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SKBMBAJIEHTHbLIE CTPYKTYPHBIE CXEMbl AUCKPETHbIX
AJIEKTPOMEXATPOHHbLIX MPEOBPA3OBATEJEN

FO.C. CmupHoe

EQUIVALENT BLOCK DIAGRAMS OF THE DISCRETE
ELECTRO-MECHATRONIC CONVERTERS

Yu.S. Smirnov

IIpennosxensb! ynpoueHHble JKBHBAJECHTHbIC CTPYKTYPHBIE CXeMbl PA30MKHYTBIX 3JIeK-
TpoMexaTPOHHBIX npeodpasosateneil (OMTII) ¢ maroseiMu 3nexkTpoasurareaavu (II3/1) u
JIOKaJbHO-3aMKHYTOr0o DMTII ¢ BeHTHWILHBIMHU 3jekTpoaBurarejasmu (BJJl). Ynpomenue
JOCTUTHYTO MPHHATHEM Psia KOPPEKTHBIX NOMyIeHHIi.

Kniouegvie cnosa: 6espasmepuvie napamempel, Mamemamudeckuii MAAmHUK, cobcmeeHHoe
Oemnguposanue, Korebamenvbhoe U anepuooULecKoe 36ebs, UOealbHbIll UMNYIbCHBI U peelinblil

SJleMeHnol.

The simplified equivalent block diagrams opened of electro-mechatronic converters with
electric step motors and locally-closed electro-mechatronic converters with brushless DC mo-
tors are offered. Simplification is reached by acceptance of some correct to-pushcheny.

Keywords: dimensionless parameters, a mathematical pendulum, own damping, oscillatory
and aperiodic links, ideal pulse and relay elements.

Omnpenenenne odyacTeil yCTOMYMBOCTH Pa3OMK-
Hytoro Bapuanta DMTII ¢ IIID/] ¢ mocTtaTouHOM st
WH)KCHEPHOW TPAKTHUKU TOYHOCTBIO OCYIIECTBISACTCS
MoennpoBanreM Ha DBM MonnumpoBaHHON CHC-
TeMBl HEIWHEHHBIX And(epeHIInaNbHBIX YPaBHEHHHA
[Tapka—I'opeBa 31EKTpUYECKOTO pPaBHOBECUS U JBU-
sxenus [1]:
=i+ Xﬂ L B sin(e—fjﬁ;

dt 2 4)dr
PPN _Lﬁsm(eijﬁ; (1)
dt 2 4)dt

2
% + %il sin(e—gj + %iz sin(9+%j = Uy,
rae iy U i — OTHOCUTEJIbHbIE MTHOBEHHbBIC 3HAUCHUS
TOKOB (pa3; 7 — 6e3pa3sMepHOE BpeMs.

VYpasHenus (1) 3aBuCAT OT Tpex Oe3pa3MEpHBIX
rapaMeTpoB: ) — HOPMaJM30BaHHOW JJIEKTPOMAarHUT-
Hoit moctostHHON LID]; B — K03 urmenta BHyTpeH-
Hero aemndupoBanus; iy =My /My,x — OTHOCHTEIIb-
HOT'O MOMEHTa Harpys3KH.

OTH mapaMeTpsl ompenensaor coiicta D] u
CBSI3aHBI C ero (PU3MYECKHMH ITapaMeTpaMH CIeIyo-
M 00pazom:

B=9.81-10° M, /P IRy,

CmupnoB IOpuii CepreeBud — ji-p TeXH. HayK, podeccop
kadenpsl «I[Ipubopoctpoenne», HOxHO-Ypanbckuii rocy-
napcTBeHHBIN yHEBepcuTeT; Tem: (351)2679012.

rne M — MAaKCHUMAaJIbHOE€ 3HAUYE€HHUE CHHXPOHM3U-

max
PYIOLLEro MOMEHTa; ) =+/M . p/J — HOpManu3u-
pymolast 4acToTa; p — YHCJIO Hap MONOCOB; J — Mo-
MEHT WHepLuH; [, — TOK ympaBieHus; Ry — compo-

TUBJICHUC (a3bl.

HWccenenoBanwus maroBoro snekTponpusona (I1ID1T)
¢ ucrnoib3oBaHneM (1) COmpoBOXKAAIOTCA PSIOM JI0-
MYIIEHUH, a UX PE3YJIbTaThl, IPEICTABICHHBIE B OTHO-
CUTENBHBIX EWHUIAX, HOCAT YacTHBIM XapakTep M
HETIPUTOAHBI ATl aHalM3a W CHUHTE3a 3aMKHYTBIX
OMTII ¢ BN [2]. TToaTomMy menecooOpa3HO MMETh
SKBUBAJICHTHYIO CTPYKTYPHYIO CXEMy KOMILIEKca
«IeKTpoHHBIH KommyTaTop — LD I» («OK-IID»),
KOTOpBIA JUIsl psja NPHBOJIOB SBIISIETCS OCHOBHBIM
JIMHAMHYECKIM 3BEHOM.

AKTYalbHOCTh PEHICHHs 3TOH 3a7a4yu OIpeaess-
€TCsl U TeM, YTO IOJIHAs AMHamMHuueckas Mojens [ID]]
(puc. 1) [2], rne yMHOXEHHIO BO BPEMEHHOI 00sacTi
COOTBETCTBYET HWHTETpajl CBEPTKH B KOMIUIEKCHOMH
o0iacTu, CII0KHA.

Pazpemmm nepsble s1Ba ypaBHeHus (1) oTHOCH-
TEJIbHO TOKOB!

i +Xﬂ:i1+LBsin[9—E]ﬁ.

dt 2 4)dr

Smirnov Yury Sergeevich — PhD, professor of Instrument
making Department of SUSU; Tel: (351)2679012.

