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AHAJIN3 IJUHAMUKHA U YCTOMYNBOCTHU POTOPHBIX CUCTEM
B YCJIOBHUSAX BBICOKOCKOPOCTHOI'O BPAIIEHUA

AnHotanusi: B ganHOW paboTe paccmaTpwBaeTCs aHANW3 JAWHAMHUKA H
YCTOMYHUBOCTA POTOPHBIX CHUCTEM B YCIOBHSX BBICOKOCKOPOCTHOT'O BpAILICHUA.
Oco0oe BHUMaHUE YJIEISETCS METOJaM YMCIEHHOIO MOJIETUPOBAHMS, BKIOYAs
MCIIOJIb30BAaHUE METOJIa KOHEUHBIX 35ieMeHToB (MKD) s npeackasanus nmoBeaeHus
POTOPHBIX CUCTEM MPU PATMYHBIX AKCIUTYATAIMOHHBIX PEXKUMAX. AHAUIMZUPYIOTCS
KJIFOYEBBIE ACIEKTHI, BIUSAIOIIAE HA YCTOMYMBOCTh CUCTEM, TAKHE KAK KPUTHYECKUE
CKOPOCTH BpalleHUsi, Pe30HAHCHBIC YACTOTHl W BUOPAIMOHHBIC XapPAKTEPUCTHKH, a
TaKK€ UX BIMSHHUE Ha JIOJITOBEYHOCTh M HAJIEKHOCTh 000pyaoBaHus. B yacTHOCTH,
WCCIICMYEeTCS BIMSHUE PaA3IWYHBIX (PAKTOPOB, TAKUX Kak JAeMIpUpPOBaAHUE U
a’pOJIMHAMUYECKHE OCOOCHHOCTH, Ha CHIDKCHHE BUOpanuié W TIOBBIIICHUE
YCTOMYMBOCTH CHUCTEMBbl. B paboTe Takke mpeasiaraloTcsi PeKOMEHJAlUU TI0
VIYYLIEHUI0 KOHCTPYKTHMBHBIX  PEIICHHI, HAalpaBICHHBIX Ha  IOBBILICHHUE
HaJIe)KHOCTU POTOPHBIX CUCTEM MPU BEICOKOCKOPOCTHOM BpAIICHHM.
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ANALYSIS OF DYNAMICS AND STABILITY OF ROTARY SYSTEMS
UNDER HIGH-SPEED ROTATION CONDITIONS

Abstract: This paper examines the dynamics and stability of rotor systems

under high-speed rotation. Particular attention is paid to numerical modeling

methods, including the use of the finite element method (FEM) to predict the

behavior of rotor systems under various operating conditions. Key aspects affecting

the stability of systems, such as critical rotation speeds, resonant frequencies and

vibration characteristics, as well as their impact on the durability and reliability of

equipment are analyzed. In particular, the influence of various factors, such as

damping and aerodynamic features, on reducing vibrations and increasing the

stability of the system is investigated. The paper also offers recommendations for

improving design solutions aimed at increasing the reliability of rotor systems under
high-speed rotation.

Key words: stability, rotor systems, high-speed rotation, finite element method,

vibrations, resonance.

BBenenue: AKTyalnbHOCTh MCCIEIOBAHUSA JIMHAMHUKA W YCTOWMYHMBOCTH
POTOPHBIX CHCTEM B YCJIOBHAX BBICOKOCKOPOCTHOI'O BpallleHHs OOyCJIOBJICHA
HIMPOKUM MPUMEHEHUEM TAKMX CUCTEM B PA3JIMYHBIX OTPACISAX MPOMBIILICHHOCTH,
BKJIFOYAsl AaBUAIAIO, DJHEPreTUYECKHUE W MAIIMHOCTPOUTEIIBHBIE TEXHOJIOTHM.
PoropHbIe cucTEMBI, UCIIOIB3YEMbIC B TypOOMAIIIMHAX, KOMITPECCOPaX, IBUTATEIISIX U
JIPYyTUX YCTPOMCTBAX, MOJBEPTAOTCS CIOXKHBIM JUHAMUYECKAM HAarpy3Kam, KOTOpPbIE
MOTYT TPUBECTH K MX Pa3PYLICHUIO, €CIM HE YYHUTHIBATh (DaKTOPHI, BIUSIOMINE Ha

YCTOMYMBOCTH PabOThI MPU BBICOKUX CKOPOCTSX BpallleHUs. AHaIU3 3TUX (PaKTOpoB
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MMEET Ba)KHOE 3HAUYEHUE [IJIsl TMOBBIIICHUS HAJEKHOCTU U JOJITOBEYHOCTH TAKHUX
CUCTEM.

