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AHHOTALMA

BeepeHne. Pabota oTHocuTCA K 06M1acTM MaluMHOBELEHWS, @ MMEHHO: K OCLMIMPYIOLLMM MEXaHWYECKUM CUCTEMaM.
AkTyanbHoCTb UcCne0BaHUA ONpeaenseTcs TeM, YTo KonebaHus MHEePTHbIX Macc BCTPEYAKTCA NOBCEMECTHO.

Llenb — paspabotka MaTeMaTW4ecKol MOAENM MOHOPEaKTMBHOrO MyNbTUMACcCOBOr0 OCLMINATOPA HeQUKCMPOBAHHO
4acToTbl.

MeToabl uccnenoBaHumiA. [I0Ka3bIBAETCA, UTO TOUKU X,,X,,..., X, , ABMAIOLIMECH KOOPAMHATAMM KOHLLA NPOM3BOJILHOMO BEK-
Topa R B KoopavHatHoi cucteme Ox,,,0x_,,...,0x,, , ABNAOTCA BepLUMHAMM NPaBUIBHOMO MHOTOYrofibHIUKa. ®opMa u pas-
Mepbl MHOTOYroJlbHUKa He CBfA3aHbl C KoopauHaTamm Bektopa R, T. e. HeusMeHHbl. LieHTp npaBMnbHOTO MHOMOYrofbHUKa
BO BCEX C/ly4asx COBMajaeT ¢ cepeaumHoil Bektopa R . B paccMmatpuBaeMoM (Maeanu3vpoBaHHOM) Cily4ae MHOMOYrobHUK,
B BEPLUMHAX KOTOPOro PacnofioKeHbl OCLMMMPYIOLLME PY3bl MAacCaMu M, NIEXMT B NAOCKOCTU Z. B TexHUYeCKux npunoxe-
HUSX TPY3bl He AOMKHbI NPENATCTBOBATb NePeMELLLEHNAM APYr Apyra, CeoBaTesbHO, KaXA0MY rpy3y A0MKHA COOTBETCTBO-
BaTb CBOS M/IOCKOCTb, @ BCE MIOCKOCTU AO0MKHbI ObITb NapannenbHbiMK (HanoAo6ve MHOrOMOPLUHEBOrO MeXaHU3Ma).
PesynbTartbl. YcnoBYeM BO3HUKHOBEHUS CBODOAHBIX FAPMOHUYECKUX KonebaHUii SBNSIETCA HEM3MEHHOCTb MOJSTHOW 3HEpruu
CUCTEMBI, KOTOpasl B PacCMaTpUBaeMOM Crlyyae SIBNAETCA UCKIIOUNUTENbHO KMHETUYECKOM, YTO M 0DYCII0BNIMBAET MOHOpeaK-
TUBHBIN XapaKTep ocLMnNATopa. B paccMOTpeHHOM MHOFOMEPHOM MIOCKOM MOHOPEAKTUBHOM OCLMMNIATOPE MOTYT NPOMUCXO-
[MTb CBODOJHbBIE FApPMOHMYECKUE SIMHENHBIE KONebaHus rpy30B.

3aknioueHune. B aHeproobMeHe y4acTByeT TONIbKO KUHETUYECKas aHeprus. B ynpyrux aneMenTax HeT Heobxogumoctu. Oc-
LMANATOP He MMeeT (UKCMPOBAHHOW COBCTBEHHOW YacToTbl KoNlebaHWin. YacToTa 3aBUCUT OT HayaslbHbIX CKOPOCTEN M no-
TIOMEHWA rpy30B. [PaBUbHBIA MHOTOYFOMIbHUK X, X, ,...,X, COBEPLUAeT [BOHOE BPalleHWe — BOKpYr TOUKM O U BOKpYr
TOYKM 7. B TO e BpeMs rpysbl OCyLLECTBASIOT JMHEliHbIe rapMOHUYeCKUe Konebanus ¢ amniutypoit R . Wcnonb3oBaHue
KPMBOLLMNHO-NON3YHHOIO UM KPUBOLLMMHO-LLATYHHOr0 MexaHW3Ma Mo3BOSIUT OpraHW30BaTh NapansenbHoe ABUXEHWE Tpy-
30B. [MoyyeHHble pesynbTatbl MOMYT ObiTb MCMONb30BaHbI MPU Pa3paboTKe M UCCNef0BaHUM MEeXaHW3MOB, COBEPLLIAIOLLMX
BO3BPATHO-NOCTYNATeNbHbIE JBUXEHUS B NOPLUHEBLIX ABUTaTeNsX, B MEXATPOHUKE U PODOTOTEXHUYECKMX CUCTEMAX, B TU-
OpaBNn4eCKnX MallnHax, BaKyyMHOf/'I n KOMI'IpECCOpHOVI TeXHUKe, B rnapo- N nHeBMOCUCTEMaAX, B HA3eMHbIX TPAHCNOPTHO-
TEXHOIOTUYECKUX CPEACTBAX WU KOMMJIEKCaX.
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The monoreactive multibody floating-frequency
oscillator