Cepusa «KKomnbloTepHble TEXHONOrMU, yrnpaBrieHue, paguo3aneKTPoHUKay, Bbinyck 15 81



10.C. CmupHoe

Puc. 1

[TpesncTaBuM TOK B BHJE TPOU3BEACHUS (PyHKIIMIT
Bpemenu U(t) u V(1):
i=U(r(x); Lop@ 4l
dt dt dt
oV +qu Yy Y J_rl+i[3sin(e—£]@
dt dt

2 4)dt

IToTtpebyem, 4ToOBI
dv _
Vax—=0, V(t)=¢ 7%, 2
o (7) 2)

TraAe BpEMs T OTCHUTBHIBACTCSA C MOMCHTA IOJa4u UM-
ITyJIbCa HAIIPSKCHUSA Ha O6MOTKy yupaBJICHUS.

n\do
O06o3na4yuB sin| O —— |— = f'(T), mosy4um:
( 4)(11 f (1), momy

Ty Ty
dU=ie Le B

e » \/onf(T);

er/x er/xB
U(r)=ij . dr+\/§'xf(r)d(1:)+C=

T/XB
=+e"* + C[EE £ (1)d (). 3)
[ (o

C yuerom (2) u (3) BblpakeHue s Toka i(T)
NPUHUMAET BHJ

i(t)=U(T)V (1) =+1+Ce ™" +

-1/ T/
+ﬂje f(r)d (7). ()
NI

CyMMapHBIii TOK B OOMOTKE YIpaBICHHS, Kak
cienyer u3 (4), COCTOUT U3 JIBYX ciaraeMbIX: IEpBOE
yKa3blBa€T Ha €ro SKCIOHEHIMAJIbHOE HapacTaHue,
00YCIIOBIICHHOE BJICKTPOMArHUTHOM IMOCTOSIHHOH Bpe-
MEHH OOMOTKH, a BTOpoe yuuThiBacT Biusane JJIC
BpalleHUs] Ha TOK B 00MoTkax ympasneHus D3]] my-
TeM BBeJCHHs Kod(pdUIMeHTa BHYTPEHHEro JeMI(u-
poBanus .

[ocrosnuas wmnTerpupoBanus C onpeaeseTcs
[IOJICTAHOBKO! B YPAaBHEHHUE YCTAHOBUBILIUXCS 3Haye-
Huii Toka: i(0) = +1; ()= —1; C = -2, B pe3ynbTare
4ero

i(7) =i(1—ze-“><)+e-f/x13% [ 67 7(0)d(x).

B obmem ciyuae, xorma HID]] murtaercs depes
OK oT uCcTOYHMKa HaNpsHKEHUS, DKCIOHEHIIUAIHHOE
HapacTaHHME TOKa BEJET K 3ama3fblBaHHI0 MOBOPOTa
MTHOBEHHOI'O IIEHTpa PaBHOBECHUS MATEMaTHYECKOro
MasITHHKA, 3aBUCSALIEMY OT 3HAYEHUS HOPMaJU30BaH-
HOM 3JIEKTPOMArHUTHOW MOCTOSIHHOM Bpemenu Y. M3-
MEHCHHE TIOJIOKEHUS IEHTpa MTHOBCHHOTO PaBHOBE-
CHs BO BPEMEHH MOYKHO OTIPEIEIUTh TIPU TIEPEKITIode-
HUH 0OMOTOK YIIPaBICHHUS:

o 1-2¢77

wp (1) =arctg Py

3aMEHUB ATO BBIPAKCHNE IKCIOHEHIIMAIBHOM 3a-
BHUCUMOCTBIO C ITOCTOSTHHOM ), TIOJIYYHM ypaBHCHHE,
onuckIBarolee rnmoseaenue 1D /:
’C—k‘ty

o _do :

. T
2 8E+s1n Gikz I-e * =Ly, (5)

rre & = 0,5B; k — Homep ympasmsrorero umiryibca JK.
VYpaBHenue (5) YUWTBIBACT BIMSHHE 3JIEKTPO-
MarHUTHOTO MEPEXOJHOro Ipolecca B OOMOTKe
ynpasienus 111D, Yuer 3T0r0 BIUSHUS HA AUHAMU-
Ky HID/[ ocobenHo BaykeH TSI MHAYKTOPHBIX JIBUTA-
Telnel, paboTaloIUX OT NCTOUYHHUKA HATIPSKCHUSL.
[penenbHoii Mozenbio pu x = 0 OyaeT MaTeMa-
THUYECKHH MAasITHUK, LIEHTP MI'HOBEHHOT'O PaBHOBECHS

GHP(T) KOTOPOTO C TPHUXOJOM KaXJOTO HMITYJIbCa

YIOPaBJICHUS OCYILIECTBISIET MOBOPOT HA Yroa O, MpH-
4YeM 3TOT MOBOPOT OCYILECTBISETCS B TEUCHUE HEKO-
TOPOro MPOMEXYTKA BPEMEHHU, ONPENEIIEMOro BeH-
ynHOH . Ilpm BBIBOMIE ypaBHEHUS OBLIO TPUHSATO JI0-
MyIIeHNe 0 TOM, 4To Bce m3MeHeHus DJIC BpameHus
BEI3BIBAIOT MTHOBCHHBIC W3MCHCHHS TOKa, T.€. HE
YYUTBHIBACTCS] HATWYHE allepHOTUIECKOrO 3BeHA B IIe-
T 00pPaTHOI CBSA3M MO CKOPOCTH TTEPEMEIICHUSI.

