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I. TEOPIA NMPOUECIB TA MAWWH

Nop6eHko A. H.

Kep4eHckul
2ocydapcmeeHHbll
MopckKoli
mexHoJsio2u4eckul
yHusepcumem

1. [llocmaHoeka npo6nembl. Lenb
pabomoi.
AsTobanaHcupytowme yctponctea (ABY)

MaccuMBHOroO  TuWna HaxogAaT nNpPUMEHEHWe B
poTOpHbIX MawwuHax (PM) ons CHWXeHUs ypoBHS
ux BuBpaumn. WX npakTnyeckoe mnpuMeHeHue
cTankmeBaetca ¢ npobnemon  obecneyeHus
YCTOMYMBOCTU  aBTOBanaHCcupyloLWwero pexuma
OBWKeHNss mexaHunyeckon cuctemol (MC) [1-4]. B
CBOKWO oyepedb, pelleHne 3Ton npobnemsl
obycnosnueaet HeobXxoaAMMOoCTb pa3BuUTUA
aHanuTtu4eckon Teopumn ABY.

OgHum 13 HanpaeneHun obwen Teopumn
YCTOMYMBOCTU  OBWXEHUS  SABRSeTCA  aHanus
BMUSHUS Ha MEXaHWYeCKyl0 CUCTEMY CTPYKTYpbI
cuvn, AencTeyowWwmx B Hen (cM. [5-8] n ap.). Buabl
cun knaccuduumpyloTca no pagy dopmManbHbIX

NMPU3HAKOB Ha OCHOBE CUCTEMbl YpaBHEHWW
BO3MYLLEHHOro ABWXeHUSA. 3HaHWe CTPYKTYpbl CUN
MoxeT OblTb  MOMe3HbiM, Hanpumep, Ans
BbISABIIEHUS AecTabunumanpyroLmx n
CTabUnManpyroLLmx hakTopoB, nony4eHuns
HeoOXoaAMMbIX (UMW OOCTATOMHbLIX)  YCNOBUN

YCTOMYMBOCTU (MNN HEYCTONYMBOCTU) OBWKEHUS
MC, Bbl6opa 3HauyeHun napameTpoB MC Ha aTane
NPOEKTMPOBaHUA 1 T.A.

Llensto gaHHom paboTbl aBnsieTca aHanws
CTPYKTYpbI cur, aercteytowmx B MC npocTteiiero
poTopa Ha OCECUMMETPUYHBIX BS3KO-YNPYrmx
ornopax, coBsepLlaloLero mnnockonapannensHoe
OBWKEHNEe BMECTe C YCTaHOBMEHHbIM Ha HeM
aBTobanaHcMpom NaccuUBHOMO TUNa.

2. YpaeHeHUs1 803MYU,eHHO20 O8UKEHUS.
PaccMoTpUM 04HOAMCKOBbIN POTOP Ha ABYX
U30TPOMHBIX ornopax. Cratuyecku

YK 62-755

AHAJIN3 CTPYKTYPbI CUN,
OEACTBYHKOLUMUX B
MEXAHUYECKOW CUCTEME
«POTOP - NACCUBHbIN
ABTOBAJNNTAHCUP»

Y pobomi ecmaHoeneHo, w0 asmobanaHcyroyul pyx
npocmoz2o pomopa 3
cKrnaodHo OuHaMIi4YHO  83aeMO0iEt0  B8CiX MoXueux 8udis
KOHCep8amueHUX i HEKOHCep8amueHUX Curl.

It is discovered in the article, that autobalancing motion of
the simplest rotor with an autobalancer is provided by difficult
dynamic co-operation of all possible types of conservative and
unconservative forces.

asmobarnaHcupom  3abesnedyyemscs

HeypaBHOBELLEHHbIN OUCK poTopa pacrnonoXeH
nocepeguHe Mexgy onopamM W coBepluaet
nnockoe ABwkeHve. B nnockoctu  aucka
pacnonoxeH aBTobanaHcup ¢ KOMMNEHCUPYOLWLUMU
maccamu (KM) B BMae LapuKoB UM MasiTHUKOB.
Konuuecteo KM n npousBonbHOE, HO He MeHee
OBYX.

