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AHHOTaMsa

B pabore paccmarpuBaeTcsi BO3MOXKHOCTh TpUMeHeHHsi OOOOILEeHHOTO peryisTopa B CHCTeMe aBTOMAaTH4eCKOro
yTIPaB/IeHUs CKOPOCTBIO /IBI)KEHHS JIEHTOYHOTO KOHBelepa Mpy /1eMCTBIUM BO3MYIIAOIIUX BO3/€MCTBHI TapMOHNUECKOTO THTIa
st obecrieueHUsl 3aflaHHOW TIPOWU3BOJAWTENLHOCTH TPAHCTIOPTUPOBKU pyAbl. BO3MyIeHHs Ccpefpl  JKCIUTyaTalyu
TPaHCIIOPTHBIX KOHBeNepOoB BbI3bIBAIOT IMafieHHe TPOM3BOAUTENBHOCTH BCIe/CTBUE KOjaeOaHMH Harpy3Kd HCIIOHUTEILHOTO
MexaHH3Ma, YTO NPUBOJUT K M3MEHEHHIO CKOPOCTH. B KauecTBe THITOBBIX BO3MYILAIOIIMX BO3JEeHCTBHH pacCcMaTprBaOTCs
BO3ZIeiCTBHsI TapMOHUYECKOro BH/A, alMpOKCUMUDYIOLIME OMNMCaHHe BO3MYLIeHWH. [l 1ofaB/ieHUs BAWSHUS OLOOHBIX
BO3MYILEHHM Ha KaueCTBO CTAOW/IM3aldM CKOPOCTH JIEHTOYHOrO KOHBediepa B paboTe TipeAsiaraeTcs HCIIO/Ib30BaTh
000O0IIIeHHBIA  pery/isTop, TMpeJCTaB/SIONIMA MapajiesibHOe BKIHOUEHWE B KOHTYD OLIMOKM — TMPOMOPLOHANBHO-
unHTerpupytouiero (IIM) perynsitopa ¥ perynsitopa CO BCTPOEHHOW MOJE/bI0 BO3MYLIAIOI[ero Bo3jelcTBUs. OO0OIeHHbIH
DeryJisiTop T03BOJIsieT B 3aMKHYTOM crcTeMe 00eCIieunTh acTaTh3M IepBOro TMOpsiZiKa OTHOCHTETBHO 3a/Iaf0ILero BO3/eHCTBUS
Y TIONHOE TIOAAB/IeHNe BO3MYIAIOUMX BO3/JEHCTBUM, OMMCaHWe KOTOPBIX 3a/laeTCsl TOM J>Ke MOJe/bl0, UYTO UM BCTPOEHHas
Mogenb 0000IIeHHOTO pery/sTopa.

KnroueBble cj10Ba: JIeHTOUHbIM KOHBelep, BCTPOeHHast MOfie/lb, 000011IeHHbII pery/aTop, yrpas/ieHue, BO3MYyLeHHe.
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Abstract

The work examines the possibility of using a generalized regulator in the system of automatic control of belt conveyor
speed under the action of disturbing influences of harmonic type to ensure a given productivity of ore transportation.
Disturbances in the environment of transport conveyors cause a drop in productivity due to fluctuations in the load of the
executive mechanism, which leads to a change in speed. As typical, perturbing influences are regarded as influences of
harmonic type, approximating the description of perturbations. To suppress the influence of such disturbances on the quality of
belt conveyor speed stabilization, a generalized regulator is proposed to be used in the work, which represents a parallel
inclusion of a proportional-integral (PI) regulator and a regulator with an embedded model of the disturbing influence in the
error loop. In a closed-loop system, the generalized controller allows to ensure first-order astaticity with respect to the setting
action and complete suppression of disturbing influences, the description of which is given by the same model as the built-in
model of the generalized controller.
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BBepenue