lgor P. Popov

Kurgan State University, Kurgan, Russian Federation

ABSTRACT

BACKGROUND: The study is related to the machine science field and to oscillating mechanical systems in particular. The study
relevance is explained with the fact that oscillations of inertial masses can be found all-around.

AIM: Development of the mathematical model of the monoreactive multibody floating-frequency oscillator.

METHODS: It is proved that points x;,x,,...,x, , which are coordinates of the end of the random vector R in the coordinate
systemOx_,,0x_,,...,0x_,, are vertexes of a regular polygon. Shape and size of the polygon are not related to coordinates
of the vector R, so they are constant. The center of the regular polygon always coincides with the middle of the vector R.
In the considered (idealized) case, the polygon with the oscillating bodies with the mass m located at vertexes belongs
to the plane Z. In technical applications, bodies should not impede motion of each other, so each body should have an own
plane, and all planes should be in parallel (alike the multipiston mechanism).

RESULTS: The condition of occurrence of natural harmonic oscillations is constancy of full energy of the system, which is
exclusively kinematic in the considered case and which ensures monoreactive behavior of the oscillator. In the considered
multidimensional planar monoreactive oscillator, free harmonic oscillations of bodies can occur.

CONCLUSIONS: Only kinetic energy takes part in energy exchange. There is no necessity in spring elements. The oscillator
does not have fixed value of natural oscillation frequency. The frequency depends on initial velocities and location of bodies.
The regular polygon x,,x,,...,x, executes double rotation: around the point 0 and around the point r. Meanwhile, bodies
execute linear harmonic oscillations with the amplitude of R. Use of either a slider-crank mechanism or a rod-crank mechanism
helps to make bodies move in parallel. The obtained results can be used in development and study of mechanisms executing
reciprocating motion in piston engines, in mechatronics and robotic systems, in hydraulic machines, vacuum and compressor
machinery, in hydraulic and pneumatic systems, in on-ground transport and technological means and facilities.

Keywords: polygon; oscillating body; free oscillations; monoreactive system; frequency.
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POBOTHI, MEXATPOHMKA
N POBOTOTEXH/HECKME CUCTEMBI

BBEJEHUE

N3BecTHbI ABYyxMepHble [1] n TpéxMepHble [2] nnockue
MOHOPEaKTUBHbIE OCLMNIATOPbI, B KOTOPbIX MOTYT BO3HWKATh
cB0boAHbIE rapMoHMYeckue Konebanusa [3]. HepoctaTKoM
LBYXMEpPHbIX MJIOCKMX MOHOPEAKTUBHbIX OCLMNIATOPOB AB-
nseTcs HecbanaHCMpPOBaHHOCTbL MO CUMaM, YTO MOXET MpU-
BOAMTb K BpeAHbIM N0BOYHbIM BUMOPALMOHHBIM 3ddeKTaM.
3T0ro HepoCTaTKA NULLIEHBI TPEXMEPHBIE OCLMNNATOPLI. BMe-
CTe C TeM NpeACTaB/IseT UHTepPEC BO3MOXKHOCTb YBETNYEHMS
Pa3MepHOCTW MIOCKMX MOHOPEAKTUBHBIX OCLMIIIATOPOB, Ha-
npuMmep, AN MOOENMPOBAHUA LEHTPANIbHO CUMMETPUYHBIX
MHOTOMOpLUHEBbIX MEXaHU3MOB.

