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AHHOTAIIMA

B MOHOpeakTHBHOM TapMOHHUYECKOM OCILHUILIS-
TOpE MHEPTHBIC 3JIEMEHTHl MOTYT COBEpILIaTh CBOOOI-
HBIE CHUHYCOWIANBHBIC KOJICOAHUS, KOTOpBIE COIPO-
BOXKIAIOTCA TpaHchopMaIied KHHETHIECKON YHEePTUu
HHEPTHOTO JJIEMEHTAa B KHHETHYCCKYIO KE JHEPTHIO
IPYTOTO HMHEPTHOTO D3JEeMEHTa. B moioxeHnw, mpu
kotopoM @ =0 3Heprus nepBOro HHEPTHOI'O IEMEHTA

paBHa Hymo. IIpu 3TOM 3Heprus BTOPOro 3JIEMEHTA
HMEeT MaKCMMallbHO€ 3HaueHue. B crnenyromuii Mo-
MEHT BPEMEHH TIEPBBIi 3JeMEHT NPHOOpETaeT ycKope-
HUE 33 CYET KMHETUYECKOW SHEPruu BTOPOTO HJIEMEH-
Ta, CKOPOCTh KOTOPOr0 HA4YMHAET yMEHbIIAThCA. B
KJIACCHMYECKHX OCHWIIATOpPax CBOOOAHBIC CHHYCOU-
JTaTTbHbIE KOJICOAHWS CONPOBOXKIAIOTCS OOMEHOM PHEp-
THH MEXIY €r0 3J1€MEHTaMHU, MMEIOIMMHU NPOTUBOIMO-
JIOKHBIN XapaKTep peakTHUBHOCTH. B mpyXHHHOM Ma-
STHUKE TMOTEHIHAIbHAS DHEPTUSl YHPYroro >JIeMeHTa
TpaHcopMHUpYeTCsi B KHHETUYECKYIO DHEPIHI0 UHEPT-
HOTO 3JIEeMEHTa U 00paTHO. DTH 3JIEMEHTHI UMEIOT IIPO-
THUBOIIOJIOKHBIM XapaKTep pPeakTUBHOCTH. B anektpu-
YEeCKOM K0Je0aTeIbHOM KOHTYpE SHEprHsl MarHUTHOTO
MOJIST KaTyIIKH TPaHC(HOPMHUPYETCS B SHEPTHIO dJIeK-

Cculnka 0na yumuposanusi:

TPUYECKOT'O TI0JI1 KOHAEHCAaTopa U o0paTHO. DTH 3ie-
MEHTBI TOXC HMEIOT MPOTHUBOIMOJIOKHBIN XapakTep
peakTHBHOCTH. V3BECTHBI OCHWIIISTOPHI, B KOTOPBIX
CBOOOTHBIC CHHYCOHWJANBHBIC KOJEOAHHS COMPOBOXK-
JaroTcs  TpaHcdopMmarmieid KHHETHYeCKOH »Hepruu
WHEPTHOTO JJIEMEHTa WIH IOTCHIMAJIHHOH DHEPTUU
YOPYToro 3JeMEHTa B SHEPTHI0O MarHUTHOTO IIOJIS Ka-
TYIIKHA MM SHEPTUIO AJIEKTPUUECKOTO MOl KOH/AeHCa-
Topa 1 0o0parHO. CBOOOIHBIE CHHYCOUIAJbHBIE KOJIe-
0aHUsT MOTYT BO3HHMKATh MPHU B3aUMHOW TpaHchopMma-
MU KaKKX YrOAHO (PU3MYECKHX BHIOB DHEPTHU. DTO
00CTOATENBCTBO SIBJIACTCS MOOYANUTEIBHBIM MOTHBOM
CO3/JJaHUs OCIMJUIATOpPA, B KOTOPOM CBOOOJHBIE CHHY-
conIanbHBIC KOJeOaHMUs COMPOBOXKIAIOTCS TPaHCHOP-
Marel KHHETHIeCKO SHepTHH MHEPTHOTO JJIEMEHTA
B KHHETHYCCKYIO K€ DJHEPTHI0 JPYroro WHEPTHOTO
AJIeMEeHTa. DJIEMEHTHI C IPYTHM XapaKTepOM PEaKTHB-
HOCTH B TaKOM OCIIHJUIATOPE OTCYTCTBYIOT. Takoif oc-
OUUIATOP O CYIIECTBY SBISCTCS MOHOPEAKTHBHBIM.

