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A.H. T'OPBEHKO

Kepuenckuii 2ocyoapcmeennuliit MOpCKoll mexXHoN02UYecKUuil yHueepcumem

OBIIAS CTPYKTYPA YPABHEHUWH JIBUKEHUS POTOPHBIX MAIIIMH
C ABTOBAJTAHCUPOM NTACCUBHOI'O THUIIA

B pabome paccmampusaemest npobrema HeIuHeHoU YCmoudu0Cmu MHO20MACCO8020 A8MODANAHCUPYIOUe20
YCmpocmea naccugHo20 muna, YCmaHo8IeHH020 Ha NPOU3BOIbHYI0 POMOopHYIo mawuny. TIpednosxcena kiac-
cuurayust 0600UeHHBIX KOOPOUHAM, HA OCHOGE 4e20 NOIYHEeHd 00uas MAMeMamuiecKas Mo0eib 08UNCCHUSL
mexanuyeckoll cucmemol. Tlonyuena obobwennas cucmema ypasHeHull 603mywenno2o osudcenus. Toxazana
B03MOJICHOCHb COKPAUWCHUSL HUCTA VPAGHEHUL U He3ABUCUMBIX NePEMEHHbIX OJI UCCHe008AHUsL YCMOUHUBOCTNU
asmobanancuposku. Bemmoanen ananuz cmpykmyput 0606uennoli cucmemvl ypaerenuil osudxicenust. Paccmom-

PpEenbl ocobennocmu HEKOMmOopbwvlX YACMHbLX C1y4aes.

Knrouesvie cnosa: pomopuas mMawiuna, pomop, asmooaiaHcupoeKd, NacCUgHblll aemobaIanHcup, YpasHeHus O6U-

HCEHUA, yCMOﬁHHSOcmb.

1. IToctanoBKa npo0JieMbl. AHAJIN3 Cylle-
CTBYIOIIMX HcciaenoBanuil. Ileasb padoTsl.

Cpenu crioco0OB CHIDKEHUS] BUOPALMH POTOPHBIX
MammH (PM) HaxonsT nmpUMeEHEHUe aBTOOATaHCHPYIO-
e ycerporictea (ABY) maccuBHOro Tuma (CM. Hampu-
mep [1-8] u np.). [Ipu ompeneneHHBIX YCIOBHSAX OHH
aBTOMATUYECKH YpPaBHOBEIIUBAIOT POTOpP, YCTpaHsIs
CHJIBI OT IMCOAIaHCOB U CHIDKAs BHOPAIMIO MAIIWHBI B
npotecce ee padboThl. [TogoOHBIE yCTpOiicTBa OTHOCATCS
K CYIIECTBEHHO HEJMHEHHBHIM MHOTOMAacCCOBBIM MeXa-
HuuecknM cucreMaM (MC) ¢ HeTpHUBHAIBHBIMHU CBOMCT-
BaMHU, YTO BBI3bIBAET TPYAHOCTH UX HUCCIICIOBAHUSI.

BonbIIMHCTBO ~ CYIIECTBYIOIMX K HACTOSIIEMY
BpeMeHH paboT NAaHHOTO HAIPaBJICHUS OTINYAIOTCS
(parMeHTapHOCTHIO, HOCAT WHIMBUAYaJIbHBIA HECHC-
TEMHBIN XapaKTep, YPaBHEHHUS! IBUXKEHHSI COCTABIISIFOTCS
TG 711 KOHKpeTHOU PM ¢ ABY u nanee BbIMOTHSIET-
cs ux aHanu3. OTCYTCTBHE €MUHOr0 000OIIEHHOTO MTOI-
X0/la K aHaJM3y YCTOWYMBOCTH aBTOOAJAHCHPOBKU PO-
TOPHBIX MAallMH IPOM3BOJILHOIO BHIAa OTPaHHMYHBAET
BO3MO)KHOCTH BBISIBIICHHSI MX OOILIMX CBOMCTB M 3aKO-
HOoMepHocTeil. OTMETHM, OJHAKO, YTO JJIEMEHTHI CHC-
TEMHOI'0 IOAXO0Ja K HCClefoBaHuI0 PM pasnndHbIX
BHJIOB UMEIOTCS B paboTtax [1, 2, 7].

B cBsI3M CO CKa3aHHBIM, CYIIECTBYET aKTyaJbHast
MOTPEOHOCTh Pa3pabOTKH OOOOIICHHBIX MOAXOIOB H
METOJIOB aHAJUTHYECKOTO WCCIIEJOBAHUS JTUHAMUKH
(mpexne Bcero ycroiunBoct) MC paccMaTpuBaeMoro
tuna. O4eBUIHO, YTO MPU STOM HEOOXOAUMO TITyOOKOe
n3ydeHue crenuduueckux 0coOEHHOCTEH BCEero Kiacca
MC PM c ABY (a He ux 4acTHBIX BapHaHTOB), BBISBIIC-
HHE OOIIMX CTPYKTYPHBIX CBOMCTB YpaBHEHHH JIBHKE-
HUs (HEBO3MYIIEHHOTO M BO3MYIIEHHOT'0), a TaKXKe HX

UCIIONb30BaHKE TP aHAIIU3E.

