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Posenanymo obepmannsn pomopa na niowunuuxax xouernns. CmeopeHo Mmamemamuyty mooeib pomopHoi cu-
cmemu ma aHARIMU4YHO OMPUMAHO AMAIIMYOHO-4ACOMHY XAPAKMEPUCMUKY 2APMOHIYHUX KOIUBAHb. 3a OONOMO-
2010 YUCENbHUX MemOo0i6 iHme2pYB8anHs HeNiHIlIH020 OupepeHyianbHo20 PIBHANHHA PYXY OMPUMAHO 3AKOHU OCbOBUX
Koueans pomopa ma nobyoosami ¢pazosi mpackmopii y komn' tomepnomy cepedosuwi Maple. Iloxazano, wo y
BUNAOKY 0DepmManHs 6and HA NIOWUNHUKAX KOYEHHS BUHUKAIOMb KOAUBAHHA NAPAMEMPUUHO20, KOMOIHAYIIHO2O
munis, sKi 3anexicams 6i0 6a2amvox YUHHUKIE. UEUOKOCI, HABAHMANCEHb, 2eOMemPIl OOPINCOK KOUEHHsl, ULOPCMI-
KOCmi KOHMAKMHUX NOBEPXOHb, pAdidbHO20 3A30pPY 8 NIOWUNHUKY, HCOPCMKOCME NIOWUNHUKA.

Kimo4oBi citoBa: ynpTparapMoHika, cyorapMoHika, KOJMBAaHHS, pE30HAHC, 9acTOTa, AeMIT(yBaHHsI, T IITHITHAKH.

Paccmompeno spawenue pomopa na noowunnukax xavenus. Cocmagnena mamemamuyeckas Mooeib pomop-
HOU cucmembl U GHATUMUYECKU NOTYYeHAd AMNIUMYOHO-YACMOMHASA XAPAKMEPUCTIUKA 2APMOHUYECKUX KOAeOaHUl.
IIpu nomowu 4UCI08bIX MEMOO08 UHMESPUPOBAHUS HETUHEUH020 OUPPepeHyUaIbHO20 YPasHEeHUs OBUNCEHUS NOTTY-
YeHbL 3AKOHbI 0CEBbIX KONEOAHUI pOmMopa u NOCMPOeHbl (hazosvle Mpaekmopuil 6 KomnvlomepHou cpede Maple
Iokaszano, ymo npu épawjeHuu 8a1a Ha NOOWUNHUKAX KAYEHUs 803HUKAIOM KOAeOaHUs napamempuyeckozo, Komou-
HAYUOHHO20 MUNO8, KOMOpble 3A8UCAM OM MHO2UX (DAKMOPOE. CKOPOCMU, HAZPY30K, 2eOMempUul 00podiCceK Kade-
HUSL, WIOPCMKOCTU KOHWMAKMHBIX NOBEPXHOCHEU, pAOUAIbHO20 3A30PA 8 ROOUUNHUKE, HCECMKOCTU NOOUUNHUKA.

KiroueBble ciioBa: ynbpTparapMOHHKA, CyOrapMoOHUKA, KOJIeOaHUs, PE30HAHC, 4YacTOTa, JACMI(UPOBAHWE,

MOAIIHUITHUKH.

The article deals with the rotation of roller-beag rotors. he mathematical model of the rotoring syste
created and amplitude frequencharacteristic of harmonic fluctuations is foundadytically. The laws of axi
fluctuations of rotor are found by the numeral grietive methods of n-linear differential moving equation. A:
result phase trajectories have been built in corapog Maple. It is shown that in case of shaft twtg on roller-
bearings parametric and combined types of flucaratippeared depending on many factors: speed, ngadige-
ometry of rolling track, roughness of contactingfaaes, radial gap in bearing, its stiffness.

Keywords: ultraharmonic, subharmonic, fluctuatiomsonance, frequency, damping, bearings.

Beryn

BumymieHni HemiHiHI KOJHMBaHHS CHCTEM 3
OJIHAM CTYTICHEM BUIBHOCTI aKTHBHO JOCIIIKY-
10ThCS TpuBanuii gac [1-2]. Iompu 3HAUHY KiJTb-
KIiCTb IMyOMiKallill, IPUCBIYEHUX PO3B’SI3aHHIO 3a-
Aadi, o OmucyeThest piBHAHHAM Jlyddinra, pos-
[JISHYTa B CTATTI POTOpPHA CHCTEMa Ha MIAPUKOITI-
pumnavkosux (LIT) onopax, JIEMOHCTPY€E HH3KY
[IKaBUX TOHKHX HE3BHYHHX €¢(EKTiB, OB’ 3aHUX,
30KpeMa, 3 HasBHICTIO PE30HAHCHUX PEXKUMIB (ro-
JIOBHUM, CyOrapMOHIHHHMH 1 yJIbTparapMoHIHHUI
PE30HAHCH).

