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Apocnae leanuyk

MATEMATHUYHWI METO/I BA3BHAYEHHSA CT[fIKOCTI KOJIMBAJIBHUX
CUCTEM I AI€I0 30BHIIIHBOI'O BIBPAIIIMHOI'O HABAHTAKEHHA

Axkmyanvnicms memu 0ocniodxcenHa. 3acmocysanns 8iOpayilinoi mexHonozii sumazac no2nubIeHo2o sugHeHHs Qizuy-
HUX AUy, SKI GUHUKAIOMb prS’HMX KOAUBAJIbHUX cucmemax, 3 Memoro 6USHAYEeHHA ONMUMAIbHUX napamempie 6i6pauiﬁnozo
001AOHANHS N5 NIOBUUEHHS eDeKUEHOCMI MEXHON0IUHUX NPOYECI8.

Ilocmanogxa npoonemu. [is 6ibpayii 6 HeniHitIMUX MEXAHIYHUX CUCIEMAX NPUBOOUMb 00 NOAGU QI3UUHUX AGUWY, AKI
MO2ICYymMb Mamu AK KOpUcHul, max i Hebesneunuil xapaxmep. HeoOxionicmo noscnenms i mamemamuino2o onucy paoy c8oe-
pionux gizuunux a6uwy, no8’a3aHux i3 dicio 8ibpayitl Ha MexaHiuHi cucmemu, 0038015€ PO3POONAMU NEPCREKMUBHT Mamema-
MUYHT MEmoOu PO3PAXYHKY CKIAOHUX KOTUBATLHUX CUCTHEM.

Ananiz ocmannix oocnioscens i nyonikayiii. Y oinvuwocmi npaysb na 6a3i po3pobreHux oKpemux MamemamuyHux mo-
denetl 610 Po32nAHYMO NIUE BIOPAYil HA MeXAHIUHT cucmemu, AKi 00380IUU MEOPEMULHO JOCTIOUmMU NPoYec CUHXPOHI3A-
yii'i obnacmi cmitikocmi KOAUBATLHUX CUCEM.

Buoinenns nedocniosycenux uacmun 3a2anvhoi npodaemu. Y naykosux npaysx eiocymmiti cOuHuUll ynieepcanbHuil ma-
memMamudHull Memoo, AKUll 0036015€ MEOPEMUUHO 00CTIONCY8ATNU KOIUBANLHI CUCeMU HA YMOBY CHILIKOCI Ul pigHOBA2U.

Ilocmanogka 3as0anns. Memoio cmammi € po3pobka yHieepcanbHO20 MaAMeMamuyno20 Memooy Ons GUSHAYEHHS. YMO-
8U cmilkocmi Ui NON0JICEeHb PIBHOBALY KOTUBALHUX CUCIEM NiO JI€I0 308HIUWHBLO20 8IOPAYIIHO20 HABAHMAIICEHH.

Buknao ocnosnozo mamepiany. 3a inmezpanvroio ymosoro Ilyankape-Jlanynosa na 6asi ougepenyianvhux pieHans py-
Xy U 6I0OMUX KpUMEPTi8 ONMUMATLHOCMI KEA3IKOHCEPBAMUBHUX cucmem Oy GUHAUEH] NOJIOJICEHHS K8A3IPiGHO208a2U KO-
JAUBATIBHUX CUCMEM.

Bucnogxu ¢ionogiono 0o cmammi. /[ns xonuganvHoi cucmemu y @uenaodi izuuHoco mMasmuuxa 3 8iopyiouoio eiccio,
MamemMamuiHo onucano Qizuyte Aguuje «8i08EO0CHHY, WO XAPAKMEPU3YEMbCA 3MilYeHHAM eleMeHMi8 KONUBANbHOI cucme-
MU 8i0 AHANO2IYHUX NONOJICEHb PiGHOBA2U De3 HaKNadanHa 308HIwHIX eidpayiil. [Jocniodceno eghexm camocunxponizayii ons
KOUBANLHOI cucmemu, o npeocmagiena y ueiaoi He3pieHoBAICEeHUX pOMOPI6 Ha 8iOPYIOUTl OCHOBI.

Knruoei cnosa: sidpayii; konuganvua cucmema,; CmilKicms, eKCmpeMyMm, pieHogaza,; ONMUMATbHICIb, CUHXPOHIZAYIA.

Puc.: 2. bion.: 12.

