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®OPMHPOBAHHE MOMEHTA ACHHXPOHHOroO ABHUTATEJA
NPH YNPABJIEHUH HANIPSA)KEHHEM

A. B. AJIbKUH, B. U. IIAHTEJIEEB, B. II. COYCTHH

IIpegcTas/icHA HAYYHBIM ceMHHApoM Kadeip DIeHTPHYECKHX MAalUHH H OOLIed
SEEKTPOTEXHHKH

TlpwBOabI, OCHOBHOH 3alavyell KOTODBLIX SIBJASETCH YIpaBJIeHHEe KHHETH--
YeCKHM MOMEHTOM, HMEIOT Ha Bajy 6oJbliHe MaxoBble MacCH M OTTHYAKOTCS
0T 00LIeNPOMBILIVIEHHHX HeOOXOAHMOCTbIO peryJaupOBaHHA MOMEHTZ, IpH.
CKOPOCTH BpatleHHs GJH3KOH K HOMHHAJbHOH. [To sHeprernueckum coolbpa-
JKeHHsIM TaKHe MPHBOIBI CTPOSITCA MO CXeMe HHBePTOp — acCHHXPOHHBIA ABH-
raTesb C UMMYJLCHBEM yHpaBJaeHHeM. HenpepbeiBHble METOMBl YIIpaBJAeHU HE
NPUMEHSAIOTCST U3-32 3HAUHTEJBHOTO YBEJHYEHHS MOTEPb B CHCTEME HHBEp-
TOp-ABUTaTeNb. [IpH KOPOTKHX HMITYJbCaX yNpaBileHHs BPeMs MEePEeXOLHOro
3JEKTPOMAariUTHOTO Mpolecca MOXKET 3aHHMaTb 3HaYHTEJbHYIO 4acTh HM-
nyJabca, # IpeHeOpeKeHHe NePeXONHBIMH TpONECCaMH TIPHBOJHT K 3HAUH-
TeJblbiM OliHOKaM. JlomyuieHrne 0 TPSIMOYrOJbHOCTH MOMEHTA CrpaBefliH-
BO, eCJH AJUTeJbHOCTh UMOYJbca fx=150--200 mepwomoB muTamomero Ha-
IpsiKeHHs, NpuueM ¢ MeHbUIeH TOTPelIHOCTbI0 MpH 6GOJbllleM CKOJbLKEHHH.

Bxkmodenne acHHXPOHHOTO JBHTATeNsi, BPAHIAIOIIErocs ¢ MOCTOSHHOH
CKOPOCTBIO, K HCTOUHHKY CHHYCOHAAJBHOTO HaNpsKeHUs COMNpOBOKIAeTCs
NepexogHbIM NPOLECCOM, HMEIOIIHM CAOXKHYIO 3aBHCHMOCTb BO BpeMeHH,
onpeseageMy0 HauyaJbHOH CKOPOCTbIO BpalleHHs M NapaMeTnpaMH ABHraTe-
ast. Hng wanroctpauuu Ha puc. | npuseneno peilenve na ABM ypasueuni:
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ACHHXPOHHOTO IBurated. BumHo, 4T0 nocje NMOAKIIOUEHHS ABHrATEds K HC-
TOYHHKY BO3HHKAeT 3HAYMTEJNbHBIE IT0 BeJHUHHe OTPHLIATENbHLII MOMEHT,
(pusHyecKast CyUIHOCTb KOTOPOTO NMoKasaHa B [1] W, xoTd nepexonnbiil npo-
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IleCC 3aKaHUYHBaeTCHd 6b]CTpO, HayaJbHbIA YUaCTOK OKa3blBaeT 3HaUHTeJbHOE
‘BJAXAHHE Ha CpeAHEe 3HAUCHHE MOMCHTA H Ha BC/AHYHHY NOJHDBIX MOTEPDb.
Huxe nokasaHno BJaHsIHHe CBOOOJHDLIX COCTaBJJAAOUINX TOKOB Ha BeJHUH-
HY CpeIHero SHa‘leHHH MOMEHTa 3a BpeMdd IeHCTBHA HMIyJabCa YIIPaBJCHHA
H JdaHbl SaBHCHMOCTH onpenedsitoulne aMIVInTYydly OTPHUATE/JBRHOTO BblﬁpOca