WccnenoBanme ypaBHeHus (5) myTeM MaTeMmaTu-
YEeCKOro MOJETHPOBAHUS HE MPEACTaBIsIET OOJNBIION
CIIO)KHOCTH M TI0Ka3ano, YTO HMEETCS JOCTATOYHO
TOYHOE COBIAJCHHE C YHUBEPCAIbHBIMU JHHAMHYE-
CKUMH XapaKTePUCTHKaMH, MOJTYYCHHBIMU ITyTEM MO-
JICTTMPOBAHMS TIOJIHOM cucTteMbl ypaBHenuit (1) 1o
wactor, paBubixX / = 0,75, re f~ — 6e3pa3mepHas yac-
TOTa Ha YHUBEPCAJIBHBIX XapaKTepucTukax [1].

B tom ciryuae, xorma OMTII nuraercs oT mcrou-
HUKa TOKa, 00eCIednBaronmero (GpopcupoBaHue SIEK-
TPOMArHUTHBIX TEPEXOAHBIX IIPOILIECCOB, DJICKTPO-
MarHUTHBIM 3alla3[bIBaHIEM B 0OMOTKAX yIpaBICHUS
IS/ MoxHO TpeHeOpedb W CIeAyeT YYHUTHIBATh
TOJIBKO YpaBHEHHE JBWXKEHHA. Takas mpeaenbHas
MOJIENIb COOTBETCTBYET JBIDKCHHIO HArpyKEHHOTO
MaTeMaTH4YecKOro MasTHHKA, OCh PaBHOBECHBIX I1O-
JIOXKEHUH KOTOPOTrO C MOCTYIUIEHHEM YIIPABISIOLIETO
HMMITyJIbCa MTHOBEHHO CMeIllaeTcs Ha war [2]:

2

40590 in[o+r ™|y, (6)

dt? dt 2

VYpaBHeHue (6) MO3BOJSICT BCKPBITh (PH3HMUCCKUI
cMBICH O, 3aBucsIero or DJIC BpaleHus, HampsHKe-
HUS TIATaHUS 1 TocTpoeHus DK.
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OKkeuesaneHmMHble cmpPyKmMypHbIe CXeMbl

AucKkpemHbIX 351IeKMpPOoMexampoOHHbIX npeobpasoeamerieli

Hopmanusyromias yactora ®y B BBIpRKEHHE IS
KO3 puIreHTa f BXOAUT B KAYECTBE COMHOKHUTEIIS.
W3 sroro cnemyer, 4tro HamOoJiblllee BHYTPEHHEE
nemndupoBanue coorsercTByeT L3]I, oTcoennHeH-
HOMY OT Harpy3kd. JlefcTBHTENBHO, NPH TOM HOP-
MaJIM3YIOIIasi 4acToTa (M 3aBUCHUT TOJIBKO OT COOCT-
BEHHOT0 MOMEeHTa nHepnuu poropa IID]] u okasbiBa-
€TCsl HanOOJBIIICH.

CobctBennoe nemnduponanne B/, ompene-
nsieMoe 3, IpOMOPINOHAIBHO MaKCUMAlIbHOMY CTaTH-
CTHYECKOMY CHHXPOHHM3MPYIOIIEMY MOMEHTY M 00-
paTHO NPOIOPIHMOHAIBHO MOIIIHOCTH, PACCEHBAEMOI B
00MOTKE yIpaBJIeHUsL.

OTcrofia cienyer, 4to JieMrpupyome CBOHCTBa
I3/1 tem BbImIe, yeM OOJBINMMHU BBIOpAHBI MAarHUT-
HBIC Harpy3KH MAIIMHbI 1 MEHBIINMH 3JIEKTPUYECKHE.
DJIeKTpOo/BUTaTesb C XOPOIINM JieMII(pUpOBaHUEM 0
KEH MMETh MHUHUMAJBbHBI MAarHUTHBIA 3a30p, MOCTO-
SIHHBIE MarHUTBl POTOPA C BBICOKOW OCTATOYHON WH-
JIYKIUEH M OTHOCHUTEIBHO HEOONBIIYI0 IUIOTHOCTH
TOKa B OOMOTKaxX ympaBiCHHUS. DTUM TpPeOOBaHISIM
ynosierBopsiorT ID/[ ¢ peaxo3eMenbHBIMH MarHu-
TaMH Ha POTOpE.

He Bxoas B 1moapoOHOE 00CYyKAEHHE 3TOr0 BO-
mpoca, oTMeTuM, 4to 00brdHO B 111D ycranasiuBa-
I0TCSI BBICOKHE AJICKTPUUECKHE HArpy3Ku Juist odecre-
YEHUs] MaKCUMAJIbHBIX CTaTHYECKUX M JMHAMUYECKHX
JIOOpOTHOCTEH; MO3TOMY KO3()(UIMEHT BHYTPEHHETO
nemmnduposanust B B cymecrByromux D] npumu-
MaeT HeOOJIbIINE 3HAUCHHS, COOTBETCTBYIOIIHME KOJIe-
0aTenbHOMY XapakTepy OTpaOOTKM IMIara Ipu eau-
HUYHOM TIEPEKITIOYCHUN 0OMOTOK [2].

