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MATEMATHYHUA METOJ BUSHAYEHHSI CTIMKOCTI
KOJIMBAJIBHUX CUCTEM NI A1€10 30BHIIIHIX BIBPOYJIAPHHUX
HABAHTA’KEHD

IBanuyk 4. B.
BiHHHUIIbKWI HALlIOHATBHUN TEXHIYHUHN YHIBEpCUTET, M. BinHuUI, YKpaina

Anomauia. 3acmocysanns 8ibpayilinoi mexHono2ii sumazac noenubIeH020 8UeHeHHs Qi3UUHUX A6ULY,
AKI  BUHUKQIOMb Y PISHUX KOAUBANbHUX CUCTNEMAX 3 MEmOI0 GUIHAYEHHS ONMUMANbHUX Nnapamempie
8iOpayitinoco 0OAAOHAHHA 05l NIOGUWECHHS eBeKmUSHOCMI MexHOoAo2IYHUX npoyecis. Mis 6ibpoyoapHux
HABAHMANCEHb 8 HENIHIUHUX MEeXAHIYHUX CUCMeMAX NPpU3eooums 00 NoAsU (QI3UMHUX A6UWY, AKI MOXNCYMb
mamu, K KOpucHuil, max i Hebesneunuti xapakmep. Heobxionicms nosacrenns i mamemamuyHo2o onucy paoy
CBOEPIOHUX (DI3UYHUX A6UWY, NOG A3AHUX 13 Oi€l0 6IOpaYlll HA MeXAHIYHI cucmemu, 00360J8€ Po3poosIMuU
NEPCReKMUBHI  MAMeMamuyni Memoou PO3PAXYHKY CKIAOHUX KOIUGANbHUX cucmem. Memorw danoeo
00CI0JCEHHS. € PO3POOKA YHIBEPCAILHO20 MAMEMAMUYHO20 Memo0d)y OISl 8USHAYEHHSA YMOBU CMIUKOCMI i
NOJOJICEHb PIBHOBA2U KOAUBAILHUX cUcmeM nid OI€H0 308HIUHbO20 8IOPOYOAPHO20 HABAHMANCEHHS. 32I0HO
meopii @noke-JIanynosa, 3a 0onomo2oio nepioduunux Gyukyiu I pina na 6asi ougpepenyianrbHux pieHsIHbL PYXY
i gioomux Kpumepii@ ONMUMATLHOCMI KBA3IKOHCEPBAMUBHUX CUCeM, OVIU GU3HAYEHI NOJONHCEHHS
K8a3ipigHo6azu KOMUBANbHUX cucmem. [{na KoaueanvbHoi cucmemu y 6ueiadi @Qi3uyHo20 MAsmHUKa 3
8IOPYIOUOI0  GICCIO, MAMEMAMUYHO ONUCAHI 00aacmi CmiUKoi pieHo6azu | MAMeMAMU4YHO ORUCAHA
Modcausicms cmadinizayii pescumis pyxy maxoeo MasmHuka npu iMRYIbCHUX KOTUBAHHAX MOYKU NiOGICY.

Knrouoei cnosa: yoap, konusanus, cmilikicmo, giopayii, MamemMamuyHuii Memoo

OkpeMor0 4acTHHO y Teopli BiOpaiiitHuX mporeciB 1 MamuH [1] € TeopeTudHe MOCHiIKEHHS
SIBUIL], 1110 BUHUKAIOTh MPU Jii BIOpOYAapHUX HABAaHTAKEHb y HENIHIMHUX KOJMBAJIBbHUX CHCTEMaX.
Jlo aHuX SIBUI BIJHOCATHCS 3HUKHEHHS KOJIMIIHIX 1 [T0sIBa HOBUX MOJIOKEHb PIBHOBArU 1 BUAIB PYXY
KOJIUBAJIBHOT CUCTEMH, 3MiHa XapaKTepy MOJIOKEHb PIBHOBArH (TOOTO iX CTIMKOCTI a00 HECTIHKOCTI)
[2, 3].

Mertoro aHuX AOCIIPKEHb € POo3po0Ka MaTeMaTUYHOI'O METO/Y TEOPETHUYHOIO JOCIIIKEHHS
MOBE/IIHKH KOJINBAJILHUX CUCTEM, SIK1 IPEJCTAaBICH] Y BUTTIAAI (P13MUHOTO MasiTHUKA /1711 BUSBJICHHS
YMOBH CTIHKOCTI 1 piIBHOBAru mij Ji€ro BiOpOyJapHUX HaBaHTAXEHb.

Posrnsinemo ¢i3nuHuit MasTHUK NpejacTaBieHUil Ha pucyHky 1. Hexail @ — KyT BiIXHWJIEHHS
MasiTHMKA Bl BepTUKaJIbHOI Bici. Hexail Bick mifiBICY MasTHHKA 3/1HCHIOE KOJUBAHHS 110 3aKOHY
MIPE/ICTaBICHOMY Ha PUCYHKY 2 13 BIIMOBIAHUMH (DYHKIIISIMU:

_A(2 1) ettt
1t () = 2(t Tt), te[0,T]; "
,uf'(t):—,u-i-,uTé‘T(t),

ne t=KT, k e T, a u=const — mapameTp, 1110 XapaKTepU3ye aMILTITy Ly T-TIepioAnYHOT yaapHOI BiOpartii

f(t).



