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Annomauus

PaccmaTpuBatoTcst MeXaHU3MBI, pabodre OpraHbl KOTOPBIX COBEPIIAIOT JTMHEHHBIC KOJIEOaHUsI C BEICOKOM ISl HX MACCHI
YaCTOTOM, YTO NPUBOJUT K PA3BUTUIO 3HAYUTEIbHOW HEMPOU3BOAUTEIILHON MEXaHUUECKON PEaKTUBHON MHEPLIMOHHOM
MOIIHOCTH, KOTOpasi MOXKET Ha MOPAIOK IPEBOCXOJUTh MPOU3BOIAUTEIbHYIO (IIONE3HYI0) TUCCUNATUBHYIO MOIIHOCTb.
Heitrpanuszanuss MeXaHMYECKOM PEAKTUBHOM MHEPLUMOHHOM MOILHOCTU HPUBOAUT K CYILECTBEHHOMY IOBBILIEHUIO
sHeproaddexTuBHocTH MexaHuzma. CaMoHeHTpau3alys MEXaHHYeCKOH PeakTHBHONW MHEPLUOHHON MOIIHOCTH OCY-
IIECTBJISIETCS B MEXaHM3Max C TOCTOSIHHBIM TPHBEJEHHBIM MOMEHTOM WHEPIHMH 3a cYeT cMelleHus (a3 KoneOaHui
pabo4nx OpraHoB, KOJIMYECTBO KOTOPBIX MOXKET OBITh JIIOOBIM. J{JIst MEXaHH3Ma C IByMsI paOOUYMMH OpraHaMH CMeIle-
Hue (a3 cocramisieT /2, a ¢ TpeMs — 27/3. TIpakTHyeckoe HCIOIb30BAHUE MEXaHU3Ma C MOCTOSTHHBIM TPUBEICHHBIM
MOMEHTOM HMHEPIIMHU C JBYMSI MACCUBHBIMH pabOYMMHU OpraHaMy 3aTpyJHEHO M3-32 HecOalaHCHPOBaHHOCTH MEXaHH3-
Ma. Crenenp cOalaHCMPOBAaHHOCTH (WM HecOaJaHCUPOBAHHOCTH) MEXaHM3Ma HETOCPEACTBEHHO CBS3aHa CO «CTelle-
HBIO» IIEHTPAJILHOW cCUMMeTpuH (uryps! (3B€3/161), 00pa30BaHHONW KpHUBOMIMIIAMH. J[ByXiTydeBas «3Be3/ja» MEXaHU3Ma C
JByMSI paOOYMMM OPraHUMH HECHMMETPHYHA. «3BE3Ib» B MEXAaHM3Max C IMOCTOSHHBIM IPUBEICHHBIM MOMEHTOM
MHEPLUH C YUCIOM pabodrx OpraHoB Oonee NBYX 00JIafaioT HEeHTpanbHOH cumMmerpuel. Llenpio pa®otel siBisiercs
YCTaHOBJICHHE YCIIOBHI aBTOOATAHCHPOBKH MEXaHU3MOB C MOCTOSTHHBIM IPUBEACHHBIM MOMEHTOM MHEPIUH C YETHIPb-
Ms B TpeMst pabounmu opranamu. [1okazaHo, 9TO «3BE3/1bI», 00pa30BaHHbIE KPUBOIIMIIAMHA MEXaHU3MOB C TOCTOSHHBIM
MPUBEICHHBIM MOMEHTOM WHEPIHHU C YHCIOM paboumx OpraHoB Ooiiee ABYX, 00MafaroT IEHTPATHHOW CHMMETpPHEH.
Takue MexaHU3MBbI COATAaHCHPOBAHbI. Y CTAHOBJICHO, YTO MUHMMAJIFHOE YHCIIO pabo4YMX OpraHoB, COBEPINAIONINX JIH-
HEWHbIE KonebaHus, B cOaTaHCHPOBAHHOM MEXAHU3ME C ITOCTOSIHHBIM IPUBEACHHBIM MOMEHTOM MHEPIUU PAaBHO TPEM.

Knrouegvie cnoga: xonedanus, dpasza, HHEPIMOHHASI MOILITHOCTh, aBTOOAIAHCHPOBKA, [ICHTPaIbHAs CHMMETPHSL.

