè è ôóíêöèîíèðîâàíèè ÝÌÓ â ðàç-

ëè÷íûõ ðåæèìàõ è óñëîâèÿõ.

Â íàñòîÿùåå âðåìÿ ïðè ñîçäàíèè ÝÌÓ íàìå-

òèëàñü åùå îäíà äîïîëíèòåëüíàÿ òåíäåíöèÿ — íå-

îáõîäèìîñòü àíàëèçà èõ ýëåêòðîìàãíèòíîé ñî-

âìåñòèìîñòè ñ êîìïëåêñîì ïðèñîåäèíÿåìûõ

óñòðîéñòâ è îêðóæàþùåé ñðåäîé.

Ìàòåìàòè÷åñêîå ìîäåëèðîâàíèå ïîçâîëÿåò ðå-

øàòü çàäà÷è îïòèìèçàöèè ÝÌÓ è ñèñòåì, ñîïðÿ-

ãàåìûõ ñ íèìè, â ðàçëè÷íûõ ðóòèííûõ è ýêñòðå-

ìàëüíûõ ñèòóàöèÿõ. Îäíî èç âîçìîæíûõ íàïðàâ-

ëåíèé ìîäåëèðîâàíèÿ — ñîçäàíèå ñðåäñòâ âîñïðî-

èçâåäåíèÿ ïîâåäåíèÿ ÝÌÓ è âñåõ åãî óñòàíîâîê â

òåìïå, ïðèáëèæåííîì ê ýêñïëóàòàöèîííîìó. Ýòî

ïîçâîëÿåò îáúåäèíèòü ôèçè÷åñêèå è ìàòåìàòè÷å-

ñêèå ìîäåëè, ñîçäàòü ñïåöèàëüíûå òðåíàæåðû äëÿ

èññëåäîâàíèÿ íåîðäèíàðíûõ ðåæèìîâ â øèðîêîì

ñïåêòðå âîçìîæíûõ ñèòóàöèé è, êàê ñëåäñòâèå,

ïîâûñèòü íàäåæíîñòü îòäåëüíûõ ýëåìåíòîâ è

óñòàíîâîê â öåëîì.

Ýëåêòðè÷åñêàÿ ìàøèíà (ÝÌ) ëþáîãî ÝÌÓ ÿâ-

ëÿåòñÿ ÿäðîì è íàèáîëåå ñëîæíûì åãî ýëåìåíòîì

è ìîæåò ðàññìàòðèâàòüñÿ êàê âåñüìà ñëîæíàÿ ñè-

ñòåìà, èíòåãðèðóþùàÿ â ñåáå ýëåêòðîìàãíèòíûå,

òåïëîâûå, âîëíîâûå, ãèäðîäèíàìè÷åñêèå è ìåõà-

íè÷åñêèå ÿâëåíèÿ. Ïîðÿäîê ñèñòåìû îêàçûâàåòñÿ

âåñüìà âûñîêèì, îäíàêî ÷àñòü ñâÿçåé ìåæäó ïåðå-

÷èñëåííûìè ÿâëåíèÿìè ìîæåò â ðÿäå ñëó÷àåâ

ïðèíèìàòüñÿ äîâîëüíî ñëàáîé è â íåçíà÷èòåëü-
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