JleHTOUHBIEe KOHBeiiepbl — paclpoCTpaHeHHble TPAHCIOPTHbIE CpeJCTBa, NpUMeHsieMble B IIaxTaX W Kapbepax [yis
TPaHCIIOPTUPOBAHUS PYAbI ¥ TIOPO/bl U3 TMPOXOJYeCKHX, BCKPBILIHBIX, Z0OBIUHBIX 3a00€B M0 rOPU30HTA/ILHBIM M HAK/IOHHBIM
BbIpabOTKAM TOPHBIX TpEATIPUATUAN, I/ TIOABEMA pyIbl Ha TIOBEPXHOCTb C TMOC/TEAYIOIIUM €€ TIepeMelleHHeM K
oboraruTtesibHOM (abpuKe WM MOrPy30YHOMY MYHKTY BHEIIHEro TPaHCIOPTa, a mopoAsl — B otBan [1], [2], [3]. Ogna u3
aKTya/JbHBIX 3a/jad FOPHOTO MNPOW3BOJCTBA — KaueCTBeHHOe (PYHKIJMOHMPOBaHUE CUCTeMbl aBTOMaTH4eCKOTO YIIpaB/IeHUs
JIEHTOYHBIM KOHBeilepoM, obecrieunBaroliee 3aZlaHHYIO I1POM3BOZAUTENBHOCTb. B mpoljecce 3KCIulyaTaluyd JIBHTOYHOTO
KOHBeiiepa MOKHO BBIIE/IUTH OCHOBHBIE BO3HHUKAIOLMe BO3MYILEHUs, TaKde Kak HepaBHOMEpHOe IOCTyIUIeHHe 00BeMHON
MacChl, HeOAHOPOJHOCTh Pa3MepoB, COCTaBa, IIPOYHOCTH M BI&KHOCTH T0faBaeMo pyZbl, N3MeHeHHe HarpsDKeHHUs TUTaHus
[2], [3]. HeraTuBHBIM MOC/TE[CTBUEM 3THUX BO3MYIIEHHI SIB/ISIETCS HeCTabWIbHAs CKOPOCTh [IBMXKEHHUSI JIEHThI, MMUKOBBIE
Harpy3kKy Ha HaTsDKeHHe JIeHTBI W Ha [pyrve KOHCTDYKTHBHBIE 3/IeMeHThl KOHBeliepa, TPUBOJSIIME K TaZieHUI0 €ero
TIPOU3BOJUTENEHOCTH.

Llenb paboThl — MoOAZep)KaHUe 3aflaHHOW TEeXHOJOTMUYeCKUM IIPOLIECCOM CKOPOCTU [IBIDKEHMS JIeHThI KOHBelepa IIpu
JeACTBMY BO3MYILIAIOIMX BO3JeHCTBUH /7151 obecrieueHNst IIPOU3BOAUTETLHOCTH.
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ITocTaHoBKa 3aiauu

MareMaTiueckyde MOJeM TPOMBIIIJIEHHBIX CHUCTEM TMPE/ACTaBeHbl B HACTOsIlee BpeMsi B BUZe (PYHKIMOHAJIBHBIX,
CTPYKTYPHBIX CXeM U HarpaB/ieHbl Ha OCBOEHHE OCHOB TEOPHUM U TPAaKTUYeCKOTO HCIIO/b30BaHUSI COBPEMEHHBIX METOZO0B
aHa/M3a W CUHTe3a CHUCTeM Ha JTarax mpoekTtupoBaHus [4], [5]. ®yHKIMOHa/mbHasi CcxeMa CHUCTeMbI aBTOMAaTU4eCKOTO
yTpaB/IeHUsI IEHTOUHbIM KOHBelepoM Tpe/icTaB/ieHa Ha PUCYHKe puc. 1.
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PucyHok 1 - ®yHKIMOHA/IbHAs CXeMa CUCTeMbl aBTOMaTUYeCKOT0 pery/IMpoBaHUsl CKOPOCTH JIEHTOYHOIO KOHBeliepa
DOI: https://doi.org/10.23670/IRJ.2023.138.143.1

DyHKIMOHA/IBHAS CXeMa COZepPKUT CrIeZyIOIIe 7ieMeHThbl M 0003HaueHust:

- 00BEKT yTIpaB/ieHus - JIeHTOUHbIN koHBelep JIK, v(t)- muHeliHast CKOPOCTh MepeMelleHus IEHThl KOHBelepa;

- ACTIOJTHUTE/TBHBINA MeXaHW3M, BK/TIOUAOLIWI BUTaTesb C PeyKTOpoM, 6apabaHoM 1 yCHUIUTeTbHO-TIpeobpa3oBaTe/IbHbIM
YCTPOHCTBOM, My (t) — HOMHHAJIBHOE 3HAaUeHWe CKOPOCTH BpalljeHust Apuraress, U(t) — HanpsbkeHre 0OpaTHOM CBA3M;

- IepBUYHbBIE U3MEPUTE/TbHBIE MPe0OPa30BaTeNy - JATUMK CKOPOCTH

nepeMellleHNsl JIeHThl KOHBeiiepa M HaTsKeHHUs JieHThl, U(t) — HampspKeHHe IIPOIOpLIMOHAIbHOE CKOPOCTH JBMIKEHUS
JIEHTHI;