IIETHBIA CTaH 2 HAXOOUTCS B CPEIHEM IOJNIOXCHUU U
JIBMKETCS BJIEBO C MAKCUMAIIbHON KUHETHMYECKOU HEP-
raei. 3a cyeT WHEPIMW OH INPHHYXIAET pPEIIeTHBIN
cTaH 1 yCKOpATBhCS BJIEBO, OTHABas €My 4YacTh CBOEH
sHepruu. K MOMeHTy, Kora pemeTHbId CTaH 2 JOCTHT-
HET KpalHero JIEBOTO IIOJIOXKEHWS, OH TEPEelacT BCIO

BBenenue

CymiecTByIOT MEXaHU3MBI, HAIIPHIMEP, COPTHPO-
BaJIbHEIE, pabo4yme OpraHbl KOTOPHIX COBEPIIAIOT
JIMHEHHBIE KOJIEOAHMA C BBICOKOM Id UX MAacChl
9acToToil [1], UTO MPUBOOUT K Pa3BUTHIO 3HAYH-

TENBHOW HENPOU3BOAMUTEIBHON MEXaHMUYECKOM pe-
AKTHUBHOW WHEPIIMOHHON MolHOoCcTH [2], KOoTopas
MOJKET Ha TOPSIOK IPEBOCXOAUTH MPOU3BOIUTEINb-
HyI0 (TIONIE3HYI0) AMCCHUMATHUBHYIO MOIIHOCTH. [lo-
3TOMY HEWTpaln3alys HHEPLIUOHHONW MOIIHOCTH
MPUBOJUT K CYIIECTBEHHOMY IIOBBIIICHUIO 3HEp-
roaddexTuBHOCTH MexaHu3Ma [3, 4].
CamoHelTpanu3anys HHEPUUOHHOW MOLIHOCTH
OCYIIECTBIISICTCS] B MEXaHU3MaX C IIOCTOSHHBIM IIPH-
BE/ICHHBIM MOMEHTOM HMHEpPLHH 32 CYET CMELICHUS
(a3 KomebaHuil pabounx OpraHoB [5, 6], KOIHMIECTBO
KOTOpPBIX MOXKET OBITh NM0ObIM. Hampumep, mis me-
XaHu3Ma C AByMs pabOuMMHU OpraHaMH CMeLICHHE
¢a3 cocrarmser m/2 [7, 8], a ¢ Tpemst — 21/3 [9, 10].
Ha puc. 1 npuBeieH npumMep TaKOro MeXaHu3Ma.
OHeprooOMeH MPOUCXOIUT CICAYIOIM 00pPa3oM.
B HekoTopbIii MOMEHT BpEMEHH pEIIeTHBI cTaH |
HAaxXOJQUTCSA B KpallHEM NPaBOM IOJOKEHHHU, €T0 KUHE-
THYeCKas JHEpPrus paBHa Hym0. B 3TOT MOMeHT pe-
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CBOIO JHEPTHUIO0 PEIIETHOMY CTaHy l, KOTOpbIi B cpen-
HEM TOJIOKEHUH C MaKCUMalbHOH CKOPOCTBIO OyIeT
JIBUT'aTbhCs BJICBO. Tenepb PEIETHBIC CTAaHBI MCHAIOTCA
possiMu. 3a cyeT MHEPIUH PEeLIeTHbIH cTaH | MpHHYX-
JIaeT PelEeTHBIH CTaH 2 YCKOPATHCS BIPaBO, OTAaBast
eMy dacTh cBoeil sHepruu. Korma pemetHsiii cran 1
JIOCTUTHET KpalHEero JIeBOTro MOJIOKEHMS, OH MepeaacT
BCIO CBOIO 3HEPTHIO PEHICTHOMY CTaHy 2, KOTOPBIH B
CpeIHEM MOJOKEHHH C MaKCUMalbHOH CKOPOCTBIO Oy-
JIeT JBUTaThCs BIPaBO. AHAJOTMYHBIM 00pasoM OyayT
HPOUCXOIUTH AaNbHEHIIHe KoneOaHus.

BMmecte ¢ TeM IMHaMHMKa MEXaHHM3Ma C IOCTO-
SIHHBIM IIPUBEICHHBIM MOMEHTOM HHEPLHHU C IBYMS
MAacCHUBHBIMU Pa0OYMMHU OpraHaMH MMEET IperuMy-
LIECTBEHHO TEOPETHUYECKYIO II€HHOCTb, IIOCKOJBKY
€ro IpPaKTUYECKOE HUCIONb30BAHUE 3aTPYJHEHO H3-
3a HecOaJaHCUPOBAaHHOCTH MEXaHU3Ma.

