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Paboma omnocumca k obracmu MawuHo8eoeHuUsl, @ UMEHHO K OCYULTUPYIOWUM MeXaHudecKum cucmemam. Axmy-
ANbHOCMb UCCIE008AHUS ONPEOEIACMC MeM, YMO KONeOAHUs UHEPMHbIX MACC 6CIMpPedalomcs nogcemecmuo. B 00-
Jacmu Cmpoumenscmaa U UCNOAb308AHUS ASUAYUOHHOU U PAKEMHOU MEXHUKU 9ma mema umeem ocoOeHHO 8adCHOe
sHauenue. 110000HO mpexmepHoll NIOCKOU cucmeme KOOPOUHAM 8 KOOPOUHAMHOU NIocKocmu Z modxcem Ovlms pac-
cmompena mHo2omepras cucmema ¢ n ocamu 0x,, 0x,,, ..., 0x,,, cmewennviMu Opye OMHOCUMENbHO Opyed HA Yeibl

zn?’

2n/n. Umeemcs npoussonshbiii éexmop R, ucxodswuii uz nauana xoopounam 0. R c Z. Jlokasvieaemcs, umo

MOUKU  Xi, Xy, .uey X, AenArouuecs KoopduHamamu KOHYya  eekmopda R 4 Koop()uHamHoﬁ cucmeme

no

0x,;, 0x,,,...,0x

zn?>

AGNAIOMCA 6EPUUHAMU NPABUTLHO20 MHO20Y20NbHUKA. Dopma u pasmepbl MHO20Y20TbHUKA He
ceAa3anvl ¢ koopounamamu eekmopa R, m.e. neusmennvl. Llenmp npasunvHo20 MHO20Y20IbHUKA 60 6CEX CIYUAAX COG-
nadaem c¢ cepedunou eekmopa R. B paccmampusaemom (udeanusupo8anHom) ciyyae MHOSOY2ONbHUK, 6 GePULUHAX
KOMOPO20 PACNONONHCEHbI OCYUITUPYIOUUE SPY3bl MACCAMU M, JeHCUM 8 NAOCKOCIU Z. B mexHuyeckux npunodcenusx
2py3bl He O0NIHCHBI NPENAMCmME08amy nepemeyeHusm opye opyed, Cl1e008amenbHo, Kaxicoomy epy3y 00IHCHA COOMm-
6emcme08ams €805 NIOCKOCMb, d 8Ce NIOCKOCMU OONIHCHbI ObIMb NAPANIeTbHLIMU (HANO000OUe MHO2ONOPUHEE020
mexanuzma). Ycnosuem 603HUKHOBEHUS C80DOOHBIX 2APMOHUYECKUX KOACOAHULl AGTAEMC PABEHCME0 MY NOTHOU
SHepaull CUCeMbl, KOMOPAs 8 PACCMAMPUBAEMOM CIyHae ABNAEMCS UCKTIOYUMENbHO KUHeMUYECKOU, Ymo u 006yciog-
Jueaem MOHOPeaKmueHbslll Xapakxmep OCYUIIAMopd. B paccmompenHom MyIbmumacco8om OCYULIAmMope Mo2ym npo-
ucxooums c80000HbIe 2APMOHUYECKUe TUHelHble KoaeOanus epy308. IIpu smom 6 3HepeooOMeHe yuacmeyem moabKo
KuHemuueckas sHepeus. B ynpyeux snemenmax wem Heobxooumocmu. Ocyunisimop He umeem QUKCUPOBAHHOL COO-
cmeenHol yacmomsl Konebanuii. Yacmoma 3asucum om HAYATbHBIX CKOpOCMell U NOA0XceHull epy308. IIpasunvHuiil
MHO20Y20IbHUK X|, X, , ..., X, CcO8epuiaem 080UHOe epaujerue — okpys mouku 0 u 6okpye mouku r. B mo oice epema

2py3bl  OCYWeCmeIsam JAUHelHble 2apMoHuYeckue Koaebanus c¢ amnaumyoou R. Hcnonvzosanue xkpuowunHo-
NON3YHHORO UNU KPUBOWUNHO-UUAMYHHO20 MEXAHUIMA NO360UM OP2AHU308AMb NAPALIENbHOE OBUINCCHUE 2PY308.