3 KpHBOH MOMEHTA.
HJI'H OlleHKH BJUAHUA CBOOOAHBIX COCTaABJAAIILHMX TOKOB Ha BE&JHYHHY

CPOIHEro 3HAYCHHSA MOMEHTA BBOJAHTCS KO!S'Q)‘(I).PIHPIGH‘T yMmenplleHus cpegHero
3HaYyeHHsT MOMEHTa OT BJAHSHHSA CBOGCOJHBIX COCTABJIAKLIHUX KM—‘OTHOHIE-
HyA€ CpeJHen0 3HaYeHHa MOMEHTAa 3a BpeM4 II,EI‘/’ﬂCTBHH HAMIIYAbBCa yIlpaBJeHUs
K YCTAHOBABIUEMYCA 3HaYGHHIO
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=5, | Md
Yo
Mycr
Ha puc. 2 nmpuBeseHbl 3aBHCHMOCTH Kpr AJ8 pasHblX CKOJbXKEHHH, oT-
Kyga BHAHO, YTO Ha Haya/JbHOM ydacTKe K oTpHuarteseH, a NPH MaJbix
WMTIYy/IbCaxX fy ero 3HaueHHe HeMHOTHM OGoJblle Hyas, Tak Kak OTPHIATENb-
HbI BLIOPOC MOMEHTAa HMeeT HauboJbllee BAHAHHE Ha Ky, HeoOXONHMO
TIPOBECTH TOLPOOGHBIA aHaJ/Ju3 3TOTO SBJEHHS.
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s onpenedeHus aMIJIHTYJAB OTPHLATEIBHOrO BHIGpOCA 3alunieM 3a-
BHCHMOCTb 5/1€KTPOMaNHATHOTO MOMEHTA aCHHXDOHHONO JBHTATels OT Bpe-

MEHH TPH TOCTOSHHOH CKOpocTH Bpauedns [2]: R
M(!
M() s0 = 1 + My -exp(— 2x04t) + m, -exp(— 2o,04t) 4
YCT | s#1

+(m,, — m, — 1)coswoit-exp(— aoyt) -+ (my — my, — 1)cos wmyt X
X EXP(_.az"’ot) + (1 — my — my)cos (v, — @) et X
> exp [= (a1 + a)ogt] + K{— exp (—aopt)sin oot +
+ exp [ — (=1 + a;) wpt]-sin (0, — wy) oot + exp (—agw t) sinwyot ], (2)
TAC M, , My, K — woshdunuents, onpetensemble yepes IapaMeTpsl ABH-
rareJs;
01, G2, ®1, ©®2 — KOYP@PHUUKEHTH H YacTOTH 3aTyXaHus CBOGOIHBIX CO-

CTaBJAIOUINX TOKOB,
Mycr. — ycTanoBuBIIeecs 3HaueHHe MOMEHTA.

s onpenefeHus aMIVIUTYAB OTPULATENBHOTO BHIGpPOCA HEOGXOAHMO
OnpexeauTh 3KCTpeMym (2). BBuay C/I0XKHOCTH TpOBeJeHHsa MaTeMaTHye-
CKHX OTIepallHd eCTb CMbICJ NpeABapHTEJBHO PaCCMOTPETh K2 JIYI0 COCTAB-
JAgomylo (2) ¢ TOYKH 3peHusi KOI(D(UIUHEHTOB H 4acCTOT 3aTyxaliHsd cBOOO-
HBIX COCTABJASIOLIHX.
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Ha puc. 3 npuBefieHbl 3aBHCHMOCTH ¢, Gg, ©, @2, OTKYMa BHAHO, 4TO
PN MajblX CKOJbXKEHHAX s=.0,] 3HadYeHHe wy OJH3KO K HYJIO H €ro BJHS-
HHeM MOXKHO mpeHeb6peub. Kpome TOro, BpeMs, NpH KOTOPOM TepexOXHbIN
OTpHILATEIbHEH MOMEHT AOCTHrAeT MAKCHMYMa, COCTaBJASET PHMEPHO 25%
OT BpeMeHH HepeXOmHOTo npoiecca. Ecam NpeanmonoXuTh, YTO 3aTyXaHHe
BCEX COCTABJAAIOIHX B (2) IPOHCXOAHUT C ONMHAKOBOM MHTEHCHBHOCTBIO, TO
KO BpeMEHH MOCTHKEHHs MaKCMMyMa ero BeJHYHHA COCT2aBHT TIPHMEPHO
62%. C yuéToM CKa3aHHOTO BhIpaxKeHHe TPHMET BHJ

