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KypraHckumn rocygapCTBeHHbIN yHUBepcuTeT, Poccna
MOAEJNTIMPOBAHUE TPUMHEPTHOIO OCLUUITNIATOPA

PaccmatpuBaeTcs konebartenbHas cuctema ¢ OQHOPOAHbLIMU 3fEMEHTaMM, @ UIMEHHO — C Tpe-
MS MacCVBHbIMU rpy3amun (TPUMHEPTHBIN ocumunnATop). [oka3aHa BO3MOXHOCTb BO3HWMKHOBEHUS B Ta-
KO cucTeme CBOGOAHbIX rapMOHMYECKUX KonebaHuin, koTopasi, Kak U B TPagULMOHHLIX KorebaTenbHbIX
cuctemax, obycrnoBrieHa TeM, YTO 3MEMEHTbI CUCTEMbI MMEHT PasfMYHbIA XapaKkTep PeakTUBHOCTM.
B konebaTenbHoOM cucteme ¢ TpemMs OOQHOPOAHBLIMW (MHEPTHLIMW) 3NEMEHTaMu pasnuyHas peakTuB-
HOCTb [OCTUraeTcsl CyMMWPOBAHWEM MPOCTPAHCTBEHHOro casura (2n/3) u dasosoro casura (2n/3).
B TpuuHepTHOM ocumnnsitope konebaHusi 06ycrnoBneHbl B3aMMHbIM Npeobpa3oBaHUEM KUHETUYECKUX
3Heprui rpysoB. B oTnmume oT TpaaMUMOHHBIX KonebaTenbHbIX CUCTEM, YacTOThl CBOOOAHbLIX Koneba-
HWUIA KonebaTernbHbIX CUCTEM C OOHOPOAHbIMU 3MIEMEHTaMU He 3aBUCAT OT NMapamMeTpoB 3/1EMEHTOB
CUCTEM U1 OMNpeaensitoTCa UCKMIYNTENBHO HavanbHbIMK YCIOBUSIMK, Gnarogapsi YeMy OHW MOryT Co-
BepLUaTb CBOOOAHbLIE rapMOHNYeckMe kornebaHus ¢ Nobon n3HavanbHO 3aJaHHON YacTOTOW.

KnioueBble crnoBa: OCLUUNNATOP, MHEPTHbIN, FAPMOHUYECKUA, PEAKTUBHOCTb, NPOCTPAHCTBEH-
HbI cOBUT, )a30BbIN CABUF, KUHETMYECKas SHEPrUs.

I.P. Popov

Kurgan State University, Kurgan, Russian Federation
MODELING THREE-INERT OSCILLATOR

We consider a system with uniform oscillatory elements, namely, three massive loads (three-
inert system). The possibility of occurrence of such a system free of harmonic oscillations which, as in
the conventional oscillatory systems is caused by that its elements are different character reactivity. The
oscillating system with three homogeneous (inert) components different reactivity is achieved by sum-
ming the spatial shift (2n/3) and phase shift (27/3). The three-inert oscillator there is a mutual exchange
between the kinetic energies of loads. Unlike traditional vibration systems free vibration frequency oscil-
latory systems with homogeneous elements do not depend on the system parameters and determined
solely by the initial conditions, so that they can make available to any harmonic oscillations initially set
frequency.

Keywords: oscillator, inert, harmonic, reactivity, spatial shift, phase shift, kinetic energy.

BBeaenune

B [1] npencranena mareMaTndeckasi MOJIeb OUMHEPTHOTO OCIIHILISI-
Topa. OH UMeeT [1Ba NPUHIHUNHAIBHBIX OTINYUSA OT TPAJULIMOHHBIX Koseba-
TEJIBHBIX CUCTEM — MPYKMHHOTO MasTHUKA U 3JIEKTPUUECKOro Kosebareib-
Horo KoHTypa [2-9]. [lepBoe: OUMHEPTHBIN OCHMILIATOP COCTOUT U3 OJIHO-
pPOIHBIX (MHEPTHBIX) JJEMEHTOB, I[IOPTOMY KadeCTBO DJHEPIHUM IpHU
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SHEProoOMEHE HE MEHSETCS, a UMEHHO — KHHETHYECKas YHEPrus OHOTO
AIIeMEHTa MpeoOpaszyeTcss B KMHETUYECKYIO K€ dHepruto npyroro. Bropoe:
9acTOTBI CBOOOIHBIX KOJeOaHUN OMUHEPTHOTO OCIMILISTOPA HE 3aBUCAT OT
€ro MmapaMeTpoB U OMPEICISAIOTCS UCKIIOUUTEIFHO HAaYalbHBIMH YCJIOBHUS-
MH, OJarojaps 4eMy OH MOJKET COBEpIIaTh CBOOOIHBIC TAPMOHUYECKHUE KO-
Jie0aHus ¢ 100 N3HAYaAJIBHO 3aJaHHOI YaCTOTOM.