Y 6inbmocTi myoTikarliii OCHOBHA yBara ImpH-
TUTSETHCS MOXIIMBOCTSIM PO3B’ I3aHHS ACUMITOTH-
YHUMH METOJaMU HENMHIMHUX IudepeHIiaaIbHIX
PiBHSIHB, 110 € MOXJIHBHM Yy BHUIAIKy BiTHOCHO
JOCUTHh MaJiX KOoe(ilieHTiB MpH HETIHIHHOCTAX i
JOCITIDKEHHI PO3ODKHOCTEH Mk HaOIMmKECHUMHU
AHATITUIHAMH 3aKOHAMH KOJHMBAIBHOTO PYXy 1
EKCIIEpUMEHTALHIMHU BHUIIPOOOBYBaHHIMH.

B nHadrorazosiii ramy3i Bce dYacTilie MaeMo
CIpaBy 3 YCTaHOBKaMH, J¢ KOe(illi€eHTH HENiHii-
HOCTI y MPY)KHUX CHJIAX MOXYTh JIOCSITAaTH 3HAY-
HUX BEIHYMH. Y CYYacCHUX MOTYKHHX KOMIT IOTEp-
HUX MaTeMaTUYHUX CEPEOBHUIIAX 3’ SIBUJIACH MOXK-

JUBICTH JOCIIHKYBAaTH TOBEIIHKY MEXaHIYHOI CH-
CTEMHU B 3aJI€KHOCTI BiJl PI3HOMaHITHUX Hapamer-
piB: 30ypIOBAIEHOI CHIJIM ¥ BIIACTUBOCTEN CHCTEMH,
NOYaTKoBUX yMOB. ToOOTO, jpocmiguTH cuCTEMy
CTa€ MOXKJIMBHM Yy BHIIQJIKy CTAaliOHapHHX 1 mepe-
XiJHUX PEXHUMIB, HaBiThb y THX BUNAJKaX, KOJIU
OIMCATH PYyX 3a JIOMIOMOTO0 eJIeMEHTapHUX (PyHK-
i}f HEMOXKITUBO.

MocTranoBka 3axaui

Jlis mociipKeHHsS KOJTMBAIBHUX PYXiB poTOpa
Ha IIIT ommopax HEoOXigHO CKIacTH il MaTeMaTud-
HY MOJIEIb ¥ 3aliCaTy TUHAMIYHE PIBHSIHHS PYXY.
AHANITHYHO MOCIITUTH TapMOHIYHI KOJIMBAaHHS
i€l PpOTOPHOI CUCTEMH, MO0 3BOASTHCA JIO
pO3B’s3aHHS JIHIMHOTO pIBHSIHHS, IOOYIyBaTH
aMITTITyTHO-4aCTOTHI XapaKTePUCTUKH IS Pi3HUX
3HauYeHb 30YPIOBAIBHOI CHIM. 3a JOMOMOTO YH-
CEJNIBHUX METOJIB Y KOMIT IOTEPHOMY CEPEIOBHII
Maple mobymyBaTi 3aKOHM OCHOBHX KOIHBAHb PO-
Topa, (a3oBi TpaekTopii Ta GazoBuil mopTper.

1 MaremaTu4yHa MoJeJb POTOPHOI CHCTEMH
3riiHO 3 KOHTakKTHOIO Teopiero . I'epma mo-
TEHI[laJIbHA €HEPrisl POTOPHOI CHUCTEMH, J0 SAKOI
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BXOISTh [JBAa OJHAKOBUX MIAPUKOIIAIIMITHUKA
(1LIIT), OHI/IcyGTI:CH PIBHSHHAM

N
1= 2/7 __Z ka W5/2 _kzz W5/2'
n—l i=1 n=1li=1

Je: n —1 Jutst iBoro 1 N=2 s npasoro 11T,
N — kinbKicTh KyJboK, K, — koedimient I'epua,
IO 3AJICKUTH BiJL MaTeplany, 3 SKOT'O BHUTOTOBJICHI
KUTBIS 1 KYJIBKH | -0 KOHTakTHOT mapu Nn-ro ITITI,
W, — IpyKHa KOHTakTHa aedopmarist | -0i KOH-
TakTHOI mapu N-ro III1, o BU3HAYaETHCS 3MiIHOIO
BiZICTaHI MK LEHTpaMH pajiyciB KPUBU3HU 30B-
HIOTHBOTO 1 BHYTpIMTHKOTO Kijers 1.

