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Anomayia. Toukocminui pomopu MmarOmv CKIAOHY 2e0MEeMpPUudHy @dopmy, GUKIUKAHY
PO32ANYHCEHICMIO IX MEPUOIOHANbHO20 NePEeMUHY | NOEOHAHHS 8 OOH)Y cucmem) 000JOHOK 8i0 EMHOL
2ayco8oi KpusuHu, YUIiHOPUYHUX | KOHIYHUX ODONOHOK, a MAKONC OUCKIB, 1onamox i Kiteyb. B
cmammi po32naHymo NUMAHHA U000 8NAUBY 3HAYEHHA KYMOGOI WEUOKOCMI pomopa HA 4acmomu
1020 GINLHUX KOAUBAHb MA HA POPMU YUX KOAUBAHb, NPOAHANIZ08AHO MAKONC 38 SA30K MIdHC
SHAYEeHHAMU YUX YacCmom ma KPUMUYHUMU WEUOKOCMAMU 00epmaHus, npu SKUX 6ai, Wo Hece
pomop, sunyyyemuvca. Ha konkpemnomy npukiadi 6yno npogedeHo meopemuyne 00CAiONCeHHS ma
3p0b.IeHi BUCHOBKU, WO 0OEPMAHHI NPYHCHO20 POMOPY NPU3BO0UMb 00 PO3UIeNTIeHHS 1020 KPAMHOI
yacmomu, npu YboMy OOHA I3 PO3WENNEHUX UACTOM 3MEHULYEMbCA HA GeIUYUHY KYMOGOi
weuoxkocmi, a Opyea 3pocmac Ha yio eeauduny. Popma KoauearHb pomopa npuiMac 8u2iso, 8 aKoMy
1020 pyX 30IUCHIOEMBCA 13 NOCMIUHOW WEUOKICIIO NO KONV 68 HANPAMKY 00epmanHs pomopy 0.
MEHWOT i3 pO3UjenieHux 4acmom i YeHmp pyxacmvcs no KoLy npomu HAnNpSAMKY 00epmanHs O
Oinbwioi i3 poswenaenux yacmo. Cmani enUYUHU, 8 AKUX 0OHA 13 YACTOM 81ACHUX KOJIUBAHb POMODPY,
AKULL 00epmaemuvcs, NepemeopOEMvbCsl 8 Hylb, € KPUMUYHUMU. B HUX pIGHOBAXNCHULI CTMAH POMODY
cmae Hecmitikum. Pozensnymuu npuxnad mae eaxciuse npakmuyHe NPUuHA4yeHHs, OCKIIbKU BiH
Modice Oymu MOOeLI0 CMamu4Hoi ma OUHAMIYHOT NOBEIHKU pomopy mypOiHuU, AKUl NPUEOHAHO 00
cepeOuHU NPYHCHO20 BALY WO 0OEPMAEMbCAL.

Knwuosi cnoea: monxocminHi pomopu, piBHAHHA KOJIUBAHb, KPUMUYHI 8EIUYUHU, BLIbHI
KOJUBAHHA, KPAMHI YaCIMOMU, PIBHAHHA DIBHOBACH.

Beryn.

TOHKOCTIHHI POTOpU € HAWOUIBII BIANOBIAATPHUMU POOOYMMHU €JIEMEHTAMU
TypOOYCTaHOBOK. 3a3BHU4ail BOHM MarOTh CKJIAJHY T€OMETpUYHY (HOPMY, BUKIHKAHY
PO3TaTy’>KEHICTIO 1X MEPUIIOHAIBHOTO TEPEeTHHY 1 IMOEJHAHHS B OJHY CHUCTEMY
000JIOHOK Bi/I’€MHOI TayCOBOI KPWUBHUHU, UWIIHAPUYHUX 1 KOHIYHMX OOOJOHOK, a
TaKOX JMCKIB, JOMATOK 1 Kielb. B TypO0oOyIyBaHHI HIMPOKO 3yCTPI4arOThCS 3aadl
PO KOJIMBAHHS Ta CTIHKICTh POTOPIB, 10 00epTaroThcs. PO3riIsiHEMO TUTaHHS MPO
aHaJli3 BIUIMBY 3HAU€HHS KYTOBOi IIBHJKOCTI POTOpa Ha YacTOTH HOro BIIBHHUX
KOJMBaHb Ta Ha (GOpMH IMX KOJMBaHb. [IpoaHamizyeMo TakoX 3B’SI30K MIX
3HAYEHHSIMU [UX YaCTOT Ta KPUTUUHHUMU IIBUIKOCTSIMU O0OEPTAaHHS, P AKUX BaJl, 110
HECE POTOP, BUITYUYETHCS.
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OCHOBHM TEKCT.