[IpencraBnsieT uHTEpEC BO3MOKHOCTh MOJICIIMPOBAHUS TPUUHEPTHOTO
OCIIWJIATOPA, BO-TIEPBBIX, B CBSI3M C YBEIMUYCHHEM YHUCIA KOJICOITIONTUXCS
AJICMEHTOB, a BO-BTOPBIX, U TIIABHBIM 00pa30M B CBSI3U C TEM, UTO OMHHEPT-
HBIN OCIMJUIATOP HE cOaTaHCHPOBAH IO CHJIaM WHEPIIMH H3-3a CBOCH acuM-
METPHHU, YTO MOXKHO JIETKO PEaTu30BaTh AJISl TPUUHEPTHOTO OCLHUIUIATOPA.

1. CvHTE3 TPUMHEPTHOI0 OCHUJLJIATOPA

[Tyctb Tpu koopaunatHbie ocu — 0x;, O0x,, Ox3 — J€kaT B OJHOM MIIOC-
KOCTH Z, TIOCJIEIOBAaTEIbHO MOBEPHYTHI OTHOCUTENIBHO JpYr Apyra Ha /3
U TiepeceKaroTcs B 0JHOU Touke. Touka nepeceuenus 0 sBIsSETCS HavyaioM
MPOM3BOJILHO HAIIPaBJICHHOTO BekTopa R, mpuHapiexamero Z.

Teopema 1. KoopauHatel xi, X2, X3 NpoeKIMid KoHIa BekTopa R Ha
ocu Oxj, Oxp, Ox3 sBIAIOTCS BEPIIMHAMH PAaBHOCTOPOHHEIO TPEYroJibHUKA,
pa3Mep KOTOPOro HE 3aBUCUT OT HampaBiieHus R.

Hoxkazamenscmeo. KoopauHaThl IPOSKINUN

X1 = Rcoso,
X2 = Rcos(n/3 — @), (1)
x3 = Rcos(2m/3 — o).
3neck @ — yroa mexay R u Ox;. B cooTBeTcTBUE ¢ TEOpEMOi1 KOCUHYCOB

(x1x2)” = Rz[cosch + cos*(m/3 — ©) — 2cospcos(n/3 — @)cos(n/3)] =

=R*|cos’ o+ lcos +—3sin —2cos lcos +—3$in l =
) > ¢ > ) ) 5 ) > ) >
2 » b 5 3, 3 .
=R"| cos (p+Zcos (p+Zs1n (p+7005(psm(p—

3 3
——cos’ p———cos@sin |==R>.
5 (o 5 osmaoe 4
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(x1x3)* = R*[cos’@ + cos*(2n/3 — @) — 2cospcos(2n/3 — @)cos(2n/3)] =

2
1 NE 1 NER 1
=R*| cos’ 9+| ——cos @+ —sin —2c0S@| ——cos @ +—sin —||=
[ ) ( > () > (PJ (I{ > () > (P]( 2}}

1 3 3
=R?| cos’ @+—cos” @+ —sin’ @ ———cos@sin @ —
[ ) 4 ¢ 4 ) ) ¢smo

1, B . 3,
——CcoS  @+—cosesin® |=—R".
5 ¢ 5 ¢ (P} 4

(x2x3)* = R*[cos*(n/3 — @) + cos*(2n/3 — Q) —
—2cos(n/3 — @)cos(2m/3 — @)cos(n/3)] =

=R’ lcos +£sin 2+ —lcos +£sin 2—
2 ¢ 2 ? 2 ? 2 ?

-2 lcos +£sin —lcos +£sin l =
2 ? 2 ? 2 ? 2 (PZ

1 3 3 1
=R*| —cos®> @+=sin’ @+ ——cos @sin @ +—cos> ¢+
{4 ¢ 4 ) > ¢smo 4 ¢
3 ) 3 . 1 2 3 2 3 2
+=sin“ @ ———cos @sin @ +—cos” @ ——sin =_R".
4 ¢ > psmaeo 4 O 4 (P} 4

Takum 00pa3oM, TPEYTOJBHUK SIBIISETCSI PABHOCTOPOHHUM. Teopema
JTIOKa3aHa.

Teopema 2. [{eHTp TpeyroJibHUKA X1X»X3 COBHNAAAET C CEPEANMHOMN BEK-
topa R.

Hoxazamenvcmeo. 1lycts r — cepenuna Bekropa R. B coorBeTcTBHM
C TEOPEMOM KOCUHYCOB

(x17)* = R*[cos’@ + 1/4 — 2cosp(1/2)cos@] = R*/4.
(xor)* = R¥[cos* (/3 — @) + 1/4 — 2cos(1/3 — ¢)(1/2)cos(n/3 — @)] = R*/4.
(x3r)* = R¥[cos*(2n/3 — @) + 1/4 — 2cos(27/3 — ¢)(1/2)cos(2/3 — ¢)] = RY/A.