Posrmsiremo nBa oxmaxosux III 3 Hepyxo-
MHUMH 30BHIIUIHIMH Kinblsimu (puc. 1), moBepxHi
KOYCHHS 30BHINTHHOTO 1 BHYTPINTHHOTO KiJICIh
SIKUX OIHUIIEMO Y CHCTEMaX KOOPJWHAT, 3B’ I3aHUX
3 BIJMIOBITHUMH KUTBISIMH, & KyJTbOK — y cepud-
HUX KOOPAMHATAX, BITHECEHUX JI0 IEHTPa KYJIbOK.

Jyig 3anucy piBHSHB pyXy POTOPHOI CHCTEMU

BBEJEMO JIBI cucteMu KoopauHaT: OXgYoZg,
HOB';BaHy 3 HEpyXoMoio ocHOBowo, 1 CXyz,

TIOB’ 3aHY 3 LEHTPAIbHUMH OCSAMH iHEpLii poTopa.
HKmo HepyxoMuMH € 30BHIimHI Kumemsg LTI, To
Bick Cy cHopsiMyeMO B3IIOBX TI'€OMETPHUYHOI OCi
iXHBOT MOBEpXHI MOCAIKH, a SKIIO BHYTPIIIHI —
B3JIOBXK OCi IIEHTPIB BaJla poTopa. BBaxkaTumemo,
[0 POTOp MWHAMIYHO 3pPIBHOBaKEHWM, TOMI CHC-
Temy KoopauHaT CXyzeubepemo Tak, o0 BoHa HE

npuiiMajia y4acTi y BIaCHOMY 06epTaHH1 potopa.
IlonoxxeHHs poTopa 3amaMO TPhOMA JIIHIHHUMH
X,Y,2 1 7ABOMa KYTOBUMH @Q,[3 KOOpJHHATAMH

(puc. 2).
[TonoxxenHs | -oi koHTakTHOI mapu N-ro 1T

BH3HAYAETHCS KYTOM @; , SIKHIT BIJPaXxOBY€ETHCS BiJ|
oci Oy B HampsiMKy obepTanHs poTtopa. [Jedopma-
IitO Ii€T KOHTAKTHOI Mapy MoIaMo Y BUTIISI
ym +Z|n Rl R2+d
_ n
Yin = (~1)" (R + R, =y +h,) +
+ [y -(- )nflalcos¢i + [Z+ (-2)" 51/3] sing; ;
Zin =(=0)"p — £1 - %)+
+[x+ (R +hp)(Bsing; - a cosg; )],
ne: Ry, Ry— paniycu HOpDXOK 30BHIIIHBOIO 1
BHyTpimHboro kimeup IIIT; hy, h,— Bigcrani Bix
oci o0epTaHHsS 10 30BHIIIHBOTO 1 BHYTPIITHHOTO
kineus HIII; ¢4, ¢, — BigcTaHb A0 MicLib IOCAAKU
aiBoro i mpasoro LUIT; d — niamerpu kyapok LIIT;
X,Y,Z — mepeMilleHHs poTopa; @, 5 — KyTH MOBO-
pOTy pOTOpa HABKOJO OCEH, MEePIEHAUKYISIPHUX
JI0 oci o0epTaHHs; Xy — 0cboBa Aedopmaliisi poTo-
pa, o BUHUKAE K Hacaigok mocamku IIIT 3 HaTs-
TOM.
3 ypaxyBaHHsAM BHpasy JUls MOTCHLiaIbHOI

eneprii (1) peakuis miaBicy potopa 1o KOOpAMHari
X 3aIlUILeThCs y BUTTIL

(2)