Ilenpto paboOTHI sSBIAETCA IONYYCHHE W aHAIU3
CTPYKTYpbl OOOOIEHHBIX YpaBHEHHH JWHAMUKA U YC-
TOWYMBOCTH POTOPHBIX MAIIMH IIMPOKOro Kijacca, oc-
HAIlIEHHBIX MHOTOMAacCOBBIM aBTOOAJIAHCHPOM MacCHB-
HOT'0 THIIA.

2. Kiace paccMaTpuBaeMbIX MeXaHHMYEeCKHX
cUCTEM

B pabore paccMaTpHBarOTCsi MEXaHHYECKHUE CHC-
TEMBI, COCTOSIINE U3 00OOLIEHHON POTOPHOM MAaIUHBI
(OPM) ¢ maccuBHBIM MHOTOMAacCOBBIM aBTOOAJIAHCH-
POM, MPUKPEIUIEHHBIM K OJJHOM M3 TOYEK OCH Bajia po-
Topa (pUCYHOK 1).

Iox TepMuHOM «0000IIEHHAsT POTOPHAS MAITMHAY
(wmu monmcucrema PM, moncucrema poropa) Oyiaem na-
nee B OOIIEM Cilydae MOHMMaTh MAIIMHY, COCTOSIIYIO
W3 BpalIaloUIerocss MHOTOJMCKOBOrO poropa (MM He-
CKOJIbKMX POTOpOB, CBSI3aHHBIX MEXIY CO0OIf), KOTO-
pBIIl TIOCPENCTBOM NPOU3BOJIBHOTO KOJIWYECTBA OIOP
(TIOIIUITHUKOB) COEAWHEH C IPOHM3BOJILHBIM YHCIOM
Ten (KOpIyc ¥ Tp.), CBA3aHHBIX IPYT C JPYroM H
HUMEIOUINX HEKOTOpBIE CTENEeHU CBOOOMABI KOJIeOATeINhb-
Horo nBwkeHus. Ha pucynke 1 moacucrema OPM mo-
Ka3aHa B YCIIOBHOM BHze. Porop B oOuiem ciydae cra-
TUYECKH M JJMHAMHYECKH HeypaBHoBelleH. LleHTp macc
(IM) poropa He 00s3aTETbHO HAXOIUTCS B IIOCKOCTH
ABY. Takum 00pa3om, paccMaTpHBaIOTCS MHOTOMAcCO-
Bbic PM BecbMa 00IIIEro cocTaBa U KOHCTPYKIIUU.

K onmHoii u3 Toyek Bama poropa (Touka A) mpu-
KpeIuleH aBTOOaJlaHCHUp IMAaCCHBHOIO THIIA, COCTOSIIUMA
u3 n komreHcupyomux rpy3os (KI'), B kauectBe KoTO-
PBIX MOTYT OBITH Tena KaueHus (IIapbl, POJIMKU H Ap.),



MaaTHUkH U T.11. Yuceno KI' mpousBonsHOE, HO HE MEHee
nByx (n>2). Ilmockocts ABY mepneHIuKynsipHa OCH
Bajia B Touke kperwieHus. KI' umeroT BO3MOXKHOCTH Iie-
pemerienust B miockoctd ABY (He mpensTcTByst apyr
JIPYT'y) OTHOCHTEIBHO OCH POTOpa IO OKPYKHOCTH pa-
nuyca R ¢ neHTpoM B Touke A KpelsieHus K Baiy. by-
JIeM TmonaraTh Takxke, uyto ABY coepiiaer miocko-
napajuienbHoe ABMkeHue. OTMeTHM, OIHAaKo, YTO JaH-
HOE€ JOIyIEHUE HE SIBIIETCS YCIOBUEM, CYILECTBEHHO
OTpaHMYMBAIOUIMM cHeKTp paccMaTtpuBaeMbeix MC. Ilo
MeHbIlel Mepe npu Manbix Maccax KI' B cpaBHEeHUH c
pOTOpOM (YTO Kak IPaBUJIO UMEET MECTO) cllaraeMele,
OTpa’karolIHe BIUSHUE YIJIOBBIX ITOBOPOTOB IUIOCKOCTH
ABY, uMeroT BBICOKMH MOPAIOK MaJIOCTH U B ypaBHe-
HUSIX JIBIDKEHHSI OTOPAChIBAIOTCS JaKe €CIIU POTOp CO-
BEpILIAET IIPOCTPAHCTBEHHOE JIBIKECHUE.