Posrnsnemo cucremy 13 1BOMa CTymeHsSMH BUIbHOCTI. Hexait porop macoro m
YTPUMY€ETHCS B HeZIe(hOPMOBAHOMY CTaH1 Ha MPYKHOMY Bally.

Criory4HuM 3 HOTO HEHTPOM Mac MOYaTOK CUCTEMH KoopAUHAT OxY, sKa 3B’ g3aHa
3 TUIOUIMHOIO MEPEMIILIEHHS Mac 1 MOKe 00epTaTUCs Pa3oM 3 HEIO BITHOCHO TOUkH O 3
KyTOBOIO HIBUAKICTIO @ . CKi1ageMo piBHSHHS PIBHOBAru poTopy MacH 7 Ha IJIOUIHHI.
B cucremi koopaumnar Oxy mio 00epTa€TbCs, BOHM MArOTh BUTIJIAJ OJHOPITHOT
CUCTEMH:

ma’x —kx =0,
2 b
mw°y—ky=0
1e k — koeilieHT mpyKHOI AKOPCTKOCTI Baly B TOULI MPUKPIIICHHS POTOPY.
O4eBHUAHO, 110 MPH JOBUIBHIN KYyTOBIN MIBUAKOCTI @ POTOP MOXKE 3aJTUIIATUCS

(1)

B craHi piBHoBaru x=0, y=0. Aune, 3Ha4CHHSI @), = | %1 , IK 1 B CHCTEMI 3 OJTHUM

CTyII€HEM BIJBHOCTI € KPUTHYHUM, OCKUIBKM B IIbOMY BHIAJKy cucteMa (1)
BUPOJUKY€EThCS. [[71s1 aHamizy CTIMKOCTI CTaHy PIBHOBAaru B Mepei] KPUTUYHOMY Ta 3a
KPUTUYHOMY CTaHAaX HEOOXITHO MPOAHAJI3yBaTH PyX POTOPY B mojoxkeHHi x=0, y=0.
B upoMy Bumaaky pyx poTopy, fKiii 0OepTaeThCsi € CKIaJAHUM 1 1€ HEOOXiTHO
BpaxyBaTu NpH MipaxyHKy cui iHepiii. ToMy piBHSHHS KOJMBaHb MPUUMAIOTh

bopmy:
m)'c'+(k-ma)2)x—2ma)j/20, 2
mj}+(k—ma)2)y+2ma)x:0.
ITpu BuBeneHHI piBHAHB (1) Ta miipaxyHKy CHJI 1HEPIlli BpaXOBaHO MPUCKOPECHHS
Kopwuouica [1]:
=2&% ¥, =20k X (Xi +y] )=2w(xi -3 ),
3)
ne i, j — optu oceut Ox, Oy.
[linkpecnumo, 110 TpUCKOpPeHHs (3) NTPUBOAUTHL 1O BKIIOYEHHS B (2)
KOCOCUMETPUYHHUX CKJIQJAOBUX 13 IMIBUJIKOCTSIMU X, ¥, SIKI pOOIATH 1i CHUCTEMOIO

ripockorniunoro tumy. Cucrema (2) UIIOCTpy€ BIAMIHHICTH KOJHMBaHb Mac, IO
o0epTaroThbcs Ta HE 00epTaroThes. Tak, SIKIo poTop He o0epTaeThes 1 @ =0, TO BOHA
MPUBOJUTHCS JIO BHUILY:
mx +kx =0,
i} 4
my + ky = 0.
KonmBanHs TEHTPY Mac pOTOPY B3MOBXK OCEH X Ta )y € HE MOB'SI3aHUMH 1