- x

v

Z ,
NNANNNNNNANNNNNNNN NANNNANNANANNNNNNAN

Pucynok 1 —PoropHa cucrema
3 IBOMA CHMETPHYHO PO3MillleHUMH
IAPUKOMIIIIUTHUKAMHI

A
Yla

0 R

Z, z

Pucynok 2 —CucTeMH KOOPAUHAT, OB’ A3aHi
3 HEPYXOMOI0 OCHOBOIO i IEHTPAJIbHUMU OCSIMH
iHepuii poropa

or7

2 N .
:_kzzvvi?FIIZavvln —

0X i 0Xx

_kz Z VV%/Z Zin .
n=li=1 Vy% +Z|n

Bbynemo BBaxkatu, mo 30amkeHHs kitenp [T
i 3yCHJUIIM OCBHOBOTO HATATY Oinblie aedopma-
Iiif B KOHTaKTHUX Mapax, BUKJIMKAHUX HaBaHTa-
KCHHAIMU 1 NIEPEMIILIEHHSMHA POTOpa. Y 1IbOMY BH-
NajKy JUId aHANITUYHUX JOCTIDKCHb JOULIBHO
cury npykH0CTi (3) po31<nacm B psan Teitmopa

Fxnp -

®3)

an_ np kz Z 1A2]Xm , (4)
n=1 m—lml
2
ne: FoP=-kY (—1)n ngz% =0 - my-
= Yot 2o
JTHOBMH wiieH psany Teitnopa,
) m m
n_0°f x=y=2=0 S m-uit koedi-
X" [a=p=0 X" |o

Li€eHT y po3knani B psin Teinopa,
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f=w 2 G _ dyHKuisa niHiHMX Ta
2 + 2
y|n Z|n

KyTOBHX IEPEMILIEHb POTOPA.
Otpumaemo nepuii Tpu KoeillieHTH y po3-
KJIaJli CUITH Ipy»KHOCTI (4)

A= @0 o A |32, Wayh || _
n
0 lo yon+zn|2 " \y2+2 Jlo
_ YWo |32, WoYo =A;
2+ 2 2 2 2 !
Yo+ % Yot
02 f W,
A = 2| ~4ny 2 N 2~
ox Yin *Zin
x[ 1 ( A (182, inYin N
n
ZW'nL Y|n+Z|% 2 Y|n+zi% 0
4+ 1 3+ Yo WY _
2 2 {(—)3
yi%\ + Zi% yin + Zin yI% + Zi% 0
=(-1)" 2z 2W0 5 %
Yo+ 7%
2
{21 (1_ 4wy gngr WoYo |,
Wol  [y2+22 V2 +230
L1 3+ Y0 . WoYo . =(-1"A,,
Vo+zo| Yotz [[y2+z2
31 04 f
n n n
I RN
x> * ax

et Yo =(=1)"(Ry + Ry =y +hy);
29=(~1)"(¢2 -1~ x0);

Wo=4¥5+25 ~R-R,+d.

3 ypaxyBaHHAM KoeQimieHTiB A} BUpa3 s
cumu npyxuocti (4) 3 gBoma omHakoBumu IIITT
HaOyBa€ BUIIISALY

2 [ 1 .
np _ _ 2m-1
P DI T

n=1| m=1
1
(‘1)nWA2mX2m} = %)
00 1 _
__Zkz (2 1)| 2m—1X2m !
m=1

2 JlunamiuHe PpiBHAAHHA PYXy POTOPHOL
CHUCTEMH

3 ypaxyBaHHSIM JBOX MEPIINX UWICHIB y PO3-
Kiaaai cunn npykHocTi (5) 1 crm B’ A3KOrO TEPTS
PIBHSIHHSI PyXy POTOPHOI CHCTEMH Ha JIBOX CUMET-
puunux LIIT omopax B3moBXk oci 00epTaHHS 3amu-
CY€ETBCS Y BUTIISIL

mi(+,8>'<+2kALx+§A3x3 =H, sinwt,
abo
%+ hx+ wpx+bx® = H sinwt (6)

2kA

m

B

ne: h=-— —xoediuieHT 3racanp; y =
m

kA

BJIaCHAa YacToTa poOTOpa,; b—3— — Koe]ilieHT
m

HeJNiHIHOT CKI1agoBOi MPYKHOCTI POTOPHOI CHC-

Ho . .
temn, H =— — ammurityna 36yproBaabHOI CHITH
m

Ha OJIMHHIIO MaCU POTOPHOI CHCTEMH.