OPM

Puc. 1. Cxema MeXaHUYECKON CUCTEMBI «0000IIIEHHAS
POTOpHAs MallliHa — aBTOOATAHCHUD

B nenom mexanuueckyio cuctremy OPM ¢ ABY
MOXXHO paccMaTpHBaTh KaK COBOKYIHOCTbH CBSI3aHHBIX
MeXIy coboif mByx moacucreM: moacuctemMsl OPM u
noacucrembl KI' B ABY (WM mpocTo MOACHCTEMBI
ABY). Ormerum, uTo mpu 3ToM noxacucreMa ABY, B
omimmune ot OPM, paccmarpuBaercst He B 0000IIEHHOM,
a B KOHKPETHOM BHJI€ C OJHO3HAYHO OIpE/ICICHHBIM
HabopoM 000OIIEHHBIX KOOpAuHAT. B mporecce nBu-
skeanst MC noncuctemsl OPM u ABY B3aumoneiicTBy-
0T JIPYT C APYTOM TOJIBKO Yepe3 TOUKY KperIeHus A.

3. YpaBHeHUs IBHKEHHSI U 0COOEHHOCTH UX
CTPYKTYPHI B 00111eM ciayyae

Jlns  omHO3HAYHOrO omnucaHus JBwkeHus MC
OPM c¢ ABY Heo0XxoauMo BBIOpaTh HaOOp HE3aBHCHU-

MbIX 0000mIeHHBIX KoopauHaT (OK). Beibop OK po-
TOPHOHW MAaIIMHBI 3aBHCHT OT €€ KOHCTPYKLUHUH U OCO-
OeHHOCTEl NBUKEHHs. [103TOMY KOINMYECTBO U BEKTOP
OK OPM 31ech He KOHKPETU3UPYETCS, a paccMaTpuBa-
ercst B obmem Buae. OnHaKo, CleayeT y4ecTb 0co0yIo
pOJb TOYKH A Ha OCH pOTOpa, B KOTOPOH PacHoIOKeH
aBTOOAIAHCHP, TIOCKOJIbKY HIMEHHO Yepe3 Hee IMPOHCXOo-
nut B3aumoneiictsue OPM c¢ moacucremoii ABY. Ilo-
sTOoMy OyaeM mojarath, 4To B BEIOpaHHOM Habope He-
3aBucuMbIx OK OPM npucyTcTBYIOT KOOPAWHATHI TOY-
k1 A. B 3TOM cnydae ynpomraercs 3alMCh YpaBHEHHM
newkenust MC. OTMeTHM, 0JTHAKO, YTO 9TO YCJIOBUE HE
SIBIISIETCST HEOOX OJTUMBIM, MOCKOJIBKY B IPOTUBHOM CIY-
Yyae KOOpAWHATHI TOYKH A MOTYT OBITh JIETKO BBIpaxe-
HBI yepe3 HezaBucuMble OK OPM.

Texymee mnonoxenue snemeHToB OPM  Oynem
OITUCHIBATh, MCIOJIB3YS AEKAPTOBY CUCTEMY KOOpAMHAT
XyZ, OCh Z KOTOPOIl COBIIAJAET C OChIO POTOpa B HEMOI-
BIDKHOM COCTOSIHUH. TeKyllee MojIoKeHHe OTAEIbHOrO
KI' ABY xapakrepu3yeTcs yIJIOBOH KOODIMHATOH @,
OTCUUTHIBaEMOH B TIOCKOCTH ABY 0T HekoToporo mo-
JIOKEHHS, (PUKCUPOBAHHOTO 10 OTHOUIEHHIO K POTOPY
(cM. pucyHoK 1).

BBenem crenymoomyr CHCTEMY KiacCU(UKAITUH
He3zaBucuMbix OK MC:

ar}
D {a}=4--
{da)

meHHbIX koopauHaT OPM, B KOTOpo# B CBOIO ouepe.b
OymeM pa3uyaTh IBE MOATP YIIIIbL:
- { r}: Qir» 1y =L2,...,n, — OK OPM, He cBA3aHHBIE

=q;, i=12,...,n, — rpynma 00600-

HenocpeacTBeHHo ¢ KI' ABY;

XA .

- {qa}z =Qja > 13 =1,2 — OK Touku A xpen-
YA

nenust ABY x Bamy poropa, XxapakTepusyromniue e€ mo-

TniepeyHble OTKIOHEHUS (PUCYHOK 1);

2) {q)}: OFR j=12,...,n — rpymmna o0OOIIEHHBIX KO-

opaunat KI' B ABY.

Oo6mee xoimmyectBo OK MC paBHo ng = (n; + n),
rae n — gucino KI' B ABY; n, = (n, + 2) — uncmo OK
OPM, B TOM 4ucIIe JBE KOOPAUHATHI TOUKU A.