B OMTII ¢ peneiHbIM yIpaBICHHEM YacTOTa
YIPABISIOINX HMITYJIbCOB OOBIYHO BBIOMpAcTCs HE
BBIIIE YaCTOThI PEBEPCA C YCTAHOBHUBIIETOCS PEXHMMA.
B 10 e BpeMsi HOpMalIM30BaHHAs MTOCTOSIHHASI BpeMe-
HU Y JUTsl IBUTATelIel ¢ aKTHBHBIM POTOPOM MMEET JI0C-
TaTOYHO Majoe 3HavyeHwe. Hampumep, /it nBuratess
JI1-0,04A, paGotaromiero Ha xoioctoM xoxuy, ¥ = 0,3.
Kak T1oKa3bIBalOT HCCIIEA0BaHMs, JIMHAMUYECKAs I10-
IpemHocTs IpH pabote Ha wactorax f = 0,1...0,5 He
npesbimaer 90°. B 3ToMm ciydae ¢ mOCTaTOYHOM Ay
MPaKTHKNA TOYHOCTBIO YCJIOBHSI PABHOBECHS IO TIPO-
JIOJIBHOM OCH MOKHO HE YUHTHIBATh, & CHHYCOHJAIBHYIO
3aBHCHMOCTh 3aMEHHUTH HA SKBUBAJICHTHYO JIMHEHHYIO.

[IpunsaB nomyuieHue O JMHEMHON 3aBUCUMOCTHU
MOMEHTa OT TepeMenIeHns B auamnazoHe 90 anekTpu-
YeCKHX IpaaycoB U mepeins B (5) Kk pealbHOMY Bpe-
MEHH, JUIsl €IUHUYHOTO [Iara ¢ MOJyIuM

2
izd—?+i6@+e=a(1—e"/%). (7)

o, dt w, dt

C yderom Toro, uto 3amyck DK mpou3BoguTCs
CHTHAJIAMH, JUTUTEIbHOCTh KOTOPBIX Ha JBAa-TPH IO-
psiiKa MEHbIIE MPOJOKHTEIBHOCTH ICKTPOMEXaHHU-
YECKUX MEPEXOHBIX IPOLECCOB CIMHUYHOTO IIara,
MOJKHO IPUHSTB, YTO 3TO BHIPAKCHUE OIHCHIBACT IIC-
pemerenre porTopa mpu nogade Ha Bxox DK umimysca
YIpaBJIE€HUs, KOTOPbIH MOYKHO CUHUTaThb €IUHUYHOMN
UMITYJIbCHOM (pyHKIMEH, nin Jenpra-QyHkiuen. Peak-

IUCH 3BEHA Ha JeNbTa-(QYHKIMIO SBJSICTCS €r0 HMM-
MyJbCHAs nepexonnas GyHkius o(f), KOTopas CBs3a-
Ha C €ro MepenaToyHol (yHKIHeH nmpeodpa3oBaHHEM
Jlarmraca, a umenHO: niepenarounas ¢GyHkuus W(p) ectb
M300paKeHIE HMMITYJILCHON TMEPEeXOAHON (YHKIUU U
CBSI3aHA C HEH MHTETrPaIbHBIM MPe0Opa3oBaHUEM

W (p) = [o()e

C Y49€TOM H3JIOKEHHOI'O BBIMIC JJIsT €AUHUYIHOTO
mara MOHO 3aIticaTb

P8/} +8pB/wy +6=0/(Top+1) p,
WIH B OOIIENPUHATON opme
1

W = =
" (p) p(T0p+1)(T2p2 +2CTp+1)

=L (p). ®)
p

Hanmnune B 3HameHaresie nepeAaToyHOl (yHK-
. Wy ( p) HMHTEIPUPYIOLIErO 3BEHA OTPAXKAET CIIO-

cobHocth 1ID]] ocymiecTBiATh 3allOMHHAHUE BXO/I-
HOW BEJIMYMHBI Ha HEOTPAHMUYCHHO JUIMTEIILHOE Bpe-
msi. Criocobnocts LD/ oTpabaThiBaTh OAMH IIar He-
3aBHCHUMO OT aMIUIMTYJAbI MMIyJibca Ha Bxojae OK,
HauyMHasi C HEKOTOPOTrO 3HA4YCHUS, B SKBUBAJICHTHOMN
CXEME yuTeM BBEJCHHEM HEJMHEHHOro AJIEMEHTa pe-
JIEHHOTO THUIIA C XapaKTEPUCTUKON

<I)(x)=O,S[Sign(x—k)+sign(x+7n)J. )

IIpu cocraBineHHH 3KBUBAJEHTHON CTPYKTYpPHOM
CXEMBI TIPUHAT Ps AOMYIICHUH, TMO3BOJISIONIUX [10-
OUTBCS ee MPECIbHON TPOCTOTHI.

Iockompky 31exkTpomaranTHas moctostHHas 11D/
UMEET Majoe 3Ha4EHHE MO CPAaBHEHUIO C MEpHoAoM Ty
CJeI0BaHUsl YNPAaBISIOUUX HMITYJIbCOB B PEXHUME
MOIIArOBOTO YITPABJICHHUS, HApACTAHUE TOKA B OOMOT-
Kax MOYKHO YYeCTh 3BEHOM HYHCTOTO 3alla3/IbIBaHUS C
BPEMEHEM Ly, = T.