KnioueBble ciioBa: MasTHUK, KoJieOaHHMsI, SHEP-
rooOMeH, MOHOpPEaKTHBHBIH, (a3a, MepeMelIeHue,
CKOpOCTh, YCKOPEHHE.
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Abstract

In a monoreactive harmonic oscillator, inert el-
ements can make free sinusoidal oscillations, which are
accompanied by the transformation of one inert ele-
ment Kinetic energy into the kinetic energy of another
inert element. In this condition the energy of the first
inert element @ =0 is zero. At the same time, the ener-
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gy of the second element has the 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. In a
classical oscillator, free sinusoidal oscillations are ac-
companied by an exchange of energy between its ele-
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ments having the opposite reactivity character. 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 the
opposite character of reactivity. In an electric oscillato-
ry circuit, the energy of the coil magnetic field is trans-
formed into the energy of the condenser electric field
and vice versa. These elements also have the opposite
character of reactivity. There are also oscillators in
which free sinusoidal oscillations are accompanied by
the transformation of the kinetic energy of an inert el-
ement or the potential energy of an elastic element into
the energy of the coil magnetic field or the energy of
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BBenenue

B KkiaccmueckuMx OCHMIUIATOpax CBO-
Oo/HBIC CHHYCOMAJIbHBIE KOJIEOAHUS COIpO-
BOXKJAIOTCS OOMEHOM DSHEPTrUH MEXAY €ro
3JIEMEHTaMH, HMEIOIIUMH [TPOTHUBOIIOJIOKHBIH
Xapakrtep peakTuBHOCTH [1, 2].

B npyXMHHOM MasITHUKE MOTEHIHAb-
Hasl DHEPTUsl YIpyroro sjeMeHTa Tpanchop-
MHpYeTCS B KHHETHYECKYIO YHEPTHI0 WHEPT-
HOTO DJIEMEHTa M OOpaTHO. DTU SJIEMEHTHI
UMEIOT TIPOTUBOMOJIOXKHBIA XapakTep peak-
TUBHOCTH.

B snexrpuyeckom KonedaTeTbHOM KOH-
Type SHEpPrusi MarHUTHOTO TIOJS KaTyIIK{
TpaHCPOPMHUPYETCSI B DHEPTHIO0 AIIEKTpUYe-
CKOTO TOJsl KOHJAEHcaTopa M 00parHO. OTH
3JIEMEHTHI TOXE HMMEIOT IMPOTHUBOIOJIOKHBIN
XapaKkTep PeaKTUBHOCTH.

M3BecTHBI OCHMILISATOPBI, B KOTOPBIX
cBOOO/IHBIE CHUHYCOUJANbHBIE KOJIEOaHUs CO-
IIPOBOKAAIOTCS TpaHchopMale KuHeTnde-
CKOW PHEPTrUU WHEPTHOTO 3JEMEHTa WIH TI0-
TEHIMAJIbHON SHEPIUU YNPYroro 3JeMeHTa B
SHEPTUI0 MAarHUTHOTO TIOJNS KATYIIKH WK

MaTepna.nbl, MO€JIH, IKCIIEPUMEHTBI 1 METOAbI

CuHTe3 ocIIIsATOpa NPOU3BOAUTCS Ha
OCHOBe Tpex npenockuiok [10].

Ilepsoe. OcMIIATOP COCTOUT U3 JBYX
OJIMHAKOBBIX 110 Macce rpy30B.