- 000011eHHBIN perynsaTop, BbIpabaTHIBAIOIIWKM YIIPaB/ASAIOIIME BO3JENWCTBUSI MO TeKylleld WHQPOPMALMM O CKOPOCTU
niepeMelrieHYsI JIeHTh! KOHBeliepa ¥ 3HaUeHUH 3a/JaHHOM CKOpOCTH;

- 3ajaroliee YCTPOMCTBO, BbipabaThiBatoiiee 3azaronuii curHan Uye, COOTBETCTBYHOIIMM TpebyemMoill CKopocTu
TriepeMelrleHsI JIeHTbl KOHBelepa 1o peryiaMeHTy TeXHOJIOTHUYeCKOTo TIPOLIecca;

- f(t) — Bo3mMy1aroIMe BO3eHCTBYSI.

Ilpy aHa/M3e CUCTEMBbI W CHHTe3e pery/asTopa OyZeM WCIOoJb30BaTh JUHEHHbIE MOAENH 31eMeHTOB (YHKLHOHATEHOM
CXeMbl B BUJe HX IepelaTouHbIx ¢yHKUuH. Ob6o3HaunMm vepe3 Wo(p) MepefaTouHyl0 (YHKLMIO, BK/IIOUAIOLIYI0 ONUCaHUe
00BeKTa ympaB/ieHHs, UCIIOJHUTETLHOTO MeXaHH3Ma, [JaTudKa CKOPOCTH W HaTsDKeHUsl, Wie(p) TiepefaTouHyto (QyHKIHO
perymsitopa, U OyZieM CuuTaTh, UTO CUCTEMA CTPYKTYPHO TIpUBeJieHa K eJMHUYHON oOpaTHO# cBsisu. Torza CTpyKTypHas cxema
CHUCTeMBI IPUMET BU/, TIpe/CTaBIeHHbII Ha PHUC. 2.
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PucyHok 2 - CTpyKTypHasi cxeMa CUCTEeMBbI
DOIL: https://doi.org/10.23670/IRJ.2023.138.143.2

3ajlaua CuHTe3a perysisiTopa [jii CHACTeMbl aBTOMAaTHUECKOTO DEeryJMpOBaHUS CKOPOCTH JIEHTOUHOTO KOHBeliepa
3aKJIFOYAeTCs B BbIOODE THIA PErysisiTopa, ero CTPYKTYPbI W OIpe/le/IeHUH 3HaueHWi ero mapameTpoB, 00eCreurBarolivuX B
3aMKHYTOM CHCTeMe >KeJlaeMble IMHAMIUeCKUe CBOMCTBa [6], [7]:

- [OKasaTe/M KayecTBa MMEepPexO[HBbIX ITPOLIECCOB B BUE BPEMEHM IIePeXOfHOro mpouecca t, <t,, rme t, — Bpems
TePEeXOHOr0 TPOLIeCCa CUCTEME, t, — JKellaeMOe BpeMsi ePeX0/IHOr0 MPOLIeCCa U BeJIMUMHLI TIePepery/IMpoBaHus 0 < o, e
O — MepeperyI1MpoBaHie CUCTEMEL, O - JOIyCTUMOE 3HaueHHUe T1epeperyTupOoBaHus;

- TOYHOCTHBIE TIOKa3aTeld B BUJE B BHUJe MaKCHMAa/bHO [IOMYCTUMOW OIIMOKU €..x OTPAOOTKHM 3a[jaHHON CKOPOCTU
KOHBeliepa M BO3MYIIAIOIIUX BO3ZAeHCTBUM (Teperpyska, HeJOTrpPy3Ka, pacTsDKEHHWe JIeHThI), OMMChIBAaEMbIX B TIEPBOM
NpUOIKeHUH TapMOHUUeCKUM Bo3zeticTeueM Buza f(t) = fosin(wt), rae fo — aMninTyna rapMOHHUUECKOTO BO3/EHCTBUS, M —
KpyroBasi 4actota. IlapaMeTpbl BO3MYIIAIOIIET0 BO3/EMCTBUS OTPaHUUEHbl MAaKCUMAa/bHO [IOMYCTUMBIM 3HaueHUEeM
amruutyabl fo* (fo < fo*) 1 quana3oHoOM U3MeHeHUs KPYTOBOM YaCTOTHI Mmin<®O<Wmax-