AKTYaAJILHICTh TEMH J10C/TiKeHHs. BiOpalliiiHa TexHiKa i TEXHOJIOTIs, SKa MPEICTaBICHA Y
BUTJISIII KOJIMBATLHUX CHCTEM, 3 KOXKHUM POKOM PO3IIUPIOE chepr CBOTO 3aCTOCYBAHHS i TIOCITa€e
BCEOUTBII MILHI MO3MULIT B PI3HUX Taly3sX MPOMHUCIOBOCTI, OyAIBHHULITBA, TPAHCHIOPTY Ta CUIb-
cbKOro rocnofapcTsa [1]. 3acrocyBaHHs BiOpaIliitHOT TEXHIKU Ja€ 3MOTY KOPIHHUM YHHOM YJIO-
CKOHAJIMTH TPAJULIIIHI TEXHOJOIUHI mporecH [2]. 3pocTaroui BUMOTH 0 €EeKTHBHOCTI BiOpa-
LIHOT TEXHIKM BUMAraroTh MOTrJIMOJICHOr0 BUBUEHHS (PI3MUHMX 3aKOHOMIPHOCTEN BIUIMBY BiOpa-
1ii Ha X1]1 TEXHOJIOTTYHUX IIPOLIECIB 1 MOAAIBILIONO PO3BUTKY MUTaHb BIOPALIHOT TEXHOJIOTTi.

ITocTanoBka npodaemu. He3paxkatoun Ha Te, 110 (HI3UYHI KOJIMBAJIbHI CUCTEMH HEJIHIN-
Hi, psJ 337a4 TEOPETUYHOTO JAOCTIHKEHHS KOJIMBaHh MEXaHIYHUX CHCTEM MOKe OyTH yCHilll-
HO PO3IJISHYTO B JIIHIMHIM MocTaHoBLI, TOOTO 0e3 ypaxyBaHHS HeNiHIHHUX (akTopiB [2]. is
BiOpallii B HENMIHIMHUX MEXaHIYHUX CHCTEMax MPU3BOJUTH IO CBOEPIIHUX, YACTO HECMO/IIBa-
Hux syl [1]. Li sBumma, 3 ogHoro 60Ky, MOKyTh OYTH BUKOPUCTaH1 B TEXHOJIOTI 1 JIE)KaTh B
OCHOBI MPUHIIMIIIB Aii psily BUCOKOS(HEKTUBHUX MAILUH; 3 IHIIOTO — Ti K caMi sIBUIIIA MOXYTh
OyTH PUUMHOIO HeOaKaHUX 1 HeOe3nmeuHux cuTyarrii [1]. Bumoru po3BuTKky i BIOCKOHAJICH-
HS B16paI_III/IH01 TEXHIKM BHMara€ HEOOXIIHICTh MOSICHEHHS 1 MaTeMaTUYHOTO OIHUCY PALY
CBOEPIAHMX (PIBUYHMX SIBUIIL, TIOB’A3aHMX 13 Ai€r0 BiOpalliii Ha MEeXaHi4H1 CUCTEMH, 110 MPeJ-
CTaBJICH1 Y BUTJIS1 KOJMBAJILHUX CUCTEM.

AHaJI3 0CTaHHIX J0CTiIzKeHb i myOJikamiid. ¥ ctaTTi [3] 11 BUBYEHHS XapaKTEPUCTUK
CHUHXpPOHI3aIll] KOJMBAIBHOI CHCTEMHU 3aCTOCOBAHO METOJI YCEPETHEHHsS MajuX MapaMeTpis,
SIKMH JJO3BOJIMB OTPUMATHU PIBHSAHHS OanaHCy Ta KpUTEPid CTIMKOCTI CUCTEMH.

VY po0ori [4] Ha 0a3i audepeHiaIbHUX PIBHAHD PYXYy MEXaHIYHOI CUCTEMH C(HOPMYIbO-
BaHa y3arajJlbHEHa 3aja4ya BiOpaliifHOT HeNiHIMHOI MeXaHIKU B PO3B 3Ky HEBPIBHOBAXXEHUX
TBepauX TUl. Po3risiHyro okpemuii Bunaaku: epext 3omMmepdenbaa, sIBUILE CTIHKOCTI BEpX-
HBOTO TOJIOKEHHSI MasiTHUKA Ha BIOpYIOYil OCHOBI, €(EKT «3acCTpsraHHs» MAsATHUKIB Ha pe-
30HAHCHUX YaCcTOTaX, SBUIA aBTOMAaTUYHOTO OallaHCYyBaHHS POTOPIB.