[onueii BekTOop 0000MIEHHBIX KoopauHaT MC
MOJKET paccMaTPUBATHCS KaK COBOKYITHOCTh IOABEKTO-
poB OK moacucremsr OPM u noacucrems! KI':

T \T

W=l o =l @ @) o

Jlis momydenust 000OIEHHBIX YpaBHEHUH JBHXKe-
Hua MC paccMaTpuBaeMOro Kiacca BOCIIOIb3YEMCS
(dopmanu3MoM ypaBHeHu#t Jlarparxa BTOpOro poja.

Kunernueckas sneprusi Bceit MC B o0mieM Buje
paBHa CyMMe 3HEpIuil e€ IOJCUCTEM:

T({v))=Tr (la} a} )+ Tapu(lda h t0h l0)) - @



rae Tr ({q}, {q},t) — KMHETHYEeCKasi SHEeprus IOJCHcCTe-

Mbl OPM, 3aBucsmas or OK OPM u ux ckopocrtei, a
TaKkKe BpEMEHH t, MOCKOJIBKY POTOP HEYpaBHOBEIIIEH;

Tapy ({qa }, {q)}, {(p}) — KUHETHYECKas JHeprus
noacuctemel ABY.

31ech M Jajee TOYKa HajJ CHMBOJIOM, a TaKXKe
ITPUX, O3HAYAIOT MPOU3BOIHYIO IO BpEMEHHU.

IIpu sTOM Ba)KHO, UYTO KHHETUYECKAash JHEPTUA
noacucteMsl ABY MoxkeT OBbITH 3ammucaHa B BHAE KOH-
KpeTHOro BeIpaxkeHus yepe3 OK:

Ty (80} fo)= L m3: 2 +52)-
- (3)

n
m . . 2 . . 2
=7Z]:[(XA —Ro; sm(pj) +(yA +Ro; cosq)j) ],

J:
rae m — Macca omHoro KI;

Xj, Yj — TeKyllue abCONOTHbIE KOOPAMHATHI j-TO
KT.

VYpaBHenus newkenuss MC B ¢opme ypaBHEHHi
Jlarpanxa 2-ro pona:

dfor) or g
dtlov, ) ov, '’
rae F; — 06o0mennas cuna, cootBercTByromas i-it OK.

Hcnonp3ys npunsTyo Bhille kinaccudukarmo OK
u (1)-(4), BeimumeM ypaBHeHus Jlarpamxka oTAENBHO MO
KoopauHaTam noacucteM MC:

i=l..ng, ng=(n, +n). (4

- 110 KOOpAUHATAM OPM{ r }:

dfoTg ) Ty N
Z R =F =1...
dt (5% J aqir ir ({q}’ {q})’ 1p Ny, (5)

rae F;. — 0006mennsie cusl 1o i-it OK OPM;

- II0 KOOpAMHATaM {q a} Touku A Ha porope OPM:

i(“—R]-aTR iy ~Fu ok ). i =12, ©

dt\0qi, ) 0qia
aT
re £, _d[asu |.
dt\ 0q;,

F;, — 06061mennsie cuibl 10 i,-ii OK OPM;
- 1o koopauHataM ABY {(p} :

4| Tagy | _9Tasu _g
rae Fj — obobmiennas cuna no j-it OK KI'.

3aBucuMocTh (3) MO3BOJNIAET Aanee MONYYUTh I
BenuuuH fi, , BXomsamux B ypaBHenuss OPM (6), ux BbI-
pakeHust HenocpeacTBeHHo yepe3 OK:

;). j=1.m, @

f1=fXA=nmiA+mRi(cosq)j)N, i, =1;
; ®)
f2=fyA=nm'yA+mRZ(sin(pj)”, i, =2.

=

Kpome Toro, ypaBaenus nsmwxenust KI' mo koop-
JuHaTaM @ B (7) Takke MOXHO BBIPa3HTh HEMOCPEACT-
BeHHO uepe3 OK:

mR(R(]')j—iA SinQ; +94 cosq)j)=Fj, j=1...n,(9)
rae F; =—B¢R2(('pj—o>) — o00oOmenHass cuna (Mo-

MEHT) BSI3KOro comnpoTusienus aswkennto KI' B ABY;
Bo — ko3dbdunuent nemnduposanus KI' B ABY, kr-c’.
Kak m3BecTHO ypaBHeHusi Jlarpamka MOryT OBITH
npeoOpa3oBanbl K (opme cucrembl auddepeHnnanb-
HBIX ypaBHEHUI BTOpOro mopsika. Torma Ha OCHOBe
(5)-(9) cucrema yparuenuii nemxennss MC OPM ¢ ABY
JUTsE OOLIETO CIydasi MOXKET ObITh PUBECHA K BHIY:

(M ] 1))+ [K] {q}+{{{§j}}=

Pj+helpj-o)-
. . .. B 1
—ExAsm(pj+EyAcosq)j—0, j=1..n,

rac

[Mz], [H], [K] — KBaJpaTHbIE MaTpULbl UHEp-
UK, JeMOQUpOBaHUs (W/MIM TUPOCKOIIMYHOCTH) H Ke-
ctkoctd PM pasmepowm (n,, n,), Tae n=n,+2;

{drc }, {drs }, {d ac }, {das} — BEKTOPBI CTaTHYECKOTO
U JMHaAMHYEeCcKoro aucdaganco poropa OPM.