MeTopuKa NPOBeJeHUsT UCC/Te/[0BAHUI
IpensiaraeTcss [jifi  pelIeHUs] TOCTABEHHON 3alauM MCIO/b30BaTh OOOOIEHHBIM PEryyisaTop, COAEpXKall|i [Be
cocrapmsitoe [6], [8], [9], [10]. IlepBasi cocraBmstolias, obecreurBaeT MPOIMOPIMOHATILHO-UHTETPATbHbIA 3aKOH
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yIMpaB/ieHus], a BTOpasi COCTaB/sOIIasi obecreuynBaeT 3aKOH YIPaB/eHUs! TI0 BCTPOEHHON MOJIE/U BHEIIHEro BO3[eUCTBUS.
ITepBas cocTaBnsitonas obecrieunBaeT B 3aMKHYTOH cHcTeMe TpeOyeMble I10Ka3aTey 110 KaueCTBY MePeXOJHBIX IPOLIeCCOB —
BpPeMeHHU IepexOfiHbIX IPOLIeCcCOB, 3HAUEHHIO IepeperyadpoBaHysl M TOYHOCTHbIE XapaKTePUCTHKH B BUJe NOOPOTHOCTH 110
CKOPOCTH Y COOTBETCTBYIOILIEMY 3HAueHHIO OLIMOKW MpU OTPAOOTKe BXOJHOTO BO3/IEHCTBUS C MOCTOSIHHOW CKOPOCThbIO [7],
[11], [12]. B yensix mony4eHust HYJ€BOW YCTAaHOBUBILEMCS OLIMOKM TPU OTPAabOTKe BO3MYLIAIOIIEr0 BO3JEUCTBUS [JAHHOTO
TUTIA B KOHTYD YIIpaB/IeHUsT BBOAUTCS BTOpas COCTAB/SIOLAsi Ha OCHOBe 3HAHHUS MOJeNM BHEIIHEro BO3ZeHCTBUS.
[penmonaraercsi, 4YTo aHaAM3 Kjacca BO3MYILAMOLIUX BO3/€MCTBUA TIO3BOJIM/I BBHIAEIWTh Haubomee CyliecTBeHHbIE
BO3MYILIEHUS, TMPUBOJSALIME K BO3HWUKHOBEHMIO HaWOO/BIIMX OMIMOOK M MOJYyYMTh MOJEIb WX BO3HUKHOBEHHS B BHUJIE
aBTOHOMHOTO M epeHIIHaTBEHOTO YPaBHEHHSI.

IMepenarounas ¢yukuus [TV cocrasstoleil perynstopa

k
kH(—n p+1)
kH

rme k., ko3GhdurmeHT Tiepefaurd WHTerpajbHOM cocCTaBstoie, k, Ko3huieHT mepesaud TPOMOPIHMOHATLHOM
COCTaBJISIOIIIEH.

515t faHHOM CUCTEeMBI TUTIOBBIM BO3MYIIIAIOIIMM BO3/eHCTBHEM SIBJ/ISIETCS] TADMOHHUYECKOe BO3ZeHCTBHE C MAaKCUMaTbHBIM
3HaueHreM aMryuTyael foo = 0,2v° 1 Kpyrooi uyactotoi wo (f(t) = fo sinwot). Mofenbto, KOTOpasi reHepupyeT MofAo0Hoe
BO3/lelicTBUe, SIBJISIeTCS KOHCEpPBaTMBHOE 3BEHO, OMNMCAaHWe KOTOPOTO 3a/jaeTcs IepesjaTouyHod (yHKUMel BHeIIHero
BO3/IEHCTBUS

1
W, = -
BB (p) P2’ )

a aMIUTMTY/la CreHepUPOBaHHOTO CHTHAJA OTpe/iesisieTcsl 3a/jlaHreM Hada/IbHbIX YC/IOBUH.