BuaisieHHs1 HeOCTiIZKEeHUX YACTHH 3arajbHoi mpoodaemu. OKpeMOI0 YaCTUHOK B TEO-
pii BiOpamiifHUX MPOILECIB 1 MAIIKH [5] € TEOpETUYHE NOCHIKEHHS SBHIII, 1110 BUHUKAIOThH IM1]1
yac nii BiOpallii B HETIHIMHUX KOJMUBaJbHUX cHUcTeMaX. Jlo TakuxX SIBUII BIAHOCATHCS 3HUK-
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HEHHsI KOJIMIIIHIX 1 IMOSiBa HOBHMX IOJIOXKEHb PIBHOBArd 1 BUAIB PyXy KOJUBAIBHOI CUCTEMH,
3MiHa XapakTepy MOJIOKEeHb piBHOBAru (To0OTO iXHBOI CcTiiKOCTi a0 Hecriiikocti) [4; 5]. Ta-
KO’ MOXHa III€ 3a3HAYUTH SIBUILE BIOPAIIITHOTO 3B’A3KY, 30KpeMa, CAMOCHHXPOHI3aIlil0 HEB-
piBHOBaXKeHUX poTopiB [3; 5].

ITocTanoBKa 3aBaaHHs. MeTOIO CTAaTTi € pO3po0OKa MaTeMaTUYHOTO METOY TEOPETHUHO-
ro JOCIHIKEHHs MOBEIIHKM KOJUBAIBHUX CHCTEM, SKi MPEJCTaBJIeHI y BUIIIAMI (HI3HUHOTO
MasiTHUKA 1 HE3PIBHOBAKEHUX POTOPIB JUIsl BUSIBJICHHS YMOBH CTIHKOCT1 i pIBHOBAru X Me-
XaHIYHUX CUCTEM.

Buxiaa ocHoBHOro matepiany. J{iis 3°acyBaHHs e(heKTy BIUIMBY Ha KOJMBAIbHI CHCTEMH Ta
MEXaHI3MH MiJ1 €0 BIOPAIIifHOTO HaBaHTAKEHHS, PO3IIITHEMO MOBEAIHKY (Di3MYHOTO MasTHUKA
3 Bicclo, BIOpyIOUOi B BOX B3a€MONEPICHIUKYIIIPHUX HANpsAMKax 3a TapMOHIHHIM 3aKOHOM 13
JEeSKOI0 4acToTor0 o (puc. 1). Hexail Bich MiIBiCY MasiTHUKA 3IICHIOE KOJTMBAHHS 32 3aKOHOM:

x(t) = Hsin(ax), y(t)=Gceos(ax +6), (1)
ne G i H — aMIuTiTyIi KOJMBaHb BIAMOBIAHO Y BEPTUKAIBHOMY 1 TOPU30HTAIILHOMY HAIPSIM-

Kax; € — 3cyB (a3 KOJIMBaHHS.
Toxi pyx $pi3nuHOr0 MasiTHUKA OMHUCYETHCS TUPEPEHIITHIM PIBHIHHIM:

1p+n¢+mglsing-+mie | Heos(g)sin(er) — Gsin(¢)cos(et +6) |=0, 2)

1€ ¢ — KyT BIAXHJICHHS MasTHHKA BiJl HUWKHBOTO BEPTHKAJIBHOTO TOJOXKEHHS; / — MOMEHT
iHepIil (I3UYHOTO MasTHUKA; m — Maca (pI3BUYHOro MasTHHKA; / — BICTaHb BiJ IIEHTpa Mac
(b13UYHOTO MAasATHUKA; g — IPUCKOPEHHS BUILHOTO MaAiHHS; /] — KOS(IIIEHT B’ A3KOTO OTIOPY.

y

H sinlot)

gn

<Y

G cosluf+6)

Puc. 1. Po3paxynxosa cxema ¢izuuno2o masmuuxa 3 iopyiouoio 8iccio 06epmanHsi

Po3B’spxemo 1ro 3aauy meronoM [lyankape-JlsmyHnosa [5; 6]. Cxiiagemo Bupas Juist KiHe-
TUYHOI 1 TOTEHIIATHHOT EHEPTii CUCTEMH:

E—11'2 I 2 2 £ -
K_E ® +Em(xc +Ve), Epg=mgye, 3)

ne Xo=x—Ising, y-=y—I[cos¢ — xoopaunaru uenrpa Baru Mastauka C, / — MOMEHT
1HepIIil BITHOCHO IIEHTpPA Bard, a KOOPAMHATHU oci miaBicy x(¢) 1 y(f) BU3HAUAIOTHCs (hopMyIia-
mu (1). I3 piBusiHb (3) BusHauaemo Jlarpamxkiad [6; 7]:

1 1
L=Ey—E;= 2[(p2 +2m|:5c2 + yz —2l(p(5ccos¢—ysin(p)] —mg(y —lcosw), 4)

ne I = [0 + ml~ — MOMEHT iHepIlii MasiTHUKA BIIHOCHO OCI MiJIBICY.
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3a ymoBoto Ilyankape-JlsnyHoBa [6—8] cTiiikuM y neprioMy HaOIMKEHHI pyxam OyIayTh
BIJNOBIaTH eKcTpeMalibHi Touku ¢GyHKUil L. Toal HaM HEeOoOX1IHO 3HAUTH Taky (YHKIIIO,