OaHHas MC xapakTtepusyeTtcs cneayowmmm
husmyeckMmMm napameTpamu:

® — YrnoBas CKOpPOCTb BpalleHus poTopa,
pagal/c;

M — macca aucka, Kr;

I — 3KCLLEHTPUCUTET, M;

K — XecTkoCcTb Bana w
npuBeneHHas K LeHTpy ancka, Hiwm;

B — KOS(MDOULUMEHT BHELUHErO BSA3KOro
aemnduposaHusa potopa, C ;

/ K
p=.,——— — KpUTUYECKas] CKOPOCTb
M +nm

BpaLleHusa potopa 6e3 ABY (HO ¢ Maccon aucka,
yBenunyeHHom Ha maccy Bcex KM), pag/c;

Ua, Va —  Tekywue KoopAauHaThbI
reoMeTpUYeCcKoro LeHTpa aucka BO
BpaLLlaloLencs cucteMe KoopauHar, m;

m, n — wmacca ogHon KM (kr)
KONMU4ecTBO;

R — pagunyc oKpy>KHOCTU ABWXEHUS LEHTPOB
macc KM B ABY, m;

h, — KO3(PMDOULMEHT BHYTPEHHEro BSA3KOro
conpoTusneHus asmkeHnio KM B ABY, c'1;

0; — NOCTOsIHHbIE YrroBble nonoxeHns KM
OTHOCUTESBbHO auncka B pexvme
aBTobanaHcupoBKK, pag;

@; — TeKkywas yrnosas koopavHata j- KM
OTHOCUTESBLHO HEMOABWXHOM OCU X, pag,;

ero onop,

n umx
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Vi=0;— ((Dt + OLJ) — TeKyulee Yyrnosoe

OTKNOHeHne j-1 KM OT nonoxeHus waeanbHOW
aBTobanaHcUpoBKK, pag.
BespasmepHble napameTtpbl MC:

0=2; B=E; By =h—"’; n= m_,
p p p M +nm
rae Q — yrrnoBasi CKOpOCTb BpalleHnUs poTopa;
B -  koapuUMEHT  BHELWHero  BSA3KOro
aemndupoBaHusa poTopa;
By - KkoahuUMEHT BHYTPEHHEro BSA3KOro

conpoTusneHus asmwkeHnio KM B ABY;

p — OTHOoCUTENbHasa Macca ogHom KM.
PaccmaTtpuBaemas MC potopa c ABY

gonyckaeT aBTobOanaHcupyollee OBwkeHue. B

KayecTBe HEeBO3MYLLUEHHOIro ABWXeHnA
npuHNUMaeTCcA pexunm noeanbHom
aBTO6aJ'IaHCMpOBKM, npu KOTOPOM nonepeYHblie

OBWXEHUS1 poTopa NOSTHOCTbIO OTCYTCTBYHOT, a KM
BpalalwTcs BMeCTe C pPOTOPOM, 3aHUMas
OTHOCUTENbHO HEro HEnoABWKHbIE MOSNOXEHUS oy.
BoamyLeHHoe OBWXeHne COOTBETCTBYET
yKkrnoHeHmamMm MC oT HEBO3MYLLEHHOTO ABWKEHUS B
pesynbTate MalnblX BO3MYLLUEHUA O0BOOLLEHHbIX
KoopauHar.

Cuctemy nuHeapu3oBaHHbIX ypaBHEHWUN
BO3MYLLEHHOrO OBUWXEHUSA (no nepeBomMy
NPUBMWKEHNIO) ANA paccMaTpuBaemMoro poTtopa ¢
ABY BO Bpawawlenca cucteme KoopauHat
BbINWLLEM B CreAyLEM MAaTPUYHOM BUAE:

[Mo G +[Ho lig}+[Kolla} = 0} . (1)
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{q} — BexTop BapHaLmit 0606LLEHHbIX KOOPAMHAT;
[MO] — maTpuua nHepummn MC;
[Ho] - MmaTpuuya  aemMnduvpoBaHus n
rmpockonumyHoctn MC;
[Ko] — maTpuua xecTtkoctn MC.