Touka 7 paBHOOTCTOUT OT TOYEK X| U X2, CJIEIOBATEIbHO, OHA PacIo-
JI0’KEHA Ha MPSAMOM, TEPIEHIUKYJISIPHON OTPE3KY X1X2 U MPOXOASAIIEH uepe3
€ro cepelrHy. ITO K€ CIPaBeIIUBO B OTHOIICHUU OTpe3Ka X;X3. TakuM 00-
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pa3oMm, TOYKa 7 MPUHAUIEKUT JIBYM BbICOTAM TPEYTOJbHHUKA XX2X3, CIIEIO0-
BaTeIbHO, OHA JIKUT HA UX MEPECEUCHUU, KOTOPOE ISl paBHOCTOPOHHETO
TpEYroJIbHUKA SBJIIETCS LICHTpOM. TeopeMa JokazaHa.

Teopemsl 1 1 2 MO3BOJISIOT ONMPEACITUTh KOHPUTYPAITHIO TPUHUHEPTHO-
ro OCHWUISTOPA, YIPOIIEHHAs CXeMa KOTOPOTo MoKa3aHa Ha PUCYHKE.

¥

X3$ """"" e
N
| .

m

Puc. TpunHepTHBIN OCLHUILIATOP

2. AHAJIM3 TPHHHEPTHOT0 OCHUJIIATOPA

BHenHue ycunus K rpy3aM He IpUIOKeHbl. Macchl CBS3YIOIIUX 3Je-
MEHTOB U TPEHHE He YUuThIBatoTCa. CKOpOCTH Ipy30B € yueToM (1)

dx/dt = —Rsinpdo/dt,
dx,/dt = Rsin(nt/3 — @)do/dt,
dxs/dt = Rsin(2m/3 — @)do/dt.

YcioBreM BO3HHKHOBEHHUSI CBOOOIHBIX T'apMOHHUYECKHX KOJIeOaHHA
ABJIACTCS HEM3MEHHOCTD TI0JIHOW, B PACCMAaTPpUBAaEMOM CIy4yac — KUHETHYE-
CKOH — DHEPIMH CUCTEMBI:

T=0,5mR*[sin’p + sin’ (/3 — @) + sin*(27/3 — ¢)](do/dt)* =
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= 0,75mR*(d¢/df)* = const.
do/dt=C,,
o= Cit+ C.

Hy'CTL HavYaJIbHBIC YCJIOBHUA

do
0) =g, —(0) = w,.
¢(0) = o dt() 0

Torna
Cy = @o, Ci = .

[Tpu sTom (1) mpuHUMAaET BU:
x1 = Rcos(wot + @),
X2 = Rcos(1/3 — oot — ¢y), (2)
x3 = Rcos(2m/3 — wot — ¢p).
[Tyctb x1(0) = x10, (dx1/dt)(0) = vio. Torna

2

X . X
cos@o = x10/R, @, = arccos =% = arcsin , [ - =%

— Rwosin(wo0 + @) = vio,
0)0 = —%.
R” —x;,

Takum 00pazom, Bce TpH rpy3a COBEPIIAIOT CBOOOIHBIC TapMOHUYE-
cKue KoJjeOaHus1, 0OMEeHHBasICh MEXly cO00M KMHETHYECKOW YHEPTUEH.

W3 ypaBHenwii (2) cienyer, uto paaunyc-BekTop R paBHOMepHO Bpa-
IIaeTCs C YIIIOBOW IIUKINYECKONH CKOPOCTHIO M.

TpeyronpHuK, 00pa30BaHHBIN IATyHAMH, BPAIIaeTCsS BOKPYT TOYKH 7
U OZJHOBPEMEHHO C paanyc-BeKTopoM R — Bokpyr Touku 0.

[Tpn cBOOOIHBIX TAPMOHHYECKUX KOJEOAHUSAX I'PY30B, YCIOBHEM KO-
TOPBIX SBIIAETCS OTCYTCTBHE TPEHHS, HEOOXoanMocTH B KpuBomwune 0r He
BO3HHKAET.

[Tpn wammunm Tpenust kpuBommi 07 HEOOXOAUM IS TTOBOJA SHEP-
TMH OT BHEIIHETO NMPHUBOJA C IENbI0 KOMIICHCAIMU ee auccumnanuu. [Ipn
STOM TPHUBOJ HE COBEPIIAET PadOTy, HANIPABICHHYIO HA COOOIIECHHUE IPy3aM
rapMOHHYECKHNX yckopenwuii [10].
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