KaioueBble cj10Ba: MHOTOYTOJIBHHK, OCIMJUTUPYIOLINN TPy3, CBOOOJHBIEC KOJCOaHNsI, MOHOPEAaKTHBHAS CHCTEMA, Jac-
TOTA.

Beenenne

3BECTHBI JBYXMepHBIe [1-3] U Tpexmep-

Hble [4, 5] MIOCKME MOHOpPEAKTHBHBIC

OCLIUISITOPBI, B KOTOPBIX MOTYT BO3HHU-
KaTh CBOOOHBIE TApMOHHYECKHE KoneOaHus [6—8].
HepnocrarkoM nByXMepHBIX sBIseTcs HecOalTaHCH-
POBaHHOCTh MO CHUJIaM, YTO MOXET NPUBOIUTH
K BPEHBIM TTOOOYHBIM BHOPAIIMOHHBIM 3¢ deKTam.
DTOro HEJOCTaTKa JUIIEHBI TPEXMEPHBIE OCIIHILIISA-
Topel. Bmecte ¢ TeM mpencrtaBiseT WHTEpEC BO3-
MOKHOCTh YBEJIMYEHUS PA3MEPHOCTH IUIOCKUX MO-
HOpPEaKTUBHBIX OCIIUIATOPOB, HAIIPUMEp, IPA MO-
JIeIPOBAaHUHU [EHTPATEHO CUMMETPUYHBIX
MHOTOIOPIITHEBBIX MEXaHU3MOB [9—11].

AKTyanpHOCTh HCCJICIOBAaHHS  ONPEIeNsIeTCs

TEM, 9TO KoJieOaHUsI MHEPTHBIX MacC BCTPEUAIOTCS
rmoBcemecTHO [12—14].

MeToabl UcCIeI0BAHUS

Hcnonp3yroTcst Ki1acCH4ecKHe METOJIbI Teope-
THYECKON MexaHuku [15-17].

I'maBHOW MeETOIUYECKOH OCOOEHHOCTBIO Ha-
CTOAIIeH pabOTHl SBISIETCS NMPUMEHEHUE IIJIOCKON
CHUCTEMBI KOOPAMHAT C M30BITOYHBIM YHCIIOM KOOP-
JMUHATHBIX OCEH, YTO TO3BOJISAECT YNPOCTHTh U MHU-
HUMU3HUPOBATh MOCTPOEHHUE MAaTEMaTUYECKON Mo-
JIENTA paccMaTpUBaEMOi MEXaHUIECKON CUCTEMBI.

[IpoToTHOM TakoW CUCTEMBI KOOPAMHAT SIBJIS-
€TCsl BEKTOPHOE MPOCTPAHCTBO Tpex(a3HOH cucTe-
MBI B 37IeKTpoTexHuke [18-20].

MopaeaupoBanue MyJIbTHMACCOBOTO

OCHMJLIISITOPA

[Tomo6HO cHcTeMe KOOpIWHAT, pacCMOTPEHHOM
B [4, 5], B KOOpAMHATHOH TUTIOCKOCTH Z MOXKET OBITH
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paccMOTpeHa CHUCTEMa KOOpAMHAT C n OCAMH
0x,,,0x,,,...,0x,,, CMEIIEHHBIX APYI OTHOCHUTEIb-

HO JIpyra Ha yIJIbI 27r/ n. IMeetcsi npou3BOJIbHBIN

z1»

BekTop R, wmcxomsmuit w3 Hawama koopauHat 0.
R c Z. B yka3aHHBIX 00CTOSATEILCTBAX CIIPABEINBA
Teopema 1
1.1. Touku x,, x,,..., X,, SIBJIAIOIIUECS KOOPIU-

HaTaMM KOoHIA BekTopa R B KOOpAMHATHOW CHUCTe-
me Ox,,,0x,,,...,0x,,, ABIAIOTCA BEpIIMHAMU IIPa-

zI1»
BHUJIBHOT'O MHOT'OYTOJIBHUKA.

