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Annomayua. llenb wucciaegoBaHUS COCTOMT B JICTalU3allMd BHUJ0B MEXaHUYECKOM
MOIITHOCTH TIPM TapMOHHYeCKUX KkosieOanusx. IlokazaHo, 4YTO TIpH MEXaHMUYECKHX
KOJIEOaHUSAX pPa3BUBAETCA HE TOJBKO 3HAKOIOJIOXKHUTENIbHAsI TEIUIOBash MOIIMHOCTh, HO H
3HAKOMIEPEMCHHBIC  PEaKTUBHBIE  MOIIHOCTH,  XapaKTEepU3YIOIIHE  00paTHUMOCTh
KUHETUYECKOW M TOTEHUHWAIbHOW 5Hepruid. [log aKTUBHOW MOIIHOCTHIO MOHUMAETCS
cpeaHee 3a TOJNEpUoJa 3HAUYCHHWE MTHOBEHHOM MOIIHOCTH, a II0J] PEaKTUBHOM —
aMIUIMTyaHOe 3HayeHuwe. [losHass MexaHW4yeckass MOIIHOCTb, C OJIHOM CTOPOHBI,
omuceiBaeTcsa Gopmysoit [Tudaropa, a ¢ apyroit — paBHa MPOU3BEACHUIO JTEUCTBYIOITUX
3HAYCHUN TapMOHHMYECKUX BeIMYUH. OCOOCHHOCTHIO KOMIUICKCHOTO IPECTaBICHUS
SIBIIAETCS TO, 4YTO MPH BBIYUCICHUW IMOJHOM MOIIHOCTA OJHWH M3 NEPEMHOXKAEMbBIX

BCKTOPOB OOJIZKCH OBITh COIIPAKCHHBIM. HpeI[CTaBJ'IeHI/Ie 0 MCXAaHHMYCCKHUX PCAKTHUBHBIX,
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AKTUBHOW M TOJHOM MOILHOCTSX SIBJSETCS 000OIIEHWEM COOTBETCTBYIOIIMX MOHATUNA U3
ANEKTPOTEXHUKH, UTO SBISETCS MPOSBICHUEM DJIEKTPO-MEXaHUUECKOTO TyaIu3Ma.
Knroueswie cnoea: MexaHnueCcKasi MOIHOCTb, KHHETUYECKAsl SHEPTUs, TOTCHIIUAIbHAS
HHEPIruUsl, KOMILUIEKCHOE IIPEACTABIECHNE, BEKTOPHOE MPEACTaBICHUE
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Abstract. The purpose of the study consists in detailing the types of mechanical power
while harmonic oscillations. Due to the irreversibility of thermal energy, its derivative
takes only positive values. With this, derivatives can be taken of both potential and kinetic
energy. Harmonic oscillations herewith at which the derivatives (instantanecous powers)
are necessarily sign-changing functions, which fundamentally distinguishes them from
thermal power, deliver the most interesting case. The inductance coil magnetic field
energy is the kinetic energy analog in electrical engineering, the capacitor electric field is
the potential energy analog, and thermal energy dissipated by the resistor is the mechanical
energy analog. The article shows that at mechanical vibrations not only sign-positive
thermal power develops but the sign-variable reactive powers as well, which characterize

2


https://doi.org/10.34759/trd-2021-121-01
mailto:ip.popow@yandex.ru

the potential and kinetic energies reversibility. The active power is understood as the
average value of instantaneous power over half a period, and reactive power is its
amplitude value. The total mechanical power, on the one hand, is being described by the
Pythagorean formula, and on the other hand, it is equal to the product of the rms values of
the harmonic quantities. A feature of the complex representation consists in the fact that
while the total power calculating, one of the multiplied vectors should be conjugate. The
concept of mechanical reactive, active and apparent powers is a generalization of the
corresponding concepts from electrical engineering, which is a manifestation of electro-
mechanical dualism.

Keywords: mechanical power, kinetic energy, potential energy, complex representation,
vector representation
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Mexanndeckasi Heprusi ObIBacT 0OpaTUMOIl — MOTEHIMAIbHAs U KUHETUYECKas, a
Takke HeoOpaTHMOMW, HampuMep, TEIIOBas NpH TpPeHHHW. B KadecTBe MeXaHWYECKOU
MOIIHOCTH IPUHATO CYUTATh BPEMEHHYK) MPOU3BOJHYK) OT IOciIenHend. B cuny
HEOOpPaTUMOCTH TEIJIOBOM YHEPTUU €€ MPOU3BOHAS MPUHUMAET TOJIBKO MOJIOKUTEIHHBIC
3HAYECHUS.