Matpuuibl [MO], [Ho], [Ko] NUMetoT BUA:
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J=1 J=1
Hapmm HeKkoTopble NOSICHEHNS K
ypaBHeHusaMm (1) n dopmynam (2). B ypaBHeHuMsAX
(1) wucnonb3ytoTcd cymMapHble 0606LLEeHHbIEe
koopauHatbl KM vy 1 ., bnarogaps yemy 4ncno
YPaBHEHUA B CUCTEME paBHO 4 HE3aBWCMMO OT

konuuyectsa KM n. bespasmepHsie maTpuLb [MO] ,

[Ho] , [Ko] — NOCTOSAHHbIE, pa3mepoM (4,4) 1 B (2)

ONs HarmsagHOCTU NpeAcTaBneHbl B BUAe 6noYvHbIX
MaTpuL.

OTtmeTum, 4yTO ypaBHeHusi (1)
uccriegosanucb B psge pabot (cm., Hanpumep [1-
4]), ogHako 34eCb OHM BbINUCaHbl B MaTPU4HOM
dopme, 4YTO Heobxoaumo pAns nocnegyroLlen
Knaccudmkaumm encTByOLNX Cun.

3. Cmpykmypa cun, delicmeyroujux e
MexaHuy4yeckol cucmeme.

Knaccudmkaums  cun OCHoBaHa  Ha
hopmMarnbHbIX cBoOWCTBax koadhhuumneHToB
AnddepeHumnanbHbIX ypaBHEHUA ABMKEHUS [5, 6].

MpuBeanem ypaBHeHus (1) Kk Bug

)T A

rme [H]=[Mo["'[Ho: [K]=[Mo] Ko
Mpeacraeum matpuLibl [H] n [K] B Buae

CyMM CUMMETPUYHbIX [H1], [K1] n
KOCOCMMMETPUYHBIX [Hz], [K2] maTpuL;
H]=[Fi)+ [Ho]: K]= i)+ k). @)
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Kal=-lkT = [K]-IKT);

Torga ypaBHEHMS BO3MYLLEHHOMO OBWKEHUS
npuMyT BUA:
{d}+[H g+ [Hallad+ [Killa )+ [Kolah =0} . (5)
Cnaraemble, Bxogsiwme B nesylo Yactb (5),
npeacTaBnAlT cobon B3ATbleE C 06paTHbIM 3HAKOM
06006LeHHble cunebl [5, 6]:
- CUnbl UHEPLUMM {(j};

- cunbl [Hq]{g} — Avcevnatuehbie cunel c

MOMHOM WNM  HEMNomnHoW Aguccunaumen, nnodo
ycKkopsilowme cunebl (c oTpuUaTensHON
auceunaumen);

- TMPOCKOMMYECKNE CUNbI [Hz]{d}?

- MOTeHUMnanbHble KOHCEepBaTMBHbIE CUNbI
ynpyrocTu [K1]{q};

- HEKOHCEepBaTUBHbIE MO3ULMOHHBIE CUSbI

[K2lla}-

[nsa aHanu3a CTPyKTypbl CUM, LENCTBYHOLLMX
B MC «poTop — naccuBHbIi aBTob6anaHcmpy Obinu
NpOoBeAEHbl pacyeTbl XapakTEPUCTUK YKa3aHHbIX
mMaTpuy. PacyeTbl npoBoAWnMCb B TUMUYHbLIX
AvanasoHax 3HaveHun napameTtpos MC: B =
0,01...0,2; nu = 0,001...0,05; B, = 0,001...0,1; D
=0...1; Q = 1...5. AHanu3 pe3ynbTaToB pac4yeToB
MO3BOSISIET 3aKMNIOYUTL CriefytoLLlee.