O0o06menHas cucrema ypaBHenwuii (10) npencras-
JIeHA C WUCIIOJIb30BaHUEM OJIOYHO-MaTPUYHOH (HOPMBI
3aIKCH Kak HauOojiee YIOOHOW M HATJIHOW MPH U3Y-
yennn MC ¢ MHOIMMHU CTeneHsSMH cBOOOIbl. [lamum
HEKOTOphIE OSCHEHUS K HEH.

KBanpatHble MaTpuIbl [Mz], [H] , [K] B COOT-
BETCTBHM C JIOTMKOH TpuHATOH Kiaccudukarmuu OK
pa3oUTHl HA COOTBETCTBYIOIIME OJOKH (TTOIMATPHIIBI) U
CUMTAIOTCd NOCTOAHHBIMHU. Ilpu 3ToM mnoOAMATPUILIEI
HUMEIOT CIEAYIOUIHE pa3Mephl:

- TIOAMATPUIIBI [Mr ] , [Hr ] , [Kr] — KBaJIpaTHBIE pa3Me-
poMm (ny, 0p);
- MOAMATPUIIBI [M az], [H a], [K a] — KBaJIpaTHbIE pa3-



MepoM (2, 2);

- TIOAMATPHUIIBI [Mra],[Hra],[Kra] — TPAMOYTOJILHEIE
pasmepoM (ny, 2);

- IIOAMATPUILIbI [M ar], [H ar], [K ar] — NIPsMOYT'OJIbHBIE
pasmepom (2, ny,).

OTMeTuM, 4TO €ClIi B NEpBOI Ipynne ypaBHEHUH
cucremsl (10) monoxuts =0, TO MoaydaTCcs ypaBHEHHS
JIBIDKEHUS] COOCTBEHHO pOTOpHOU MamuHbl (0e3 ABY).

Takum oOpa3om, monaydeHHas B oOIIeM BHIE CHC-
Tema ypaBHenuii (10) onuckiBaer amwxenue MC mpo-
n3BosibHOU PM ¢ aBTOOATaHCHPOM MMACCUBHOIO THIA. B
CTPYKTYp€ 3THX YpaBHEHHH IOCTaTOYHO YETKO BhIJE-
JIAIOTCS TPYIIBI YpaBHEHUM 1BYX moxacucteM MC: nep-
Bble n, ypaBHeHuil aBwxkenuss OPM (3anmcanHble B
MaTpUYHOH (pOopMe) U MOCIEAHUE N YPaBHEHHUH JIBHOKE-
Hust KI' B ABY. CBsi3b MeXIy MOJICUCTEMAMU OCYIIIECT-
BJIAETCS OCPEJCTBOM BEJIMYMH {f a}, nm[E], Xa>YA

Y HOCUT HECUMMETPUYHBIN MHEPIIMOHHBIN XapaKTep.

BaxxHO OTMETUTH, UTO HE3ABUCUMO OT YCTPOUCTBA
U CIOXHOCTH KOHKpeTHoW PM, ypaBHeHUS NBIKEHUS
KI'" ABY u ux cBs3b ¢ nogcucreMmoit PM Bcerga umeror
OMHAKOBBIA BUA (MHBAPUAHTHBI 10 OTHONICHHIO K
moacucreMe PM). JlaHHOE OOCTOSATENBLCTBO CO3MACT
OCHOBY JUIS pa3pabOTKU €IMHOTrO OOIIEero Ioaxona K
H3ydeHHUIo AMHAMUKU ABY, yCTaHOBJIEHHOT'O Ha MPOM3-
BOJIbHYIO POTOPHYIO MAaIMHYy, W BBIABICHHIO (DyHIa-
MEHTAJIbHBIX 3aKOHOMEPHOCTEH. DTa BO3MOXKHOCThH SIB-
JII€TCS CJIEICTBUEM TMPHUHITON BBIIIE CUCTEMBI KIIACCH-
¢uxanmun OK MC, Gnaronaps yeMy yaaercs KUHETHYE-
CKyI0 DHepruto mnoacuctemMbl ABY BbIpa3uTh SBHBIM
oOpa3oM uepe3 koukperHsie OK.

