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Annomayusa. PaccMaTpyuBaeTCss MOHOPEAKTUBHBIN TAPMOHUYECKUN OCHWLISATOP C TpeMs
rpy3amu. Jlns  meneid  Hacrosimied  paOOThl  yIOOHO  HCIMOJB30BaTh  IJIOCKYIO
TPEXKOOPAMHATHYIO CHCTEMY aHAJOTUYHYI0 Tpex(]a3zHoil cucteme KOOpJWHAT,
MPUMEHSIEMON B J3JIeKTpoTexHHKe. J[ma mnpousBoinbHOro BekTopa R, nexamero B
TPEXKOOPJIAWHATHOW IUIOCKOCTH, HAYaJl0 KOTOPOrO COBMAJAET C HAYaJIOM KOOpJWHAT,
cnpaBepimBa Teopema 1. KoopamHatel X, Xx,, x; Bekropa R 00pa3yroT npaBUIbHBIN
TPEYTOJIbHUK, pa3Mep KOTOPOr0 HE MEHSETCs MPU IMPOU3BOJIBHOM MOBOpOTE BekTopa R.
Teopema 2. Cepennna Bektopa R coBmelieHa ¢ HEHTPOM TpEYrojbHUKA X,X,X,. [lonoBrHa
BekTOopa R wurpaer ponp KpuBOIIMIIA, KOTOPBIA B PEATBHBIX YCTPOMCTBAX HYXKEH JJIs
Pa3BHUTHs YIJIIOBOW CKOPOCTH () M COOOIIEHWS MOMEHTa CHJIBI JJIi KOMIICHCAIUU

AUCCHUIIAaTUBHBIX IIOTCPb. B MOHOPCAKTHUBHOM TI'apMOHHYCCKOM OCHUIIIIATOPEC C TPCM:A
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rpy3aMud MOT'YT BO3HUKATh CBOOOJHBIE CHUHYCOMJAJIbHBIC KoJieOaHMs JIH0OOM 3aJaHHOMU
YaCTOThI, KOTOPas ONPEAEISIETCS UCKIIOYUTEIBbHO HAYAIbHBIMU YCIIOBUSMU.

Knroueewvie cnoea: HecOanaHCUPOBAHHOCTb, aCUMMETpUs, BUOpO3aIIUTa, CUMMETPUYHAS
CXeMa, TPEXKOOpUHATHAsI CUCTEMA, KHHEMAaTHKa
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Abstract. 1t is noted that free sinusoidal oscillations in a classical mechanical oscillator are
stipulated by the mutual transformation of kinetic energy into potential energy. The
oscillator, in which free sinusoidal oscillations are being accompanied by the
transformation of the kinetic energy of an inert element into the same kinetic energy of
another inert element is well-known. The elements with another nature of reactivity are

missing in such oscillator. Such oscillator is essentially mono-reactive. This oscillator
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disadvantage consists in its imbalance due to the asymmetry of the structure, which may
require additional vibration protection measures. This drawback can be avoided by
applying a symmetrical scheme with three weights. For the purposes of this work, it is
convenient to employ a flat three-coordinate system similar to the three-phase coordinate
system used in electrical engineering. For an arbitrary vector R, lying in the three-
coordinate plane, which origin coincides with the origin, Theorem 1 is true. The
coordinates xi, x2, x3 of the vector R form a regular triangle, which size does not change
with an arbitrary rotation of the vector R. Theorem 2. The middle of the vector R is
aligned with the center of the triangle x; x» x3. Half of the vector x; x2 x3 plays the role of a
crank, which in real devices is needed to develop the angular velocity @ and communicate
the moment of force to compensate for dissipative losses. In a mono-reactive harmonic
oscillator with three weights, free sinusoidal oscillations of any given frequency may
occur, which is determined solely by the initial conditions.

Keywords: imbalance, asymmetry, vibration protection, symmetrical scheme, three-
coordinate system, kinematics

For citation: Popov 1.P. Free sinusoidal oscillations based on the mutual exchange of

kinetic energy between three loads. Trudy MAI, 2023, no. 129. DOI: 10.34759/trd-2023-

129-02



https://doi.org/10.34759/trd-2023-129-02
https://doi.org/10.34759/trd-2023-129-02

B KiaccuyeckoM MEXaHMYECKOM OCHMJUIATOPE CBOOOJHBIE CHHYCOMJIAJbHBIE
kosneOanus [1—4] o0ycnoBieHbl B3aMMHBIM NPE0Opa30BaHUEM KHMHETHUECKOW IHEPruu B
MOTEHIMaNbHYI0 [5-9].