Vyer HETMHEHMHOW 3aBHCHUMOCTH CTaTHYE€CKOTO
CHHXPOHHU3UPYIOIIETO MOMEHTa TPHBOAUT K TOMY,
yTO nosiBisieTcs 3anazabiBanue D], npuuem nocro-
SITHHasl 3B€HA 3ama3jblBaHus B TEPEXOJHOM PEKUME
M3MEHSETCA, a B yCTAHOBHUBIIEMCS PUHUMAET MOCTO-
SIHHOE 3HAYCHHE, KOTOPOE OMpENesieTCsl YacTOToH f
YOPAaBJSIFOIIUX UMITYJbCoB. [Ipu aHamuse Oymem mo-
JlaraTh, YTO 3alla3[bIBAaHHUC SBISETCS IMOCTOSHHOM Be-
JIMYMHOM, 3aBUCSIIECH JIMIIb OT YacTOThl YIPaBIIsIO-
IUX UMITYJIbCOB. sl yrpouieHus: aHajin3a MOCTOSIH-
HYIO T, (fy) BBEZIEM B MOCTOSIHHYIO f,,; 3B€HA YHUCTOTO
3aMa3/bIBAHUS, T. €. Ly = Lo+ Taan(fy)-

ITockonbky yacToTa yHpaBIsIOIUX HMITYJIbCOB
JoctatoyHo cradbmibHa (Af, < 0,05), To MOXKHO CuM-
TaTh, 4TO ﬂ, = const u, CISTOBATEIBHO, 1y, = const IIst
paccmatpuBaemoro tuna DA, DTtu nomyuieHus
yIOOHBI TEM, YTO WMITYJIbCHAs IepeaaTovHas (QyHK-
U] KOMITICKCA, SBISAIONIAACA TUCKPETHBIM Ipeolpa-
30BaHHEM HMITYJILCHOM MEPEXOMHOM (DYHKIIMU MIPHUBE-
JICHHOM HEMPephIBHON YacTH, 3aMETHO YIIPOIIAETCS.
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10.C. CmupHoe

[IpaBoMepHOCTh  MPEATIOKEHHBIX  JOMYIIEHUH
TIO/ITBEPIKIACTCS ONPE/ICIICHUEM MEePEIaTOuHON (QyHK-
UM [0 SKCIEPUMEHTAIBHO CHATON MEepeXOJHOH Xa-
pakTepucTUKe eAMHNYHOro mara [2]. [Tpu Hanoxxenuu
OCLMJIJIOTPAaMMBbl €IUHUYHOIO 1Iara Ha HOPMHUPOBAH-
HBIE XapaKTEePUCTUKH KOJIe0aTEIILHOTO 3BEHA PacX0XK-
JIeHnEe HAOJIO/AeTCsl JIMIIb Ha HAYAIBHOM Y4YacTKe,
YTO OO0YCJIOBJICHO BIMSIHUEM JJICKTPOMAarHUTHOH IT0-
CTOSIHHOW BPEMEHH OOMOTOK M MMEIOIIEHCS HeTMHEH-
HOCTBIO MOMEHTA CHMHXPOHHM3ALMK OT yIJla Paccoria-
COBaHMSI.

[TockonbKy HavajbHBIH y4acTok OymeT orpaba-
THIBaThCS B TO BpeMs, KOTJa CUCTeMa Pa3oMKHYTa, TO
MOYKHO C JIOCTQTOYHOM I MH)KEHEPHOW NpPaKTHUKU
TOYHOCTBIO 3BEHO, YUUTBHIBAIOIIEE MEPEXOIHBIN IpO-
uecc poropa HIDJ] mpu kakIoMm Iare, OMUCHIBATH
nepeiaTouHol GyHKINeH

W (p)=etun /(sz2 +2ETp+1), (10)

rae T = 1/wo; tyn = To + T:ian(fy)-

Baxxno OTMETUTb, YTO MNPEIJIOKCHHAsA JUHAMU-
yeckass Mojenb pazomkHyroro OMTII mosBomser
y4YecTh BIMSHHUE JIMHEAPU3alMU, OCOOCHHOCTH II0-
ctpoerust DK 1 BOCHIONB30BaTHCS KaTaI0KHBIMH JIaH-
aeivu D] [1]. C yuetom crienupudeckux 0coOeH-
Hocteil 1IID]] SKBHBANCHTHYIO CTPYKTYPHYIO CXEMY
pasomkayTOoro DMTII MOXXHO TpencTaBUTH B BHIE,
n300pakeHHOM Ha pHC. 2.

IIponecc Momyssinuy BXOJHOTO CHUIHAJA MIHO-
BEHHBIMU JIENIbTA-UMITYJIbCAMU OTPAXKEH BBEJCHUEM B
CXEMY HJICAILHOTO HMMITYJIbCHOTO 3JIeMEHTA, MEpUo/|
paboThl KOTOPOTO Oomnpejelnsercs nepuojom 7, cieno-
BaHUWA yHPpaBJIAIOINX UMITYJIbCOB.

Ecnu 30HYy HEUyBCTBUTEILHOCTH pelieWHON Xa-
PaKTEPUCTHKN BBIPA3UTh B BEIMYMHE MPUBEICHHOTO
miara, TO IrepeaaroyHass (QyHKUIUsl OCTaJbHOW 4YacTh
Oynert paBna 1. Takum oOpa3zom, pasomMkHyTBIH DMTII,
conepxamuii DK u HID/1, sBisseTcss HEMUHEWHOW MM-
MyIBCHOHN cucTemoil. To 00cTosATenhCTBO, UTO HEKO-
TOpBIE KOOPAMHATBHI CHCTEMbI IPEICTaBIISIOT COOON
YHCIIOBBIE I10CIE0BATEIbHOCTH, BBI3BIBAET TPYAHO-
CTH TPU AHAIN3E €r0 JAWHAMHUYECKHX CBOWCTB, IO-
CKOJIbKY YHCIJIOBYIO TIOCJIE/IOBATEIILHOCTh HEJIb3sl 101~
BEprHyTh Ipeodpa3oBanuio Jlamiaca, KoTopoe mHpo-
KO ucnoib3yercss npu uccienoBanun CAY Hempe-
PBIBHOT'O THIIA.