4. YPaBHeHI/IH BO3MYIICHHOI'0 IBUKCHUS

[onyuennsie BbIe 00OOUICHHBIE YpaBHEHHS He-
Bo3mymieHHoro aprwkeHnss MC (10) npu HEKOTOpBIX
JIOTIOJTHUTENBHBIX YCJIOBHSX JOIYCKAlOT YAaCTHBIN CiIy-
yail peleHus, COOTBETCTBYIOUIMN PEXUMY HI€aTbHOM
aBTOOAaHCHPOBKH cHCTeMBl. B atom cmywae KI' He-
TIOZIBWYKHBI OTHOCHUTENIFHO POTOpPA, BpaIasich abCOMIOT-
HO CHHXPOHHO C HUM C YaCTOTOU ®, a KOJIeOaHHs TOUKH
A orcyrctBytot. Ilpu sTom nemwxenne MC onuchiBaer-
Csl BBIpXKEHUSIMU:

A N X T

OF =$j(t)=(ot+ocj, o = const,

3mech Beipaxenue wis {q, (t)}, a Tawke cymmap-

(11)
j=1...,n.

Hble XapakTepucTuku pacnonoxenus KIT B ABY
n n
Zcos o ,Zsin o , ompezenstores Ha ocHose (10) ¢
j=l j=1
yaeroM (11) (em. [7]).
Janum Bapuanmu 0000IIEHHBIM KOOPJHHATAM:

~ Ox
)= 0+ b= B =042
YA
Pj=0jtyj=ot+ta;+y;, j=l.n,
rae {8q, ), {8q,} u 8¢ =y —Bapuauun OK MC.

[Hanee moacrasinsieM (12) B cucremy (10) ¢ yuerom
(11) u mocmne nmpeoOpa3oBaHUM JTHHEAPU3UPYEM.

B pe3ynbrate monydaeM 00OOIIECHHBIC YpaBHEHUS
BO3MYIIEHHOro ABWKeHus MC, onpezensiomye ycTon-
YHUBOCTH aBTOOAJIAHCHPOBKH, [7]:

o o ) < a1 -

.. . .. .
Vi +h(p\Vj —ESXA sm((ot+ocj)+

| .
+E6yA cos((ot+ocj)=0, j=1L...n,

{8q)= {{Sqr}}; ) _%\Vj Sin((ot+aj)

Vi cos((ot+ocj)
j=l

5. YpaBHeHUS BO3MYIIEHHOTO [ABUKEHMS C
CyMMAapHbIMH KoopauHatamu ABY

Ananu3 cuctembl ypaBHeHui# (13) B obmem ciy-
Yyae 3aTpPYyAHSETCS HEONpEIEIeHHOCThI0 KOJINYecTBa
ypaBHEHHH M HEM3BECTHBIX B HEl, KOTOPOE 3aBHCHUT OT
gucaa KI' n. OgHako cymiecTByeT BO3MOXKHOCTh Iepeit-
T oT cucrembl (13) k skBUBaJeHTHOH cucreme nudde-
PEHIMATIBHBIX YpaBHEHHH MHWHHMAJIBHO BO3MOXHOM
pa3MepHOCTH HE3aBHCHUMO OT mapamMerpan [2, 3, 5, 7].
BBenem HOBblE cyMMapHble 000OIIEHHBIE KOOp-
JIMHATHI, IMPEACTABISIONIME CO00M cMelleHue oO0IIero
neHTtpa Macc Bcex KI' ABY ot ero momoxxenus mnpu
uaeadbHON (CHHXPOHHOW) aBTOOANIAHCHPOBKE. OTH
cymMmapaele OK ABY B mpoeknusx Ha KOOpAUHATHBIE
0CH, BpaIaroIrecss BMECTE C POTOPOM, UMEIOT BHI:
n
- Z Vi sin o ]
{\u}={"’s}= , (14)

J=
Wy n
¢ Z \UJ CoS O(’j
=

a B IMPOCKIHMAX Ha HECTIOABMKHBIC KOOPANMHATHBIC OCHU:

-l E

CBs3b MCKIYy HUMU

; sin((ot+ocj)

(15)

]
COS(O)t + Otj )



o} =Tl o fy}= [, (16)
o[ e[ e

Cymmapasie OK B Buze (14) wm B Buze (15) yxe
(haKTHYEeCKU NPUCYTCTBYIOT B YPaBHEHUSX JIBHXKEHUS
OPM B (13). lanee ypaBuenue mais j-ro KI' B (13) ym-
HOXKaeM Ha sinoy u cymmupyeM 1o seem KI™ j=1,2,...,n
To e camoe mpojiefbIBaeM ¢ cosc;. B pesympraTe mo-
Jy4aeM JIBa YpaBHEHHS JBIDKEHUS OOLIETO IIEHTPa Macc
Bcex KI'. Ilpuuem 3Tu ypaBHEHUS 3aBUCAT OT CyMMap-
HBIX OK g , Y. 1 HE 3aBUCAT OT KOOPAMHAT @ OTAEIb-
HeIx KT