1.2. ®opMa u pa3Mepbl MHOrOYroJIbHHKa HE
CBsI3aHBl C KOOpAMHAaTaMu BekTopa R, T.e. Heus-
MEHHBI.

1.3. LleHTp npaBUILHOTO MHOTOYTOJIBHHKA BO
BCEX CIIy4asX COBMAJAET ¢ cepeauHoii Bektopa R.

Loxazamenvcmeo

Koopaunate! BekTopa R
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OT0 o03Hayaer, 4yTo Jr00as CTOPOHA MHOTO-
YTOJIbHUKA UMEET (PUKCUPOBAHHYIO IJIMHY, HE CBS-
3aHHYIO ¢ KoopAuHaTamu BekTopa R.
Ilycte 7 — 310 CcpenHsAa Touka BekTopa R. M3
TEOpPEMBI KOCHHYCOB CIIEIyET

(l _I)TC -0 lCOS

—2cos .
n 2 n 4

DTO 03HAYaeT, YTO PACCTOSHHUS OT TOUKH 7 JIO
BCEX BEPIIMH MHOTOYTOJIbHUKA PAaBHBI MEXIY CO-
ooii. CrrleoBaTenbHO, TOYKA ¥ HAXOIUTCS B IEHTPE
MHOTOYTOJIBHAKA, YTO C YYEeTOM paBEHCTBA €ro
CTOpPOH, TO3BOJSET 3aKIIOYUTH, YTO MHOTOYTOJb-
HUK TIPaBUIIHHBIH.

Teopema nokazaHa.

Teopema 1 maeT ucuepmbIBaroOIIee MpeacTaBiie-
HUE 00 OYEPTAHUAX MYJIBTUMACCOBOTO OCIHILISATO-
pa, KOTOPBIN CXEMaTHYHO N300paKeH Ha PUCYHKE.

B paccmatprBaeMoM (MIeanu3MpOBAaHHOM) CITY-
yae MHOTOYTOJIbHUK, B BEPIIMHAX KOTOPOTO PacIio-
JIOKEHBI OCHUJLTUPYIOUINE TPY3bl MaccaMH mi, Je-
JKUT B IVIOCKOCTU Z. B TEXHMYECKUX MPUIOKEHUIX
TPYy3bl HE JOJIKHBI IPEIIATCTBOBATH NIEPEMEIICHUAM
Ipyr JOpyra, CJeloBaTelbHO, KaXIOMY Tpy3y
JIOJDKHAa COOTBETCTBOBATh CBOSI TIOCKOCTH, a BCE
TUIOCKOCTH JIOJDKHBI OBITH TapajuieIbHbIMU (HaIlo-
JIo0re MHOTOIIOPIITHEBOTO MEXaHU3Ma).

MynbTUMAaCCOBBIA OCLMIUISITOD

Multimass oscillator
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AHaJIH3 MYJbTHMACCOBOT0 OCHHIIATOPA

[anee npeanonaraeTca OTCYTCTBUE JUCCHITALIUN
SHEPrUU Y BHEIIHUX BO3JAEHCTBUM Ha OCIUILISTOP.

[IpousBoausie Beipaskenuit (1)—(5) nocTaBusIOT
CKOpPOCTH T'PYy30B.

%z —Rsin(pd—,
dt dt
&z Rsin[ﬁ—(pj@,
dt n dt
s _p [Lﬂﬂﬂ,
dt n dt

&, = Rsin[—(n — l)n —(p} ¢
dt

dt

VYcnoBueM BO3HHKHOBEHHS! CBOOOJHBIX TapMo-
HUYECKUX KOJICOAHUH SBISETCS PAaBEHCTBO HYIIO
MIOJTHOM DHEPrUM CHCTEMBI, KOTOpasi B paccMaTpH-
BAa€MOM CIIy4ae SIBJISIETCS MCKIIOUUTEbHO KHHETH-
YeCcKOl, YTO W O0OYCJIOBINBAET MOHOPEAKTHBHBIN
xapakTep ocuuisitopa [3].