IMepemarouHasi GyHKIMS COCTABSIOIIEH PeTy/sTopa C BCTPOEHHOU MOJIeTbI0

k
n(2pt1)

k
WBM (P) = s (3)

PP+l

rzie k; 1 ky — HacTpoeuHble TapaMeTpbl pery/saTopa Co BCTPOEHHOM Mofenbio, K, —k03dduIiveHT nepeiaun 110 BHIXOAHON
repeMeHHOM BCTPOEHHOW Mogend, Ky — KO3(Q@QUIMeHT Tmepesaud MO CKOPOCTH W3MEHEHHs BBIXOZHOW TIepeMeHHOM.
IepenarouHasi ¢pyHKIMST W,u(p) COAEPXXUT OIMCaHWe KOHCEPBAaTWBHOIO 3BeHa W onucaHue uddepeHLIMPYIOIIero 3BeHa C
TMOCTOSIHHOM BPeMeHH T = i_M . Mogenb, reHepupyoliiasi rapMOHUYeCKOe BO37leHCTBHE YacTOThI (o OMNMCHIBAETCS TaKKe

B

KOHCePBaTUBHBIM 3BEHOM, I103TOMY COCTaBJIsIFOIIas C TiepeiaTouHod ¢yHKIMeld W,,(p) KOHCepBaTUBHOIO 3B€HA, Y Ha3bIBAIOT
COCTaBJISAIOLLEeN Pery/siTopa CoO BCTPOEHHOW MOJeJbIO.

O600611eHHbIH perymsaTop (puc. 3) GopMupyeTcs Kak mapasuie/ibHOe CoeJiiHeHHe IBYX COCTAB/ISIOIIMX Pery/sropa U ero
riepesiaTouHasi QyHKLMSI paBHa

ku ( f—ﬁp+ 1 ) (p*+d) +knp*+kup
p(p*+5)

Wher(p) = 8 = Wi (p) + Wi (p) = )

rae U(p) usobpakenue Jlariaca yrpas/siioiiiero Bo3szeiictBusi, a E(p) usobpakenue Jlariaca OUIMOKH — BXOJHOTO
Bo3zelicTBYs perynstopa. CTpyKTypHasi cxeMa 0000I[eHHOTO Pery/isiTopa npejcTaBieHa Ha puc. 3.

. k, (i—zp + 1)
Ep) ’
BN ks (i—:p + 1)
p? + wf

PucyHok 3 - CTpykTypa 000011[eHHOTO PeryisTopa
DOI: https://doi.org/10.23670/IRJ.2023.138.143.3

HacrpoeunbiMu miapameTpamy peryssitopa  siBisitotcst kosddurmentst k,, ki, ks um k.. BBesenue B perymstop
COCTaBJISIFOLLel CO BCTPOEHHBIA MOZIe/IbI0 BO3MYILLAIOIIEr0 BO3JEeHCTBHS TI03BOJISIET MONYYUTh B YCTAHOBHUBLIEMCS PEXHMe
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Hy/IeBOe 3HaueHHe OIIMOKM OTPabOTKM BO3MYIIAIOIIEro BO3JeHCTBUS, MOJenb KOTOPOro BKJIFOUEHAa B PeryssiTop. B naHHOM
cilyvae, C Hy/IeBoi omMOKol oTpabarbiBaeTcs rapMOHKYeckoe Boszelictare f(t) = fo” sin wot.

Pe3ynbTarhl Mo/ THPOBaHUSA
[MpousrocTpUpyeM TNpUBeJIeHHbIE Pe3y/bTaThl Ha TMPUMEpPe HACTPOWKU MapaMeTpPOB Pery/isitopa JIEHTOUHOrO KOHBelepa
KJIC-800. ITepegarounas ¢yHKLust Wo(p) UMeeT BUJ;

_ 0,96
Wo(p) = (0,012p+1) (0.9p+1) ©)

TpeOyeMble MoKa3aTe M KauecTBa AJIsi CUCTeMbI CTabWUIM3aLi CKOPOCTH JIEHThI KOHBelepa:
- MakCMMaJIbHOe 3HaueHHe CKOPOCTH JBWKEeHHUs JIeHThl V¥ = 3m/cC
- 3HaueHre J0OPOTHOCTH 1o cKopoctu K*>10 c-1
- MaKCHMaJIbHO JoMycTUMast olnbKa oTpaboTKM 3a/jaHHOM CKOPOCTH KOHBelepa U BO3MYIIAOLUX BO3AeHCTBUH eya.= 0,05
Mm/c.
- JKeJIaeMoe BpeMsi [TepexoJHOro mpotecca t,” = 0,6 ¢,
- [IONYCTMMOE 3HaueHue nepeperyanposanus ¢ =30%,
- BO3MYILarollee BO3/lelCTBHE FapMOHNYeCKOe C MAaKCUMAa/IbHBIMU 3HAUEHUSAMY aMIUIUTY/bl
fo" = 0,2v* 1 oCpeHeHHbIM 3HaUeHHUeM KPYroBoi 4acToThl wo= 0,314 c-1,
[Mepenuinem repesaTouyHyo GYHKLIUIO perymsTopa (4) B BUze
- kn(’;—:pﬂ)(p2+w§)+kB(i_§p2+p)
per(P) = p(p+r)