PIBHHHHH (6) BinHOCATH N0 THIY piBHSHB
I[yq)(i)lﬂra I[HHaMque piBusHHs pyxy IUIT poro-
pHoi omopu (6) HemniHiliHe, a MiANATIAUBICTD CAMHX
IIIT mpu3BOAUTH A0 3HAYHOTO 3HWKEHHS pe30Ha-
HCHUX IIBUAKOCTEH, TOMY CyOrapMOHIWHI Ta yiIb-
TparapMOHIHHI KOJUBAHHS POTOpPA, ITOMIIIIEHOTO B
LIIT omopy 3 Npy>KHUMHU ONOPAaMHU, MOKYTh BHHH-
KaTH B poOOYOMY Jiama3oHi IIBUAKOCTEH [4].
Ockinbku B (6) KoedilieHT pH HEMiHIHHOMY YITe-
Hi (D) Toro  MopsAAKy, 10 1 NpH JNiHIITHOMY (a)g),
TO AJIsl PO3B’ I3aHHS LLOTO PiBHSHHS ACHMIITOTHY-
Hi MeToJy, 3a JOIOMOIOK0 SIKHX, 3a3BHYaii, 1ocii-
JOKYIOTh KBa3UTiHIHHI CUCTEMH, Y IIbOMY BHIAAKY
HETIPUIATHI.

IIpu oGepranHi poTopa Ha MiAMIMITHUKOBHX
Omopax BUHHMKAIOTh CYOTapMOHIWHHI KOJNHMBaHHS
NapamMeTPUIHOTO i KOMOIHAUIHHOTO THUIly, BUKIH-
KaHi pPI3HOMAaHITHUMH YWHHUKAMH, TaKUMH, SK
KyTOBa MIBUIKICTb POTOpA, ,Z[I/IHaMi‘lHi HaBaHTa-
JKCHHSI Ha OIOpH, T€OMETPid AOPIXKOK 1 KYJIBOK,
SIKICTb  OOpOOKH TMOBEPXOHb, IO KOHTAKTYIOTb,
pagiaTbHUM 3a30pOM, JKOPCTKICTIO IiAIIHAITHUKIB.
IlepeniueHi YMHHWKH BHWKJIMKAIOTH 3HAYHI TPYI-
HOIII y CKJIAJaHHI TOYHOI MaTeMaTW4YHOI MOCIi
PYXy poTopa, L0 NPU3BOAUTH A0 HEOOXiZHOCTI
NPURHSTTS CIIPOLICHB.

! 3puuaiine zmq)epeHuiaane piBHHHHH JIpyroro
TOPSAKY +kx +a)0x+a'x =Fcoswt, ne
k>0, wy,a,F,w —crani. lle auHamiuHe piBHSHHS
pyXy CHCTeMH 3 HENiHiI{HOIO BiJHOBIIOBAJIBHOIO

"l

= —a)gx—a’ x>i sracammsM, o 3xiifc-
HIOE BUMYILICHI KOJHMBAaHHS MiJ Ai€I0 TapMOHIYHOT
30yproBanmpHoi cumm Q=Fcosat. Ilpu a>0

CHJIIy TIPY)KHOCTI Ha3MBalOTh >XOPCTKOIO, a IIpH
a < 0— M’ sikoro0. Briepiie mocmimkeHHsT po3B’ 3KiB
1poro piBHAHHA NpoBiB I'. Ayddinr.

cwnoro Fpy
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x(?)
2 -
[
Ta
N
\
0
-1
24

a) & =4panlc

6) « =1pan/c

Pucynok 3 —OcboBi kosmmanus IIII poropHoi CHCTEMH
ans wy =1pan/e, h = 0,4pan/e,b=1 (Mc)”

3 YucenbHe 0CTIKEHHSI TapMOHIYHUX
KOJHMBaHb POTOpPa Y MaTeMaTHYHOMY cepeno-
puii Maple

B naniit craTTi akmeHTyeThCsS yBara Ha Jie-
SIKUX XapaKTePHHUX eQeKTaX, OB’ s3aHUX 3 TIPO-
0yieMot0, 0 PO3TIIAMAETHCS, Ta Ha PO3poOIl Me-
TOJiB KOMII IOTEPHOT0 MOENIOBAHHS CTOCOBHO JI0
3a/1a4 TUHAMIKY MaIliH.

Excriepnvent cBigunth, mo, Ha BIAMIHY Bix
MHIHHUX KOJMBAJIBHUX CHCTEM Yy HEJIHIHHUX CHC-
TeMax, pyX SKUX OMHCYEThCS piBHAHHAM yddin-
ra, iCHyIOTh KOJTUBaHHSI, YacTOTA AKHX:

— MEHIIIE YacTOTH 30YypIOBaJbHOI CHIM W B
KpaTHE YHCJIO Pa3iB — TaKi KOJWBAaHHS HAa3UBAIOThH
cyOrapMmoHiiiHuMu  nopsaaky &/ 2,wl3,al 4
TOLIO;

— BUIIIE YaCTOTH 30yPEeHHS (v B KpaTHE YHCIIO
pasiB — Taki KOJWUBaHHS HA3WBAIOTh YIbTparapMo-
HiYHUMH a00  CymeprapMOHIYHUMH  HOPSIOKY
3w, 5w, 7 Tomo [3].