W3BecTteH oCHWLISATOP, B KOTOPOM CBOOOAHBIE CHHYCOWJAJbHBIE KOJI€OAHUs
COMPOBOXKJAIOTCSl TpaHCchopManueid KUHETHMYECKOW HSHEPrud HHEPTHOTO DSJEMEHTa B
KMHETUYECKYIO K€ SHEPTUI0 JPYroro MHEpTHOro siemeHrta [10]. DneMeHThl ¢ apyrum
XapaKTepOM PEAKTUBHOCTH B TAKOM OCHUMJUISITOPE OTCYTCTBYIOT. Takoil ocummisTop mo
CYILIECTBY SIBJISICTCA MOHOPEAKMUBHBIM, @ UMEHHO: M-1M.

Henoctatkom 3TOr0 ocuMuIsiTOpa SIBIsSIETCS €ro HecOaJaHCUPOBAHHOCTh B CHILY
ACUMMETPHUHM KOHCTPYKIIMH, YTO MOXET TpeOOBaTh IOTOJHUTEIBHBIX BHOPO3AIIUTHBIX
Mep.

DTOro HeAocTaTka MOXKHO H30€XaTh, HCIOJB3Ys] CUMMETPUUHYIO CXEMY C TpeMs
rpy3amu.

AxTyanbHOCTh PabOThl OOYCJIOBIIEHA TEM, YTO MEXaHHYECKHE KOJIeOaHUs IIHPOKO
pacnpocTpaHeHbl B Pa3sHOOOpa3HBIX TexHoimormueckux mpomeccax [11-15]. Ocoboe

3HAYCHHUE yUeT KoJieOaHU MpUoOpeTaeT B aBUAIIMOHHON U pakeTHOU oTpacisax [16—20].

MojaeaupoBanue OCHMIISITOPA ¢ TPeMs FPy3amMu
Hns  menet  wHacrtosimei  paboThl  yOOOHO  HMCMOJB30BAaTh  IUIOCKYIO
TPEXKOOPAMHATHYIO CHCTEMY aHAJOTUYHYI0 Tpex(]a3zHoil cucTtemMe KOOpIWHAT,

MPUMEHSEMOM B JJIEKTpoTexHUKe. /[lma mnpowusBonapHOro Bektopa R, nexamero B



TPEXKOOPAMHATHOM IJIOCKOCTH Z, Ha4aJo KOTOPOTO COBNAJAET C HAdajaoM KOOpAMHAT,
CIIpaBeINBa

Teopema 1. Koopaumnatel x,, x,, X, Bekropa R 00pa3yloT mpaBUIbHBIHI
TPEYTrOJIbHUK, pa3Mep KOTOPOro He MEHSIETCs IPU MPOU3BOJIILHOM IMOBOPOTE BekTOopa R.

/Jlokazamenvcmeo. Koopnunatel Bekropa R umeror Bu:
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TpeyronbHuK X, X, X, SIBIS€TCS MPaBUIbHBIM C (PUKCHPOBAHHON CTOPOHOI paBHOI
YaR?.

Topema nokasaHa.

Teopema 2. Cepenuna Bekropa R coBmenieHa ¢ HEHTPOM TPEYTOIbHUKA X, X,X;.

Jloxkazamenvcmeo. Jlanee cepenuna Bekropa R o6o3Havaercs r .
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PaccrosiHust OT TOYeKk Xx; M X, OO TOYKM 7 SBIAIOTCA OAMHAKOBBIMH. [lo3TOMY
TOYKa 7 JIEKUT Ha NPAMOU, KOTOpas NEPHEHIUKYJSIPHA CTOPOHE TPEYrOJbHUKA XX, U
IIPOXOJUT YEPE3 €€ CPEAUHY.

To e camoe MOXKHO CKa3aThb PO CTOPOHY TPEYTOJIbHUKA X,X; .