HUcnone3ys BBenennsle cymmapHsie OK ABY {\u}

B ¢opme (14), obobmenHas cuctema (13) ypaBHEHMIA
BO3MYIIIEHHOTO JABMKeHus MC s aHanmu3a ycTondu-
BOCTH aBTOOAJIAHCHPOBKH IO TEPBOMY MPHOIMIKCHHIO
MOJKET OBITh TpeoOpa3oBaHa K BUAY [7]:
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OTH Xe ypaBHEHHUS! MOTYT OBITH BBHINMCAHBI U Ye-
pe3 cymmaphsie OK ABY {f a} B Qopme (15), st yero

CJIeyeT BBITIOJHUTH 3aMEHY MepeMeHHbIX (16).
Torma o0oOmieHHass cucTeMa ypaBHEHHH BO3MY-
meHHoro JAsmwxenuss MC npumer BUj;

sl ] K] {{f-‘f}} fo):
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OTMeTuM, 4TO MaTpula [dc], Bxogsimas B (17) u

(18), xapakTepu3yeT o0luee reOMETPHIECKOE PACIIOI0-

xenune Bcex KI' B ABY B pexxume upjeanbHON aBToOa-
naHcupoBku. OHa nMeeT (U3NYECKHH CMBICI CymMap-
HOT'O TEH30pa WHEPLWH aBTOOAJAHCHpa OTHOCUTEIHHO
TIOTIEPEYHBIX OCel BpalllaroIierocs poTopa.
[lonmyueHHble CcHCTEMBI JIMHEHHBIX YpaBHEHHWI
newkennst MC B gopme (17) wiu B dopme (18) sBist-
I0TCS 3aMKHYTBIMH H, B oTiinaue oT (13), cogepkat mMu-
HUMaJIbHO BO3MOKHOE YHCIIO YpaBHEHMH U HE3aBHCHU-
Mbix OK, paBHoe (1, + 2), mpu4eM He3aBHUCUMO OT YHC-
sa KI' n. CooTBETCTBEHHO aHAJIN3 YCTOWYUBOCTU aBTO-
0aJaHCHPOBKU MOXKHO BBINONHATH 110 yacti OK MC (a
HE I10 BCEM), YTO PACIIUPSIET €r0 BO3MOKHOCTH.
CTpyKTypHO CHUCT€Ma YpaBHEHHUN BO3MYIIECHHOTO
newkenns (17) (wnm (18)) pasgensiercs Ha ypaBHEHHS
newxennst moxcucremMbl OPM u moacucremesl ABY.
B3auMocBs3p MeXIy MOACHUCTEMaMU B IIE€JIOM HOCHT
HECUMMETPUYHBIM HHEPIUOHHBIN Xapaktep. I[Ipuuem
noacucrema OPM Bnuser Ha nBmwxeHus KI' Tombko
4yepe3 CWIJIbI MHEPLUHW JABIKEHHS TOYKH A KperuIeHHs
aBToOaaHcupa (YCKOpEHHS {B&ja}). Kpowme Ttoro, oco-

OeHHOCThIO cucTteMbl (17) sBIsieTCs OTCYTCTBHE BOC-
cTa”aBnuBaromel cuisl B nojacucreme KI' ABY.

B obmiem ciydyae cuctema ypaBHEHUH BO3MYIICH-
Horo aBwxeHus B (opme (17) wim (18) comepkur me-
puomuueckre KodpduumenTel. Yacrota H3MEHEHHS
aTHx K03 dunueHToB B cucreme (17) paBHa , a B CHC-
teme (18) — 2m. Ilepuonuueckue ko3(h(UIMEHTHI BXO-
JIIT BO BHEJWArOHAJIBHBIE ITOAMATPHIBI CBS3EH MEXIy
noacucremamu MC, npudem B opme MaTpHIl [T] Tie-

pexona K Bpaaromieiics cucteMe KoopauHat. bymnyuu
JIMHEHHBIMY, TOJyYEHHbIE YpPaBHEHHs BIKEHHS [O-
MTyCKAalOT NPHHLUIHAAIBHYI0 BO3MOXXHOCTh Nepexoja K
YpaBHEHHSIM C ITOCTOSTHHBIMU Kod(puuueHTamu. B ciy-
Yae eClId pOTOpHas MalluHa 00JIafaeT OCeCHMMETpHUY-
HBIMH CBOWCTBaMH, TO 3TO OCYILIECTBJISETCS ITyTEM Iie-
pexoa K BpalllaloIleiics cucTeMe KOOpIUHaT.

