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Annomayua. B paccmatpuBaeMOM (MI€aJUM3UPOBAHHOM) CIIydya€ MHOIOYTOJIbHUK, B
BEpIIMHAX KOTOPOr0 PAaCHOJIOKEHBI OCHWJUIMPYIONIUE TPY3bl, JISKUT B MIJIOCKOCTH. B
TEXHUYECKUX MPWIOKEHUAX TI'Py3bl HE HOJDKHBI NPENATCTBOBATH IEPEMELICHUSIM JIPYT
Ipyra, clIeOBaTEIbHO, KaXI0MYy I'PYy3y JOJDKHA COOTBETCTBOBATH CBOSI IJIOCKOCTh, a BCE
TUIOCKOCTHU JIOJKHBI OBITh MapaJlIeIbHBIMK (HAoA00Me MHOTOIOPIIIHEBOTO0 MEXaHU3Ma).
VYcnoBueM BO3ZHMKHOBEHHUSI CBOOOIHBIX TapPMOHHUYECKHX KOJIEOAaHU SIBISETCS PaBEHCTBO
HYJIIO IIOJJHOM DHEPrMU CHUCTEMBI, KOTOpas B pPacCMaTpUBAEMOM CJydae SBIISIETCA
UCKITIOUNUTEIFHO KHHETHYECKOW, 4YTO M OOYCJIOBIMBA€T MOHOPEAKTUBHBIA XapaKTep
ocuMJUIATOpa. B pacCMOTPEHHOM MHOTOMEPHOM IUIOCKOM MOHOPEAKTUBHOM OCLUIUISITOPE
MOTYT IIPOUCXOJIUTH CBOOOHBIE TAPMOHUYECKHE JIMHEHHbBIE KoeOanus Tpy30B. [Ipu aTom
B SHEProoOMEHE Y4YacCTBYET TOJIbKO KHMHETHYEeCKas »Heprusi. B ympyrux sjiemMeHTax HET
HeoOxomumoct. OcmwsaTop HE uMeeT (UKCHPOBAHHONW COOCTBEHHOW YacTOTHI

KojeOanuid. YacToTa 3aBHCUT OT HAYaAJIbHBIX CKOPOCTEH U TTOJIOKEHHH TPY30B.
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Abstract. The relevance of the study is determined by the fact that fluctuations of inertial
masses are found everywhere. In the field of construction 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 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 coordinate system
0x,,,0x_,,...,0x_, , are the vertices of a regular polygon. The shape and dimensions of the

polygon 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
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weights of masses m, lies in the Z plane. multi-piston mechanism). In the considered
multidimensional 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 ». 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
For citation: Popov 1.P. Multidimensional Planar Monojet Oscillations. Trudy MAI, 2023,

no. 132. URL: https://trudymai.ru/eng/published.php?ID=176838

N3BecTHBI AByXMEpHBIE U TPEXMEPHBIE ITIOCKME MOHOPEAKTUBHBIE OCHUIUIATOPHI, B
KOTOPBIX MOT'YT BO3HHKAaTh CBOOOJHBIC TapMOoHHMUYecKue kojebanus [1, 2]. Hemocratkom
JIBYXMEPHBIX SBISACTCS HECOATaHCHPOBAHHOCTh IO CHJIAM, YTO MOJXKET MPUBOAHUTH K
BpEAHBIM TMOOOYHBIM BHOpalMOHHBIM 3¢ dexTaMm. ITOro HeJAOCTaTKa JTUIICHBI
TPEXMEpPHBIE OCHWUIATOPHl. BMecTe ¢ TeMm, MpEAcTaBiIseT HMHTEPEC BO3MOXKHOCTH
YBEJIMYCHHSI PA3MEPHOCTH IUIOCKUX MOHOPEAKTHUBHBIX OCIUJUIATOPOB, HAMPUMED, IS

MOACIUPOBAHHUA OCHTPAJIbHO CUMMCTPHUYHBIX MHOI'OIIOPITHCBBIX MCXaHHU3MOB.
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AKTYyalIbHOCTh UCCIIEIOBAHUS OMPENEAeTCS TeM, YTO KOoJieOaHUSI MHEPTHBIX Macc
BCTpeyaroTcsi moBceMmecTHO [3-14]. B o0Omact CTpouTensCcTBA M UCIOJIB30BAHUS

ABUAIIMOHHOM M paKeTHOW TEXHUKH 3Ta TeMa UMEET 0OCOOEHHO BakHOE 3HaueHue [15-19].