W3 sTOro ciemyer, 4To TOYKA 7 OTHOCUTCS K BBICOTAM TPEYTOJBHHUKA X,X,X;, & ITO

BO3MOXHO, TOJIBKO €CJIM OHa COBIIAAACT C UX INICPCCCUCHUCM. HGPCCGIIGHI/Ie KC BBICOT

IMPaBUJIBHOTO TPCYIOJIbHHUKA, KOTOPBIM B COOTBCTCTBHUH C TCOpeMOﬁ 1 sBnsercs X X5X5,

COBIIAJAET C LIEHTPOM TPEYroJIbHUKA.
Teopema noxa3zana.
O0e noka3aHHbIE TEOpPEMBl JAIOT IPEACTaBICHHE O IPOCTPAHCTBEHHOM cXeme

MOHOPCAKTHUBHOI'O OCIHHUJIJIITOPA C TPEMA I'Py3aMHU, Hpe,HCTaBHeHHOﬁ Ha PUCYHKC.




KunemaTuka MOHOPEAKTHBHOI0 OCHMJLISITOPA € TPeMs Fpy3aMu

I[anee NPpUHUMACTCA, YTO BHCHIHHUC II0 OTHOIICHHUIO K OCHUJUIATOPY CHIIbI

OTCYTCTBYIOT. Macchl BCIIOMOTaTeNIbHBIX 3JIEMECHTOB OoCUIIIIATOpPpA CUUTAKOTCA pPAaBHBIMHU

Hymto. [loteps Ha TpeHue Her.

B cootBerctBUM ¢ BblpakeHussMU (1) —(3) MIrHOBEHHBIE CKOPOCTH HWHEPTHBIX

QJICMCHTOB OCHUIIJIATOPA paBHBI

%:—Rsin E—(p @,
3 dt

[Ipu cBOOOAHBIX CHHYCOMJAJIBHBIX KOJEOAHUSX TOJHAS DYHEPTUs OCIMILIISATOpPA CO

BpPpCMCHCM HC MCHACTCA. B MOHOPCAKTMBHOM HHCPTHOM OCHHUIUIATOPC ITOTCHIHAJIbHAA

OHCPIUA OTCYTCTBYCT. HOBTOMy ITOJIHasA OHCPIuA ABJIACTCA HCKIIIOYHUTCIIBHO

KMHETHUYECKOW. B 3TOM CBS3M CIIPABEJIMBO BBIPAKEHUE
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I[JISI HaXO0XKJACHUA TIIOCTOAHHBIX HWHTCTPHUPOBAHUA CJIICAYCT VYUYCCTb HAYAJIbHBIC

yCIIOBUSA
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HMCIOT MECTO BBIPAKCHUSA
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R
2
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R R
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v
_ 10
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[lonyuyeHHbIE pe3yabTaThl MOKA3bIBAIOT, YTO B MOHOPEAKTUBHOM OCHHIIISTOPE C
TpeMsi Tpy3aMH BO3MOKHO BO3HUKHOBEHHE CBOOOJIHBIX CHHYCOMJAIBHBIX KoJieOaHUMN
rpy30B, 00YCIOBJIEHHBIX B3aUMHBIM OOMEHOM KHHETHYECKOU SHEPTUei MeKy HUMH.

B coorBerctBum ¢ Qopmymamu (4) —(6) mpu CBOOOIHBIX CHHYCOHMJTAIBHBIX
KosjeOaHux BekTop R BpamaeTcs ¢ HeM3MEHHOM YTIIOBOM CKOPOCTHIO (.

IIpaBUIIBHBIA TPEYTOJIBHUK X,X,X; COBEpPLIAET IBOWHOE PABHOMEPHOE BPAILCHHUE —
BOKPYT CBOETO LIEHTPA 7 ¥ BOKPYT Haudana koopauHat 0.

[TonoBuna Bexktopa R (0r) urpaer poiap KpUBOIIMIA, KOTOPBIM B pealbHBIX
YCTPOMCTBaxX HYXKEH JJIs Pa3BUTUS YIJIOBOM CKOPOCTH ® M COOOLIEHUS MOMEHTA CHUJIbI

AJIA KOMIICHCAIWKW JUCCHUIIATUBHBIX IIOTCPD.
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B coorBercTBUM C BbIpaxkeHusiMu (4) — (6) B MOHOPEAKTUBHOM TapMOHHUYECKOM
OCIIWJUIATOPE C TpeMsl Tpy3aMd MOTYT BO3HMKAaTh CBOOOJHBIE CHHYCOUJIAJIbHbBIC
KojeOaHust J000M 3aJlaHHOM YacTOThl, KOTOpas OMNpPENENsSeTcs HCKIIOYUTEIbHO

HadaJIbHbIMU YCIIOBUSAMM.
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