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Annomayua. MexaHudeckue KoJieOaHUsl IIMPOKO PACIpPOCTPAHEHbI B Pa3HOOOpPA3HBIX
TEXHOJOru4Yeckux mnpoueccax. OcobOoe 3HaueHHE YyyeT KoseOaHuii MpuoOpeTaeT B
AaBUALIMOHHOM M pakeTHOM oTpaciax. CUHTE3 MOHOPEAKTUBHOTO TapMOHHYECKOTO
OCIMJUIATOpPA MPOU3BOAUTCS HA OCHOBE Tpex mnpeamnoceuiok. llepBoe. Ocuumistop
COCTOMT W3 [JIBYX OJMHAKOBBIX IO Macce rpy3oB. Bropoe. I['py3sl coBepmiaroT
CUHycOMJalbHble mniepemenieHud. Tperbe. CymmapHas »>HEprus OCLHWUIATOpPAa CO
BpEMEHEM HE HU3MeEHseTcs. B MOHOpeakTUBHOM (m-m) TapMOHMYECKOM OCHUILISTOPE
WHEPTHBIE DJIEMEHTHI MOTYT COBEpIIaTh CBOOOJHBIE CHHYCOUJAIbHBIE KOJICOAHWUs,
KOTOpBhIE COMPOBOXKIAIOTCS TpaHChOpMaIreil KUHETUYECKOW HSHEPTHMH HWHEPTHOTO
JJIEMEHTA B KUHETUYECKYIO JKE€ DHEPIUIO APYTOro MHEPTHOrO dJIeMEHTa. B moimoxeHuw,

npu KotopoM ¢ =0 sHEprus mepBOro MHEPTHOTO 3JIEeMEHTa paBHa Hy0. [lpu 3TOM

OQHCPIrusg BTOPOIO 3JICMCHTA HMMCECT MAKCHMAJIbHOC 3HAYCHUC. B cnez[yfomnﬁ MOMCHT
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BPEMEHHM TEPBBIM 3JIEMEHT MPUOOPETAET YCKOPEHHE 3a CUET KUHETUYECKOW SHEpruu
BTOPOTO AJIEMEHTA, CKOPOCTh KOTOPOIO HAYMHAET YMEHBIIATHCS.
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Abstract. In classical oscillators, free sinusoidal oscillations are accompanied by an
exchange of energy between its elements, which have the opposite nature of reactivity. In
a spring pendulum, the potential energy of an elastic element is transformed into the
kinetic energy of an inert element and vice versa. These elements have opposite character
of reactivity. In an electric oscillatory circuit, the energy of the magnetic field of the coil is
transformed into the energy of the electric field of the capacitor and vice versa. These
elements also have the opposite character of reactivity. Oscillators are known in which

free sinusoidal oscillations are accompanied by the transformation of the kinetic energy of
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an inert element or the potential energy of an elastic element into the energy of the
magnetic field of the coil or the energy of the electric field of the capacitor and vice versa.
The synthesis of a monoreactive harmonic oscillator is based on three premises. First. The
oscillator consists of two weights of the same weight. Second. Loads make sinusoidal
movements. Third. The total energy of the oscillator does not change with time. In a
monoreactive (m-m) harmonic oscillator, inert elements can perform free sinusoidal
oscillations, which are accompanied by the transformation of the kinetic energy of an inert
Othe first inert element is zero. In this case, the energy of the second element has a
maximum value. At the next moment of time, the first element acquires acceleration due to
the kinetic energy of the second element, the speed of which begins to decrease.
Keywords: pendulum, oscillations, energy exchange, monoreactive, phase, movement,
speed, acceleration
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B kmaccuueckux ocuMUIITOpax CBOOOJHBIE CHHYCOMJAIBbHBIE — KOJIeOaHUs
CONPOBOXKIAIOTCS  OOMEHOM  SHEPrUU  MEXIYy €ro J3JIEMEHTaMH, HMEIOLUMHU
MIPOTUBOMOJIOKHBIN XapakTep peakTUBHOCTH [ 1-5].

B npyxuHHOM MasTHUKE MOTEHUUAJIbHAs HHEPrUsl yOPYroro 3JeMeHTa
TpaHCPOPMUPYETCS] B KMHETHUYECKYIO DHEPTHUI0 MHEPTHOTO JJIEMEHTa W O0paTHO. JTH

AJIEMEHTHI UMEIOT MPOTUBOIOIOKHBIN XapakTep peakTuBHOCTH [6—10].
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B snexktpuyeckoM KojeOaTeIbHOM KOHTYPE SHEPTHUS MArHUTHOTO IOJS KAaTYIITKA
TpaHCHOPMHUPYETCS B DHEPTHUIO DJIEKTPUUYECKOTO TOJsI KOHACHcCATopa W 00paTHO. OTH
AJIIEMEHTHI TOKE UMEIOT MPOTUBOTIONOKHBIA XapaKTep PEaKTUBHOCTH.

