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НЕЛИНЕЙНЫЕ НОРМАЛЬНЫЕ ФОРМЫ КОЛЕБАНИЙ
РОТОРА НА ПОДШИПНИКАХ КАЧЕНИЯ

Ïîëó÷åíà ìîäåëü êîëåáàíèé ñèììåòðè÷íîãî ðîòîðà íà ïîäøèïíèêàõ êà÷åíèÿ. Ñèëû
óïðóãîñòè ïîäøèïíèêà îïèñàíû òåîðèåé êîíòàêòà Ãåðöà. Íåëèíåéíàÿ çàâèñèìîñòü ñèëû
îò ïåðåìåùåíèé ðàçëîæåíà â ñòåïåííîé ðÿä. Ó÷òåíû ãèðîñêîïè÷åñêèå ìîìåíòû äèñêà, è
ðàñïðåäåëåííàÿ ìàññà âàëà. Ìàòåìàòè÷åñêàÿ ìîäåëü êîëåáàíèé ðîòîðà ñâîäèòñÿ ê ñèñòå-
ìå îáûêíîâåííûõ äèôôåðåíöèàëüíûõ óðàâíåíèé âòîðîãî ïîðÿäêà. Äëÿ àíàëèçà ïîëó÷åííîé
ñèñòåìû ïðèìåíÿåòñÿ ìåòîä íåëèíåéíûõ íîðìàëüíûõ ôîðì Øîó-Ïüåððà. Ïîëó÷åíû ôîðìû
êîëåáàíèé ðîòîðà è ôàçîâûå òðàåêòîðèè ñèñòåìû, ïîñòðîåíû ñêåëåòíûå êðèâûå íåëèíåé-
íûõ êîëåáàíèé ðîòîðà.

Ðîòîð, ïîäøèïíèê êà÷åíèÿ, êîíòàêòíîå âçàèìîäåéñòâèå, ìåòîä íåëèíåéíûõ íîð-
ìàëüíûõ ôîðì, ôàçîâûå òðàåêòîðèè, ñêåëåòíûå êðèâûå

Ââåäåíèå

Ìíîãèå ïðèáîðû è àãðåãàòû ëåòàòåëüíûõ àï-
ïàðàòîâ ñîäåðæàò âðàùàþùèåñÿ ðîòîðû íà ïîä-
øèïíèêàõ êà÷åíèÿ. Ýòè ïîäøèïíèêè ÿâëÿþòñÿ
íåëèíåéíûìè îïîðàìè. Òðåáîâàíèå ñíèæåíèÿ âåñà
è âèáðàöèè ýòèõ óñòðîéñòâ ïðèâîäèò ê íåîáõî-
äèìîñòè ïîâûøåíèÿ òî÷íîñòè ðàñ÷åòà àìïëèòóä-
íî-÷àñòîòíûõ õàðàêòåðèñòèê â ðàçëè÷íûõ ðåæè-
ìàõ ýêñïëóàòàöèè.

Ïîïåðå÷íûå êîëåáàíèÿ âàëîâ ñ äèñêàìè â
ëèíåéíîé ïîñòàíîâêå ñ ó÷åòîì ãèðîñêîïè÷åñêèõ
ìîìåíòîâ, âíåøíåãî è âíóòðåííåãî òðåíèÿ èñ-
ñëåäîâàíî Ô.Ì. Äèìåíòáåðãîì [1]. Ñîáñòâåííûå
÷àñòîòû ìåõàíè÷åñêîé ñèñòåìû, ïðåäñòàâëÿþùåé
ñîáîé æåñòêèé ðîòîð ñ îïðåäåëåííûì êèíåòè-
÷åñêèì ìîìåíòîì, ïîìåùåííûé íà óïðóãèõ ðà-
äèàëüíî-óïîðíûõ øàðèêîïîäøèïíèêàõ â æåñò-
êîì êîðïóñå èññëåäîâàíû â ëèíåàðèçîâàííîé
ïîñòàíîâêå Ë.Ç. Íîâèêîâûì [2]. Å.Ã. Ãîëîñêîêîâ
èññëåäîâàë êâàçèïåðèîäè÷åñêîå äâèæåíèå ðîòî-
ðà [3]. Íåëèíåéíûå íîðìàëüíûå ôîðìû êîëåáà-
íèé âðàùàþùåãîñÿ âàëà â ïîäøèïíèêàõ ñêîëü-
æåíèÿ èññëåäîâàíû â ñòàòüå [4]. Ê.Â. Àâðàìîâûì
è Ê. Ïüåððîì ïðèìåíåí ìåòîä íåëèíåéíûõ íîð-
ìàëüíûõ ôîðì ê èññëåäîâàíèþ êîëåáàíèé ñèñ-
òåì ñ ãèðîñêîïè÷åñêèìè ñèëàìè [5].