Ha puc. 3,a¢ HaBeneHO OTpHMaHi MUITXOM
KOMIT FOTEPHOTO MOJICTIOBaHHS Tpadiku OChOBUX
konuBanb I poTopHOi cucTemu s pi3HUX Yac-
TOT 1 aMILTITyJu 30ypIOBaJibHOT CHIIM: AAJEeKO BiJ

30HH PE30HAHCY Yooy (puc. 3,a) i B 30Hi Tap-
Wy

MOHIHHOTO pe3oHaHCy. JloCHiIKeHHS MOKa3aly,
10 301BIIEHHS YaCTOTH 30ypIOBAJIHOI CHIIN TIPU-
3BOJIUTH IO 30UIBIICHHS IIOSBH CyOrapMOHIK Ta
3MEHIICHHS aMILTITYyJ1 KOJHBAIBHOTO PYXy POTO-
pa, 1 HaBITaK¥, 3MEHIIIEHHS YacTOTH 30yprOBaIbHOL
CHJIM — 10 30UIBLICHHS YJIbTParapMoHiK Ta 3011b-
HICHHS aMIUTITYAX KOJHMBaHb POTOpa ax A0 pe3o-
HAHCHHX 3HAYCHB.

VY pe3ynpTaTi KOMIT I0TEPHOTO0 MOCITIOBAHHS
TaKOXX BJAJIOCS NEPEKOHATUCH y TOMY, IO, TTOYH-
HAIO4W 3 IIEBHOTO MOMEHTY 4acy, KOJHMBaHHs BCe

HIBHIIIC BXOJATH Y CTAIIOHAPHHUN PEKHM, y SKO-
MY CIIOCTEPITAETHCS HASBHICTD JIMIIE TAPMOHITHUX
KOJIMBaHb y BUNAAKY BiJTaJIeHHS BiJ 30HHU PE30-
HaHCy. ToOTO 3 IEsIKOro MOMEHTY 4Yacy 3racaHHs
KOJINBAHb MPUITHHIETHCS.

OmHUM 13 SIKICHUX METOIIB NOCHIIKECHHS He-
JMHIHHAX KOJUBAJIBLHUX CHUCTEM € METOJ (1)a30130'1'
momwny [4]. dasosuit noprper U 3BEJICHOI aM-
HJ‘IlTyI[I/I 30ypeHoi cuu H =10m/c? 1(1);130131 Tpae-
kropii mmst H =5wm/c® ta H = 2m/c? nokasano Ha
puc. 4-6 3 ypaxyBaHHAM nemiyBaHHS
(h=04pan/c) i 6e3 HbOrO. 3 HaBEJCHUX rpaq)iKiB
BHJIHO, WO (a30Bi TPAEKTOPIii yTBOPIOIOTH CiM'I0
cripaieif, 10, HABMBAKOYACH, 3MILLYIOThCSA B Oik
MoYaTKky cucreMu koopauHaT OXX 1y BUMAIKy

HasIBHOCTI ;[eMn(byBaHHﬁ (h=04pan/c Ha
puc. 4,a-6,a) 3MmilieHHs BifOYBaeTbCs IIBUALIE,
HiX 3a Horo BigcytHocTi (h = Ona puc. 4,6-6, 6).