M3BeCTHBI OCHMJUISITOPBI, B KOTOPBIX CBOOOJHBIE CHHYCOWJAJIbHBIC KOJICOAHUS
COIPOBOXKIAIOTCS TpaHC(hOpMAITUEH KUHETUYCCKONH SHEPTUU MHEPTHOTO JJIEMEHTA WJTU
NOTCHIIMAJILHON SHEPTUH YIIPYTOTO 3JIEMEHTA B DHEPTHUI0O MAarHUTHOTO TOJISI KaTYIIKW WA
DHEPTHUIO JICKTPUIECCKOTO TOJIT KOHIEHCATOpa M 00PATHO.

Bce ykazanHbIe K0JIe0aTEIbHBIC CUCTEMBI TI0 CYIIECTBY SIBISIFOTCS OUPeaKmueHbIMU,
a umenno: m-k, L-C, m-L, m-C, k-L, k-C.

CBOOO/IHBIE CHUHYCOMJAIbHBIC KOJICOAHUS MOTYT BO3HHMKATh IIPH B3aWMMHOU
TpaHCPOpPMAIUK KAKUX YT'OJHO (PU3MUECKUX BHJIOB SHEPTHU.

DTO 0OCTOSATENBCTBO SBISETCS MOOYAUTETHHBIM MOTHBOM CO3JIaHUSI OCIHIUISITOPA,
B KOTOPOM CBOOOJ/IHBIE CHHYCOHIATbHBIEC KOJICOAHUS COMPOBOXKIAIOTCS TpaHCchopmarme
KAHETHYECKOH DHEPrUM WHEPTHOTO 3JIEMEHTa B KHHETHUYECKYIO K€ DHEPTHI0 IPyroro
WHEPTHOTO DJJEMEHTa. OJEMEHTHI C JPYIMM XapaKTepoOM pPEaKTUBHOCTH B TaKOM
OCHUJUIATOPE OTCYTCTBYIOT.

Taxoit ocuUIISTOP TIO CYIIECTBY ABISIETCS MOHOPEAKMUBHBIM, & UMEHHO: M-M.

AxTyanbHOCTh PabOThI OOYCIOBIIEHA TEM, YTO MEXaHHUYECKUE KOJIeOaHUs IMIUPOKO
pacnpocTpaHeHbl B Pa3sHOOOpa3HBIX TexHoyormuecknx mporeccax [11-15]. Ocoboe

3Ha4YEeHHUE y4eT KoJieOaHUil MpUOOpeTaeT B aBUALIMOHHON U pakeTHOU oTpacisx [16—-20].



CHHTEe3 MOHOPEAKTHUBHOI0 TAPMOHMYECKOI0 OCIIHILJIATOPA
CuHTe3 OCUMIUIATOPA IPOU3BOIUTCA Ha OCHOBE TPEX MPEANOCHIIOK.
Ilepsoe. OcIMIIISATOP COCTOUT U3 JIBYX OJJMHAKOBBIX [10 Macce Ipy30B.

Bmopoe. I'py3bl cOBEpIIAIOT CHHYCOUIAIBHBIEC TIEPEMELLICHUS
x, =Asin(£+E)),
x, = Asin(C+E,).
3nech Xx,,X, — MepeMeleHUs] HHEPTHBIX JIEMEHTOB, A — aMIUTyAa, { — U3MEHSoUIasICs
(a3za xonebanuii, §,,C, — HavanabHbIE (a3bl KOJCOAHUM.

Tpemve. CymMapHasi SHEPTUs OCHUIUIATOPA CO BPEMEHEM HE U3MEHSIETCS

W, + W, = const .

N3 BTOPOI M TpEeTHEHN NMPEATIOCHIIOK CIEAYET

m( dx, *m dx, jz
—| — | +—| — | =const,
2\ dt 2\ dt

cos’(§+&,)+cos’ (§+E,)=const.

W3 BTOpPOTO BBIpAXXEHUS CIEAYET, YTO

T
G+ G, =tr
1752 -
2
Ota dopmyna AaeT BO3MOXKHOCTH OMPEIEIUTh KOHPUTYPAIIUI0O MOHOPEAKTUBHOTO

rapMOHHYCCKOI'O OCHUIIIIATOpPA, KOTOpasd MPCACTABJICHA HAa PUCYHKC.