Bmecte ¢ TeM, mpou3BOIHBIE MOTYT OBITH B3SITHI KaK OT NMOTCHIIMAILHOW, TaK U OT
KHHEeTHYeCKoW oHeprud. [Ipm 3TOM Hambonee WHTEPECHBIH Claydaidl TOCTABIISIOT

rapMOHMYECKHE KOJeOaHus, NpPH KOTOPHIX HPOU3BOJHBIE (MTHOBEHHBIE MOIIHOCTH)


https://doi.org/10.34759/trd-2021-121-01

HEO0OXOIUMO SIBJISIFOTCSI 3HAKONEPEMEHHBIMU (QYHKIUSAMH, YTO MPUHIUINAIBHO OTIMYAET
UX OT TEMJIOBOW MOIIHOCTH.

AHaAnoOroM KHHETHYECKOM DHEPrud B  DIIEKTPOTEXHHUKE SIBISETCA HHEPrus
MAarHUTHOTO TMOJSl KAaTyIIKM HMHIYKTUBHOCTH, aHAJOTOM MOTEHUUAIbHON SHEPIUU —
SHEPrusl AJNEKTPUUECKOro TMOJs KOHAEHCATOpa, a aHajJoroM MEXaHWYECKOM TeIIOBOM
SHEPrUU — TEIUIOBAs ke YHEPTrusi, paccerBaeMasi pe3ucTOpOM.

Lenps uccnegoBaHusl COCTOUT B A€TAU3AI[MU BUIOB MEXaHUYECKONH MOLIHOCTH MPH
rapMOHUYECKUX KOJIEOaHUAX

AxTyanbHOCTH pabOThl OOYCJIOBJIEHA TEM, YTO MEXaHUYECKHE KOJIeOaHUs IIMPOKO
pacrpocTpaHeHbl B Pa3HOOOpPA3HBIX TexXHoJoruyeckux rmnporeccax [1-12]. Ocoboe
3HauEHUE y4eT KoyieOaHui nmpuolOpeTaeT B pakeTHol oTpaciu [13, 14]. B aBuanuu 6opnda
C BUOpoIeperpy3kamMu HECYIEero BHUHTAa M HM3THOHBIMU a’pOyNPYrUMHU KOJeOAHHUSIMU

KpbLJIa CaMOJIETa SBIIAIOTCS )KU3HEHHO BaXXHBIMH Meponpusitusimu [15-17].

MomHocTh, pazBUBaeMasi IPH BBIHYKAEHHBIX TAPMOHHYECKUX KOJIe0aHHAX
HHEPTHOIO Teja
JIBH>KEHUE Tella ONUCHIBACTCS U3BECTHBIM BBIPAXKCHUEM
x=I[smot.
Co0TBETCTBEHHO, CKOPOCTH —
v="_" ot =V cosmt.

HHH F&pMOHH‘-ICCKOfI BCJINYHMHBI HeﬁCTBYIOHlee 3HAYCHHUC MCHBIIC aMILIUTYJHOI'O B



=z :%' (1)
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dopmyna sl CUIbl UMEET BUJ;
fo=m" 0 sin . (2)
dopmyJia 1J1sl CUIIbI TPEHUS —
Jo=w SO . 3)
PesynbTupytomas cuna —

f=f,+f, =—Imo’sinwt +plocosot =

_ 2 2 2 Y _ mo .
=loyp’ + m'o [—\/ﬁcosmt —\/ﬁ sin ot |.
w+mo w+mao
Mo>XHO 0003HAYHUTH
Q= arctngw. 4)

C yuetom 3TOTO

[ =l +m*e’ (cospcosof —sin@sinwr ) = loy/p’ + m’w’ cos(wr + ¢).

OueBUaHO, YTO

F,=lo\w +m’o’.

JlecTByto1II€E 3HAYCHUE PE3YIBTUPYIOIIEH CHUJIBI PABHO

o F, loyu’ +m'e’ (5)

NSRRI

MrHoBeHHas pe3yJAbTUPYIOIAsi MOIIHOCTb —

s= fu=loJu’ + m’®’ cos(ot + @)lwcos ot =
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=0,5/’0’ 1’ + m’0’ [cos @+ cos(2ut + @) | =

= FV [cos @+ cos(2wt + ¢) | =
= FV(coscp + cos 2wt cos Q — sin2o)tsin(p) =
= FV cos@(1+ cos2wt ) — FV sin@sin 2mf = (6)