bnaronapst ©UMIyJiIbCHOMY YINpPaBICHUIO M JIUC-
KPETHOMY XapakTepy OTpaOOTKH ¢ (HKcanueil 3aMK-
HyTeIid OMTII ¢ HIB/] cymecTBEeHHO OTIMYAETCS OT
aHaJora Ha HETPEPHIBHBIX 3JICKTPOABUTATEISX, UTO
BBI3BIBACT HEOOXOANMOCTH CIICIU(PHYECKOTO HCCIe-
JIOBAaHMS €r0 JMHAMHUKU. DTO IO3BOJIAET HE TOJBKO
rapaHTUPOBaTh YCTOMYUBYIO PaboTy A AETEPMHUHU-
POBAaHHBIX BXOIHBIX BOSHGﬁCTBI/Iﬁ, HO U YUYUTBLIBATH

nuHamuky DOMTII, sBastoIerocsi CUCTEMOMN ¢ mepe-
MEHHOU CcTpyKTypo# [3] 1 ciy4aiiHbIM TI0A00pOM Ta-
pametpos [4].

Crnemyer oTMeTUTh, uTO pazoMkHyThil OMTII, ¢
TOYKH 3pEHMs JMHAMUKH, XapaKTepHU3yeTCsl JBYMs
CYIIECTBEHHBIMU HEJOCTATKaMU:

1. [IBmxerne poTopa MMeeT KOJeOaTeIbHBIA Xa-
paxTep, YTO MPHUBOJUT K MOBHIIICHHOMY H3HOCY Iepe-
JATOYHOTO MEXaHM3Ma.

2. B mporiecce mpeodpa3oBaHusl YHUTaApHOTO KO-
Jla B IepeMelIeHne BO3MOXHa HoTeps nH(opmarmy,
CBsI3aHHAsI C IOMEXaMU M MIPOMaJaHUeM UTaHUs.

JUia pana mpUMEHEHHH 3TH HEJAOCTaTKU MOTYT
HUBEJIHMPOBATHCS  ()OPMUPOBAHHEM  CTAPTCTOITHOIO
yopasieHuss [l] WO HCHONB30BaHUEM JIOKAJIBHO-
3aMKHyTOro ympasienus. Ilocnennee ornuuaercs ot
Pa30MKHYTOTO BBEJICHHEM KOHTYpa MECTHOW oOpar-
HO# cBsi3u (MOC) 1Mo TONOKEHUIO poTopa. DTO I0o-
BBIIIAET PABHOMEPHOCTH U CKOPOCTH MEPEMEIICHHS.

M3MeHeHne KOJMYECTBEHHBIX MOKa3aTeIen dIekK-
TPOJBUTATENSI IPUBOANUT K KaUECTBEHHBIM N3MEHEHH-
M B €ro AMHAMUKE, OH TPaHC(HOPMUPYETCS] B BEH-
TUJIBHBINA AnteKkTpoasurarens (BO/I), nmerommuit 3xBu-
BaJICHTHYIO CTPYKTYPHYIO CXeMy, HEIIpephIBHAS 4acTh
KOTOPOH oTnuyaeTcst oT cTpykTypsl LIID]] Ha puc. 2.

UrnopupoBanne B BOJl BIMAHUS NOCTOSHHBIX
BpEMEHH OOMOTOK YIPABICHHS MOXET HPUBECTH K
MIPUHIMITHAIBHO HEBEPHBIM Pe3yJIbTaTaM, TaK Kak Mpu
OIIPEJICTICHHBIX CKOPOCTSIX IBIDKCHUSI POTOpA MOTYT
HE BBINOJHATBCS YCIOBUSI «TpyOOCTH» CHCTEMBI, a
IS/, xak u MF000# CHHXPOHHBIN JBUTATEINH, TPHOO-
peTaeT CBOWCTBO K CaMOpPAacKadMBaHHIO POTOPA, KOTO-
poe MOXKET MMETb MECTO MPH CKOPOCTSAX BpAIICHHUS,
rje BeIMYMHA JeMI(UPYIOIEro MOMEHTa IamaeT ¢
YBEJIMYEHUEM CKOPOCTH BpalieHHusa. Takoi pexum Mo-
JKeT MMETh MECTO, KOrJla CKOPOCTh BpAIlCHUS POTOpa
CTaHOBUTCs OosbIie, ueM 1/y. 3HadeHue nemipupyro-
LIET0 MOMEHTA JBUTaTelIsl B 3aBUCUMOCTU OT CKOPOCTH
BpAILEHUsI POTOPA B yCTAHOBUBLIEMCSI PEXKHIME

dw

(1)

W=7
8 1+)(2002
U3z (11) cnenyer, uto mpu o > 1/y BenuumHa W,
ymenbpmaercs. Mcmomesys (11), MOXXHO B mepBOM
npubmmkernn auddepeHnnanrsHoe ypaBHEHHE, OIH-
ceIBaromiee moseaeane BO/I, mpeacTaBuTs B BHUIE
d’ d ,
—?+%—O+HH =sin(y-0). (12)
dt 5 (dej dt
I+ | —
dt

VYpasHenue (12) KkaueCTBEHHO MOXET OBITH MPO-
AQHAJIM3MPOBAHO METOJIOM LIMJIMHIpPUUECcKoil (azoBoit
noBepxHoctd [5]. OnmHako mpu paboTe aBUTATENs B
peXuMe CaMOKOMMYTALUU IEpPHOJ YIPaBISIFOIIUX

X _}\’ y y* ] ~Lanp 4
—> — | PSPl
A )4 Tp +2ETp+1
Puc. 2

84

BectHuk HOYpIY, Ne 3, 2012



OKkeuesaneHmMHble cmpPyKmMypHbIe CXeMbl

AucKkpemHbIX 351IeKMpPOoMexampoOHHbIX npeobpasoeamerieli

UMITYJIbCOB CT@HOBUTCSI COM3MEPUM C BEIWYMHON
HOPMAJIM30BaHHOW 3JIEKTPOMArHUTHOW IOCTOSIHHOM
BpPEMEHH OOMOTOK YIIPaBIJICHUS .