Y BbIOEpeM COoriaCHO MeTO/y HAaCTPOWKH Ha MOJY/IbHBIM ONITUMYM 3HAUEHMSI Z_n — i_m =7=Tomaxr =0,9 c >THe Tomax
u B

- MaKCHMaJIbHO€ 3HaueHue TT0CTOSTHHOU Bpe€MEHH NCXOAHOIO 00BeKTa. Tor,qa rnepegaroyHast (I)yHKL[I/IE[ peryndaTopa npuMeT BUJ

ku (%pﬂ) (p? + @) + ka (kr“p“p) L (p ) (ku PPk p otk )

WpeF (p) - 2 2 2 2
R R
u a)()(Tp + 1) w_(Z)P + P wgp +
a 2
p (p2 + “’o)
IIpy S5TOM, MOCTOSIHHAsE BpeMeHM /uddepeHIMPYIOEro 3BeHa peryisTopa paBHAZ —; — ]]z_z = 1;(_: =7 = Tomax

KOMIIeEHCUpYeT HaI/IGO]II)H_Iy}O MOCTOSAHHYIO BpeME€HU TTOCTOSIHHOM darnepuognuyeCKux 3B€eHbEB 00BeKTa.
OTMETI/IM, 4yTo ,E[O6pOTHOCTb 0 CKOPOCTH paCCManI/IBHEMOﬁ CUCTEeMBI, KaK 3TO C/IeAyeT U3 BHh/a IepefaTOYHbIX Cl)yHKL[I/Iﬁ

(5) u(6), paBHa K* — k, * 0,96 » T0O3TOMY ko3(uieHT k, Beibupaercss nu3 Tpebyemoro 3HaueHHs JOOPOTHOCTU IO
_ K __ 10 -1 _ ~
CKOpPOCTH kH = W == m ~ 11C > aKOB(I)(bI/IL[I/IeHT kr[ TkH = O, 9kn ~ 10

CootHoulenne kospouipentos k, u k; paBHO ’ICC_»: =7=Tomax =0,9 ¢ » OTKYAQ creiyer [ — rf  .3HaueHue

ko3¢¢uiimenTa k, BiusieT Ha BTOPOl COMHOXKUTE/b UUC/IUTEIS TIepejaTouHoM (GyHKIMU perynsaTopa (6), a UMeHHo, OyaeT 1
3TOT COMHOKUTE/Ib OIPe/IeISITh TIepelaTOuHYI0 QYHKIMIO AuddepeHIMpYOLIero 38eHa BTOPOro MOPsi/IKa, U MepejaTOuHy o
byHKLHIO IBYX AU(depeHIMPYOIIMX 3BeHbeB TIepBOro mopsigKa. st Toro, 4tobbl JaHHBIA COMHOXKUTE/Tb 3a/jaBasl OMHUCaHKe

IByx auddepeHIUPYIONMX 3BEHbEB TIEPBOTO TIOpPsJKa 3HaueHWe ky >2 WM o> Zkﬂwo =69 - Ilpu BBIOOpE
u®o - ’
3Hauenus k, = 80 3HaueHue k,= 72. Takum 00Opa3oM, HACTPOEUHbBIE TTAPAMETPHI pery/stopa kKo3dduiuenTsl paBusl k, = 11

k.=10,k. =80, u ky=72.
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PucyHok 4 - Peakiyst ciicTeMbl Ha OTPabOTKY 3aZlaHHOM CKOPOCTH TPAHCIIOPTUPOBKU
DOI: https://doi.org/10.23670/IRJ.2023.138.143.4
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3 rpadwika mepexomHo GyHKIMM (pUC. 4) c/ielyeT, UTO 3a/laHHasi CKOPOCTh JBIDKEHUS JIeHThI KOHBekepa 3 M/C Tpu
WCII0JIb30BaHUU 00001IeHHOTO Pery/siTopa C BbIOpaHHBIMU TTapaMeTpaMu 0TpabaThiBaeT 3a/ialoliee BO3/EMCTBIE C BpeMeHeM
repexoHOro mporecca t; = 0,5 ¢ u mepeperynvpoBanieM ¢ = 27%, 6Ge3 craTrueckod OIIMOKW. YBennueHWe BbIOPaHHOTO
3HaueHWs mapaMmerpa k, TIpM COXpaHeHWH COOTHOILEHWs C TrapamMeTpoM Kk, TIDUBOOUT K YBeIMUEHWIO 3HAUeHUS
TepeperyiupoBaHust M BPEMEHH TepeXOfIHOrO TpOoIiecca, a CJ/Ie/[0BaTelbHO K He BBIMOJHEHHI0 TpeOyeMbIX TOoKa3saresiei
KaueCcTBO. YMeHbIIIeHWe 3HaueHHusl rapameTpa k, XOTS W yMeHbIlaeT 3HaUeHHe Tepepery/MpoBaHMs, HO YXYAIIaeT BpeMs
repexofHOro npotiecca.