Puc. MoHOpEaKTUBHEII TAPMOHUYECKUN OCIIAJLIATOD

AHaJIN3 MOHOPEAKTHUBHOI0 TAPMOHUY€ECKOr0 OCHILISITOPA
Jlonywenua. K WHEPTHBIM 3JIEMEHTAM BHENIHWE CHWJIbI HE MNPUIOKEHBI. Macca
COEJIMHUTEIILHOTO 3JIEMEHTA paBHa HYJ0. [[oTepu Ha TpeHHE OTCYTCTBYIOT.
B cooTBeTCTBHM C PUCYHKOM MEPEMENICHUS HHEPTHBIX JIEMEHTOB UMEIOT BHI:

x, =lcoso, (1)

X, :Zcos(g—(pj. (2)



Texymas ¢aza ¢ HawiydmiuM o00pa3oM MNOAXOAUT Ha poyib 000OIIEHHOU
KOOPINHATHI.
PaccmaTtpuBaemass MexaHudeckasi cucreMa 00JajaeT OJHOW CTETCHBIO CBOOOIBI,

M03TOMY, COOTBETCTBEHHO, YpaBHeHUE Jlarpanka BTOPOro poja MPUHUMAET CIEAYIOILYIO

bopmy:

d(aT Ty,

dt\ 0
Tak kak aKTUBHBIC CHJIbI PaBHBI HYJII0, TO 0000IIEHHAS CUJIa TOXKE PaBHA HYJIIO
0=0.

CyMMapHaSI KHHCTHUYCCKAd OHCPTUA CUCTCMbI paBHA

pom(d)  m ﬁjz_m_lzsmz comr e
o\ar ) " 20 ) =270 2

Otcrona crnenyer

oy
o
a—T:mlzf ,
or
dt\ o

Oto nuddepeHnmaibHoe ypaBHEHNE HMEET JIEMEHTAPHOE PEIICHHE

do_.
dt
o=Ct+C,.

[Tocrosnubie nHTerprpoBanus C; U C, HAXOAATCS ¢ YIYETOM HAYaJIbHBIX YCIOBUI
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¢(0) =, ,

d
j%m:%.
Ortcrona cienyer
C =0,,
C,=0,.

C y4eTroM yCTaHOBJIEHHBIX BEJIMYMH MEepPEeMEIleHUs] UHEPTHBIX 3yieMeHTOB (1) u (2)
OpUOOpPETAIOT BUA:

x, =l cos(wyt +9,),

T
X, :lcos(E—o)ot—(poj.

Ecau HCXOJHOC ITOJOKCHHUC IICPBOI'O HHECPTHOI'O JICMCHTA PABHO

x0)=x,,
TO
x
_ 710
Cos P, = 70
x . X
@, = arccos —* = arcsin =2,
Eciut Mcxo/iHast CKOPOCTh BTOPOTO HHEPTHOTO 3JIEMEHTA PaBHA
dx
2 —
(O) - V20 ’
dt
TO

I, cos(®,0+ @y ) = vy,



C YUETOM IIOJIYUYCHHBIX BBIpa)KCHI/Iﬁ NEpEMCIICHUA HMHCPTHBIX JJICMCHTOB M HX

CKOPOCTHU MOKXHO 3aIlluCaTb B BUAC:

% x
x, =lcos| 22t +arccos—2 |,
X0 [

T v X
x, =lcos| —+—1%¢—arcsin =2 |,
Xy [

Vo . [ Vv X
v, =[—%sin| ——%¢ + arcsin—2 |,
X0 X20 !

% % x
v, =1-*cos| 22 ¢ —arccos—=
X1 X0 !
3akiaouenune

B MOHOpeakTUBHOM (m-m) TapMOHMYECKOM OCHMJUISITOPE HHEPTHBIE 3JEMEHTHI
MOTYT COBEpIIaTh CBOOOJHBIE CHHYCOUJAIbHBIE KOJIeOaHMs, KOTOPbIE COMPOBOXKIAIOTCS
TpaHcpopManueld KHHETUYECKOW JIHEPrud WHEPTHOTO DJIEMEHTAa B KHHETHUECKYIO JKe
SHEPTrUI0 APYroro HHEPTHOI'O JIEMEHTA.

B nonoxenun, npu kotopoM ¢ =0 3HEprus MepBoro MHEPTHOTO JIEMEHTA paBHA
Hynto. [Ipy  3TOM BHeprust BTOPOro 3JIEMEHTA MMEET MaKCUMAJbHOE 3HadyeHue. B
CIEAYIOINII MOMEHT BpPEMEHHM IMEpBbIA JJIEMEHT MPUOOPETAeT YCKOPEHUE 3a CYET

KUHETUYECKOM QHCPIUHU BTOPOIro 3JICMCHTA, CKOPOCTb KOTOPOIroO HAYMHACT YMCHBIIATBLCA.
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