=pP*4q,.
B snexTporexHuke ecTh BhlpaxkeHue aHanoruvHoe (6) ¢ 3amenamu FF — U V — L
W3 Hero onpeaenstoT akTUBHYIO MOIIIHOCTh, @ UMEHHO:
P=Ulcoso.
[loaToMy akTHBHYIO (TEIJIOBYK0) MEXAHUYECKYH) MOIIHOCTh TOXKE CIEIYET
ONpENIENNTh. KakK
P=FVcoso. (7
OueBUHO, YTO TApPMOHMYECKHE CHJIa M CKOPOCTh COBEpLIAIOT KojeOaHus co
cABUroM (a3, paBHbIM .
W3 BeleHa3BaHHON (QOPMYNBl  3JIEKTPOTEXHUKH ONPEICISIIOT PEaKTUBHYIO
MOIIHOCTh, @ IMEHHO:
P=Ulsino.
[To3TOMYy peakTUBHYIO (MHEPLUMOHHYIO) MEXAHMYECKYH) MOIIHOCTb TOXE CIIEIYET
ONPENENINTh, KaK

Q. =FVsineo. (8)



N3 dpopmynsl (6) cienyeT, 4YTO MOJ AKTUBHOM MOIIHOCTBIO IOHUMAETCS CPEHEE 32
MOJIMEPHUOIa 3HAUYEHWE MTHOBEHHOW MOIIHOCTH, a TOJ] PEaKTUBHOM — aMIUIUTYAHOE
3HaueHue. B aiexkTpoTexHuke Bce 0OCTOUT aHAIOTMYHBIM 00pa3oM.

Eme omnuM 00001IeHHEM W3 JJIEKTPOTEXHUKH SIBISCTCS TOJNHAs MEXaHUYecKas

MOIIIHOCTb

S:FV:JQZ.%PZ. 9)

Ona mnpumeyaTelbHa TE€M, 4YTO, C OJHOW CTOPOHBI, OMHCHIBaeTCA (HOPMYION
[Tudaropa, a ¢ Apyroit — paBHa NPOU3BEACHUIO JICUCTBYIOIMUX 3HAYECHUI TapMOHUYECKUX
BEJINYMH.

Nmes B Buny (1), (5) u (8),

loJuw> +m’o’ lo 12 >

VRN ot (10

O =FVsmoe=

[Tpu 3TOM
f.v=—Imw’ sinot locos wt = —0,5/’m’ sin 2wt = —F V sin2wt =—0,sin2wt . (11)
DTO COOTBETCTBYET BhIpaxkeHusiM (6) u (10).

Nwmes B Buay (1), (5) u (7),

o’ +m’e’ o plz ’

N IW (12

P=FVcosp=

[Ipu aTOM

f.v=plocosotlmcoswr = 0,5u/*®* (1+ cos 2wr) = F,V (1+cos20t) = P(1+cos2wr),  13)

DTO COOTBETCTBYET BbIpaxeHusm (6) u (12).

Nwmes B Buay (9), (10) u (12),



S_FV_Zw\/u2+m2c02 lo Po’p*+m’e’
V2 2 2 '

MomHocTh, pasBuBaeMas IpM yIpyrux aegopmanusax

Bripaxkenue i1 Cuiibl UMEET BULL:
[ =kx=klsinowt, (14)
Nmes B Buny (3), pe3yapTupylomias cujia paBHa

S =Ji+ [, =ksinor+plocosor =

k : Q)
_ 2 2.2
=k + o —kz o sm(;ot+—k2 o coscotJ.

MoHO 0003HAYUTH

k
¢ =arctg—.

C yuetom 3TOTO

f =k + 1’0’ (sinpsinwr + cospcos ot ) = [\ k* + n’o’ cos(wf — ).
OueBUaHO, YTO
F =1k + 1’0’
JlecTBytolIEE 3HAUCHUE PE3YIBTUPYIONIEH CHIIBI PABHO

F. K+’
F:ﬁ: 5 (15)

MrHoOBeHHas Pe3yabTUPYIOLIas MOIIHOCTD —
s= fr=IJk* + /o’ cos(ot — ¢)locosof =
=0,5 ok’ + 1o’ [coscp +cos (2wt — (p)] =
8




= FV [cos @+ cos(2wt — ¢)| =
= FV (cos ¢+ cos 2wt cos @ +sin 2wzsing) =
= FV cos(1+cos2wt )+ FV sinsin 20t = (16)
Pr4,-
Nmes B Buny (6), (7) u (12), akTuBHas MexaHWYeCKasi MOITHOCTh PaBHA

WE + 1o’ o ulz ’

R e

[Tpunumas Bo Buumanue (15), (1), (8) u (16), mexanudeckas peakTuBHasl (ynpyras)

P=FVcosp=

MOIOIHOCTH paBHA

. K +p’e” 1o klzoa
O, =FVsinp= (17)
¢ 2 2 \/kz o’
[Tpu 3TOM
f.v=klsinwtlocoswt =0,5kI*wsin 20t = F,V sin 20t = Q, sin 20, (18)

DTO COOTBETCTBYET BbipaxeHusiM (16) u (17).