Bmopoe. I'py3bl coBepmIalOT CUHYCOHU-
JAJIbHBIE TIEPEMEILIEHUS

x = Asin(£+¢,),
X, = Asin(§+G,).
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the capacitor electric field and vice versa. Free sinusoi-
dal oscillations can occur during the mutual transfor-
mation of any physical types of energy.This circum-
stance is the motive to make an oscillator, in which free
sinusoidal oscillations are accompanied by the trans-
formation of the kinetic energy of an inert element into
the kinetic energy of another inert element. There are
no elements with a different reactivity character in such
an oscillator. This type of an oscillator is essentially
monoreactive.

Keywords: pendulum, oscillations, energy ex-
change, monoreactive, phase, displacement, speed,
acceleration.
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SHEPTHIO JJIEKTPHUYECKOTO IMOJSI KOHICHCATO-
pa u obpatno [3].

Bce ykasaHHbie KOJ€0aTeIbHBIC CHCTE-
MBI IO CYIIECTBY SABJISIFOTCS OUPEaKmueHbLMU,
a umenno: m-k, L-C, m-L, m-C, k-L, k-C.

CB0OOIHBIC CHHYCOUIATbHBIE KOjeOa-
HHSI MOTYT BO3HHKAThH IPH B3aMMHOM TpaHC-
dbopmariy Kakux yrogHo GU3HYECKHX BHUIOB
sHepruu [4].

D710 00CTOSATENBCTBO SBISETCS MOOY/IH-
TEJIBHBIM MOTHBOM CO3/IaHHSI OCHUILIATOPA, B
KOTOPOM CBOOOIHBIE CHHYCOHIAIbHBIC KOJIC-
OaHMs COMPOBOXKIAIOTCS TpaHChopmarmein
KAHETUYECKOW SHEPrHH WHEPTHOTO JIEMEHTA
B KHHCTHYECKYIO JK€ DOHEPrHi0 JPYroro
HUHEPTHOTO JJIEMEHTa. DIEMEHTBI C JIPYrHM
XapaKTepOM PEaKTHBHOCTH B TAKOM OCIIHILISI-
TOPE OTCYTCTBYIOT.

Takol OoCHMIUIATOp IO CYIIECTBY SIBJIS-
eTCSl MOHOPEAKMUGHbIM, & UMEHHO: M-M.

AKTyalbHOCTh paboThl  00YyCIIOBJIEHA
TeM, YTO MEXaHUYECKHE KOJICOAHUS LIMPOKO
PacIpOCTPaHEHBI B Pa3HOOOPA3HBIX TEXHOJIO-
rHYecKuX mporeccax [5-9].

31ech X, X, — MEePEMELICHNsI UHEPTHBIX 3Ie-
MeHTOB, A — amrumatyna, { — W3MEHSIOIIas-
cs (haza xonebanuil, ;,C, — HavanbHbIE (a3bl
KOJIeOaHUH.

Tpemve. CyMMapHasi SHEPTUsl OCLUILIIA-
TOpa CO BPEMEHEM HE M3MEHSETCS

W, +W, =const .

N3 BTOpOM M TpeTbel MNpeanoChIIOK

clenyer



m[d_xijz +m(%j2 = const
2\ dt 2\ dt ’
cos?(£+¢,)+cos? (L +&,) =const .

Us BTOPOI'O BBIPpAXKECHUA CIICAYET, UTO

s
C1+C2:i§'

Ora Gopmyna JaeT BO3MOXKHOCTh OIpe-
NeNUTh KOHQUTYpalUi0 MOHOPEAKTUBHOTO
FapMOHMYECKOIO  OCLMJUIATOPA,  KOTOpas
MIpe/icTaBjIeHa Ha PUCYHKE.

Jonywenuss. K UHEPTHBIM 3JIEMEHTaM
BHEIIHUE CUJIBI HE IpUJIoKeHBl. Macca co-
€IMHUTEIBHOIO 3JIeMEHTa paBHa Hymto. Ilo-
TEPU Ha TPEHUE OTCYTCTBYIOT.

