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Ðàññìîòðåíû îáùèå çàêîíîìåðíîñòè âëèÿíèÿ ãèðîñêîïè÷åñêîãî ìîìåíòà íà 

êðèòè÷åñêóþ ÷àñòîòó îäíîäèñêîâîãî äâóõîïîðíîãî ðîòîðà.  
 
Êàê èçâåñòíî, êðèòè÷åñêèå ÷àñòîòû ñèíõðîííîé ïðåöåññèè ðîòîðîâ, 

âû÷èñëåííûå ñ ó÷åòîì ãèðîñêîïè÷åñêèõ ìîìåíòîâ, èìåþò áîëüøèå 
çíà÷åíèÿ, íåæåëè íàéäåííûå áåç èõ ó÷åòà. Äåí-Ãàðòîì [1] áûë ïðîâåäåí 
èñ÷åðïûâàþùèé àíàëèç âëèÿíèÿ ãèðîñêîïè÷åñêîãî ìîìåíòà äëÿ ñëó÷àÿ 
êîíñîëüíîãî îäíîäèñêîâîãî ðîòîðà. Áûëî ïîêàçàíî, ÷òî ïðè èçìåíåíèè 

îòíîñèòåëüíîãî ïàðàìåòðà 
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dID
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=  îò íóëÿ (íåó÷åò ãèðîñêîïè÷åñêîãî 

ìîìåíòà) äî áåñêîíå÷íîñòè ðàñ÷åòíûå çíà÷åíèÿ êðèòè÷åñêîé ÷àñòîòû 
óâåëè÷èâàåòñÿ îò 0ω  (êðèòè÷åñêàÿ ÷àñòîòà áåç ó÷åòà ãèðîñêîïè÷åñêîãî 

ìîìåíòà) äî 02ω . Â ñëó÷àå îäíîäèñêîâîé äâóõîïîðíîé ñõåìû (ðèñ. 1) 

îáîáùåííûé (â îòíîñèòåëüíûõ ïàðàìåòðàõ) àíàëèç, êàê áóäåò ïîêàçàíî 
íèæå, äàåò ñóùåñòâåííî èíûå çàêîíîìåðíîñòè. 

 
Ðèñóíîê 1 – Îäíîäèñêîâàÿ ñõåìà ðîòîðà 

 
Ðàññìîòðèì ÷àñòîòíûå óðàâíåíèÿ îäíîäèñêîâîé ìîäåëè äâóõîïîðíîãî 

ðîòîðà (ðèñ. 1). Ñîïðîìàòîâñêèå ôîðìóëû äëÿ ïðîãèáà y  è óãëà ïîâîðîòà 
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ãäå E  - ìîäóëü Þíãà; I  - ìîìåíò èíåðöèè ïîïåðå÷íîãî ñå÷åíèÿ âàëà; 
ðàçìåðû ,a b  ïîêàçàíû íà ðèñóíêå 1. 

Ïðè ñèíõðîííîé ïðåöåññèè óðàâíîâåøåííîãî ðîòîðà íà âàë áóäóò 
äåéñòâîâàòü ñèëû èíåðöèè ýëåìåíòàðíûõ ìàññ äèñêà, êîòîðûå ïðèâîäÿòñÿ 
ê ñèëå èíåðöèè F  öåíòðà ìàññ äèñêà 

2F y mω=                                         (3) 

è ê ìîìåíòó ñèë èíåðöèè äèñêà M  (êîòîðûé ïðèíÿòî íàçûâàòü 
ãèðîñêîïè÷åñêèì ìîìåíòîì) 
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ãäå m  - ýêâèâàëåíòíàÿ ìàññà ðîòîðà; dI  - äèàìåòðàëüíûé ìîìåíò 
èíåðöèè äèñêà, ω  - ÷àñòîòà âðàùåíèÿ ðîòîðà. 

Ïîñëå ïîäñòàíîâêè (3) è (4) â ñîîòíîøåíèÿ (1) ïîëó÷èì ñèñòåìó äâóõ 
îäíîðîäíûõ óðàâíåíèé äëÿ ïðîãèáà  y  è óãëà ïîâîðîòà ϕ . Èç óñëîâèÿ 

íåòðèâèàëüíîñòè ðåøåíèÿ ñëåäóåò ÷àñòîòíîå óðàâíåíèå â âèäå: 
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Óðàâíåíèå (5) óäîáíî ïðåäñòàâèòü â áåçðàçìåðíîì âèäå, ïîëîæèâ: 
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Â ýòèõ îáîçíà÷åíèÿõ: 2
0ω  - êâàäðàò êðèòè÷åñêîé ÷àñòîòû ðîòîðà, 