AKTyanbHOCTb UCCNEfOBaHUS OMPefenseTca TeM, YTO KO-
nebaHNUs MHEPTHbIX Macc BCTPEYAKTCA NOBCEMECTHO [4-7],
B TOM YMCNe, B NOPLUHEBbIX ABUraTeNsix, B MeXaTpoHUKE U po-
BOTOTEXHUYECKUX CMCTEMAX, B FMAPABAMYECKUX MALLMHAX,
BaKyyMHOW W KOMMPECCOPHON TEXHWKE, B TMAPO- U MHEBMO-
cucTeMax, B Ha3eMHbIX TPAHCMOPTHO-TEXHONOMMYECKUX Cpes -
CTBaX W KOMMJIEKCaX, HanpuMep, KonebaHus peLéT B 3epHo-
ybopoUHbIX KOMOaliHax 1 T. .

MOJE/TMPOBAHWUE MHOIOMEPHOIO
MJ10CKOro MOHOPEAKTUBHOIO
OCLUNNIATOPA

MogobHO TPEXMEPHOM NOCKOW CUCTEME KOOpAMHAT [2]
B KOOPAMHATHOM NNOCKOCTM Z MOKET ObiTb paccMoTpe-
Ha MHoroMepHas cucteMa ¢ 7 ocamu Ox,,,0x_,,...,0x_,,

z

CMELEHHBIX ApYr OTHOCWTENbHO Apyra Ha ymibl 27/n.

U3 TeopeMbl KOCUHYCOB cnienyeT:

(xx.,) =R’ {cos2 [w - (p} +cos’ [E - (pj -2 cos[w - (p} cos(i—n - (pj COSE} =
n n

n n

Tom 18, N2 1, 2024

V13BecTvis MITTY «MAMW

NMeeTcs npousBonbHbI BekTop R, ncxopsawmii u3 Hava-
na koopauHat 0. R c Z. B yKasaHHbIX 00CTOATENLCTBAX
cnpaBseasmBa
Teopema 1.
1.1.Toukn x,,x,,...,x,, ABNAOLMECA KOOPAMHATAMM KOHLA
Bektopa R B KoopauHaTHo# cucteme Ox,;,0x_,,...,0x
ABNAKTCS BEPLUMHAMM NPaBUIIGHOMO MHOMOYTOMIbHUKA.
1.2.0opMa 1 pa3mepbl MHOTOYroNIbHUKA He CBS3aHbl C KOOp-
AvHaTamu Bektopa R, T. e. HeM3MeHHI.
1.3.LleHTp npaBuUnbHOrO MHOMOYTo/IbHMKA BO BCEX CNyYasix CO-
BnajaeT ¢ cepeanHon Bektopa R.
[lokazatenbCcTBo
KoopauHatbl Bektopa R paBHbl
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310 03Ha4aeT, uTo Stobas CTOPOHa MHOMOYObHUKA MMEeT (UKCMPOBaHHYIO AUMHY, He CBA3aHHYI0 C KoopAMHaTamm Bektopa R.
MycTb » — 370 cpefHsAn Touka BekTopa R . 113 TeopeMbl KocuHycoB criepyer:
1 (i-Dm |1 |[(i-In R
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3710 03HayaeT, YTO PacCTOSHMA OT TOUKW 7 [0 BCEX
BEpPLUMH MHOFOYroNibHUKA paBHbl Mexay coboii. Cneposa-
TENbHO, TOYKA 7 HaXOLMTCA B LIEHTPE MHOMOYrofibHUKa,
YTO C Y4ETOM paBEHCTBA €ro CTOPOH NO3BOJIAET 3aK/IUMTD,
YTO MHOIOYrO/IbHUK MPaBUIbHbIN.

TeopeMa foKasaHa.

Teopema 1 p[aér wcyepnbiBalliee npeAcTaBieHne
06 oyepTaHWAX MHOrOMEPHOTO MJIOCKOrO MOHOPEaKTUB-
HOTO OCLMMINIATOPA, KOTOPbIA CXEMaTUYHO M300paxeEH
Ha puc. 1.