Puc. MoHOpeakTUBHBINA TapMOHUYECKUH OCLUIIIATOP
Fig. Monoreactive harmonic oscillator

Pe3yabTaTsl
B cooTBeTcTBUU C PHCYHKOM Iepeme-
IICHWA MHCPTHBIX 3JICMCHTOB UMCIOT BU!

x, =lcoso, 1)
T
X, =|COS(E—(pj. (2)

Texymas dgaza @ Haumydmumm oOpa3oM
MOAXOJUT Ha poJyib 00OOLIEHHONW KOOpJAMHAa-
THI.

PaccmarpuBaeMas mexaHWueckas CH-
creMa 00JasaeT OJHOW CTENEeHbIO CBOOOIBI,
MOSTOMY, COOTBETCTBEHHO, ypaBHeHme Jla-

T :m(d_xlf +m(%f _
2\ dt 2\ dt
Otcrona cienyer
ar
op -
oT

o

d ﬂ =ml’p=0.
dt\ o¢p

Oto nuddepeHmanbHOe
HUMEET dJIEMEHTApHOE PEIICHUe

0,

=ml%p,

YpaBHEHUE

_ml?

2
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. ml
sin® o¢” +Tcos2 oPp° = —¢°.

rpamka BTOPOTO pPoOJa MPUHUMAET CIIEAYIO-
myto hopmy:

dfer) ar_
dtl op ) oo

Tak kak akTHBHBIC CHUJIbI PAaBHBI HYIIIO,
TO 0000IIIEHHAsI CHJIa TOKE PaBHA HYIIIO
Q=0.
CyMMapHasi KHHETHYECKast SHEPTHs CH-
CTeMBbI paBHA

2 ml* ,

2

do
—=C,,
dt
e=Ct+C,.
[Tocrosinubie unTerpupoBanus C1 u 2
HaXOJATCs C YYETOM Ha4daJbHbIX YCIIOBHUU

¢(0) = @y,
do . _
E(O) =0y -

Orcrona cnenyer



C =0,
C,=0p-

C y4eToM yCTaHOBIJIEHHBIX BEJIWYHH II€-
peMenieHuss MHEPTHBIX 31eMeHToB (1) u (2)
npUOOpeTaoT BUJ:

%, =1cos(mot +,),

T
X, =1cos E_mot_% .

Eciu ucxomnoe II0JI0KEHHE epBoOro
HHEPTHOI'O 3JICMCHTA paBHO

% (0) =Xy,
TO
COS @, = % ,
Qp = arccos% =arcsin % .

Ecim  wucxomHas  CKOpOCTH
WHEPTHOI'O 3JIEMEHTA paBHA

dx
d_tz (0) = vy,

BTOPOT'O

Oobcyxnenne/3akia0uenne

B moHopeakTuBHOM (M-M) rapmMoHuye-
CKOM OCLMJUISITOPE MHEPTHBIE 3JEMEHTHI MO-
I'yT COBEpIIATh CBOOOIHBIE CUHYCOUIAIbHBIE
KojeOaHusi,  KOTOpbIE  COIMPOBOMKAAIOTCS
TpaHcpopMaIel KUHETUYECKOW OJHEpPTUuu
WHEPTHOTO 3JEMEHTAa B KHUHETHYECKYIO K€
SHEPTHIO APYTrOro HHEPTHOTO 3JIEMEHTA.
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TO
lo, COS 0,0+ @y ) =V,
Ve Vi
0 - - .
XlO X20
C y4eToM HOJIy4eHHBIX BBIPAKCHMIT I1e-
peMeIIeHNs] HHEPTHBIX 3I€MEHTOB U HX CKO-
POCTU MO>KHO 3aIliCcaTh B BUJIE:

v X
x, =1 cos {ﬂt +arccos %J ,

X0
TV X
X, =lcos| =+—2&t—arcsin 2 |,
2 Xy |
Vip - [V, :
vlzlﬂsm(—i’uarcsmhj,
XZO XZO I

v v X
v, =1-2cos (ﬂt —arccos ﬂj .
Xo g l

B mnonoxenun, mnpu xoropom ¢=0
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Hymr0. IIpu 3TOM 3Heprust BTOpOro 3jeMeHTa
UMeeT MaKCUMalbHOE 3HaueHue. B cnenyro-
IIUH MOMEHT BPEMEHHU IEPBBIMA JIEMEHT IIPH-
o0OpeTaeT yCKOpeHHe 3a CYeT KHHETHYECKOH
OHEPrUu BTOPOTO DJIEMEHTAa, CKOPOCTh KOTO-
pOro HaYMHACT YMEHbIIATHCS.