B »stom ciyuae ypaBuenue (12) Oyner naBatb
CYIIECTBEHHBIC OMIMOKH IMPH ONPEJICICHUH CKOPOCTH
BpamieHus ABurates. MoXHO TMOKa3aTh, YTO MPUHY-
JIUTEIEHOE CMEIIEHNE [IEHTPA MTHOBEHHOTO PAaBHOBECHS
TIPH TIEPEKITIOYEHNH OOMOTOK YIIPABJICHHS! NIMEET BUIT

I Pbd
v(t)= % (13)
1-2¢ ¥/*e X

CpaBHenne BeIpakeHHs (13) ¢ 9KCITOHEHIMAIB-
HOM 3aBHCHUMOCTBIO ITOKa3bIBAET, YTO OTINIAIOTCS OHU
HE3HAYUTENIBHO; C YyYETOM 3TOTO JOIYLICHUS BBIpA-
skeHue (13) MOXKHO 3amucaTh B BUJIE

Po, 5 do
dv* z(dejz dt "
I+x°| —
dt
_T—}’I‘Ey
=sin|y|1-e * |-0|. (14)

Taxum o6pazom, Beipaxkenne (14) yauTeIBaeT Ka-
YEeCTBEHHO MPOLECCHI, IMPOUCXOAAIINE IpH padoTe
BD/1, a iMeHHO: YMEHbIIIEHHE BHYTPEHHETO AeMII(H-
pPOBaHUS NpU YBEIMYCHHHM CKOPOCTH BpAIICHHUS U
BJIMSTHUC DJICKTPOMArHUTHBIX IMPOLECCOB HAa CKOPOCTH
CMCIICHUS LICHTPAa MITHOBEHHOI'O paBHOBECHH.

Jlyist Ka4ecTBEHHOTO HCClie/IoBaHus Ha (ha3oBOM
moBepXHOCTH BbIpaxkeHue (14) ymoOHO mpeoOpaszo-
BaTh, IoJlaras, 4To CMEIICHHE LIEHTPa PaBHOBECHUS
MIPOMCXOJIUT MIHOBEHHO, HO HE B MOMEHT I10/1a4u
YIIPaBIISFOLIETO UMITYJIbCA, a C 3aIla3/IbiBacM Ha BpeMs ¥
B atom cmydae mpu mccrnepoBaHun ypaBHeHHs (14)
NPU [IAPHOW KOMMYTallMd OOMOTOK YIPaBJICHHS JIBH-
raTeis ClelyeT IBIKCHHE pacCMaTpHBATh C Y4ETOM
JeHCTBHS IUCCHIIATHBHBIX (paKTOPOB, TAKHX KaK BHYT-
penHee aemMrdupoBaHue & 1 MOMEHT HATPy3KH L.

2
d—?+%ﬁ+u1{ =sin(y-0), (15)
dt L2 (de] dt

+y7 | —
dt

Jnst moctpoeHusi pazoBOro MopTpera BOCIOJb3Y-
eMcst MOJM(UIIMPOBAHHBIM METOIOM OCTPOCHHUS U30-
KJIMH [5], mpeAcTaBUB YPABHEHHUE B CIICAYIOLIEM BUJIE:

do dw do .
——=——— - My —sin(y-0). (16)
do 1+ o dt

Jns wameceHus (pa30BBIX TpaeKTOpui YIOOHO
BOCIIOJIB30BaThCsl A-MeTO0M [5], mpeacTaBuB BhIpa-
xerwne (16) B ciemyromneM BHIe:

@:_8_(‘)@_” —sin(y—0) =
do 1+X2m2 dt H
=—0-F(06). (17)
rie
F(m,e):—a—weranLsin(y—e)—O. (18)

1+y’w

[Mpenmnonaras, uro F(m, ) mocrosiHHa B Majoi
OKpPECTHOCTH TOYKH (®;, 0;) (da3oBoii MOBEPXHOCTH U
unrerpupys (18), momyqaem:

o’ +[F(mi,9[)+e]2 =
=0 +[F(0,6,)+6,] = R2. (19)

OTO ypaBHEHHE JyT¥ OKPY>KHOCTH, TIPOBEICHHOM Ye-
pe3 3aaHHyI0 TOUKY (®;, 0;), ¥ IICHTpa ¢ KOOp IMHATA-
Mu © =0; 0 =—F(w;, 0;). HaneceHne BpeMEeHHBIX Me-
TOK Ha (pa30BO TPaeKTOPUH MPH HCIIOIH30BAHUHU ITO-
TO METOJ]a MO’KHO COBMECTUTH C ITOCTpOeHHEM (hazo-
BBIX TPACGKTOPHUH, BOCHOJB30BABIINCH TEM O0OCTOSA-
TEIBCTBOM, YTO JUIS MaJbIX IICHTPAJIbHBIX YTJIOB JIyT
BEJIMYMHA YTJIa MPHOIIKEHHO pPaBHA BPEMEHH JBH-
KEHUsI M300pakaroliel TOUYKU MO JIyre OKPYKHOCTH,
te = eL[eHTp .