MeTtoaosorusi: MeToauka 4YMCICHHOTO aHalu3a JUMHAMUKU POTOPHBIX CUCTEM C
IPUMCHEHHEM MeToJa KOHedHbIX oanemeHTtoB (MKD) mpexacraBimser coboi
COBPEMEHHBIA MOJIXO0J K HCCJIEAOBaHUIO YCTOMYMBOCTH U  BUOPAIMOHHBIX
XapaKTePUCTHUK TAKUX CUCTEM IPU BHICOKOCKOPOCTHOM BpallleHnH. B paMmkax 1aHHOM
METOJMKHU CO3/aeTcsl MOApOOHas MaTeMaTH4ecKas MOJeNb POTOPHOM CHUCTEMBI,
KOTOpasi BKJIFOYAET B ce0s reoMeTpudeckue, (PU3nYecKre U MaTrepuajibHble CBONCTBA
koMrnoHeHToB. C nmomomnisio MKD monenupyroTcsi Bce BO3MOXKHBIE B3aUMOJICUCTBUSA
yacTel  cuUCTeMbl, Takhe Kak jaedopmanuu, BUOpanuu, TEIJIOBBIE U
a’pOAMHAMUYECKUE HArpy3Kd. OJTO MO3BOJISIET YYECTh HEIUMHEHHBbIE 3PQPEKTHl U
MpeACKa3aTh IOBEICHUE CHUCTEMbl B PA3JIUYHBIX HKCIUTYyaTallMOHHBIX YCIIOBUSX.
[IpuMeHeHue NTaHHOW METOJMKH IIO3BOJIIET TOYHO AHAIMU3UPOBATh KPUTHYECKUE
CKOPOCTH BPAILICHUS, BBISIBISTH PE30HAHCHBIE YaCTOTHI U ONPEEATh MOTEHIIUATIBHO
OMACHbIE PEXKUMBI PabOTBl. ITO CMOCOOCTBYET ONTHUMHU3ALMUU KOHCTPYKIIUU
POTOPHBIX CUCTEM, CHUYKas BEPOATHOCTh BO3HWKHOBEHMsI aBapUHHBIX cuTyanuii. B
XO0JI€ aHAJIN3a UCTOJB3YIOTCA COBPEMEHHBIE TPOrpaMMHbBIE KOMIUIEKCHI JUIsl pacueTa
BUOPAIIMOHHBIX ~ XAPAKTEPUCTUK U YCTOWYMBOCTH CHUCTEMBI, YTO TO3BOJISIET
WH)KEHEpaM Ha paHHUX CTaAUSX IPOCKTUPOBAHUS MPOBOAUTH JIETAIBHYIO
JTUATHOCTUKY W BHOCUTh HEOOXOIWMBIE KOPPEKTHBHI B KOHCTPYKIMIO ISt
MOBBIIIIECHUS €€ JIOJTOBEUHOCTH U HAJISKHOCTH MPU BHICOKOCKOPOCTHOM BpPAIICHUH.

PesyabTaTr: B pe3ynprare NpOBEACHHOrO HCCIEAOBAHUS C TMPUMEHEHUEM
METOAUKH YHCICHHOIO aHAJIN3a AUHAMUKU POTOPHBIX CHUCTEM C HCIOJIb30BAaHUEM
METOJIa KOHEUYHBIX JIEMEHTOB ObUIM MOJYYEHBI CIEAYIONINE KIIFOYEBbIE PE3yJIbTaThl.
MopenupoBaHue pa3iUYHBIX THUIOB POTOPHBIX CHUCTEM IOKa3ajlio, YTO MpH
BBICOKOCKOPOCTHOM BpAlllEHUH YCTOMYMBOCTb CHUCTEMbI 3HAUYMUTENIBHO YXYJIIIAETCS
IIPU JOCTHKEHUN KPUTUUECKUX CKOPOCTEM, KOTOPBIE B CpeaHeEM cOCTaBIOT 80-90%
OT pPacuUeTHON MpeAeTbHOW CKOPOCTH. [[1s1 OONBIIMHCTBA HCCIETYEMBIX CHUCTEM,

TAaKHC CKOPOCTH CBA3aHblI C ITOABJICHUCM PE30HAHCHBIX HBHGHHﬁ, KOTOPBLIC MOTIYT
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MPUBECTH K YPE3MEPHBIM BUOpAIMSAM U TOBPEKICHUSM KOMIIOHEHTOB CHCTEMBI.
BrisiBieHHbIE pPE30HAHCHBIE YACTOThl OBLIM HWCIOJIB30BaHBI IS JaJIbHEHIIen
ONTHUMM3ALUMN KOHCTPYKIMU. B Xozme aHanm3a ObUIO YCTaHOBIEHO, 4TO 75%
UCCIIEyEMbIX POTOPHBIX CHUCTEM HUMEIOT MOTEHIMAIbHYIO YIpo3y PE30HAHCHBIX
BUOpanuii B nuama3zoHe pabouux ckopocTeil. [l 3Tux cucteM Oblia MpoBeeHA
JIOTIOJIHUTEJIbHAS HACTPOMKa KOHCTPYKIMU C Y4YE€TOM IMOJYYEHHBIX JaHHBIX, YTO
MO3BOJIMJIO YMEHBIIUTh aMIUTUTyay BuOpamuii Ha 30-40%. Taxxke, ucrnonab3oBaHue
JIOTIOJIHUTEJIPHBIX JIeMI(UPYIOMIUX 3JIEMEHTOB W YJYYIICHUE a’dpOJAMHAMUYECKHUX
XapaKTepUCTUK MPUBEIO K MOBBIIIEHUIO YCTOWYMBOCTH CHUCTEM, YTO CHHU3WUJIO PUCK
pa3pyleHus Ha 25% B CpaBHEHHUM C IEPBOHAYAIbHBIMU MOJEIISIMU.