B paccmatpuBaeMoM (MpeanuavMpoBaHHOM) Clyyae
MHOrOYroNibHUK, B BEPLUMHAX KOTOPOro PacnonioXeHbl oc-
LMAAMpYIOLMe TPy3bl MaccaMu m, NIEXUT B MIOCKOCTU Z.
B TexHuuecKkux NpunoeHUsx rpysbl He OOMKHbI NpensT-
CTBOBaTb MEPeMELLEHUSIM [pyr Apyra, CNeAoBaTesbHO,
Ka)X[OMy rpy3y LOJKHA COOTBETCTBOBATb CBOS MOCKOCTb,

a BCe NNOCKOCTH A0MKHbI ObITh NapannensHbiMU (Hanogo-  Puc. 1. MHoroMepHbI MIOCKUI A MOHOPEAKTUBHbIN OCLUNNSTOP.
O1e MHOronopLIHEBOro MexaHu3Ma). Fig. 1. The multidimensional planar monoreactive oscillator.
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POBOTHI, MEXATPOHMKA
N POBOTOTEXHHECKE CUCTEMBI

AHAJIU3 MHOIOMEPHOI0 NJ10CKOIo
MOHOPEAKTUBHOIO OCLIUNIIATOPA

[anee npennonaraetca OTCyTCTBMe guccunalmm aHeprum

W BHELUHUX BO3LENCTBUIA HA OCLMANATOP.
Mpon3sBoaHbIe BblpaeHui (1)—
rpy30B.

% =—Rsin (pﬂ ,
dt dt

4% _ pein (E_@jdq)
dt n dt

Tom 18, N°

(5) AocTaBNAOT CKOPOCTY

1,2024 V3BecTng MITY «MAMI»

YcnoBueM BO3HWMKHOBEHMSA CBOOOAHBIX rapMOHUYECKUX KonebaHui ABNAETCA HEU3MEHHOCTb MOJHOM 3HeprumM CucTembl,
KOTOpad B pacCMaTpuBaeMoM cCiydae ABNAETCA UCKITIYNTENIBHO KWHETUYECKOM, YTO K 06yCJ'|0BJ1MBaeT MOHOpeaI{TMBHbIVI Xa-

pakTep ocumnnstopa [1].

T =%mR2 {sin2 @ +sin’ (E—(p)+...+8in2|:
n

[lna paccmMatpmBaeMoi NOCKOA MHOrOMEPHOW CUCTEMbI

KOOpAMHAT CrpaBe/,nBa
Teopema 2.
[na n>2 BbinonHAETCA COOTHOLLUEHWE

1 1
z sin’ (l )n to|= z 7
P L 7 12
JloKa3aTenbCTBo
i:sin2 _(i—l)n+ =
i=1 no i

1)271

_ n l_ (l
=12 2 n

n 1 L
———cos?2 cos
2 2 (PZ

i=l1

2@}2

(i-12n _
-+
n

—%sm 2([)2 sm 1)2n

i=1

CyMMa eAMHUYHBIX BEKTOPOB, OT/IOKEHHBIX Ha KOOp-
AvHatHbIX ocax Ox ,,0x_,,..,0x_,, paBHa Hymio B cuny
LeHTpanbHoM cumMeTpun. M3 atoro HeobxoguMmo crepyer,
YTO U CyMMa MPOEKUMI YKa3aHHbIX BEKTOPOB Ha KaXAyHo
un3 oceit 0x_,,0x_,,...,0x_, Toxe paBHa Hymio. B 310l cBA3MN
BTOPOE U TPeTbE CNaraeMble NOCIEAHEr0 BbIpaXKEHUsA UMET
HymEBbIE 3HAYEHUS.

TeopeMa foKa3aHa.

Cnepcraue

n:2 = Zsinzliwi(p}zzz
i=1 n 2

=sin2(p+sin2(§+(pj:sin2(p+cos2(p=1
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iz —(p}+...+sin2 {(n—l)n —(p}}(@j : (6)
n n dt

[pyrumu cnoBamu, mocnefHee TOXAECTBO ABNSETCS
YaCTHbIM cily4aeM popmynbl (7).

OueBnaHo, yTO CpaBeaMBa U

Teopema 3.

Jna n =2 BbINOMHAETCA COOTHOLLIEHUE

o[ 2020

P n 2
lpuMeHeHne TeopeMbl 2 K 3Heprum (6) aaét
1 doY
T =—nmR’ (—(pj = const .
4 dt
370 03HayaeT, uTo

de
Ezconst, o=Ct+C,.