MogaeaupoBaHue MHOTOMEPHOI0 IJIOCKOI0 MOHOPEAKTHBHOI0 OCHUJIJISITOPA
[TonoOHO TpexmepHOW TIJIOCKOM cHUCTeMe KOoOpAWHAT [2] B KOOpPJAWHATHOMN
IJIOCKOCTH Z MOXeT OBITh pacCMOTpeHa MHOTOMEpHas CHCTeMa C X OCSIMU

Ox

z12

0x_,,...,0x_, CMEIIEHHBIX JIPYr OTHOCHTEIBHO Apyra Ha yriabl 2m/n. Wmeercs

zn 2

npou3BOJbHBIN BekTOp R, ucxomsmuii u3 Havana koopauHatr 0. Rc Z. B yka3zaHHbBIX
00CTOSITENbCTBAX CIIPABEIJINBA
Teopema 1.

1.1. Toukm x,X,,...,X,, SBISAIOIIMECS KOOpAMHaTaMM KoOHIA BekTopa R B

koopauHatHoit  cucreme  Ox ,0x_,,...,0x

_.» SBIFIFOTCS  BEpIIMHAMHM  IIPABHIBHOIO
MHOT'OYT'OJIbHUKA.

1.2. ®opma u pazMepbl MHOTOYTOJIBHUKA HE CBSI3aHbl C KOOpJAWHAaTaMHu BekTopa R,
T.€. HEU3MEHHBI.

1.3. llenTp mNpaBUIBHOTO MHOTOYrOJBHHKA BO BCEX CIy4yasiX COBHAJAaeT C

cepeanHon BekTopa R.

Joxazamenvcmeo. Koopaunatel BekTopa R paBHBI
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X, =Rcos %—(p , )
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OTO0 03HayaeT, 4YTo JI00asi CTOpPOHA MHOTOYTIOJbHHKA HMEET (UKCHPOBAHHYIO
JUTMHY, HE CBSI3aHHYIO C KOOpAMHATaMH BeKTopa R.

Ilycts r — 310 cpenHss Touka BekTopa R. M3 TeopeMsbl KOCMHYCOB ClleAyeT

- . - )
(xl.r)zsz cos’ w—(p +%—2cos W—(p %cos w—q) :RT,

DTO 03HAyaeT, 4TO PACCTOSHUA OT TOYKM 7 JO BCEX BEPIIMH MHOTOYrOJbHUKA
paBHbI Mexay coboi. CinegoBaTrenbHO, TOYKA 7 HAXOAMUTCS B LIEHTPE MHOTOYTIOJIbHUKA,
YTO C YYETOM pPaBEHCTBA €r0 CTOPOH, MO3BOJISIET 3aKIIOYUTh, YTO MHOTOYI'OJIBHUK
IIPABUJIbHBIN.

Teopema nokasana.

Teopema 1 gaer ucuepnblBarollee NMPEACTaBICHUE 00 OUEPTAHUSAX MHOIOMEPHOTO
IUIOCKOTO MOHOPEAaKTHBHOI'O OCIWIIIATOpPA, KOTOPBIM CXEMaTHUYHO H300pa’keH Ha
PUCYHKE.

B paccmarpuBaeMoOM (MI€adM3MpPOBAHHOM) CIy4a€ MHOIOYTOJIBHHUK, B BEpUIMHAX
KOTOPOI'0 PacCIOJIOKEHbl OCLHWIINPYIOLIME TPY3bl MaCCaMM 7, JIEKUT B INIOCKOCTH Z. B
TEXHUYECKUX MPUIIOKECHUAX IPY3bl HE JOJDKHBI NPEISITCTBOBATH IEPEMELICHUAM APYT
Ipyra, ClIe0BaTeNIbHO, KaXKA0MY I'Py3y JOJDKHA COOTBETCTBOBATH CBOSI IIOCKOCTH, a BCE

MJIOCKOCTH JIOJIKHBI OBITh MapajuiebHBIMU (Haro1001e MHOTOTIOPIITHEBOTO MEXaHNU3Ma).

AHaJIU3 MHOTOMEPHOTI'0 IVIOCKOT0 MOHOPEAKTHBHOI0 OCIMJLIIATOPA
Jlanee mpeamnosaraeTcss OTCYyTCTBUE JUCCUTIALMM SHEPTUU U BHEIIHUX BO3JACUCTBUU

Ha OCHOUJIIIATODP.



MHOTOMEpHBIN TNIOCKUN MOHOPEAKTUBHBIN OCHUILISTOD

ITpousBoHbie BeIpaxkeHui (1)-(5) 10CTaBISIIOT CKOPOCTH TPY30B.

axy = —Rsin(p@,
dt dt
o] =Rsin(£—(p)@,
n dt

..............................



YcioBueM BO3HUKHOBECHMS CBO6OI[HBIX TapMOHHUYCCKHUX KoJIcOaHUi SIBJISICTCS
PAaBCHCTBO HYIIIO HpOPISBOI[HOﬁ o BpEMCHU OT MMOJIHOM OQHCPTrUn CUCTCMbI, KOTOpPAsA B
paccMaTpuBacMOM cirydac ABIISACTCA HCKIOYUTCIBHO KHHGTH‘IGCKOﬁ, qTo u

00yCJIOBIMBAaET MOHOPEAKTUBHBIN XapakTep ocuuiusitopa [20].