OueBUAHO, YTO MOJIHASL MOIIIHOCThH pPaBHA

2
MowmHocTh IpH KoJ1e0aHUAX, CBA3AHHBIX C TPABUTALMOHHBIM BO3CHCTBHEM
IIpu oTKIIOHEHNH NOABELIEHHOTO IPy3a Ha YroJl 0. BO3HUKAET MOMEHT
M =mgLa.,
Ilycth
o =0, Sinot.
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Tornma

¢ sot=0q, %coscot.

MrHoBeHHas MOIITHOCTHh UMECT BU/:

q,=Mc  _  ,sinota, %coswt =0,5ma.) Lg’ sin 20t

Ee aMIummTyaa H, COOTBCTCTBCHHO, PCAKTHBHAsA MOIMHOCTb TPABUTALIMOHHOTO

BOSHCﬁCTBHH ONIPCACIIACTCA KaK

0, =0,5mag+/Lg”.

PeaKTI/IBHaﬂ, AKTHUBHAasI M IOJHaAsA MOIIHOCTH B KOMILUVICKCHOM IIPEACTABJICHUH

B [18—-20] noka3zaHo, 4TO Mpu UHEPTHON HATrpy3Ke

Vv, =V

m m

MrHoBeHHas CKOpPOCTDb IIPpH 3TOM paBHA

v=VF coswt=ImV .

DopMyJIbI TS AEUCTBYIOIUX 3HAYEHUN BEJIUYHNH TPUHIUIIUAIBHO HE OTJIMYAKOTCS

_Un2 o i(n24)

V=Ve"", F=Fe .
OCOOCHHOCTBIO  KOMILJICKCHOTO — IMPEACTABJICHUS, TMOAPOOHO  ONMHUCAHHOTO B
3HeKTpOTeXHI/IKe, ABIIACTCA TO, YTO HpI/I BBIYUCJIICHUU HOHHOﬁ MOIIHOCTH OJIWH H3

MICPCMHOKACMBIX BCKTOPOB AOJIJKCH OBITH CONPAINCEHHBIM.

S =FV = Fe! ™Y " = /™02 — Fyel® = FV cosp+ jEV sing =P + jQ..
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OTO BBIpaXXEHUE U1 MHEPTHOW HArpy3ku. OTiaMdueM ynpyroi Harpy3KH SIBISETCS

TO, 4TO PCAKTHBHAA MOIMHOCTb UMCCT HpOTHBOHOHO)KHBIﬁ 3HaK

S=FV = Flt 0y i = Fye o = FYeo = FY cosg— jFV sing =P+ jQ,
ITpu aTOM
P=ReFV, O=ImFV.
MexaHunvyecKkue MOITHOCTH B BEKTOPHOM MpeICTABIeHUHT

B OCHOBE KOMIUIEKCHOTO TMPEACTABICHUS JICKUT UJACS BPAIIAIOIIUXCI B
KOMIUICKCHOM IIJIOCKOCTH BEKTOPOB. TOT jK€ NPHHIIMI MOXET OBbITh pean30BaH B
TPEXMEPHOM JICKapTOBOM Oa3uce.

N3 (7) — (9) HeoOxoauMoO cieayer, uyTo

P=(F,V), 0=[[F,V], $*=(F,V) +[F,V].

MaremaTtudeckass aOCTpakiius ¢ MPOCKIHUSAMU BpaIAOIINXCS BEKTOPOB HMEET

KOHKPETHYIO0 MaT€pHUaIbHYIO OCHOBY B BHJI€ KPUBOIIUITHO-KYJIUCHBIX MEXaHU3MOB.
3akiroueHue

[TokazaHo, 4TO TPH MEXaHUYECKUX TapMOHUYECKHX KOJCOAHUAX pa3BHUBACTCS HE
TOJIBKO 3HAKOIIOJOXKUTEIbHAS TEIJIOBAsI MOIIHOCTh, HO U 3HAKONEPEMEHHBIE PEAKTUBHBIC
MOIIIHOCTH, XapaKTepU3YIOIIne 00paTUMOCTh KUHETUYECKON U TOTCHIIMAIIbHON YHEPTUH.

[Tpu 3TOM TOJTHAsI MEXaHWYECKast MOIITHOCTH yaoBIeTBopsieT popmyne [Tudaropa.

[IpencraBineHne 0 MEXaHUYECKUX PEAKTUBHBIX, AKTUBHOW M IOJHOM MOIIHOCTSIX
SBJSIETCS 0000IIIEHNEM COOTBETCTBYIOIMIMX TMOHATHH O MOIIHOCTSX M3 3JIEKTPOTEXHUKH,

4TO ABJIACTCA IIPOABICHHUCM SJICKTPO-MCXaHUYCCKOI'O Ayaln3Ma.
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