PacuyeTbl nokasanu, 4YTo Npu XapakTepHbIX
3HaYeHNsIX MapameTpoB BCE YyKa3aHHble BbIlLe
MaTpuLbl U BEKTOpa HeHyreBble. CrieqoBaTensbHO,
B paccmatpuBaemon MC pevictByeT Becb Habop
BO3MOXHbIX BUOOB CUM, @ UMEHHO: CUIbl MHEPLN,
AnccUMNaTuBHbIE CUIbl C HEMOMHOW Auccunaumnen,
TMPOCKOMUYECKNE CUIbl, KOHCEPBATUBHbLIE CUIbI
yNpyroctTu M HEKOHCEPBATUBHLIE MO3ULMOHHbLIE
cunbl. MMpuyem cpean HUX Hemnb3s BblgenuUTb
Kakne-nnbo npeobnagarowime cunbl, Mo cunbl,
OENCTBMEM  KOTOpPbIX ~ MOXHO  Oblmo  Obl
npeHebpeyb. [IMHamMmn4yeckoe paBHOBECWUE AaHHOW
MC obGecneuymBaeTcsi COBMECTHbIM OENCTBUEM
BCEX BO3MOXHbIX BUAOB CUI.

BaxHoe 3HaueHue MMelT AUccUnaTUBHbIE
cunbl.  CornacHo pacyetam OHM obnagatoT
HEMoMHOM Auccunauuein, Tak Kak marpuua [H1]

He ABNSAETCs NOMNoXUTENbHO onpeaeneHHomn [5, 6],
YTO YCTaHOBMEHO MO Kputeputo CunbBecTpa.
CnepoBaTtenbHo, B  [aHHOM MC Kpome
ONCCUNaTUBHbIX cun OEeNCTBYIOT Takke
yCKOpSitoLMe CUnbl, NponopLmMoHarnbHble {G}. Mpu

3TOM, OAHaKO, ANCCUNATUBHbIE CUIbI p.OMI/IHI/IpyIOT
Haa yCKOpFlIOLLMMM cunnamMmu, 4To yCTaHOBJ'IeHO no
KpMTepMIO NONTOXNTEeNbHOCTUN cnepa ManMleI
[Hi] 8].

PacueTtbl nokasanu, 4TO npu nepexope
Yyepes rpanHnly YCTOMYMBOCTU aBTOGanaHCUpPOBKM
(nyTem M3mMeHeHUs YacToTbl BpaLLeHUs) CTPYKTypa
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OEeNCTBYHOLLNX cun He
Ka4yeCTBEHHbIX N3MEHEHWN.
CornacHo knaccudukauum B [5] aaHHas MC
SIBNSAETCA aKTMBHOW HEKOHCEPBATMBHOW CUCTEMON.
B Takux cuctemax BO3MOXHO CamMoBO30yXOeHue
koneb6aHun. OtmeTm Takxke, yToO, Kak
ycTaHoBneHo B [5-8] n pgp., npu COBMECTHOM
dencteum B MC Bcex BMOOB Cun Xxapaktep X
B3aMMOAENCTBUA CTAHOBUTCSA HETPaOULMOHHBLIM.

npeTepnesaeT

B YacTHOCTU HekoTopble 06bIYHO
cTabunusvpyloline cunbl  MOryT  paspyluaTb
YCTOMYMBOCTb ABWKEHUS N HA0BOPOT.
3aksnroyeHue
Takmm o6pas3oM, YCTaHOBNEHO, 4TO B

paccmoTpeHHo MC pgencTByeT BeCb ChNeEKTp
BO3MOXHbIX BUAOB CWI, YTO sABNsieTca Hanbonee
CMOXHbIM Cry4yaeM Ansi aHanusa YCTOWYMBOCTMU
unu crabunusauum  cUCTeMbl.  YCTOMYMBOCTb
aBTOGanaHcupyoLLero OBWKeHUs MC
obecrneymBaeTcs  CMOXHbIM  B3aUMOAENCTBUEM
KOHCEepBaTUBHbIX CUM (MHEPLUN, MMPOCKOMUYECKNX
W ynNpyroctm) M HEKOHCEPBATUBHbIX CuUN —

ONCCUNATUBHBIX, YCKOPSIIOLLMX U MO3ULIMOHHbIX
cun. TllonyyeHHble pe3ynbTaTbl OyayT MNONesHbl
ans AanbHenwero pas3BuTUA Teopum
aBTObanaHCNpPoBKM.
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