T=lmR2{sin2(p+sin2(ﬁ—(pj+...+
2 n

+sinz[w_(p}...+

+sin’ {@ _ (p} (@T . ©)

Jnst paccMaTrpuBaeMoOil IIOCKONM MHOTOMEPHOM
CHUCTEMBI KOOpIUHAT CIIPAaBEINBA

Teopema 2

Jns n>2 BBIIONHSAETCA COOTHOIIECHUE

Zn:sin2 {@ + (p} = % (7
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CyMMa €JMHUYHBIX BEKTOPOB, OTJIO0KEHHBIX Ha
KoopauHaTHeIX ocsax  Ox,,0x,,,...,0x paBHa

z1> zn
HYJIIO B CUITY I.[eHTpaHLHOﬁ CUMMCTPHHU. W3 storo
HCO6XOI[I/IMO CJIEAYET, YTO U CyMMa HpOGKLII/Iﬁ YKa-
3aHHBIX BEKTOpPOB Ha KaXXOyro u3 ocen

0x,,,0x,,,...,0x_, ToXe paBHa Hyir0. B oTOM CBA-

zl»
3M BTOPOE M TPEThE CllaraeMble MOCIEAHEr0 BhIpa-
KCHHS UMEIOT HYJICBbIC 3HAUYCHUSI.

Teopema nokasaHa.

Cneocmeue

1 i—l)TC n

n=2 = ) sin’ —( top|=—=

St (5 -5
=sin2(p+sin2(g+(p)=

=sin’ @ +cos’ @ =1.

JpyrumMu cnoBamu, IOCIEAHEE TOXKIECTBO SB-
JITETCST YACTHBIM CiTydaeM GopMysl (7).

Ou4eBUIHO, YTO CIIPABEJINBA U

Teopema 3

Hns n>2 BBITONHAETCA COOTHOLICHUE

[Ipumenenue TeopeMsl 2 k 3Hepruu (6) naet
2
T= lnmR2 (@) = const. ()
4 dt

DTO 03HAYaET, YTO

do

—— =const,
dt

o=Ct+0C,.
B o6miem Bujie HadaIbHbIC yCIOBHS UMEIOT BUJ:

(P(O)Z(Pm

d
7(;(0) = .
[TosToMy

C, =¢p, C =0,

C yuerom storo mepememnieHust rpy3oB (1)—(5)
npuobpeTaroT hopmy
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x, = Rcos (o + @),

T
X, =Rcos[;—w0t—(p0j,

B 06H_I€M BHUJIC HaYaJIbHBIC YCJIOBUS UMCIOT BUJ

X (O) = X0»
OueBUIHO, YTO

2

x : X
@, = arccos —> = arcsin , |1 - =%,
R R

—Rw, sin (@, 0+ @, ) = vy,

A T, ©
R* = x5

BriBoabI

B paccMoTpeHHOM MYJIBTHMAacCOBOM OCITHILISI-
TOpe MOTYT HPOHUCXOIUTh C80000Hble TapPMOHUYE-
CKHe JIMHeWHbIe KonebaHus Tpy3oB. llpm sToM
B DHEProoOMEHE YYacTBYET TOJIbKO KHMHETHUYECKAs
sHeprus. B ynpyrux aneMeHTax HeT He0OXOTUMOCTH.

OcmmutsTop He UMeeT (PUKCHPOBAHHOUW COOCT-
BEHHOH 4acTOTHI KojieObanmii. B cooTBeTcTBHM C (9)
4acTOTa 3aBUCUT OT HayaJIbHBIX CKOPOCTEH U IO-
JIO’KEHUU TPY30B.

IIpaBuiIbHBI MHOTOYTOJNBHUK X, X,,..., X, CO-
BEpIIacT JBOWHOE BpalleHWe — BOKpyr Touku 0
Y BOKPYT TOYKH 7.