Ha pwue. 2 mokasaHbl CHIIBI WHEPITUH, ICHCTBY-
IOME Ha KPUBOIIUITLI UJIW SKCHCHTPUKU B MEXAHU3-
M€ C IMOCTOAHHBIM NPHUBCACHHBIM MOMCHTOM HWHEP-
YU C IByMs MaCCHUBHBIMU pa6OT-H/IMI/I OpraHamMu.
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Puc. 1. KunemaTuueckas cxema COpTHpOBaJ’ILHOﬁ MalllMHBI C IIOCTOIHHBIM
MPUBCACHHBIM MOMCHTOM MHCEPLIUU 1, 2-— PCUICTHBIC CTAHBI; 3- OKCHCHTPUKHU

F

v

Puc. 2. Cunnl HUHCpIHUH, Z[CP'ICTByIOHIHC Ha KPpUBOLIUIIBI B MEXaHU3ME C IBYMA pa60‘II/IMI/I opraHamMm

[Tpu aTom
F =F, cosp, =F, coso,
F, =F, cosq, = F, cos(o+m/2)=—F, sin¢g.
F=F+F, =F, coso—F, sinp#0.

To ectp mexanusM He cOamancupoBaH. Cym-
MapHasi Cuja Iepelaercss Ha ONOpbl HPUBOTHOTO
Baja U Ha KOPIYC MAllIWHBI, BBI3bIBAsI 3HAYUTENb-
HYI0 BHOpaIuio.

CoBepIICHHO OYEBUIHO, YTO CTENEHBL cOaaH-
CHpOBaHHOCTH (WM HECOATAHCHPOBAHHOCTH) MeE-
XaHW3Ma HEMOCPEACTBEHHO CBS3aHA CO «CTEMEHBIO»
HEHTPANBLHON cCUMMeETpUH (UTYpHI (3BE31IbI), 00pa-
30BAHHON KPUBOIIHIIAMU.

JIByxsiydeBast «3Be3a» Ha PHC. 2 HECHMMET-

pHUYHAa.
«3Be3AbI» B MEXaHU3MaX C HOCTOSIHHBIM MPUBE-

JIEHHBIM MOMEHTOM HHEPIIMH C YHCIOM paboumx
OpraHoB Oosiee MBYX HEOOXOAMMO OOJNANAIOT IIeH-
TpadbHOU CUMMETPHEN.

L]envio pabomul ABISETCS YCTaHOBJIEHHE YCIO-
BHIA aBTOOATAHCHPOBKHA MEXaHU3MOB C TIOCTOSTHHBIM
MIPUBEICHHBIM MOMEHTOM HHEPIIMH C YETHIPBMS U

TpeMs pabounMH OpraHaMU.
3aoauu uccredosanusi COCTOSAT B ONPEICTICHIN
CHJI, ICUCTBYIOIIMX Ha KOPIYC MEXaHHU3Ma.
AxmyanbHocms  HACTOSIIETO  UCCICIOBaHUS
00ycIoBJieHa HEOOXOIUMOCTBIO OMPEICIICHUS MHU-
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HUMAJIbHO BO3MOXHOI'0O 4ucClia pa60q1/1x OpraHoB,
IIpru KOTOPOM BBIMNIOJHACTCA aBTO6aJIaHCI/IpOBKa MC-
XaHru3Ma C NOCTOSAHHBIM IMPUBEACHHBIM MOMCHTOM
HUHCpUHUU.