Öåëüþ íàñòîÿùåé ðàáîòû ÿâëÿåòñÿ èññëåäî-
âàíèå íåëèíåéíûõ êîëåáàíèé æåñòêîãî ðîòîðà ñ
äèñêîì íà ðàäèàëüíî-óïîðíûõ øàðèêîïîäøèï-
íèêàõ.

1. Óðàâíåíèÿ äâèæåíèÿ ñèñòåìû

Ðàñ÷åòíàÿ ìîäåëü ðàññìàòðèâàåìîé ñèñòåìû
ïîêàçàíà íà ðèñ. 1. Íà÷àëî êîîðäèíàò ðàñïîëàãà-
åì â ñå÷åíèè îïîðû A. Äëèíà âàëà – l, äèñê
çàêðåïëåí ïîñåðåäèíå ìåæäó îïîðàìè. Ïåðåìå-
ùåíèÿ ñå÷åíèé âàëà ïî íàïðàâëåíèÿì êîîðäè-

íàòíûõ îñåé îáîçíà÷èì ux, uy. Óãëû ïîâîðîòà ñå-
÷åíèÿ âàëà îáîçíà÷èì θ1, θ2, θ3. Óãëîâûå ñêîðîñ-
òè ñå÷åíèé âàëà ωx, ωy, ωz ñâÿçàíû ñ óãëàìè
ïîâîðîòà èçâåñòíûìè êèíåìàòè÷åñêèìè ñîîòíî-
øåíèÿìè [6]. Îïðåäåëèì ïåðåìåùåíèÿ âàëà [4]:
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ãäå ( )txν , ( )tyν  – ïåðåìåùåíèÿ îïîðíûõ ñå÷åíèé,
ν – íîìåðà îïîð.
Ïðåäñòàâèì çàâèñèìîñòè óãëîâ ïîâîðîòà îò ïå-

ðåìåùåíèÿ îïîðíûõ ñå÷åíèé ñëåäóþùèì îáðàçîì:

( ) lyy 121 −−=θ ,  ( ) lxx 122 −=θ .    (2)

Ðèñ. 1. Ðàñ÷åòíàÿ ñõåìà ðîòîðà
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ãäå ρ – ïëîòíîñòü ìàòåðèàëà âàëà,
I – ìîìåíò èíåðöèè ñå÷åíèÿ âàëà,
S – ïëîùàäü ñå÷åíèÿ âàëà

zω=ω  – óãëîâàÿ ñêîðîñòü ðîòîðà.

Êèíåòè÷åñêàÿ ýíåðãèÿ äèñêà DΤ  çàïèøåòñÿ
òàê:
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ãäå I1 – ýêâàòîðèàëüíûé ìîìåíò èíåðöèè äèñêà,
I0 – ïîëÿðíûé ìîìåíò èíåðöèè äèñêà,
m0 – ìàññà äèñêà.
Ñ÷èòàåì ðîòîð æåñòêèì òåëîì, ïîýòîìó ïî-

òåíöèàëüíàÿ ýíåðãèÿ ñèñòåìû Ï ñêëàäûâàåòñÿ
òîëüêî èç ïîòåíöèàëüíûõ ýíåðãèé äåôîðìàöèè
ïîäøèïíèêîâ ÏÏ. Êîìïîíåíòû ñèëû óïðóãîñòè
ïîäøèïíèêà îïðåäåëåíû ñëåäóþùèìè ôîðìóëà-
ìè [2]:
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ãäå P – ñèëà óïðóãîñòè ïîäøèïíèêà,
x, y, z – ñìåùåíèÿ öåíòðà âíóòðåííåãî êîëü-

öà îòíîñèòåëüíî öåíòðà íàðóæíîãî êîëüöà,
α – óãîë ìåæäó ëèíèÿìè, ïðîõîäÿùèìè ÷å-

ðåç ñåðåäèíû ïëîùàäîê êîíòàêòà øàðèêîâ ñ êîëü-
öàìè è ïëîñêîñòüþ ïåðïåíäèêóëÿðíîé îñè ðî-
òîðà (ðèñ. 2 à),