T:%mR2 {sin2(p+sin2(E—(pj+...+sin2[w—(p}+

n n

S[m=Drn |(doY
+...+sin [—n (p}}( dtj : (6)

,HJ'I}I paCCManHBaCMOfI IJIOCKOU MHOFOMGpHOﬁ CUCTCMBbI KOOpAWHAT CIIpaBCAJINBa

Teopema 2. J1inst n > 2 BBITIOJHSIETCS COOTHOIIICHUE

Zsinz[(l_l)Tc i(p}:ﬁ. (7
i=1 n 2
Jlokazamenvcmeo.
Zn:sin2 [(i —Dn + (p} =
i=1 n
Sl
=12 2 n
n 1 1)2n (z 1)27:
=———cos2 cos
2 2 (PZ n z ; n



CYMMEI CANHUYHBIX BCKTOPOB, OTIOXKCHHBIX Ha KOOPpAWHATHBIX 0CiX

Ox paBHAa HYJIO B CHIIy LIEHTpalIbHOW cuMMmeTpuu. M3 3Toro Heodbxoaumo

z12

0x_,,...,0x_,,

CIEQyeT, YTO W CyMMa MPOCKUHMI YKa3aHHBIX BEKTOPOB Ha KaXAy H3 OcCeil

Ox

z1?

0x,,,...,0x,, Toxe paBHa Hym0. B 93Tolf CBsSI3M BTOpOE U TPETbE CIaracMble

MOCJICAHCTO BBIPAKCHUA UMCIOT HYJICBBIC 3HAYCHUA.
TeopeMa JOKa3aHa.

Creocmeue.

n=2 = Zsin{wi(p}:g:sin2(p+sin2(g+(pj:

i=1 n
: 2 2
=sin" @+cos” ¢=1.
JpyruMu cjaoBaMu, TOCJIEIHEE TOXKIECTBO SIBJISICTCS YACTHBIM cliydaeM (OPMYJIbI

(7).
O‘IGBI/I,IIHO, 4ToO CIIpaBCIJIMBA U

Teopema 3. JInia n > 2 BBINOTHSAETCS COOTHOIIECHUE
S i—-Dr
Z:cos2 u T |=—.
i=1 n 2
[IpumeHenue TeopeMbl 2 K 3HEpTHH (6) 1aeT

2
T :lnmR2 (@j = const .
4 dt

DTO 03HAYaeT, YTO

@:const,
dt
o=Ct+C,.
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B O6H.I€M BUJIC HAYAJIbHBIC YCJIOBUA UMCIOT BU/I:

(P(O):@Ov
do
—0)=0w,.
dt( )=,
IToaTomy
C, =0y, Ci=w,.

C yuerom aToro nepemenienus rpy3oB (1)-(5) npuodperaroT dhopmy:

X, =Rcos(@,f +9, ),

T
X, =Rcos(;—w0t—(poj,

2
X, =Rcos£7n—(o0t—(p0j,

B o61mieM Buie Ha9aIbHBIC YCIOBHUS UMEIOT BHI:

x,(0)=x,,,

dx

7;(0) =V
OueBUIHO, YTO
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X0

cosQ, :?,

2

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

—Rw, sin(®,0+@,) =v,,

(8)

3akirouenmne
B paccMoTpeHHOM MHOTOMEpPHOM IJIOCKOM MOHOPEAKTUBHOM OCIUJUISITOPE MOTYT
POUCXOIUTh C80000Hble TAPMOHUYECKUE JIMHEHHBIE KoiebaHus rpy3oB. Ilpu sTom B
PHEProoOMEHE YYacTBYET TOJBKO KHHETHYECKas JHEeprus. B ympyrux sjaemMeHTax HeT
HEOOXOIUMOCTH.
Ocuunnarop He uMeeT (PUKCUPOBAHHOW COOCTBEHHOM 4YacTOThl KojebaHuil. B
COOTBETCTBUH C (8) 4acTOTa 3aBUCUT OT HAYAJIBHBIX CKOPOCTEH M MOJI0KEHUN TPY30B.

IIpaBUIIBHBIM MHOTOYT'OJIBHUK X,,X,,...,X, COBEpPIIAET ABOMHOE BPAILECHUE — BOKPYT

TO4YKH 0 ¥ BOKPYT TOUKH 7.

B TO xe Bpems Tpy3bl OCYIIECTBISIOT JUHElHble 2apMOHUYecKue KoleOaHus C
aMITUTYyA0u R.

Hcnonp3oBaHue  KPUBOLIMITHO-MIOJ3YHHOTO ~ WJIM  KPUBOIIMIIHO-IIATYHHOTO

MCXaHH3Ma IIO3BOJIMT OPraHU30BaTh IIapaJlyICIbHOC ABHIKCHHUC I'PY30B.
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