ABT00a71aHCHPOBKA MEXaHN3MA € MOCTOSIHHbIM
NMpuBeIeHHBIM MOMEHTOM HHEPIHH C YeThIPbMS
MAaCCHBHBIMH Pad0YUMHU OPraHaMHU

[IpumeyaTrensHBIM TPUMEPOM TAKOTO MEXaHM3-
Ma sBisieTcs coptupoBaibHas Mmammaa O3C-50 ¢
YeTHIPHMS PelIeTHRIMH cTaHaMmu. Ee JoCcTOMHCTBOM
SIBIIIETCST BO3MOXKHOCTh MOJIEPHH3AIMH TaKUM 00-
paszoM, 9TOOBI MPUBENCHHBI MOMEHT MHEPIIHH CTaI
MIOCTOSIHHBIM. J[71s1 3TOro HeT HEOOXOIMMOCTH B
TPYIOEMKOM H3TOTOBJICHUU YKCIICHTPHUKOBEIX BaJIOB
CO CMEIIICHUEM DKCLUEHTPUKOB Ha 1/2. KunemaTuue-
CKas cxeMa MaIluHbl (puc. 3) O3BONSAET, HE U3Me-
HsISl KOHCTPYKIIMIO KCIICHTPUKOBBIX BaJioB 3, 00ec-
MEYUTh cMenieHue (a3pl KoneOaHuil 000 maphl
pelIeTHBIX cTaHOB | Ha 7/2 3a CYeT OTHOCUTEIHHOTO
pa3BoOpoOTa HKCLEHTPUKOBBIX BajoB 3 Ha 90 rpan.
DTO BBITIONHACTCS NPH pa3MbIKAHUH IEITHON Tepe-
nmaun 4. Ilpu 3ToM 00a pelieTHBIX cTaHa BEpXHEH

1 2

\

X §

X §

X §

|
|

napsl ¥ 00a pelIeTHBIX CTaHa HIDKHEH Maphl Mpo-
JIOJKalOT paboTaTh B MpoTHBOdA3e, uTo odecrnedu-
BaeT JUHAMHYECKYIO YPaBHOBELIEHHOCTh MAIIIHHBL

Ha pwuc. 4 noka3ans! cujbl HHEPLUH, JEHCTBY-
IOIIME HA KPUBOLIMIIBI (SKCLIEHTPUKH) B MEXaHHU3ME
C MIOCTOSIHHBIM NPHUBEJCHHBIM MOMEHTOM HHEPLUHN
C YeThIpbMsI pabOYMMU OpraHaMu.

«3Be3nan, 00pa3oBaHHAs KPUBOIIMIIAMH, O0JIa-
JIaeT LEHTPAJIbHOU CUMMETPHUEH.

ITpu aTom

F, =F, cosg, =F, coso,

F, = F, cosp, =F, cos(@+2m/3),

Fy,=F, cosq, =F, cos(p+4m/3).

F=F+F+F =

=F, cosg, +F, cosp,+F, cosq,=

¢, + 9, cos P2~ P _
2

=F, cos@+F,2cos(@+m)cos(—m/3)=0.

To ecTh MeXaHU3M COANAHCHPOBAH.

=F, cosg, +F,2cos

N\ ;

Puc. 3. Kunematuueckast cxema O3C-50: 1 — pelieTHbie CTaHbI; 2 — MON3YHBI; 3 — DKCIIEHTPUKOBBIC BaJIbI;
4 — nemHas repenaya; 5 — KIMHOpEMEHHas repenada; 6 — 3JIeKTPOIBUTATEITb
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Puc. 5. Cuinl HUHCpLUH, ﬂeﬁCTBYIOMHC Ha KPUBOLIUIIEI B MCXaHU3ME C TPEMA pa60'{I/IMI/I OopraHamMm

3aka0ueHne

«3B€3,I[LI)>, 06pa30BaHHBIG KpuBOIIMIIaMU MEXa-

HU3MOB C IOCTOSHHBIM NPUBEJCHHBIM MOMEHTOM
WHEPLHUH C YUCIOM pabouux OpraHoB Ooiee OBYX,
00aatoT IeHTPAbHON cuMMeTpuel. Takne mexa-
HHU3MBI COQTAaHCHPOBAHBI.

MuHNMansHOEe YHUCIO pabodnWx OpraHoB, CO-

BEPINAIOIINX JTUHEHHBIC KOJeOaHus, B cOaTaHCHPO-
BaHHOM MEXaHH3ME C MOCTOSHHBIM IMPHUBEICHHBIM
MOMCHTOM MHEPLIUU paBHO TPEM.
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Abstract

This paper examines mechanisms the operating elements
of which perform linear oscillations the frequencies of
which are too high for the weights of the elements. This
can create a considerable nonproductive mechanical
reactive inertial power, which can by far exceed the
productive (useful) dissipative power. A significantly
higher energy efficiency can be achieved through
neutralization of the mechanical reactive inertial power.
Self-neutralization of the mechanical reactive inertial
power can be possible in mechanisms with a constant
equivalent moment of inertia due to displaced oscillation
phases of the operating elements, the number of which
may, in fact, be any. For a mechanism with two operating
elements, the phase displacement is m/2, whereas for a
mechanism with three operating elements it is 2m/3.
Practical use of the mechanism with a constant equivalent
moment of inertia with two big operating elements may be
hindered because of the lack of balance. The degree to
which a mechanism is balanced (or unbalanced) is directly
related to the "degree" of central symmetry of the pattern
formed by the cranks. The objective of this research is to
identify the self-balancing conditions for mechanisms with
a constant equivalent moment of inertia with four and three
operating elements. It is shown that the star patterns
formed by the cranks of mechanisms with a constant
equivalent moment of inertia that have more than two
operating elements are indeed centrally symmetric. Such
mechanisms are balanced. It was found that, in a balanced
mechanism with a constant equivalent moment of inertia,
at least three operating elements perform linear
oscillations.