5. Escees JI.T'., CaprrueB 1O.H., becnansko C.B. Ma-
TeMaTH4YecKasi MOJIeIb TacuTels KojaeOaHuii BaroHa
Ha OCHOBE BSI3KOTO TPEeHUs. Ipancnopmuoe mawiu-
nocmpoenue.  2022; 1-2 (1-2):89-95. doi:
10.30987/2782-5957-2022-01-02-89-95.

6. Esceer /I.I'., CaprrueB 10.H., becnamsko C.B. Hc-
clieloBaHNe KoJIeOaHWi MacCaXUPCKOTO BaroHa,
000pYIOBAaHHOTO  3JIaCTOMEPHBIMHU jieMIidepamu.
Tpancnopmnoe mawunocmpoenue. 2022; 6 (6):30-
41. doi: 10.30987/2782-5957-2022-6-30-41.

7. Wernana B.C., Cabnun I1.A. B3anMocBs3bp mpo-
CTPAHCTBEHHBIX KOJEOaHWH C IIEPOXOBATOCTHIO
00paboTaHHOW MOBEPXHOCTH HA NMPHMEPE TOUYCHUSL.
Becmnux Bpsnckoeo eocyoapcmeennozo mexuuue-
ckoeo  ynusepcumema. 2021; 1(98): 4-9. doi:
10.30987/1999-8775-2021-1-4-9.

8. T'acmmapo 3.C., T'acnmaposa JI.b., Mapkocsan I'.A.
HccnenoBanne BHOPOAKTHBHOCTH 3JIEKTPOIIIIHH-
Jenei MIuQOBAIBHBIX CTaHKOB. Becmuux bBpsu-
CKO20 20CY0apCmMBEeHH020 MEXHUYecKo20 YHuUeep-



cumema. 2021; 6(103): 23-29. doi: 10.30987/1999-
8775-2021-6-23-29.

9. CxkauxoB A.H., Bacunesckuii B.B., IOxHeBckuii
A.A. DKcriepuMeHTaNbHBIN cHoco0 ompeneneHus
HU3MIEH YacTOTHl W3TMOHBIX KOIeOaHWH Ky30Ba
MAaCCaXUPCKOTO BaroHa B BEPTHUKAIBHOI INIOCKOCTH
Ha OCHOBE HMICHTH(UKAIMU €ro N3rHOHOH JKECTKO-

REFERENCES

1. Popov IP. Reactances and sasceptances of mechan-
ical systems. Tomsk State University Journal of
Mathematics and Mechanics. 2021;70: 64-75. doi
10.17223/19988621/70/6.

2. Popov IP. Symbolic representation of forced oscil-
lations of branched mechanical systems. Tomsk
State University Journal of Mathematics and Me-
chanics. 2021;72:118-130. doi
10.17223/19988621/72/10

3. Popov IP, Paryshev DN, lltyakov AV, Moiseev
OYu, Mosin AA, Kharin VV. Spontaneous capaci-
tive-inert oscillations in systems of railway auto-
mation and telemechanics. Transport of the Urals.
2019;2(61):45-48. doi: 10.20291/1815-9400-2019-
2-45-48.

4. Popov IP. Flywheel for machines with weight re-
strictions. Transport Engineering. 2022;7(7):19—
23.doi: 10.30987/2782-5957-2022-7-19-23.

5. Evseev DG, Sarychev YuN, Bespalko SV. Mathe-
matical model of the car shock absorber based on
viscous friction. Transport Engineering. 2022;1-
2(1-2):89-95.doi: 10.30987/2782-5957-2022-01-02-
89-95.