B T0 ke Bpems rpy3bl OCYIIECTBIISIOT JIUHElUHblE
2apmMoHuiecKue Koarebanus ¢ aMIuIATy 101 R.

[MomydeHHbIe pe3ysbTaThl OTIMYAOTCS OT OIH-
CaHHBIX B [2] MOBBILIEHUEM CTPOrOCTH U AOCTO-
BEpHOCTH ompeencHus (pa3bl CBOOOIHBIX TapMo-

HUUYECKUX KoJieOaHWH TPY30B 3a CUET COCTAaBIICHHUS
U PEIICHHUS COOTBETCTBYIOMIETO muddepeHItnaib-
HOTro ypaBHeHHUs (8), a TakKe CyIIeCTBEHHBIM pa3-
BUTHEM IPEACTABICHNUS O MPOCTPAHCTBEHHOW KOH-
¢urypaiy OCLMIUIMPYIOLIEH CHCTEMBI 3a CYET
NpPEACTaBICHUS] COOTBETCTBYIOMIETO Ipad)uuaecKoro
marepuana. Otauuue oT paboThl [S] COCTOUT B TEO-
pPEeTHYeCKOM OOOCHOBaHHWU BO3MOXKHOCTH IOCTpOE-
HUSI OCLHWJUIMPYIOIIEH CHUCTEMBI C IIPOM3BOJIBHBIM
YHUCIIOM KOJIEOJIIONUXCSA TPY30B, YTO 3HAYUTEIHHO
pacummpsier 007acTh BO3MOXKHBIX TEXHHYECKHX
MIPUIIOKEHUH.

Hcnonp3oBaHue KPUBOIIUITHO-TIOI3YHHOTO HIIH
KPUBOILLIUITHO-IIATYHHOTO MEXaHHW3Ma IO3BOJIUT
OpraHN30BaTh NapajlIeIbHOE IBUKEHUE I'PY30B.
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Modeling and Analysis of a Multidimensional Planar Monoreactive Oscillator

LP. Popov, PhD in Engineering, Kurgan State University, Kurgan, Russia

N.M. Filkin, DSc in Engineering, Professor, Kalashnikov ISTU, Izhevsk, Russia
V.V. Kharin, PhD in Engineering, CJSC “Kurganstalmost”, Kurgan, Russia
A.A. Mityunin, PhD in Engineering, LLC “Mostproekt” Kurgan, Russia

The work belongs to the field of mechanical engineering, namely: to oscillating mechanical systems. The relevance
of the study is determined by the fact that fluctuations of inertial masses are found everywhere. In the field of con-
struction and use of aviation and rocket technology, this topic is of particular importance. Like a three-dimensional
plane coordinate system in the coordinate plane Z, a multidimensional system with n axes 0x,;,0x,,,...,0x,, shifted

zn
relative to each other by angles 2n/n can be considered. There is an arbitrary vector R emanating from the origin

0. Rc Z. It is proved that the points x|, X, ..., X,, which are the coordinates of the end of the vector R in the co-

ordinate system 0x_,,0x,,,...,0x,,, are the vertices of a regular polygon. The shape and dimensions of the polygon

zn?’
are not related to the coordinates of the vector R, i.e. are unchanged. The center of a regular polygon in all cases
coincides with the middle of the vector R. In the considered (idealized) case, the polygon, at the vertices of which
there are oscillating weights of masses m, lies in the Z plane. multi-piston mechanism). In the considered multidimen-
sional plane monoreactive oscillator, free harmonic linear oscillations of loads can occur. In this case, only kinetic
energy is involved in the energy exchange. There is no need for elastic elements. The oscillator does not have a fixed
natural oscillation frequency. The frequency depends on the initial speeds and positions of the weights. A regular
polygon x, x,, ..., x, makes a double rotation - around the point 0 and around the point r. At the same time, the
loads carry out linear harmonic oscillations with amplitude R. The use of a crank-slider or crank-and-rod mechanism
will allow organizing the parallel movement of goods.

Keywords: polygon, oscillating weight, free oscillations, monoreactive system, frequency.
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