Kpome Toro, pe3yapTarhl UCCIeAOBaHUS MMOKAa3ald, YTO METOJMKA, OCHOBaHHAas
Ha npumeHeHun MKD, mno3BoisieT  3HAUUTENBHO  MOBBICUTH  TOYHOCTD
MPOTHO3UPOBAHUSL JTUHAMHYECKOTO IOBEACHUS POTOPHBIX CHUCTEM. B uacTtHOCTH,
UCIIOJIb30BaHUE YHUCIECHHOTO MOJICIIMPOBAHUS IMO3BOJIMIIO MpEJCKa3aTh MOBEJICHUE
CUCTEMBI MPU Pa3IUUHBIX padOUHUX PEKUMaX ¢ TOYHOCTHIO 10 95%, 4yTO 3HAYUTENIBHO
CHUKAeT HEOOXOJMMOCTh B JIOPOTOCTOSIIUX IKCIEPUMEHTAIBLHBIX UCCIEIOBAHUSX.
DTO TOATBEPXKAACT BBICOKYIO 3(PGEKTUBHOCTh METOAMKHA JUII oOecTieueHuUs

HaJCKHOCTH H 0e301acCHOCTH POTOPHBIX CHCTCM B YCIOBHAX BBICOKOCKOPOCTHOI'O

BpaIlEHUS.
Tabauuya 1.
AH(lJllL’)’ pe3yiomamos uccnedoeauu;l Ounamuku POMOPHBIX cucmem
IMapameTpsl HUcxoannie IIporno3supyembie | N3MeHeHusn IMpumeuanus
JaHHbIE JanHble (%) (%)
(%)
VYMeHbIIeHnEe
Kputnueckasn 80-90 7585 5-10 KPUTHUYECKON CKOPOCTH,
CKOPOCTh MOBBIIIEHHE
YCTOWYHBOCTHU
Pe3onancueie CHIKEHNE aMIUTUTYIbI
75 35 -40 N o
BHOpanuu BuOpauuii Ha 30-40%
Brenpenue
TeMTI(UPYFOTITHX
OnTuvusanus 0 25 +25 DJIEMEHTOB U
KOHCTPYKI UM
YIy4IICHHE
a9POJINHAMHUKH
IloBbIIEHHE 0 25 +25 IloBbrIEHME

"IkoHomuka u couuym' Nel(128) 2025 wWww.iupr.ru



. ycroitunBocTH Ha 25%
YCTOHYMBOCTH
10CJIe ONTUMU3ALNH
TouHocTh 80 95 +15 [ToBbIlIEHHE TOYHOCTH
NPOTrHO3UPOBAHNUS npeackaszanuii Ha 15%
CHuxeHue
JKCcnepUMeHTAJIbHbIe 100 20 80 NOTPEeOHOCTH B
3aTpaThl 9KCIEPUMEHTAIILHBIX
HCCIIeIOBaHUSIX

3akiiouenue: AHaIW3 JUHAMUKA U YCTOMYMBOCTH POTOPHBIX CUCTEM SIBIISIETCS
BAXHOM 3ajmauedl it oOecreyeHuss HX HaJeKHOCTH M 0€30MacHOCTH IpHU
BBICOKOCKOPOCTHOM BpatieHnn. PazpaboTtka 3pGpeKTUBHBIX METOI0B MOACITUPOBAHUS
U TMarHOCTHKH, TAKKX KaK METOJ KOHECYHBIX 3JIECMEHTOB, CITOCOOCTBYET YITYUIIICHHUIO
MPOCKTUPOBAHUS W OKCIUTyaTalldd POTOPHBIX CHUCTEM, a TakkKe I103BOJISET
MPEeIOTBPAaTUTh HEMPEABUACHHbIC pa3pylleHus U aBapuu. BHenpeHue Takux
METOJMK TIO3BOJIIET 3HAYUTEIHHO ITOBBICUTH JIOJITOBEYHOCTh OOOPYJOBAaHHS U
CHU3UTH PUCKU HA MTPOU3BOJACTBEHHBIX 00BEKTAX.
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