B1I0yBa€TbCA 3 PIBHUMHU (KPaTHUMHU) 4acTOTaMu [ = Jk i OpHak, KOoJu cucTema

NOYMHA€E 00epTaTUCs 3 KyTOBOIO IIBUJKICTIO @, PYXH B3JOBXK OCEH X Ta ) CTalOTh
3B'sI3aHUMH, 1 BOHHM OMMCYIOTHCS 3B’ I3aHOI0 CUCTEMOIO piBHSHG (2). [Ipu isomy hopmu
KOJIUBaHb OJEPXKYIOTh SKICHI 3MIHU, OCKUIBKH POTOP Y BIAMOBIAHOCTI 13 PIBHAHHSIM
(2) 3mMO%Ke 31HCHIOBATH TIIBKH 0OEPTOBI PYXHU.

Hiticno, cuctema (4) pomyckae 1Ba po3B’s3ku 3 (opMamMu KOJIMBaHb 13
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OJIHAaKOBUMHU (ha3aMHu.
»(t)=0, y2(t)=Cysin Byt.
be3nocepenHpoi MiCTAHOBKOIO YIIEBHIOEMOCS, 10 PIBHSIHHS (2) KOJMBaHb Mac,

10 00epTalThCs, HE TO3BOJISIIOTH PO3B’S3KIB y (hopMi (5). YV 3B 43Ky 13 IIUM OyaemMo
HIyKaTl HOTO y BUTJISAIIL:

x=C,;sinpt,
{ 1 sin B ©
y=C,cos ft.
[Tincranstoun (6) B (2), 0AEPKUMO CUCTEMY aJIreOpaiyHuX PiBHSAHb:
(= mw? —mp?) C, + 2mwpC, =0 -

2mwpC, + (k- me? - mp?)C, =0.
i BusHayeHHsa C, C,.

Bona Mae HeTpuBiaJIbHUH PO3B’ 30K, SKIIO BU3HAYHUK MATPUIll KOS(IIIEHTIB 11
MpaBUX YaCTUH JOpiBHIOE O, TOOTO Ma€ MicCIle XapaKTepUCTUYHE PIBHSHHS:

m’ Bt =2k +me® )mB* +(k—maw?* )* =
(8)
[Toznaunmo ﬁz = B ta nepenumiemo (8) y dhopmi:
2 _2(k+ma® )mB+(k-mw*)* =0. )
PiBusinus (9) Mae kopeHi:

(k+mo )+2a)\/_

B, = —,Bg+a)2i2ﬂoa)

Bi=5+o,
abo { (10)
Br= Py -
Taxum unHOM, 7151 POTOPY, 110 0OEPTAETHCS Ha IUIOLIMHI, € 1Bl 4HacTOTU [, 1a f3,
, AK1 CHIBNAJalTh Ta JOPIBHIOWOTh [, Npuw =0 1 NpuiMaroTh pi3HI 3HAYCHHS

(po3miemnoThes)) npu >0, NpuUuoMy pi3HUIA MK 3HAYEHHSIMH LHUX YacTOT
3pOCTAE 13 POCTOM @ 1 3aBXKJIU JOPIBHIOE 2 @) .
[ToGyryeMo opmU KOJIMBaHb, SIK1 BIIOBIIAI0Th KOXKHIHN 13 3HAMIEHUX 4acToT f,

uf,. g 1poro miJICTaBUMO CIOYAaTKy 3Ha4eHHs [, = [, + @, HAPUKIaJ, B Ieple

piBHSIHHS cucTemHu (7).
Onepxxumo:
—20(fy+@)C +20( By +w)Cy =0
Ile piBHSIHHS Ma€ pillICHHS
G =GC,=C. (11)
3 #i0T0 TOMOMOTOI0 Ha OCHOBI PIBHOCTI (6) OymyeThecst popMa pyxy IIEHTPY Mac
pOTOpa B IUIONINHI, SIKa MEPHIEHAUKYJIISIPHA 10 0C1 00epTaHHS:

{x = Csin( Sy + o)t

y=Ccos(fy+w)t=0 (12)
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PiBnocti (12) cBimuate mpo Te, 1o sl 1€l (OpMHU KOJMBaHb IIEHTP Mac
3MIACHIOE pyX MO Komy paaiycy C Ha ruouiuHi Oxy, sika 00epTaeTbes 13 MOCTIHHOIO
HMIBUJIKICTIO [, + @ Ta Mae€ HaNpsiM, MPOTHIEKHUN 10 HanpsiMy oOepTaHHS poOTopYy.

Takuit pyx Ha3BEMO 3BOPOTHOIO PETyJISIpHOIO Tipereciero [1, 2] .
[ToGyayemo Teriep popmy pyxy amist yactotu [, . [lincraBumo 3H0By S = ) — @

B niepie piBHAHHS cucteMu (7). Onepxumo:
20( )y —o)C, +20( By —w)Cy) =0.
I1e piBHsAHHSA Ma€ po3B’s130K ipu C = C; =—C,.
Jiig Hporo popma:
x=Csin(fy—o)t, 13
y=—Ccos()—w)t. (13)
Ha BigMiHy BiJ TONIepeIHHOIO BUIIAJIKY TYT [IEHTP Ma€ 3A1HCHIOE PyX Ha IJIOIIHHI
1o Koy paniycy C 3 NOCTIIHOIO KyTOBOIO IIBUIKICTIO [, = ff —@® B HaIPSIMKY, LIO
CHIBIAJA€ 13 HANPSAMKOM OOEpPTaHHA IUIOUIMHH. Takui pyx Mae€ Ha3By MpPsIMOi
pEeryJsipHOi Mmpouecii.
[Ipoananizyemo 3B’s130K KPUTUYHOI pIBHOBAru y ctai x=0, y=0 13 3HaU€HHSIMU
4acTtoT /3, , BIAacHMX KonuBaHb. KpuTu4Hi cramm npu o =@,, vacrora f,,

nopisusie B, | — Oy =+ % -, /% , IpUiiMae HyJIbOBE 3HAUEHHS. Y 3B’SI3KY 13 LIUM

PIBHICTb HYJIIO 4YacTOTH S}, MOXE CIY>XUTH JAWHAMIYHUM KPHUTEpIEM IMOSIBU

KPUTUYHOTO CcTany [3] .

BucHoBkwu.

Tenep Ha OCHOBI PO3IIIIHYTOTO MPHUKIATY MOKEMO 3pO0ITh BaXJIMB1 BUCHOBKH.

1. OGepTaHHs MPY>KHOTO POTOPY MPU3BOJIUTH JO PO3ILIEIUICHHS HOTO KPaTHOI
YaCTOTH, PU LIbOMY OJHA 13 PO3IIEIIJICHUX YaCTOT 3MEHIIY€ThCSl Ha BETUYMHY KyTOBOT
MIBUAKOCTI, a Jpyra 3pocTae Ha II0 BEIMYMHY, TOMY PI3HUIS MIX 3HAYCHHSIMHU
PO3IIETUICHUX YacTOT 3aBKIH JIOPIBHIOBATHUME 2 @ .

2. ®opmMa KOJIMBaHb POTOpa MpHUIIMA€E BUTIIA, B SIKOMY HOTO pyX 31HCHIOETHCS
13 TOCTIMHOIO MIBUAKICTIO MO KOJIy B HANpPsIMKY OOEpTaHHS POTOPY JJISI MEHIIOI 13
PO3IIEIUIEHUX YacToT (TIpsiMa peryJsisipHa Mperiecis) 1 HEHTP PyXaeThes MO KOJIy IPOTH
HanpsMKy oOepTaHHS sl OUTHIIOL 13 PO3IIEIJICHUX YacTo (3BOPOTHA peryispHa
nperecis).