βν – óãîë ìåæäó íàïðàâëåíèåì íà øàðèê n è
îñüþ x (ðèñ. 2á),

  N – êîëè÷åñòâî øàðèêîâ,
K – âåëè÷èíà, îïðåäåëÿåìàÿ ôîðìóëîé
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ãäå Q – ñèëà ïðåäâàðèòåëüíîãî îñåâîãî íàòÿãà,
z0 – îñåâîå ñìåùåíèå âíóòðåííåãî êîëüöà îò-

íîñèòåëüíî âíåøíåãî êîëüöà îò äåéñòâèÿ ñèëû Q.
Âåëè÷èíó z0 ìîæíî îïðåäåëèòü ðàññìîòðåâ

ãåîìåòðè÷åñêèå ñîîòíîøåíèÿ â çîíàõ êîíòàêòà

( ) α−++= sindwwR2z ш21к0 , (7)

ãäå Rê – ðàäèóñû êàíàâîê êà÷åíèÿ â êîëüöàõ
ïîäøèïíèêà,

w1 è w2 – ñáëèæåíèÿ âíóòðåííåãî è âíåøíå-
ãî êîëåö ñ øàðèêîì ïî íàïðàâëåíèþ ëèíèè êîí-
òàêòà, âûçâàííîå ïðåäâàðèòåëüíûì îñåâûì ïîä-
æàòèåì,

dø – äèàìåòð øàðèêà.
Ñáëèæåíèÿ âû÷èñëÿþòñÿ ïî ôîðìóëå Ãåðöà [6]:

2
3
к11 Pbw = , 2

3
к22 Pbw = (8)

ãäå b1 è b2 – êîýôôèöèåíòû ôîðìóëû Ãåðöà,
Pê – ñèëà ñæàòèÿ, äåéñòâóþùàÿ ïî íàïðàâëå-

íèþ ëèíèè êîíòàêòà

( )αΝ= sinQPк (9)

Óãîë α íàõîäèì ïóòåì ðåøåíèÿ óðàâíåíèÿ

( ) 2к121шк RR2RcoswwdR2 −+=α++− , (10)

ãäå R1 è R2 – ðàäèóñû âíóòðåííåãî è âíåøíåãî
êîëåö, èçìåðåííûå îò îñè ïîäøèïíèêà äî ñåðå-
äèí êàíàâîê êà÷åíèÿ.

Êîýôôèöèåíòû ôîðìóëû Ãåðöà îïðåäåëåíû
âûðàæåíèåì
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K11, K12, K21, K22 – êðèâèçíû ãëàâíûõ íîð-
ìàëüíûõ ñå÷åíèé êîíòàêòèðóþùèõ ïîâåðõíîñòåé,

k – êîðåíü òðàíñöåíäåíòíîãî óðàâíåíèÿ
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k
1FEF −−=







 −− , (12)

Θ1 è Θ2 – âåëè÷èíû, çàâèñÿùèå îò ñâîéñòâ
ìàòåðèàëîâ êîíòàêòèðóþùèõ òåë.

( ) ( )E1 2 πσ−=Θ , (13)

ãäå σ – êîýôôèöèåíò Ïóàññîíà,
E – ìîäóëü óïðóãîñòè.
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à á
Ðèñ. 2. Ðàñ÷åòíàÿ ñõåìà øàðèêîïîäøèïíèêà

Âûðàæåíèÿ (5) ìîæíî ïðåäñòàâèòü â âèäå ñòå-
ïåííûõ ðÿäîâ, åñëè ïðåäïîëîæèòü, ÷òî ñìåùå-
íèå â íàïðàâëåíèè îñè âàëà, âûçûâàåìîå ïðåä-
âàðèòåëüíûì îñåâûì íàòÿãîì ïîäøèïíèêîâ, çíà-
÷èòåëüíî ïðåâûøàåò ñìåùåíèÿ, âîçíèêàþùèå â

ïðîöåññå âèáðàöèè [2]. Òîãäà, ïîëàãàÿ 0zx ,

0zy , 0zz ìàëûìè è, ó÷èòûâàÿ âåëè÷èíû
âïëîòü äî òðåòüåãî ïîðÿäêà ìàëîñòè, ïîëó÷èì:
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ra tgc2c .