Ipadux

e, M/c

[=]

-0.002

-0.004

-0.006

-0.008

-0.01

PucyHok 5 - I'paduk n3MeHeHust OIIMOKU e(t) CUCTeMbI C 0000IIEHHBIM PEry/IsITOPOM MPY rapMOHUYECKOM BO3MYII[AIOIL[EeM
Bo3zeticteuu f(t) = 0,6 sin 0,314t
DOI: https://doi.org/10.23670/IRJ.2023.138.143.5

Vcnosib30BaHre BCTPOEHHON MO/Ie/I TAPMOHHUYECKOTO BO3/IEMCTBHS C YacTOTOM (o = 0,314 ¢! B 000011IeHHOM peryJsTope
TM03BOJISIET TIOJIYYUTh B YCTAHOBUBLIEMCSI PEXKUME B 3aMKHYTOM CHCTEMe HY/EBYHO OIIMOKY MpU OTpaboTKe rapMOHHUYECKOTO
BO3/IeHICTBUS TOM >Ke CaMOM 4acTOThL. (puc. 5)

Ipadux

0.00%

0.003

-0.003

-0.00%

-0.014

tc

PucyHok 6 - I'paduk usmeHeHus ommbdku e(t) cucremsl [TV peryisiTopoM npy rapMOHUUECKOM BXOZIHOM Bo3zeicTeuu f(t) =
0,6 sin 0,314t
DOI: https://doi.org/10.23670/IRJ.2023.138.143.6

IMpu wcnonb3oBaHuu TONBKO IV perynstopa, Kak ciefyeT W3 pUC. 6, aMIUIMTyAa MaKCHUMarbHOW OIIMOKU B
yCTaHOBMBILIEMCS PE>KUMeE TIPY OTPabOTKe TapMOHUUECKOTO BO3ZIEHCTBYS C aMIUUTY oM paBHoU 0,6 umeet 3HaueHwue 0,016, To
eCTb ToflaB/leHre BO3MYILjatolLero Bo3ZefiCTBUS IPOMCXOAUT B 37 pas.

PaccMoTpUM, Kak M3MeHsieTCs OIIMOKa B YCTAHOBHBLIEMCS pPeXXHMMe IMpH OTpaboTKe rapMOHMYECKHX BO3MYIIAFOLIMX
BO3JEMCTBHI C YaCTOTaMH, OT/IMYAOIUMUCS OT HOMHHAIBHOM YacTOThI HACTPOMKU BCTPOEHHOM Mogenu wo = 0,314 ¢
YBenuueHne 3HAUeHWs YacTOThl FapMOHHMYECKOTO Bo3MylleHust B Tpu pa3za f(t) = 0,6 sin 0,942t mpuBOgUT K 3HaueHHIO
aAMIIUTY/[bl yCTAHOBUBIIEHCs ormbku e, = 0,0019 (puc. 7), To eCTh Mo/aB/eHre BO3MYIIAIOL[Er0 BO3JeHCTBUS TPOUCXOIUT B
0,6/0,0019 =315 pas.



MedicdyHapooHbili HayuHO-uccnedosamenbckuli dcypHan = Ne 12 (138) = [lekabpb

Ipadux
e, M/c
0.0016
0.0012
0.0008
0.0004
ok
-0.0004
-0.0008
-0.0012
-0.0016
0 6 12 18 24 30 36 42 48 54 €0
t.c

Pucynok 7 - I'pacdhuk u3MeHeHust O1IrOKY e(t) CUCTeMbl C 0000IIEeHHBIM PEryJ/IiTOPOM IPY rapMOHMUYECKOM BO3MYII[AIOILeM
Bo3zeticTeuu f(t) = 0,6 sin 0,942t
DOI: https://doi.org/10.23670/IRJ.2023.138.143.7

Ipu ucnonb3oBaHuM TobKO [T perynstopa 3HaYeHWIO aMIUIMTY/bI YCTaHOBUBILeHCs ombku ey, = 0,035 m/c, To ecThb
TIo7laB/IeHNe BO3MYIIatolllero Bo3eHCTBYs IIPOMCXOAUT B 17 pas.