3. Crani BenWYWHH, B SKHX OJHA 13 YACTOT BJIACHHUX KOJWBaHb POTOPY, IO
00epTa€eThCs, TIEPETBOPIOETHCA B HYJIb, € KPUTHYHUMHU. B HMX pIBHOBOXKHHH CTaH
POTOPY CTa€ HECTIMKUM.

PosrnsnyTrii npukiag Mae BaXIHMBE MPAKTHYHE NPU3HAYEHHS, OCKUIBKU BiH
MOXe OyTH MOJICJUTIO CTaTMYHOI Ta JUHAMIYHOI TOBEAIHKUA POTOPY TypOiHU, SKHIA
MIPUETHAHO JI0 CEPEANHM MPYKHOTO BaIy IO 00€pTAETHCA, MPYKHA MOJATIUBICTH B
IEHTP1 SKOTO XapaKTepU3y€EThCs BEIMUMHOIO k. B Takiil TypbocrcTeMi MpOsiBIASIOTHCS
BC1 O3HAYEHI1 BUIIE OCOOIUBOCTI 3MIHHU YacTOT 1 GOPMU KOJIMBAHb Ta MOSBU KPUTUUHUX
CTaHiB.

ISSN 2663-5712 131 www.sworldjournal.com



PN

SWorldJournal Issue 23 / Part 1 /ﬁ"é}p\j

Jliteparypa:

1. Gulyayev V.1, Solovjov L.L., Lugovyy P.Z. Analysis of precession vibrations
of thin-wall elastic shells in compound rotation. // J. Sound and Vibr. —2001. — 246, Ne
3 - P.491-504. DOI: 10.1006/jsvi.2001.3649

2. Meish V.F., Meish Yu.A., Arnauta N.V. Numerical Analysis of Unsteady
Oscillations of Discretely Reinforced Multilayer Shells of Variable Geometries // Int.
Appl. Mech. —2019. — 55, N 4. — P. 426 — 433. DOI: 10.1007/s10778-019-00962-2

3. Meish V.F., Meish Yu.A., Belova M.A. Nonstationary Dynamics of Elliptic
Isotropic Conical Shells under Distributed Loads // Int. Appl. Mech. —2020. — 56, N 4.
—P. 424 - 431. DOI: 10.1007/s10778-020-01026-6

Abstract. Thin-walled rotors have a complex geometric shape caused by the branching of their
meridional cross-section and the combination of shells of negative Gaussian curvature, cylindrical
and conical shells, as well as disks, blades and rings into one system. The main section of the article
deals with the problem of the influence of the angular speed of rotation of the rotor on the frequency
of its free oscillations. It is shown that the rotation of the rotor is accompanied by the effect of splitting
its multiple frequencies and the generation of precessional forms of oscillations. The relationship
between these frequencies and critical rotation speeds has been established. It was concluded that
the rotation of the elastic rotor leads to the splitting of its multiple frequency, while one of the split
frequencies decreases by the amount of angular velocity, and the second increases by this amount.
The shape of the rotor oscillations takes the form in which its movement is carried out at a constant
speed in a circle in the direction of rotation of the rotor for the lower of the split frequencies and the
center moves in a circle against the direction of rotation for the higher of the split frequencies. The
constant values in which one of the frequencies of natural oscillations of the rotating rotor becomes
zero are critical. In them, the equilibrium state of the rotor becomes unstable. The considered
example has an important practical purpose, as it can be a model of static and dynamic behavior of
a turbine rotor, which is attached to the middle of an elastic rotating shaft.

Key words: thin-walled rotors, equations of oscillations, critical quantities, free oscillations,
multiple frequencies, equations of equilibrium.
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