Â ñèëó ñèììåòðèè ðàñïîëîæåíèÿ îïîð îòíî-
ñèòåëüíî öåíòðà èíåðöèè ðîòîðà áóäåì ïîëàãàòü,
÷òî êîëåáàíèÿ ïî îñè z îòñóòñòâóþò. Òîãäà â ïåð-
âîì è âòîðîì âûðàæåíèÿõ (14) èñ÷åçíóò ñëàãàå-
ìûå, ñîäåðæàùèå ïåðåìåùåíèå z, à òðåòüå âûðà-
æåíèå âîîáùå íå èñïîëüçóåòñÿ.

Ñîîòíîøåíèÿ (14) ÿâëÿþòñÿ ïðîèçâîäíûìè
ïîòåíöèàëüíîé ýíåðãèè ïî ïåðåìåùåíèÿì îïîð-
íûõ ñå÷åíèé ðîòîðà. Òàêèì îáðàçîì, êèíåòè÷åñ-
êàÿ è ïîòåíöèàëüíàÿ ýíåðãèè âûðàæåíû ôóíê-
öèÿìè îáîáùåííûõ ïåðåìåùåíèé è ñêîðîñòåé:
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Äèññèïàöèåé ýíåðãèè â øàðèêîïîäøèïíèêå
ïðåíåáðåãàåì. Ñîñòàâèì óðàâíåíèå äâèæåíèÿ â
âèäå óðàâíåíèé Ëàãðàíæà âòîðîãî ðîäà. Â ðåçóëü-
òàòå ïîëó÷èì:
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ãäå [ ]K , [ ]K~  è [ ]K  – ìàòðèöû æåñòêîñòè,

[ ]G  – ãèðîñêîïè÷åñêàÿ ìàòðèöà,

[ ]M  – ìàòðèöà ìàññ,

{ } [ ]T2211 yxyxU =  – âåêòîð ïåðåìåùåíèé.

Êîìïîíåíòû ìàòðèö èìåþò ñëåäóþùèé âèä:
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Îñòàëüíûå êîìïîíåíòû ìàòðèö ðàâíû íóëþ.
Ââåäåì îáîçíà÷åíèÿ:

[ ] [ ] [ ]
[ ] [ ] [ ]
[ ] [ ] [ ]
[ ] [ ] [ ]G`GM

K`KM

K~`K~M

K`KM

1

1

1

1

=

=

=

=

−

−

−

−

, (18)

òîãäà (16) ïðèìåò âèä:
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&&& ,(19)

2. Íåëèíåéíûå ôîðìû êîëåáàíèé

Íåëèíåéíûå íîðìàëüíûå ôîðìû (ÍÍÔ) äàþò
âîçìîæíîñòü óïðîñòèòü áåç ïîòåðè òî÷íîñòè è
íàãëÿäíîñòè ðåøåíèÿ çàäà÷ íåëèíåéíîé äèíàìè-
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êè. Îñíîâà ýòîãî ìåòîäà çàêëþ÷àåòñÿ â òîì, ÷òî
ñèñòåìà íåëèíåéíûõ äèôôåðåíöèàëüíûõ óðàâíå-
íèé çàìåíÿåòñÿ îäíèì óðàâíåíèåì.

Ïðèíèìàåì, ÷òî ïðè äâèæåíèè ïî ÍÍÔ îáîá-
ùåííûå êîîðäèíàòû èçìåíÿþòñÿ ñèíõðîííî. Òîã-
äà âñå ôàçîâûå êîîðäèíàòû ìîæíî âûðàçèòü ÷åðåç
îäíó, âûáðàííóþ ïðîèçâîëüíî, áàçîâóþ ïàðó ôà-

çîâûõ êîîðäèíàò [7]: p – ïåðåìåùåíèå è pq &=  –
ñêîðîñòü. Ïðåäñòàâèì ÍÍÔ â ñëåäóþùåì âèäå:

[ ]
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q
p

V
U

, (20)

ãäå UV &=  – îáîáùåííûå ñêîðîñòè,

[ ]γ  – ìàòðèöà êîýôôèöèåíòîâ ðàçëîæåíèÿ
ïåðåìåùåíèé è ñêîðîñòåé â ñòåïåííîé ðÿä ïî
ôàçîâûì êîîðäèíàòàì:
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 (21)

ãäå 41, n =  – íîìåðà ñòåïåíåé ñâîáîäû â ÍÍÔ.