B 06LeM Buae HavasbHbIe YCNOBUS UMEKIT BUL:
de
?(0)=9,, E(O) = 0.
Moatomy
C, =9, C =uw,.

C yuéToMm 3toro nepemeLLeHns rpy3sos (1)—
TaT GopMy:

(5) npnobpe-

= Rcos( oyt + ¢, ),

=Rcos(£—w0t—(p0j,
n
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-1

X, = Rcos g )n—coot—(po]
L n

x, =Rcos (n—l)n_o)ot_%}
L n

B obuieM Buae HavyanbHble ycnosua UMeKT BN

x(0)=x,,
dx,
—0)=v,.
7 0)=v,
OyeBunAHo, YTo
X,
cosg, =,

2
x . / x
@, = arccos—= = arcsin, |1 - =% |
R R

—Rw, sin(w,0+¢,) =v,,,

3AKJTIOYEHUE

B paccMoTpeHHOM MHOTOMEPHOM MJIOCKOM MOHOPEeaKTUB-
HOM OCLMNATOPE MOTYT NPOMUCX0ANTb CBOBOLHLIE rapMOHU-
YecKue SIMHenHble Konebanuns rpy3o.. [1pu 3ToM B 3Heproob-
MeHe y4acTBYeT TONIbKO KMHETMYeCKast 3Heprus. B ynpyrux
anemeHTax [8—10] HeT HeobxommMocCTH.

Ocumnnatop He MMeeT (UKCMPOBAHHOW COHCTBEHHOW
yacToTbl KonebaHuit. B cootBeTcTBUMM C (8), YacToTa 3aBUCUT
OT HauanbHbIX CKOPOCTEN U MOJIOKEHMIA FPY30B.
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MpaBUAbHBIA MHOTOYTOMBHUK X, X,,...,X, COBEpLUAeT
[BOWHOE BpaLLeHne — BOKPYr ToUKW 0 1 BOKPYT TOUKM 7.

B 10 e Bpems rpysbl OCYLLECTBAAKT IMHENHbIE rapMo-
HUYecKue KonebaHusa ¢ amnauTymon K.

Wcnonb3oBaHue KPWBOLLMMHO-MOM3YHHOMO WM KPUBO-
LUMMHO-LLIATYHHOr0 MeXaHW3Ma MO3BOJIUT OpraHM30BaTh Na-
pannensHoe ABUXEHME IPy30B.

MonyyeHHble pe3ynbTathl MOryT 6biTb MCMOb30BaHbI
npu paspaboTke M UcCnenoBaHUM MeXaHU3MOB, COBepLLalo-
LUMX BO3BPATHO-MNOCTYNaTeNbHbIE ABUKEHUS B MOPLUHEBbIX
ABUraTensx, B MEXaTPOHUKe W pobOTOTEXHUYECKUX CUCTEMAX,
B MMAPaBAMYECKUX MalUMHAX, BaKyyMHOW U KOMMPeCCOpPHOM
TEXHWKE, B rMAPO- U NMHEBMOCUCTEMAX, B HA3eMHbIX TpaHC-
MOPTHO-TEXHOOTMYECKUX CPEACTBAX M KOMMMIEKCaX.

A0NOSIHATESIbHAS! UHOOPMALUA

Bknap aBTopa. ABTOp MOATBEPXKIAET COOTBETCTBME CBOErO
aBTOPCTBa MeXAyHapoaHbIM Kputepuam [CMJE (aBTop BHEC
CYLLLECTBEHHBIN BKNaf B pa3paboTKy KOHLENLMK, MpoBeLeHue
W1CCNefoBaHUA 1 MOATOTOBKY CTaTby, MPOYEN M opobpun du-
HarbHY0 Bepcuio nepep nybnukaumen).

KoHtbnukT nHTepecos. ABTOp AeKNapUpYeT OTCYTCTBIME SBHbIX
1 NOTEHUMabHBIX KOHQIMKTOB MHTEPECOB, CBA3aHHbIX C My-
BAMKaLMen HaCTosLLEN CTaTby.

UcTouHmnk duHaHcupoBanus. ABTop 3asBnseT 0b oTcyTCTBUM
BHELLIHEro (VHaHCWMPOBaHWS MY NPOBEAEHWM UCCIIE0BAHUS.
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