*
o6 (@ )= %L(@’ nel'=00ile R". JI1s1 bOro 3HAXOJUMO:

@) . . o .
T—I{p—lm(xcosgo—ysm(p)—o, = (p—(lm(xcosgo—ysm(p))/l.
4
Toni
m2l2()'ccosgo—ysin(p)2 m({.o .2
min L(@) =— +—| X"+ |—-mgy+mglcose. 5
(per((”) Y 2( y) gy +mglcosp.  (5)
PiBusins (1) migcraBnsemo y ¢yHkiito (5):

2,2
min L(g) ="
pel’ 21

(Hwcos (a)t) cos @ + Gosin(wt + 0)sin go)2 +
(6)
m .
+—(H2a)2 cos> (a)t) + Glo? s1n2(a)t + 6’)) —mgy + mgl cos .
2
3riiHO 3 IHTErpajabHOIO 03HaKOIO cTiikocTi [lyankape-JIsanyHoBa [6; 9] s cuctemu cna-
603B’SI3aHUX KBa3iKOHCEPBATUBHUX 06 ekTiB, Axmo dynkiis A(@), mo asse coboro cepen-

. . . . .0 . 0 ..

He 3Ha4eHHs JlarpamkiaHa min L(¢) Ma€ B TOYUIL @ = @ ,...,, = @, MIHIMYM 91 MaKCH-
pel’

MyM, TOJI Taka TOYKa BU3HAYA€E CTIMKE MO MEPIIOMY HAOIMKEHHIO MEepPIOTMUHUN pO3B’ 30K,

iHmmi crarionapui Toukn ¢ynkiii A(¢) BUMararoTh CIeIianbHOrO PO3IIIsLY.
Toni 13 piBHsSHHS (6):

AMo)=— | minL(@)dt=— || - (Hwcos| ot )cos g + Gosin(wt + 0)sing)”™ +
2z O ¢l 27 0 27

+%(H2a)2 cos’(wt) + G* @’ sin* (wt + 0)) —mgy + mgl cos (0} dt .

BpaxoByrouu, 11o:

1 27 1 27 1 27
— | sin(at)dt =— | cos(awt)dt=0;,— | (sin(a)t)cos(a)t))dt=0, a
27 0 27 0 27 0
2 ) 1
— [ sin”(@t)dt =—, Toxi orpumyemo:
2 2
. 22 2
: o m-l"w 2 2 : :
A((/)):— [ min L(¢p)dt :[(G -H )cos2(/)+2HGsm2(/Jsm9]+mglcos¢)+C,
27 0 ¢<r 817

4 87

HE CYTT€BA JIJIsl MOJAIIBIIOTO JIOCTIHKEHHS.
[IpuiiMeMo Taki MO3HAYEHHS: Y — KYT 30BHIIIHIX aMIUIITY/ KOJIMBaHHSA oci o0epTaHHs (i-

G H .
3UYHOTO MaATHUKA, ——— =COSY, ——— =SIny, VO =
v G2 +H 2 \ G2 +H 2

27

2
2( 2 |1 ml ) )
ne C=mw (G +H ) ———— |—mgy — nesKa craia, 0 HE 3aJCKUTh BiJ KyTa ¢ 1 sKa

- (G2+H2).

(miw)?
4]
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VY3arajapHIOIOUM BUILEHABEAECH! €HEPreTUYH1 3aJeKHOCTI, MOKHA BBECTU IMOTEHLIAIBHY

GbyHKILO:

1 27 1
D= A((/')) = | min L(¢)dt =—— 4 [c0s2(pcos2y + sin 2¢sin 2y sin 6’] —mglcos . (7)
27 0 @el 2

3a onTUMaNIbHOIO 03HAKOIO CTIHKOCTI, 3anmpornoHoBaHii T. I'. Ctpmwxkakowm [6; 10], ans cuc-
. . - . .0 i .0 :
T€M 13 JUHAMIYHUM 30Y/UKEHHSM SKIIO B JCAKIA TOYL @ =@ ,....,0, =@, OGyHKiA

D=A ((0) Mae rpyOuil MIHIMYM, TOJI 11l TOYIII MPU JOCTATHHO MAIUX 3HAYCHHSX ¢ BlI-

ToBigae criiika kBasipiBHOBara cuctemu. Toi i3 pisuus (7) npu 0= —7:
2

_ a(_;VO Ceos(p—7)]=mel ¢j

| -
00l op (®)
(/’:(/’>,<
= —;VO sin(2((p - 7)) + mglsing =0
1
62D 8 (—2 O[cos(¢>—y)] —mglcos¢>j
72 = 2 =
0P oy o9 ©)
¢:¢7*

= ;VO cos(2(¢>— 7/)) + mglcosp > 0.