Îïðåäåëèì êîýôôèöèåíòû ëèíåéíîé ÷àñòè
(21). Ñîãëàñíî ðàáîòå [5]
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nJ4J4n
1,n  ,

δς−δς
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=γ
δς−δς
δς−δς

=γ
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,(22)

ãäå ς è δ – äåéñòâèòåëüíàÿ è ìíèìàÿ ÷àñòè ñîá-
ñòâåííûõ âåêòîðîâ ëèíåéíîé ÷àñòè ñèñòåìû (19),

J – íîìåð áàçîâîé ñòåïåíè ñâîáîäû.
Ïðîäèôôåðåíöèðîâàâ (21) ïîëó÷èì:
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        (24)

ãäå j – íîìåð ôîðìû. Ïîäñòàâèâ (24) â (23)
ïîëó÷èì:
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Ïðèðàâíÿâ êîýôôèöèåíòû ïðè îäèíàêîâûõ

ñòåïåíÿõ νµqp , ïîëó÷èì ñèñòåìó ëèíåéíûõ àë-

ãåáðàè÷åñêèõ óðàâíåíèé îòíîñèòåëüíî êîýôôè-

öèåíòîâ ìàòðèöû [ ]γ . Â ðåçóëüòàòå ðåøåíèÿ ýòîé
ñèñòåìû ïîëó÷àåì ÍÍÔ.

Âû÷èñëåííûå êîýôôèöèåíòû ÍÍÔ (21) ïîä-
ñòàâëÿåì â áàçîâîå (J-å) óðàâíåíèå ñèñòåìû (19).
Â ðåçóëüòàòå ïîëó÷èì îäíî îáûêíîâåííîå äèô-
ôåðåíöèàëüíîå óðàâíåíèå äâèæåíèÿ ïî ÍÍÔ:
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Çíà÷åíèÿ èíäåêñîâ  µ è ν â çàâèñèìîñòè îò
íîìåðà ïåðåìåùåíèÿ n äëÿ ôîðìóë (27) äàíû â
òàáëèöå.
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Òàáëèöà

Ïîñêîëüêó ïî óñëîâèÿì ñèììåòðèè ó íàñ
èñ÷åçëè ñëàãàåìûå ñ ïåðåìåùåíèÿìè ïî íàïðàâ-
ëåíèþ z êâàäðàòè÷íûå ÷ëåíû â (19) è (26) îò-
ñóòñòâóþò.

2. ×èñëåííûé àíàëèç êîëåáàíèé

Íà ðèñ.  3 ïðåäñòàâëåíà ÍÍÔ êîëåáàíèé ðîòî-
ðà íà ïîäøèïíèêàõ êà÷åíèÿ. Ðàçìåðû ðîòîðà ñëå-
äóþùåå: l  =  0,5  ì, äèàìåòð âàëà d  =  0,025  ì,
m0  =  10  êã, I1  =  0,1  êã⋅ì2, I0  =  0,2  êã⋅ì2, ω = 
628,3  ðàä/ñ. Ïàðàìåòðû ïîäøèïíèêîâ òàêîâû:
R1  =  0,01600  ì, R2  =  0,02753  ì, RÊ  =  0,00593  ì,
dØ  =  0,01151  ì,    N =  7, E =  2∙1011  Ïà, σ  =  0,3,
Q  =  300  Í.

Ðèñ . 3. ÍÍÔ ðîòîðà íà øàðèêîïîäøèïíèêàõ

Ïðîâåðêà ïðàâèëüíîñòè ïîñòðîåíèÿ ÍÍÔ
âûïîëíåíà ÷èñëåííûì èíòåãðèðîâàíèåì ïîëíîé
ñèñòåìû óðàâíåíèé äâèæåíèÿ (19) ïðè çàäàíèè
íà÷àëüíîé òî÷êè ôàçîé òðàåêòîðèè íà ïîâåðõ-
íîñòè íîðìàëüíîé ìîäû. Ôàçîâàÿ òðàåêòîðèÿ íà
ÍÍÔ ïîêàçàíà òî÷å÷íîé ëèíèåé íà ðèñ.  3.