4. AHajliTH4yHe AOCJiIZKeHHS] TAPMOHIYHUX
KOJIUBaHb POTOpPa

AHaJTITHIHE JOCTIHKEHHS] TPOOIeMH Bpaxy-
BaHHS HENIHIMHUX CHWJI TPU HEOAHOYACTOTHOMY
30ypeHHi OazyeThcs Ha imei momury pyxy. Ilpm
ILOMY PO3POO0JICHO JCKiIbKa MiAXOIIB, B SIKUX PyX
CHUCTEMH PO3TIJISIIAIOTH K CYKYITHICTh JIBOX PYXIB,
a caMe. BIJOKpEMJICHHS THX pPYXiB, IO 1CTOTHO
3ajeKaTh Bij gucwmanii (pe30HAHCHMX) Bil THX,
10 TPaKTHYHO HE 3ajeKaTh BiJ mucumartii (Hepe-
30HAHCHUX), AKI YMOBHO MOYXHA TIOAUTUTH Ha JIBA.
[epmmii miaxix 6a3yeTbesi HA METOAAX TapMOHIN-
HOT abo crarmcTryHOi NiHeapw3arii. Jpyrui min-
XiJI, 3aCHOBaHWI Ha 11esX BiOpaIliiHO1 peoJIorii, 3a
SKAM PyX TOAUISIIOTh Ha IMIBUIKHWKA 1 TMOBUIBHUMH, 1
BU3HAYCHHS TaK 3BaHMX BiOpaIriiitHuX cwi, sKi Bij-
TBOPIOIOTh BIUTUB BUCOKOYACTOTHHX CKJIAJIOBUX
30ypenns [5].
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HocnigxeHHs ta merogu aHanizy

x(?)

a) h=04pan/c 0) 6e3 neMndyBaHHSI

Pucynoxk 4 —®a3ouii moptpet LTI poropHoi cucteMu
mas X, =0, wy =1panle, « =4pan/e,b=1 (c)? H = 10m/c?

X(1)

0,5 x(2)

a) h=0,4pan/c 0) 6e3 neMrdyBaHHs

Pucynok 5 —®a3oBa tpaexropisi LLIII poropHoi cuctemu
st Xg =05Mm, % =0, @y =1pan/e, « =4pan/e, b =1 (mc)?, H = 5m/c?

X(7)

/

A

002 0.4 0,6 0,8] x()

a) h=0,4pan/c 0) 6e3 neMndyBaHHS

Pucynok 6 —®azoBa Tpaexropisi LIII1 poropHoi cucremu
s Xg =05m, X, =0, w, =1pan/c, & =4pan/c,b =1 mc)?, H = 2m/c’
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HocnigxeHHs ra merogu aHanizy

®, paxn/c

----- H=5 —=—-H=2 —==H=05
KiCTﬂKOBa KpuBa

a) h=04pan/c

, pan/c

2 4 6 s 10
----- H=5 —— H=2 —— H=05
KiCTﬂKOBa Kpl/IBa

6) 6e3 neMipyBaHHs

PucyHok 7 —AMIUIITY/IHO-4aCTOTHI XapaKTepHCTHKA rapMomlumx KOJIMBaHb POTOPA
nas w, =1pan/e,b =1 fuc)?

o6 mocmigutu LI poropHy cucTteMy Ha
rapMOHIYHI KOJHMBAaHHS YaCTUHHUH PO3B’ 30K piB-
HsHHA (6) IIyKaTHMEMO y BUTIIS

(7)

x =C; sinwt +C, coswt ,
C,,C, — cranmi xoedinieHTn.
Hesinomi cram koedinientu C;,C, 3Haiine-

MO IIJISXOM ITiJICTAHOBKA YaCTHHHOTO PO3B’ SI3KYy
(7) B piBHsHHS (6)

[Cl(wg —a)z)—

ac

3b

hwC, +7 C1 +C5 )} sinwt +

‘{Cz(wo a)2)+ hwC, +—c2 c1 +C

| cont-
)

_(;l((‘,l 3[:2)sm3wt+2(:2(02 -3C{ | coBat =

=Hsinat .
3 (8) my1st rapMOHIYHUX KOJHBAHb MaEMO
cl(wg - w? +374bA2j ~hwC, = H;
. )
cz(wg -’ +7A2j +hwC, =0,

e A= \lClz + C22 — aMIUITyla TApMOHIYHUX KO-
nuBaHb. [1030yBIIMCh Y cuctemi piBHSAHE (9) Koe-
¢imientiB C; i C,, oTpuMy€eMO aMILTITYAHO-9ac-
TOTHY XapaKTEPUCTUKY IIUX KOJIMUBAHb

2
A(wg—w%%ﬁj +(hw)?> =H. (10)

AMITTITYTHO-9aCTOTHY KpPHBY [UIS PI3HUX
3HAYCHb aMILTITyId 30ypIOBAIBHOI CHIIH 300pake-
HO Ha puc. 7. OUeBUIHO, IO Yy POTOPHIN CUCTEMI 3
neMndysanHsaM (puc. 7,a) MakcUMalbHA aMILIi-
TyJa KOJHBAHb MEHINA, HK y BHUIAAKY KOJHUBaHb
6e3 memmndysanus (puc. 7,6). Haxwmn KiCcTIKOBOI
KpHBOi IIOB SI3aHWHA 3 HASBHICTIO HEIHIHHOCTI.