6. Evseev DG, Sarychev YuN, Bespalko SV. Study of
vibrations of a passenger car equipped with elasto-

HNudopmanus 06 aBrope:

[onos Urops IlaBjaoBuY — KaHAUWJAT TEXHUYECKHUX
HayK, CTapIIni npenoaasarenb kadenpsr « Texaomorns
MAaIIMHOCTPOCHHS, METAJUIOPEXKYIINe CTaHKH W WH-
cTpyMeHTh» Kypranckoro rocyapCTBEHHOTO YHUBED-

Popov Igor Pavlovich — Candidate of Technical Sci-
ences, Senior Lecturer of the Department of Mechani-
cal Engineering Technology, Metal-Cutting Machines

Crartbs ony0mkoBaHa B pexxume Open Access.
Article published in Open Access mode.

cti. Becmmuux Bpancko2o 20Cy0apcmeennozo mex-
nuueckozo ynusepcumema. 2020; 9(94): 35-46. doi:
10.30987/1999-8775-2020-9-35-46.

10. MamuakoBrnd M.JI. CuHTE3 HEKOTOpBHIX Mepeaa-
TOYHBIX MEXAHU3MOB. Becmuux Bpsanckozo zocy-

Oapcmseﬂyoeo MEeXHUYeCKo2o YHUesepcumemada.
2005; 2(6): 69-73.

meric dampers. Transport Engineering.
2022;6(6):30-41. doi: 10.30987/2782-5957-2022-6-
30-41.

7. Shchetinin VS, Sablin PA. Interaction of spatial
oscillations with roughness of surface worked by
example of turning. Bulletin of Bryansk State
Technical ~ University.  2021;1(98):4-9.  doi:
10.30987/1999-8775-2021-1-4-9.

8. Gasparov ES, Gasparova LB, Markosyan GA. Vi-
bratory activity investigation of grinding machine
electric spindles. Bulletin of Bryansk State Tech-
nical  University.  2021;6(103):23-29.  doi:
10.30987/1999-8775-2021-6-23-29.

9. Skachkov AN, Vasilevskiy VV, Yukhnevsky AA.
Calculation-experimental method for definition of
lowest frequency in bending vibrations of coach car
body in vertical plane based on identification of its
bending stiffness. Bulletin of Bryansk State Tech-
nical University. 2020;9(94):35-46. doi:
10.30987/1999-8775-2020-9-35-46.

10. Malinkovich MD. Synthesis of some transfer
mechanisms. Bulletin of Bryansk State Technical
University. 2005;2(6):69-73.

curera, r. Kypran, yn. Coserckas, 63, 640020, Temn.: 8-
905-852-81-21, e-mail: ip.popow@yandex.ru, Au-
thorID-P1HII; 655616.

and Tools at Kurgan State University, 63, Sovetskaya
Street, Kurgan; phone: 8-905-852-81-21, e-mail:
ip.popow@yandex.ru, AuthorID-RSCI: 655616.

Cratps nocrynuia B perakuuo 16.08.2022; onodpena nocie peunenzupoBanns 27.09.2022; npuHaTa K my0/auKa-
uuu 21.11.2022. PenenseHt — XaHa0:xkko A.B., JOKTOp TeXHUYeCKHUX HAYK, npodeccop kadenpsl «Metannope-
JKyIIH€e CTAHKH U HHCTPYMEHTHD» BPSIHCKOro rocy1apcTBeHHOr0 TeXHUYECKOro0 YHUBEPCUTETA, IJIaBHbII peaak-

TOp :KypHaja « TpaHCIOPTHOE MAIIMHOCTPOEHHEY.

The article was submitted to the editorial office on 16.08.2022; approved after review on 27.09.2022; accepted for
publication on 21.11.2022. The reviewer is Khandozhko A.V., Doctor of Technical Sciences, Professor of the De-
partment of Metal Cutting Machines and Tools at Bryansk State Technical University, Editor-in-Chief of the

journal Transport Engineering.