Jlnst moyaTKy AaBaifTe pO3rJISIHEMO BUIAJIOK, KOJIM MPUCKOPEHHS BUILHOTO MaJiHHS g Ha-
CTUIBKY Malla B OPIBHAHHI i3 IPHCKOPEHHAM Bibpalii Aw?, o Hero MoxHa 3HexTyBatH. [1o-
JIOKEHHS KBa3ipiBHOBAru 13 piBHAHHS (8):

*
sin2(¢p —7)=0, (10)

a yMOBa CTIMKOCTI 13 piBHSAHHS (9):

cos2((o*—7/)>0. (11)

Taxum unHOM 13 piBHsAHHA (10) MU OTpUMaH JBa MOJIOKEHHS PIBHOBATH:
*

*
O =Y, Qp=y+7m. (12)
I3 piBnsnns (11) oTpUMyeMO yMOBY piBHOBArH JUIsS KYTiB ¢
* T
¢ >yt
2
Skuo BiOparisi oci o0epTaHHs (GI3BUYHOTO MasTHUKA OyJie TOpIBHIOBATH HYIO ((w=0), pu Bi-
JbHOMY KoJBaHHI (g#(), To/1 NOJI0KEHHs PIBHOBAru Oyzie TaKoX JOPIBHIOBATH HYITIO (p; =0.
3Bificu BUILIMBAE, IO [Iisl BiOpallii 3BOJIUTHCS O TOTO, III0 MAasSTHUK HIOU IPUTATYETHCS 10
*

*
ITIOJIOXKCHb ([)l =7, (02 =y+rr. SIBuiie NPpUTATAHHA OO0 BKAa3aHUX IIOJIOKCHb HA3UMBAETHCA

«BiBENIEHHS» (3MIILIEHHS BiJl MPAaBWILHOTO MOJOXKECHHS) €JIEMEHTIB KOJMBAIbHOI CUCTEMH.
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Takox BiOMO, IO MM Ji€0 BiOPAIIfHOTO HABAHTAKEHHS HA KOJIMBAIIbHI CHCTEMHU, SIK1 SIBIISI-
I0Tb c00010 7Ba a00 OuIbIIIe KIHEMAaTUYHO 1 €IEKTPUYHO HE 3B’3aHUX MK COO0I0 pOTOPIB, BCTa-
HOBJICHMX Ha 3arajibHii pyXoMiil matdopMi i IPUBOIATHCS B PyX Bill HE3AISKHUX ACHHXPOHHHUX
JIBUTYHIB, BUHHMKaEe eeKT camocuHxpoHizarii. Lleii edekT nomnsrae B CHHXpOHHOMY OOEpTaHHI,
TOOTO 3 OJJHAKOBUMH 200 KPATHUMHU CEpEeHIM KYTOBUM IIBHIKOCTSM 1 3 BU3HAUCHUMH B3aEMHH-
MU (azamu. Po3risHeMo caMOCHHXPOHI3AII0 JBOX HOMIHAIBHO OJJTHAKOBHX Jie0aaHCHUX BiOpO-
30ymKyBadiB Ha BiOpyrodwid ruiatgopmi Macoro M 13 OJHIEIO CTENEHI0 BUIBHOCTI (pHc. 2) 3a
YMOBH, IO mie1w’=merw*=mew*. JlebanancHi BiOpo3OyKyBadi CKIaIa0ThCs 13 30YHKYI0UHX
POTOPIB MAcoIo /1, M2 13 EKCLIEHTPUCUTETOM e1, €2 3 (pa3oro o0epTaHHs @1 1 ¢2 BiMmoBigHO. Pyxo-
Ma iat(opma 3B’s3aHa 3 HEPYXOMOIO OCHOBOIO IIPY>KHUM €JIEMEHTOM >KOPCTKICTIO Cy.

o Q2
8 Ui Fe] & U

V7
— f——

Puc. 2. Po3paxynxosa cxema KoausaivHoi cucmemu i3 0e0aniancHumu
MexaHiyHuMu 8iopo36yoacysadamu

PiBHsiHHS KONMMBaHHS MIaTGopMu Mix yac oOepTaHHS HEBPIBHOBAXXEHHUX POTOPIB OMHCY-
€THCS PIBHAHHSAM:

Mi +c x = mea* [cos(a)t + o) +cos(awt +a, )]. (13)

P03B’5130K 1IbOTO PIBHSIHHS BIANOBIIA€ BCTAHOBICHHM BUMYIIICHUM KOJIUBAHHSM IUTIaTHOP-
mu i mae Bua [11; 12]:
2
W me
X=——5 75 (jl:cos(a)t+al)+cos(a)t+a2)], (14)

1ie w?o=cx/M — 4acToTa BIACHMX KOJIMBAHb PyXOMOi IaT(hOPMH.
Po3p’sxemo 1o 3agady Takox MeronoM Ilyankape-Jlsmynosa [6; 10]. Cknagemo Bupas
JUT KIHETUYHOT 1 TOTEHIIaIbHOI €HEePrii CUCTEMH:

1.2 L)
E,=—M", Ef=—cx" . (15)
K 9 9 X
I3 piBusnb (14) 1 (15) Bu3navaemo JlarpanxiaH:
1 1
L=E,-E =2M)'c2—2cxx2. (16)

3a ymoBoto Ilyankape-JIanyHoBa [6] cTilikuMm y mepuioMy HaOJM)KEHH1 pyxam OyIoyThb
BIJNOBIIaTH €KCTpeMajbHI ToYkM (QyHKUii L. Toal HaM HEOOXiAHO 3HAWTH TaKky (YHKIIO,

%
mo6 L(x )= r,ni%L(fc) ,ae = i T eR”. Jlud 1poro 3HaxoauMo:
Qe

oLk =Mx=0,
ox
3Bigku BU3Ha4Yaemo X =0.
Toni 13 piBHsinus (14) 1 (16):
R U otap  (me) 2. (17)
grbnEl%L(x) = —gcxx =— 5 " [cos(a)t +ap) + cos(wt + ay )]
0)2 - 0)0
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3riiHo 3 IHTErpalbHOIO 03HaKOIO cTiikocTi [lyankape-JIsnynoBa [6; 10; 12] s cuctemu
c/1a003B’A3aHUX KBAa31IKOHCEPBATUBHUX 00’€KTIB, AKIIO (QyHKLIA A(¢), IO ABJIsE COOOIO ce-

; . . .. .0 . 0 . .
pe/IHE 3HAYCHHS JIarpatXkiaHa min L(xX) Mae€ B TOYIl X = X ,...,X,, = X, MIHIMYM Y4 MakKCH-
pel’

MyM, TOJI Taka TOYKa BU3HAYA€ CTIMKE MO MEPIIOMY HAOIMKEHHIO MEepIOTMYHUN pO3B’SI30K,
1HII CTaliOHApHI TOUYKK (PyHKIIT A(X) BUMAararoTh CHElialbHOTO PO3IIISIY.
Toni 13 piBHsSHHS (6):

4 2 2
1 27 1 27 w (mg) 2
A(x) =— [ min L(x)dt =— [ | - 5 [cos(a)t + @) + cos(@t + ay )] dt .
27 0 el 27 0 (2 2) oM
w — (00
1 27
BpaxoByrouw, 1110: 27 ) (cos(a)t +ay)cos(art + a, )) dt =cos(oq — ) ;
7 0
2 2 1
— [ cos”(er)dt =— orpumyemo:
27 0 2
2
o} (ne)
A(x) =— [ min L(xX)dt = - 5 [cos(al ) )] +C,
27 0 @el’ 2 2) M
a — 600
2
a)4a)§ (mg) ‘ ‘
ne C=— 5 — Jiesika CTajia, o He 3aJIeKUTh BiJl KOOPIWHATH X 1 sIKa HE CyT-
(a)2 w2) 2M
%0

T€EBA AJIA IOJAJIBIIIOTO ,Z[OCHi,Z[)KCHHﬁ.
V3araapHIOI04H BI/IIJ_IeHaBCHCHi eHepFCTI/ILIHi 3aHC)KHOCTi, MO’XHa BBCCTHU HOTCHI_IiaJ'ILHy

(GyHKIO:

NEE 2 ooy (ne)
D= A(x) = E (I) (/_rfglllL(x)dt =— (a)z a)2 )2 > [cos(al - a, )] . (18)
-0

3a onTUMaIbHOK 03HAKOO CTiKOCTI, 3anponoHoBaHii T. I'. Crpuxkakom [6; 10], ans cu-
. . . Y | B .0 .
CTeM 13 JMHAMIYHUM 30YDKEHHAM SKIIO B JEAKIA TOoYll X =X ,..,X, =X, OQyHKIisd
D=A (x) Mae rpyOui MiHIMYyM, TOJI LIl TOYLI IPY JOCTaTHLO MAIMX 3HAYEHHAX X, BIIIO-
BiJIa€ CTilKa KBa3ipiBHOBara cucteMu. Toai 13 piBHAHHSA (18):
4 2 2
- cos(al —a,)