(8)

Ockinbku 'y potopuiii cucremi na LHIT omopax
NPYXKHICTh KOPCTKA, TO BOHA HAXWJICHA BIPABO, &
KyT HaXWiTy 30UTBITYyE€ThCS 13 30UTBIICHHAM KOe-
(dimienTa HenmiHIAHOCTI. Y Takifl cucTemi OnmHIH
4acTOTI 30YPIOBAIBHOI CHJIM MOXE BIAMOBiAATH
TPH 3HAYCHHS AMILTITY /1A

3asnaunmo, wo y niniinomy Bunazky (b =0)

aMHHlTyZ[a FapMOHl‘{HI/IX KOJINBAHb
A: H 3 MAaKCHUMaAJIbHUM 3Ha-
2
\/(wg—a)z) +(hw)?
. ___H _ h*
YEHHAM A = — T W= s - >
h| 2_h%
o

O,Z[HaK Ha BiI[MiHy BiJ NIHIMHUX KOJWBaHb
HABITh 32 BIJICYTHOCTI JieMI(pyBaHHS MakCHMallbHA
aMIUTITy/la KOJMBAaHb OOMEKEHA, IO 3YMOBIEHO
HasBHICTIO HENiHIMHOCTI y cwii mpyxHocti LTI
omopu (puc. 8).

BucnoBku

3 oTpuMaHUX AOCTIKCHb YHUCEIHHOTO 1HTET-
pyBaHHS TUHAMIYHUX PIBHSIHB PyXy POTOPHOI CHC-
TEMH BHJHO, 1[0 XapaKTep OChOBHX KOJIHBAIHLHHX
pyxiB poropa Ha cumeTpuunux IIII1 omopax 3ane-
JKUTh BIJ CIIBBIHONIEHh MiX KoedillieHTaMu

npyxHocTi A i A,, KOTpi, B CBOIO uepry, € QyHK-
LiSIMH TIOYAaTKOBHX YMOB 1 TEOMETPUYHHUX TapaMe-
TpiB camux IIII1.

Bomnodac y poTopHHX cHCTeMaxX 3 HeJiHIN-
HOIO KOPCTKICTIO OKpIM TapMOHIYHUX KOJIMBaHb
nopsaky 1, (ocobmuBo y nepexiqHux (HecramioHa-
PHHX) 1 PE30HAHCHUX 30HAX), MOXKJIMBE BUHUK-
HEHHS yIbTparapMOHIYHUX 1 CyOrapMOHIYHUX KO-
JMBaHb.
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HocnigxeHHs ta merogu aHanizy

a) h=04pan/c 0) 6e3 nemrpyBaHHS

Pucynok 8 —AMIIIiTY1HO-4aCTOTHA XapaKTepHCTHKA rapMOquan KOJIMBAHb POTOpa
nas wy, =1pan/e,b =1 fme)?, H=10m/c’

Jimepamypa 5 Kolsch H. Simulation und Identifikation von
Bauteilen mit statischer Hysterese / Kolsch H. —
1 bnakwsep O. Ananuz HenumHenHbx cucteM /  Dampfung und Nichtlinearitat. Dusseldorf: VDI. —
Bbaaksep O. —M.: Mup, 1969. — 40@. Verlag, 1993. - S. 179-194.
2 Ckotrr D. HenuneidHas Hayka: poKIACHHE U
pasBUTHE KOTepEHTHHIX CTPYKTYyp / CkOTT D. —M.:

®usmatiut, 2007. — 56@. Cmamms nadiviuiia 00 pedakyiiHoi Konezii
3 Kypasnés B.®. [Ipuknaansie MeTOAbI B Te- 09.06.11

opun kosebannii / Kypasnés B.D., Knumos I.M. Pexomenoosana 0o opyky npoghecopom

—M.: Hayka, 1988. — 328. Bexepuxom B.1.

4 Bynbdcon U.M. KommbroTepHoe monenu-
poBaHue AMHAMHUYECKHX 3((eKTOB, 00yCIOBIECH-
HBIX HEJTMHEHHBIMH JJUCCUIIATUBHBIMU CHJIIAMU NIPU
HOJIMTApPMOHUYECKOM BO30yxneHun / Bynbdcon
WM. /] Teopus mexanuszmoB u Mamu. — 2005. —
Ne 2. —Tom 3. —C. 42-53.

ISSN 1993—9973. Po3gigka Ta po3pobka HadpToBMX i rasoBux pogoBuwl. 2011. Ne 3(40)