Keywords: Oscillations, phase, inertial power, self-
balancing, central symmetry.
References

1. Popov L.P., Chumakov V.G., Terentiev A.D. Drive power
reduction in screen sizers. Nauchno-tekhnicheskie ve-
domosti Sankt-Peterburgskogo gosudarstvennogo

2.

10.

politekhnicheskogo universiteta [St. Petersburg Polytechnic
University Journal of Engineering Science and Technolo-
ayl, 2015, no. 2 (219), pp. 175-181. (In Russ.)
Popov I.P. Mechanical equivalents to reactive power.
Vestnik ~ Permskogo  universiteta. ~ Matematika.
Mekhanika. Informatika [Bulletin of Perm University.
Mathematics. Mechanics. Computer Science], 2015, no.
3(30), pp. 37-39. (In Russ.)
Popov I.P. Free vibration harmonics in systems with
homogeneous elements. Prikladnaya matematika i
mekhanika [Applied mathematics and mechanics], 2012,
vol. 76, iss. 4, pp. 546-549. (In Russ.)
Popov I.P. Synthesis of an inert-inert oscillator. Prikladnaya
matematika i voprosy upravieniya [Applied mathematics
and control], 2017, no. 1, pp. 7-13. (In Russ.)
Popov I.P., Chumakov V.G., Davydova M.V., Popov D.P.,
Kubareva S.Yu. Ustroystvo dlya uravnoveshivaniya
inertsyonnykh sil [Device for balancing inertia forces].
Patent RF, no. 2601891 RU, 2016.
Popov I.P. Oscillatory systems with homogeneous ele-
ments. Inzhenernaya fizika [Engineering physics], 2013,
no. 3, pp. 52-56. (In Russ.)
Popov |.P. Modeling of a bi-inert oscillator. Prilozhenie
matematiki v ekonomicheskikh i  tekhnicheskikh
issledovaniyakh: sb. nauch. tr. [Mathematics in economic
and engineering studies: Research papers]. Ed. by V.S.
Mkhitaryan. Magnitogorsk, 2017, pp. 188-192. (In Russ.)
Popov I.P. Sposob polucheniya mekhanicheskikh kole-
baniy [Method of obtaining mechanical oscillations]. Patent
RF, no. 2575763 RU, 2016.
Popov I.P. Oscillatory systems comprised of only inert or
only elastic elements and the emergence of free harmonic
oscillations. Vestnik Tomskogo gosudarstvennogo universi-
teta. Seria: Matematika | mekhanika [Tomsk State
University Journal. Mathematics and mechanics], 2013,
no. 1(21), pp. 95-103. (In Russ.)
Popov 1.P., Shamarin E.O. Free mechanical harmonic os-
cillations with staggered phases. Vestnik Tikhookeanskogo
gosudarstvennogo universiteta [Bulletin of PNU], 2013, no.
2(29), pp. 39-48. (In Russ.)
Received 30/07/18
Accepted 03/09/18

O0pasen 111 UUTHPOBAHUS

Ionos W.II., Kybapea C.}O. ABroGanaHcupoBka BHOpalMOHHBIX MalinH // BecTHUK MarHMTOropcKoro rocyJapCTBEHHOr0 TEXHHYECKOIro
yuusepcutera um. .M. Hocosa. 2018. T.16. Ne3. C. 140—144. https://doi.org/10.18503/1995-2732-2018-16-3-140-144

For citation

Popov L.P., Kubareva S.Yu. Autobalanced vibration. Vestnik Magnitogorskogo Gosudarstvennogo Tekhnicheskogo Universiteta im. G.I. Nosova
[Vestnik of Nosov Magnitogorsk State Technical University]. 2018, vol. 16, no. 3, pp. 140—144. https://doi.org/10.18503/1995-2732-2018-16-3-140-144

BecmHuk MI'TY um. I'.'A. Hocosa. 2018. T.16. Ne3

144