Äëÿ èññëåäîâàíèÿ àìïëèòóäíî-÷àñòîòíîé õà-
ðàêòåðèñòèêè ýòèõ êîëåáàíèé ïðèìåíåí ìåòîä
ãàðìîíè÷åñêîãî áàëàíñà [8]. Íà ðèñ.  4 ïîêàçàíû
ñêåëåòíûå êðèâûå äëÿ ïåðâîé, âòîðîé è òðåòüåé
ôîðì êîëåáàíèé ðîòîðà. Ïåðâàÿ ÷àñòîòà êðàòíàÿ,
îíà ñîîòâåòñòâóåò êîëåáàíèÿì ðîòîðà â äâóõ ïëîñ-
êîñòÿõ.

Ðèñ. 4. Ñêåëåòíûå êðèâûå ðîòîðà. Íîìåð ëèíèè
ñîîòâåòñòâóåò íîìåðó ÍÍÔ

Çàêëþ÷åíèå

Ðàçðàáîòàíà ìåòîäèêà èññëåäîâàíèÿ íåëèíåé-
íûõ êîëåáàíèé æåñòêîãî ðîòîðà íà ïîäøèïíèêàõ
êà÷åíèÿ. Ïîñòðîåíû íåëèíåéíûå íîðìàëüíûå
ôîðìû è ôàçîâûå òðàåêòîðèè ñèñòåìû. Èññëåäî-
âàíû ñêåëåòíûå êðèâûå ñèñòåìû. Ñ ðîñòîì àìï-
ëèòóäû ÷àñòîòû êîëåáàíèé óìåíüøàþòñÿ ïîòî-
ìó, ÷òî êðèâèçíà êàíàâîê êà÷åíèÿ â øàðèêî-
ïîäøèïíèêàõ ïåðåìåííàÿ. Ïðè óâåëè÷åíèè àìï-
ëèòóäû êîëåáàíèé øàðèêè ïåðåìåùàþòñÿ â îá-
ëàñòü áîëüøåé êðèâèçíû êîíòàêòèðóþùåé ïî-
âåðõíîñòè, òî åñòü â çîíó ìåíüøåé æåñòêîñòè
çîíû êîíòàêòà.
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S.V. Filipkovsky
ROTOR OSCILLATION NONLINEAR NORMAL MODES A ON THE BALL

BEARINGS

Îòðèìàíî ìîäåëü êîëèâàíü ñèìåòðè÷íîãî ðîòîðà íà ï³äøèïíèêàõ êî÷åííÿ. Ñèëè ïðóæ-
íîñò³ ï³äøèïíèêà îïèñàí³ òåîð³ºþ êîíòàêòó Ãåðöà. Íåë³í³éíà çàëåæí³ñòü ñèëè â³ä ïåðå-
ì³ùåíü ðîçêëàäåíà â ñòåïåíåâèé ðÿä. Âðàõîâàíî ã³ðîñêîï³÷í³ ìîìåíòè äèñêà, ³ ðîçïîä³ëåíà
ìàñà âàëà. Ìàòåìàòè÷íà ìîäåëü êîëèâàíü ðîòîðà çâîäèòüñÿ äî ñèñòåìè çâè÷àéíèõ äèôå-
ðåíö³àëüíèõ ð³âíÿíü äðóãîãî ïîðÿäêó. Äëÿ àíàë³çó îòðèìàíî¿ ñèñòåìè çàñòîñîâóºòüñÿ ìå-
òîä íåë³í³éíèõ íîðìàëüíèõ ôîðì Øîó-Ïüåððà. Îòðèìàíî ôîðìè êîëèâàíü ðîòîðà é ôàçîâ³
òðàºêòîð³¿ ñèñòåìè, ïîáóäîâàí³ ê³ñòÿêîâ³ êðèâ³ íåë³í³éíèõ êîëèâàíü ðîòîðà.

Ðîòîð, ï³äøèïíèê êî÷åííÿ, êîíòàêòíà âçàºìîä³ÿ, ìåòîä íåë³í³éíèõ íîðìàëüíèõ ôîðì,
ôàçîâ³ òðàºêòîð³¿, ê³ñòÿêîâ³ êðèâ³

The model of oscillations of a symmetrical rotor on ball bearings is obtained. Elastic forces
of the bearing are characterized by the Hertz contact theory. The non-linear relationship of
force by movements is represented by the power series. Gyroscopic torques and the allocated mass
of the shaft are taken into account. This model is reduced to a system of ordinary differential
second-kind equations. To research of a system the method of nonlinear normal modes of Shaw
and Pierre is applied. The modes of road with disk oscillations and phase paths are obtained.
The skeletal curves of nonlinear oscillations of a rotor are constructed.
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