2 2\ wm
CU—CUO

a=a" Ot (19)

= o [sin(az1 - )] =0.
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Po3B’s130k piBHsAHHA (19) nomyckae aBa CyTTEBO pi3HI PO3B’SI3KU:

=0y =7, a)—a,=0. (20)

OOepraHHs POTOPIB, SIKE BIINOBIAAE MEPLIOMY PO3B’SI3KY, HA3BEMO CUH(A3HUM, a IPYyroMy —
npotudazHuM. [ nepioro po3B’sa3Ky NOTEHIIHHA QyHKIIL D = A (x) 3rigHo 3 BUpaszoM (18),

Ma€ MIHIMYM TpH <o, TIPH >0 MIHIMYM L1i€1 QYHKIIIT BIIIOBIIa€ IpyroMy po3B’si3Ky. Takum
YUHOM, 13 IHTErPATBHOIO KPUTEPIIO CTIMKOCTI BUILIMBAE, IO J0 PE30HAHCHOTO PEXUMY BinOyBa-
€ThCS CTiMKe cMH(]a3zHe 00epTaHHs POTOPIB, a MICTSI PE30HAHCHOTO PEXUMY — POTU(A3HE.

BucHoBKHM BiNOBigHO 10 cTATTI.

1. JIns KOJIMBAJIbHOI CUCTEMH y BUIVIAAI (PI3MUHOrO MasTHHKA 3 BIOPYIOUOIO BicCIO, 32
JIOTIOMOT'010 1HTErpaibHOi O3HakH cTiiikocTi [lyaHkape-JIsmyHoBa, MaTeMAaTU4YHO OMMCAHO
¢13u4He SBUIIE «BIABEJCHHS», 10 XaPaKTEPU3YETHCSA 3MIIICHHSM E€JIEMEHTIB KOJMBAJIbHOI
CUCTEMH BiJl aHAJIOTTYHUX TMOJI0KEHb PIBHOBAru 0€3 HaKJIaJaHHHS 30BHINIHIX BiOpaIlii.

2. 3a JOmOMOroro IHTEerpajibHOi O3HaKu criiikocti Ilyankape-JIsmyHoBa HOCHIIKEHO
eeKT CaMOCHHXPOHI3allii JUIsl KOJIMBAIbHOT CUCTEMH, 110 MPEJICTABIIEHA Y BUTJISAI HE3PIBHO-
BaXEHUX POTOPIB HA BIOPYrOUill OCHOBI.
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UDC 62-97/-98
Yaroslav Ivanchuk

MATHEMATICAL METHOD FOR DETERMINING STABILITY OSCILLATORY
SYSTEMS UNDER THE INFLUENCE OF EXTERNAL VIBRATIONS

Urgency of the research. The use of vibration technology requires in-depth study of the physical phenomena that occur
in a variety of oscillatory systems. In order to determine the optimal parameters of vibrating equipment has increase the
efficiency of processes.

Target setting. The action of vibration in nonlinear mechanical systems leads to the appearance of physical phenomena
that have both useful and negative properties. The necessity of explanation and mathematical description of a number of
unique physical phenomena associated with the action of vibrations on mechanical systems makes it possible to develop
promising mathematical methods for calculating complex oscillatory systems.

Actual scientific researches and issues analysis. In most of the works, on the basis of the developed separate mathemat-
ical models, the influence of vibrations on mechanical systems was considered. These models made it possible to theoretical-
ly study the synchronization process and the stability region of vibrational systems.

Uninvestigated parts of general matters defining. In scientific works there is no single universal mathematical method
that allows to theoretically study oscillatory systems on the condition of stability and equilibrium.

The research objective. The aim of the article is to develop a universal mathematical method for determining the stabi-
lity conditions and equilibrium positions of vibrational systems under the action of external vibration.
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The statement of basic materials. For an integral condition of the Poincare-Lyapunov, on the basis of differential equations of
motion and known optimality criteria quasiconservative systems position quasistability oscillatory systems have been identified.

Conclusions. For oscillating system as a physical pendulum on the axis of the vibrating mathematically described phy-
sical phenomenon “retraction”. This phenomenon is characterized by a shift element of the oscillating system similar equi-
librium positions without imposing external vibrations. We investigated the effect of self-synchronization to the oscillating
system, which is represented in the form of unbalanced rotors at a vibrating manner.

Keywords: vibration; oscillating system; sustainability; extremum, equilibrium; optimality; synchronization.

Fig.: 2. References: 12.