Puc. 1. Po3zpaxynkosa cxema Ounamiku izuunozo maamuuka nio 0icio ¢iOpoyoapHux Ha6aHMAa}CeHb
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Puc. 2. Jliazpamu 3axony pyxy 6ici Konueanusa Qizuunozo maasmHuka

PiBHsiHHS pyXy (pi3udyHOrO MasiTHUKA (AUB. pHC. 1):

O+ %0+ uf (t)@+206 =0, )
ne QF = g/l - BnacHa yacTtoTa KOJNMBaHb MasTHHKA, D — koediuieHT nemdyBaHHs, 0 — QYHKIIs
I'pina [4].

[Tepenumemo piBHSIHHSA (2) y BUIIISIL:

@+|:l—,u+,uT5T(t)]X=0,luzlulrl. @3)

3rigno Teopii ®noke-JIsmyHoBa, IKy MU MOKEeMO (OpMaIbHO BUKOPUCTATH JJISl PIBHSHB 13 O-
GYHKIISIMH MOXJIMBA TIOSBa MEPIOAMYHUX PO3B’s3KiB 3 mepiogoM 7' 1 27. Jlna T-mepioanyHUX
PO3B’A3KiB MAa€MO 1HTETrpajibHE PIBHSIHHS:

o) = —,uT-lf- x(t— 5)5T O(s)ds. 4)
0

I3 1aHOTO 1HTErPaIbHOIO PiBHAHHS OTPUMYEMO CITiBBITHOIICHHS:
O(0) = —uT x(0)©(0) . ()
[Mepiognuna ¢yukuis ['pina Bu3HavaeTsest hopmynoro [5, 6]:
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YMoBa iCHYBaHHS 1-TIEPiOJJUIHOTO PO3B 3Ky TSt 4 € (0,1) :
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Benemo nactymnui mosnauenus Q=1, b=0. I3 piBastaus (4) i T-nepioJUUHUX PEXHUMIB IIPH
U €] — 00,00 3HaligEMO:

Ot) =—ux(M)O0) — uy(t-T /1 2)O(t / 2). 8
[MocnigoBHO npuiimaroun t=0 i T/2, npuxoaumMo 10 0AHOPIIHOI JTiHIHHOT anredpaidHol cCUCTEMH,
SKa CKJIAJJAEThCSI 13 PIBHSHD:

{@(0)[1— 2O+ ux (T 12)0(T 12) =0, o)
OO) -y (T /12)]+6(T12)[1+ y(0)]=0.
["0n10BHMIT BU3HAYHUK CUCTEMH PiBHSHB (9):

1- 1’22 (©) + 1 (T 12) %0, (10)

Tak sk () = ;cos(t T 1 2)[sin(T /2)] L

;(2 (T/2)> ;(2 (0). Tomy T-mepiomMYHUX pESKUMIB y Hac Hemae, a Juig 27-miepioJgnvHUX
CUMETPHUYHHX PEKHUMIB, BUKOHABIIM aHAJIOTiuHi mpocTi il [2, 4], oTpuMaeMo HACTYIHY YMOBY
icHyBaHHs: T 2Ctg(n/w). [licnst ckiIafeHHs MO MOMePeAHbOMY 3pa3Ky XapaKTePUCTHIHOTO PiBHIHHS
[1, 5], Bu3HauaeMO yMOBY MapaMETPHYHOTO PE3OHAHCY, SIKE XapaKTEPU3YEThCS PIBHICTIO
u? > actg?(z | o) .

Ha pucynky 3 nokasana giarpama criiikocti [5]. O6macti HeCTIKOro pyxy IITPUXYHOTHCS.
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Puc. 3. Jliazpamu cmiiikocmi konueanv izuunozo maamuuka nio 0icro 6iOpoyoapHux HA6AHMAINCEHD




3amMiTUMO, 110 TpH 1>1 crcTeMa MOXKe PO3IIISIIATHCS K CUCTEMA i3 BiJl EMHOKO YacTOTOIO, IO
BIJINIOBIJIa€ «IIEPEBEPHYTOMY» MasATHUKY. OTpuMaHi pe3yabTaTd TOMY BIANOBiIAOTH H00pe
BiJIoMOMY (haKTy PO MOXJIMBICTh CTa0LIi3aIil PSKUMIB PYXy TaKOTO MasTHHUKA MPH KOJIMBAHHIX
TOYKH mifBicy [2, 4].

MATHEMATICAL METHOD FOR DETERMINING STABILITY OF VIBRATION
SYSTEMS UNDER EXTERNAL VIBRATION LOADS

lvanchuk Yaroslav

Abstract. The use of vibration technology requires an in-depth study of the physical phenomena that
arise in various oscillatory systems in order to determine the optimal parameters of vibration equipment to
increase the efficiency of technological processes. The action of vibration shock loads in nonlinear mechanical
systems leads to the appearance of physical phenomena that can have both red and dangerous characters. The
need for explanation and mathematical description of a number of peculiar physical phenomena associated
with the action of vibrations on mechanical systems allows us to develop promising mathematical methods for
calculating complex oscillatory systems. The aim of this study is to develop a universal mathematical method
for determining the stability conditions and the equilibrium positions of oscillatory systems under the influence
of an external vibro-shock load. According to the Floquet-Lyapunov theory, using the periodic Green's
functions on the basis of differential equations of motion and the known optimality criteria for
guasiconservative systems, we determined the positions of quasiequilibrium of vibrational systems. For an
oscillating system in the form of a physical pendulum with a vibrating axis, the regions of stable equilibrium
are mathematically described and the possibility of stabilizing the modes of motion of such a pendulum with
impulsive vibrations of the suspension point is mathematically described.
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