[IpenmyiiecTBO mpelaraeMoil METOJUKH  I10-
CTPOCHHSI COCTOMT B HCIIOJIB30BaHUH T'padUUECKUX
BO3MOXKHOCTEH KOMIUIEKCA «IIEPCOHAIBHBINA KOMIIBbIO-
Tep — IDTa3MEHHAs TaHEINbY, 00JIQIAI0MIero CIIoco0HO-
CTBIO 3peHecOepekeHns [6] 1 TO3BOIISIONMIETO CYIIECT-
BEHHO COKPATHUThH TPYIOEMKOCTh IPOBEACHHS HCCIIEIO0-
BaHMSA TI0 CPABHEHHUIO C TPAJAUIIMOHHOW METOIUKOH [7].

Ha puc. 3,a mokazano mnoctpoeHne (ha30BBIX
TpaekTopuil IBmwkeHus poropa BOJI. OnbIT mocTpoe-
HUs (DA30BBIX MOPTPETOB TTOKA3BIBAET, YTO C JOCTATOY-
HOHM JUISl TTOCIIE/IYIOIEro aHainu3a TOYHOCTBIO MOXKHO
HAaHOCUTh BpeMeHHble MeTKu ¢ marom Ar = 0,2...0,4,
YTO MO3BOJISIET OBICTPO TOCTPOUTH JIBUIKEHHE BO Bpe-
MeHHOH obmactu (puc. 3, 6) mpu pa3roHe ¥ TOPMOXKe-
HuH. Takum 00pa3oM MOXXKHO TOCTPOHUTH (a3oBbIC
TPAEKTOPUHU JIBIKCHUSI N300paKaIOIIEH TOYKH I10]1
JIEHCTBHEM IBIDKYIIETO MOMEHTA W JHCCHITATHBHBIX
(hakTOpOB B MOMEHT MEPEKIFOYCHUSI 0OMOTOK, KOTO-
PBIN 3a/1aeTCs TIOJI0KCHHUEM JIMHUH TIEPEKITIOYCHHUS Ha
(ha30BOM TIOCKOCTH.

Ha Bpems 3amazasiBaHusi, 00yCIOBICHHOE DJICK-
TPOMAariuTHbBIMU MMOCTOAHHBIMH O6MOTOK YIipaBJICHUA
BOJl, nBwkeHne poTopa OMUCHIBACTCS BBIPAKCHUEM
(15), dbazoBbie TpaekTOpUH il KOTOPOTO MOTYT OBITh
MOJTy4eHbI aHAJIOTMYHO C HCIOJIb30BaHHEM A-MeTo/a.
®da30oBbIc TPACKTOPHUU IBHIKCHHS U300paKarOIICH TOY-
K1 OyzieM anmpoKCUMUPOBATh OTPE3KaMH JyI' OKPYXK-
HOCTH C LICHTPaMHU:

mu=o;eu=%+u}{—e“. (20)
I+ oy

Tak kak BeJMYMHA HOPMAIM30BAHHOM MOCTOSH-
HOW BPEMEHH OOMOTOK YIPaBJICHUSI OOBIYHO HEBEJH-
Ka, MOCKOJIbKY HpHu paboTe IBHraresss ¢ KOHTYpOM
MOC 110 TONOKEHUIO POTOPa MIPHUHUMAIOTCS MEPHI IO
(hOopMHPOBAHUIO 3JIEKTPOMATHUTHBIX MPOILECCOB, TO
BIOJIHE JOCTAaTOYHA M rpaduueckux MNOCTPOCHUH
anmpoKCUMaIus (Ha30BBIX TPACKTOPHH Ha BBICOKOU
CKOPOCTH OTpe3KoM ayru. llosojkeHue IeHTpa OK-
PYKHOCTH OyZIeM ONpeJelisiTh 10 BhIPAKECHHSIM:!

dw T
—— -y —[ew -y fj Q1)

=0’e =
Oy AR
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10.C. CmupHoe

6)

Puc. 3

[IpeneOperas rapMOHMYECKUMH COCTABJISIOLIMH
MEPEXOJHOTO TPOIECca, HETPYAHO IOIYUYUTh Iapa-
METPBI 3KBUBAJIEHTHOTO HEMPEPBIBHOTO 3BEHA CTPYK-
TYpHOW CXEMBI:

K
wW(p)=——
(7) p(Tp+1)’
rae K u T sBJSIIOTCSl HEJMHEHHBIMU (DYHKIMSAMU T1a-
pPaMeTpoB J, X ¥ yIiia KOMMyTaluH 6.
OKBHUBaJIeHTHAasi CTpykTypHas cxema OMTII ¢
B3/ npencrasnena Ha puc. 4.

(22)

X Y
SN EN N
+ A p Tp+1

v

Puc. 4

Beipaxenus (10) u (22), onucsiBaronye Herpe-
PBIBHBIC YaCTH IIEPEIaTOUYHBIX (QYHKIMHA JUCKPETHBIX
OMTII ¢ IS/ u BOJI, HarasaHO IEMOHCTPUPYIOT
CIPaBEAIUBOCTh MocTynara akagemuka A.JO. Mm-
JUHCKOTO O TOM, YTO PEaKiHs AMHAMHYECKOW CHC-
TEMBbI JTI0O00H CIIO)KHOCTH TIPH TIOAsa4Ye HA €€ BXOJ
CTYIIEHYATOr0 BXOJIHOT'O BO3/EHCTBHSA COOTBETCTBY-
eT peaknuu KojeOaTeIbHOI0 MM anepHoANYECKOro
3BCHBEB.
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