VIIK 62-97/-98
Apocnae Heanuyx

MATEMATHUYECKH METOJ ONPEJAEJEHUS YCTOMYUBOCTHU
KOJIEBATEJIbHBIX CUCTEM IO JEHCTBUEM BHEIITHUX BUBPAIIUIA

Axmyansnocms memul ucciedoganusa. [Ipumenenue subpayuonHol mexuono2uu mpedyem yenyoneHHo2o uzyvyenus u-
3UYECKUX AGNeHUl, KOMOopble BO3HUKAIOM 8 PA3IUYHLIX KO1eOAmeNbHblX CUCEMAX, ¢ Yenblo OnpedeneHus ONMUMAanbHbIX
napamempog sudpayuoHHo20 060py008anUs 01 NObIULEHUS YD PEKMUBHOCMU MEXHONI0SUUECKUX NPOYECCO8.

Ilocmanoexa npoonemel. /lelicmeue subpayuu 8 HenUHEUHbIX MEXAHUYECKUX CUCeMAX NPUBOOUm K NoAGIeHUIo husuye-
CKUX A6NIEHUIl, KOMOpble MO2Ym UMemb KaK NOJe3Hbll, Max u onacHulll xapakmep. Heobxooumocms 00vscHeHUs u Mamemamu-
uecko2o onucanus psaoa c80eoOPAsHLIX PUIUYECKUX ABNEHUL, CEAZAHHBIX C OelicmeueM SUubpayuli Ha MexanuuecKue CUcmembl,
no3seonsiem paspadamvléams nepcneKmusHble MameMamuiecKue Memoobl paciena CIOHCHbIX KONeOAMENbHbIX CUCTIEM.

Ananuz nocneonux uccnedosanuil u nybnuxkayuii. B 6onvwuncmse pabom na 6aze paspabomantvix 0moenbHulx Ma-
memamuieckux mooeneil 6bllo PACCMOMPEHO GNUSHUE BUOPAYULL HA MEXAHUYECKUEe CUCEeMbL, KOMOpble NO360MUNU Meope-
MUYECKU UCCIED08AMb NPOYECC CUHXPOHUZAYUU U 0OAACIU YCIMOUYUBOCU KOEOAMETbHBIX CUCHIEM.

Buioenenue neuccnedosannvix pannee uacmeil oouieii npoonemvl. B nayunvix mpyoax omcymcmesyem eounvli yHu-
BEPCANLHBIIL MAMEMAMUECKULL MEMOO, KOMOPbIIL NO360SAEM MeoPpemuiecKu UCcie008ams KoiebamenbHble CUCmembl Ha
Yenosue yCmouiusoCniu U paeHOBECUs..

Ilocmanogka 3adauu. Llenvio cmamvu a6isemcs paspabomxa YHUBEPCANbHO20 MAMEMAMUYECKO20 Memooa Ol onpe-
OeleHust YCogust YCmouyusoCcmu U NON0ACEHUL PABHOBECUsL KONeOAMENbHbIX cucmem noo Oelicmauem HeuHUX UOpayul.

H3noscenue ocnoenozo mamepuana. 3a unmezpanohvim yciosuem Ilyankape-Jlanynosa, na 6ase ouggepenyuanvhoix
VDABHEHUI OBUNCEHUSL U U3BECHIHBIX KPUMeEPUe8 ONMUMATbHOCIU K8A3ZUKOHCEPBAMUBHBIX CUCTEM OblLIU Onpedesienbl NoJo-
JHCEHUS KBAZUYCMOUMUBOCHIU KONEOAMENbHBIX CUCTEM.

Bu1600wvt coomeemcmeuu co cmamueil. /i KonebamenvHou cucmemvl 8 uoe QU3ULECKO20 MAAMHUKA ¢ GuUOpupyioujet
0Cblo, MamemMamuyecku ORUCAHO usuyeckoe AsieHue «Yeo0a», XapaKmepu3yioWulics cMeujeHuem d1emMeHmos KoneoamenbHoll
CUCIEMbL O AHATIOSUYHBIX NONIONCEHUL PABHOBECUS O3 HANONCEHUs 8HeuHUX dubpayull. Mcciedosar sghgpexm camocunxponusa-
Yuu 011 KoNeOamenbHOU CUCHEMbL, KOMOPas NPEOCMABIEHA 8 8UAe HEYPABHOBEUUEHHBIX PONIOPOS HA BUOPUPYIOWEM OCHOBAHUI.

Knrouegvie cnosa: subpayuu, xonrebamenvhas cucmema, yCmoudusocmy, IKCMpeMyM; pasHosecue, ONMUMAibHOCHb,
CUHXPOHUZAYUA.
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