ïîëó÷åííîé áåç ó÷åòà ãèðîñêîïè÷åñêîãî ìîìåíòà; D  - áåçðàçìåðíûé 
ïàðàìåòð Äåí-Ãàðòîãà, îòðàæàþùèé «óäåëüíûé âåñ» ìîìåíòà èíåðöèè 

dI , êîòîðîìó ïðîïîðöèîíàëåí ãèðîñêîïè÷åñêèé ìîìåíò; l a b= +  - 

ìåæîïîðíàÿ äëèíà âàëà ðîòîðà. ×àñòîòíîå óðàâíåíèå (5) äëÿ ââåäåííûõ 
ïàðàìåòðîâ ñ ó÷åòîì ôîðìóë (2) ïðèâîäèòñÿ ïîñëå ðÿäà àëãåáðàè÷åñêèõ 
ïðåîáðàçîâàíèé ê âèäó 
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Ïîëîæèòåëüíûé êîðåíü ýòîãî óðàâíåíèÿ, êîòîðîìó ñîîòâåòñòâóåò 

êâàäðàò îòíîñèòåëüíîé êðèòè÷åñêîé ÷àñòîòû ïðè ó÷åòå ãèðîñêîïè÷åñêîãî 
ìîìåíòà, îïðåäåëÿåòñÿ ïî ôîðìóëå 
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Ïî íàéäåííîìó èç (7) Ãz  îïðåäåëÿåòñÿ ïåðâàÿ êðèòè÷åñêàÿ ÷àñòîòà ñ 
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à ïîïðàâêà, âíîñèìàÿ ýòèì ó÷åòîì, âû÷èñëÿåòñÿ ïî ôîðìóëå 
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Íà ðèñóíêå 2 ïðèâåäåíû ïîäñ÷èòàííûå ïðè ðàçíûõ α  ãðàôèêè 
çàâèñèìîñòåé ( )Ãz D  ñîãëàñíî ôîðìóëå (7). ×èñëåííûå ðàñ÷åòû 

ïîêàçûâàþò, ÷òî ñ óìåíüøåíèåì α  îò 0,5 äî íóëÿ çíà÷åíèå Ãz  âîçðàñòàåò 
îò åäèíèöû äî (òåîðåòè÷åñêè) áåñêîíå÷íîñòè. 
 

 
 

Ðèñóíîê 2 – Çàâèñèìîñòü ( )Ãz D  
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ìîìåíòà. Èç ðèñóíêà, à òàêæå èç àíàëèçà ôóíêöèè 
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ñëåäóåò, ÷òî ïðè ìàëûõ α  (ò.å. ïðè ðàñïîëîæåíèè äèñêà âáëèçè îïîðû) 

ýòè ïîïðàâêè ìîãóò 
äîñòèãàòü ñêîëü óãîäíî 
áîëüøèõ çíà÷åíèé. 
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Â ýòîì ñóùåñòâåííûå îòëè÷èÿ ñõåìû äâóõîïîðíîãî ðîòîðà îò 
êîíñîëüíîãî. Â êîíñîëüíîì îäíîäèñêîâîì ðîòîðå, êàê ýòî áûëî 
óñòàíîâëåíî â [1], lim 4Ã
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Ïðè 0,5α =  çíà÷åíèå 1Ãz =  ïðè ëþáûõ D  (ðèñ. 2). Ýòî ñîîòâåòñòâóåò 

òîìó ôèçè÷åñêè î÷åâèäíîìó îáñòîÿòåëüñòâó, ÷òî ïðè ñèíõðîííîé 
ïðåöåññèè ïî ïåðâîé ôîðìå ðîòîðà ñ ñèììåòðè÷íî ðàñïîëîæåííûì äèñêîì 
íåò ïîâîðîòà äèñêà. 

Òàêèì îáðàçîì, ìîæíî ñäåëàòü âûâîä, ÷òî ïðè ðàñïîëîæåíèè äèñêîâ 
(íàñàäíûõ äåòàëåé) âáëèçè îïîð íåó÷åò ãèðîñêîïè÷åñêèõ ìîìåíòîâ ìîæåò 
ïðèâåñòè ê ñóùåñòâåííûì ïîãðåøíîñòÿì. Äëÿ ýòèõ ïîãðåøíîñòåé, êàê 
ïîêàçàíî âûøå, â îòëè÷èå îò êîíñîëüíîé êîíñòðóêöèè òåîðåòè÷åñêè íåò 
îãðàíè÷åíèé. 

 
SUMMARY 

In the article general patterns of influencing of gyroscopic moments on critical frequency of 
single-disk two-supporting rotor were considered.  
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