OOpaTuM BHHMaHHUE TAKKE Ha CIELYIOIIYI0 OCO-
OeHHOCTh ypaBHeHWH IBWKeHHs B dopme (18). B ciy-
Yae, eclid TeoMeTpudecKas MaTpuIa [dc] HPOIOPIHO-

HaJIbHA CTUHWYHON Matpuie, cucreMa (18) mpuHuMaet
BHJ YpaBHCHHWH C TMOCTOSHHbIMH Ko3(ddunueHramu,
npudeM 0e3 TPYJOEeMKOro Mepexoja K Bpalaromiencs
cucreMe KoopauHaT U uig jroboir OPM. Takoit gacr-
HBI{ ciyyail pacnionoxenus KI' B ABY Bnonne Bo3mo-
’KeH, 0oJee TOro 1Mo MeHbIIeH Mepe s MPOoCTeHIIero
poTopa ¢ aBT0OaJaHCHPOM OH SIBJISIETCS CaMbIM HeOuia-
TONPUATHBIM C TOYKH 3pEHHs yCTOWYMBOCTH [2, 4, 6].
Takum 00pa3om, HcciieoBaHNe YCTOMYMBOCTH B TAKOM
yacTHOM (0COOOM) cilydae, ¢ OIHOW CTOPOHBI, YITPOIIa-
eTcs, a ¢ IpYroil CTOpOHBI, BIIOJIHE TOCTaTOYHO C MPaK-
TUYECKOM TOUYKHU 3peHus. [10q00HbIH MOIX0 B YaCTHO-
ctd B padore [8] mo3BOIMI BIEPBBIC MOIYYUTH TOUHOES
AQHAJIUTHYECKOE pEIIeHUE JUIs TPAHUIBl YCTOWIMBOCTH
aBTOOAJAHCHPOBKH MPOCTEHIIIEro poTopa ¢ MHOrOMac-
COBBIM aBTOa0aJIAHCHPOM.



3akjaueHue

Takum oOpa3oM, B paboOTe MOITYYEeHBI 00O0OIICH-
HBIE YPaBHEHUS JBM)KEHHS POTOPHBIX MAIIMH C MHOIO-
MAcCCOBBIM aBTOOAJTaHCHPOM, BBISIBICHBI OCOOCHHOCTH
HUX CTPYKTYPBI M MTOKAa3aHbl BO3MOYKHOCTH IOBBIIIIEHHSI
3¢ PEKTUBHOCTH HMCCIIEIOBAHUS YCTOWYUBOCTH aBTODA-
JIAHCUPOBKHU. Pe3yiabTaThl MOJydYeHbl Ha OCHOBE €IMHO-
ro o0IIero Moaxoaa U MPUMEHUMBI JJIsI POTOPHBIX Ma-
[IMH BEChMa ITUPOKOTO Kiacca.
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3ATAJIBHA CTPYKTYPA PIBHAHDB PYXY POTOPHUX MAIIINH 3 ABTOBAJTAHCUPOM
ITACUBHOI'O TUITA

O.M. I'opoenko

VY poborti posrisiaaeTbest mpodiieMa HeNMiHIHHOT CTIHKOCTI 6araToMacoBoro aBTo0aaHCYIOYOro MPUCTPOIO Ta-
CHBHOT'O THIIa, BCTAHOBJICHOTO HA JOBUIbHY POTOPHY MAIIHHY. 3aMpPOIOHOBaHA KIACH(iKaIlisl y3araabHeHHX KOOp-
JIMHAT, HA OCHOBI YOr0 OTpUMaHa 3arajbHa MaTeMaTHYHA MOJENb PYXy MeXaHidHoi cucremu. OTpUMaHa y3araib-
HEHa CHCTeMa PiBHAHB 30yKeHOro pyxy. Iloka3zaHa MOMIIMBICTh CKOPOYCHHS YHCIIA PIBHSIHD 1 HE3aJSKHUX 3MiH-
HUX JUTS JIOCITIDKEHHSI CTIHKOCTI aBToOaIaHCyBaHHs. BUKOHAHMI aHAai3 CTPYKTYPH y3araibHEHOI CHCTEMH PiBHSHD
pyxy. Po3rnsHyTi 0cOOIMBOCTI NESIKMX OKPEMHX BHITAIKIB.

KurouoBi ci1oBa: poropHa Maiimsa, poTop, aBTo0AIaHCYBaHHSI, aBTOOATIAHCHD, PIBHSHHS PYXY, CTIHKICTb.

THE GENERAL STRUCTURE OF THE MOVEMENT EQUATIONS OF ROTOR MACHINES WITH
THE AUTOBALANCER OF PASSIVE TYPE

A.N. Gorbenko

The problem of nonlinear stability of the multimass autobalancing device of the passive type installed on rotor
machines car is considered in the article. Classification of the generalized coordinates of mechanical system is of-
fered and the general mathematical model of its movement is received. The generalized system of the equations of
the perturbed movement is received. Possibility of cutting-down of number of the equations and independent vari-
ables for stability researching of autobalancing is shown. The analysis of structure of the generalized system of the
equations of movement is made. Features of some special cases are considered.

Keywords: rotor machine, rotor, autobalancing, the passive autobalancer, the movement equations, stability.
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