M(t) = — 0,76 m, - Mycr (1 — cos o), (3)
TO ecTh MOMEHT MMeeT MAKCHMaJbHOe 3HauyeH#e OTPHIATEJbHOro BHIOpoca
,nw ‘ :
npu cos oy =0, nan t = e Orcloga, 3Has BeJHUHHY 1, OIpe-
aesasercs
nw
t = —. ‘ 4
T 4)

BpeMsa AOCTHXKEHYST MakKCHMyMa OTPHIATENBHONO MOMEHTA H3MEeHIeTCS
0O6pPaTHO NPONOPIHOHANBHO ®, T. €. NMPH ®], COOTBETCTBYIOUIHX MeHbIIEMY
CKOJIbIKEHHIO, UMeeT Goabllee 3HayeHde puc. 2. AMIIHTYI2 OTPHLATENBHO-
ro puGpoca MOMeHTa (pHC. 1, MYHKTHP), BHIYHCJAEHHAs COTJIACHO (2), nas

~ exoabxkenuit 0,05 1 0,1 na 20 u 15% Ooablue, yeM aMIJTATYIDI, MOJYUEHHbIC

npH Mofeauposanun Ha ABM. ITonyuenupiv BbIpaKeHHEM MOXKHO INOVIb30-
BaTbCS NMPH cKoOJbKeHHax 0< s<sxp. Ecam ans onpefeseHus BeqHYHHB! OT-
PHILATEIBHOTO BEIOpOCa npH paGoTe CO CKONbKEHUSAMH MeHbllle KPHTHYECKO-
rO NPEANOJIOXKHTD, YTO ®) H M COH3MEPHMBI, a 3aTyXaHHeM npeHebpeus, TO
BhIpakeHne (2) npuMer BHJ

M(t
M() =14 m, + my + (my, — my, — 1) cos &t 4-
yeT

4 (m,, — m, — 1)cos vzt -+ (— my, — my, 4 1) cos (@1 — w)t. (5)

TMocnenunM uaeHOM B BbIpakenun (2) MOXKHO mpeHe0peyb, Tak Kak

' coracHO pacuery, nosyuennomy Ha IIBM, ero BausiHue Ha (OpMupOBaHue

aMTLITYAbl OTPHIL2TE]BHOTO MOMEHTa He3HauHTeJbHO. ,
Hocaenyem Ha KCTpeMyMbl BhIpaxeHue (5), A/ 3TOro BO3bMeM mep-

BYI0 TIPOH3BOAHYIO, TOJYYHM

d[M(t : . .

""Lc—lti)—] = — My¢r [A oy sin gt - B o, sin gt —+ C (o, — 0g)-sin {0, — 0g) t],

(6)
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C=(1-my —m,), | (7%

OTKYJa .
Aov;sin ot + Boysinwgt 4- C (o) — 0,)sin(w; — o,)t = 0.
Ypasiienne (6) sBAsSeTCS TPAHCUEHTEHTHBIM, i pelileHide ero HAXOAUTCH
00BIUHO YHCAHHBIMH MeTogaMH. OQHAKO, PACCMATPHBAA KPHBLIE H3IMOHeHHS
YaCTOT 3aTyXaHus A0 KPHTUYECKOTO CKOMbMKEHHS, MOMHO 3aMETHTb, YTO
| = (2, TOTAA

(Aw; + B(o;;) sinot = 0, ‘ (8)
(Aoy + Boy)=~ 0, 1. e. sinot =0,
ot=nm. ‘ ‘ (9)

[Tonyuennsle BhHIpameHus, coBmectHoe penenne (3) u (4) npu paborte -
ABHTATENS CO CKOJIbXKEHHAMH MeHblle KpuTHueckoro u (7), (8), (9)—mpu
pabore O CKOJIbXeHUsiMH OOJiblile KPHTHUECKOTO MO3BOJAIOT 6e3 mpuMene-
IHA BbIYMCJIHTEABHBIX MAllHH HJH TIDOH3BOACTBA TPYAL0EMKHX BblyMc/IeHHT
Ha JIOTaDH(PMHYECKOY JHHEHKe OHeHHTb C JONYCTHMOH HOTPEWHOCTRIO 10
15% amMnanTyay oTpupaTeanbHoOTO BHIOpPOCA. .
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