YMeHblIlIeHVe 3HAueHUsl YaCTOThl TAPMOHUYECKOTO BO3MYIleHust B Tpu pasa f(t) = 0,6sin0,105t MPUBOAUT K 3HAYEHHIO
AMIUTATY/IBl YCTaHOBUBIIEHCs ommbKku e, = 0,0008c™ u mogaenenre B8 750 pas. C TIU peryasTopoM 3HaueHWe aMIUTATY/IbI
yCTaHOBUBIIekcs ommbku ey, = 0,0055 M/c, MojaBaeHHe BO3MYIIAMOIIEro Bo3AendcTBUs nporucxout B 109 pa3. Takum obpazom
MOXXHO C/lelaTh BBIBOZI, UTO B Juama3oHe uvactoT o [0,105, 0,942] amminTyza ycTaHOBHBIIEro 3HaueHWsl OIMIMOKW TIpH
oTpaboTKe BO3MYILAIIUX Bo3AekcTeuii f(t) = fo*sinwt He nmpeBocxoaut 3Hauenus e, = 0,002 M/c, a MofaB/IeHNE BO3MYIIEHUS
TIPOMCXOUT He Xyxe, ueM B 500 pas.

3axk/loueHue

BBeieHre B CUCTEMY YIIpaB/eHNsI KOHBELEpOM aJiIfOPUTMa J0CTIKEHNs TpeOyeMbIX ToKa3aresiel Mo KauyeCTBY ¥ TOUHOCTH
npotiecca ctabuir3aiuy CKOPOCTH KOHBeliepa 00ecreunBaeT Mof/iep>kaHue CKOPOCTH Ha HeOOXOAWMOM YPOBHE TPU HAJTUUUH
BO3MYILIAIOLLMX BO3/|eMCTBUM, TaKUX KaK Teperpyska, HeOrpy3Ka, pacTsbKeHHe JIeHThbl, HeOAHOPOAHOCTb Pa3MepoB M MacChl.
[MonyueHHbIM aArOPUTM YIIpaB/eHUs pelllaeT 3aJady CTaOWIM3alUM CKOPOCTH JIEHTOUHOIO KOHBeHepa, KOMIIeHCAI[UH
BO3MYIIIAIOLIUX BO3/EHCTBUI B 06eCTIeUMBAET MOCTOSTHHYIO TIPOU3BOAUTELHOCTD.

IToamep)kaHWe TIOCTOSTHCTBA CKOPOCTH JIEHTHI TIOJIOKUTEILHO CKa3bIBaeTCsl Ha paboTe KOHBediepa W TIO3BOJISIET
obecrieurBaTb HeOOXOJUMYIO TIPOM3BOAUTENLHOCTh TPU HAJMUMK BO3MYIIAIOIIMX BO3JeHCTBUN CKOPOCTU KOHBeliepa.
Pe3ynbraTbl MOJEMUPOBaHUSl CHUCTEMBI CTAOMIM3AL[MM CKOPOCTHU JIEHTbl KOHBeWepa IOATBEP)XKJAI0T CJe/laHHbIe BBIBOABIL.
Pe3ynbTaThl CTaTbM MOTYT HalTH IPUMeHEeHUe /711 HaCTPOMKY TlapaMeTPOB aBTOMaTHUeCKUX PEryIsSTOPOB CUCTEM YIIpaBJIeHHUs
TPaHCIIOPTUPOBKOW Py/ibl APOOUIBLHOIO arperara, [1apoOBOH MeJIbHULIbI C 1[e/bI0 TOBBIILIEHNS] TPOU3BOJUTEILHOCTH HAa TOPHO-
oboraTuTe/TbHbIX KOMOUHATAX.

B pabote mipejiaraeTcs /ijist MOfIaB/Ie€HUs BO3MYIIAIOIINUX BO3JeHCTBUN rapMOHUYECKOTO BH/IA, TIPUIOKEHHBIX K BBIXOIY
CUCTeMBbI CTAaOWIM3allMd CKOPOCTH JIEHTOUHOTO KOHBeHMepa, WCIO/Ib30BaTh pPETY/ISITOP C BCTPOEHHOW MOJENbIO,
TIpeJCTaB/SIONNN 00beauHeHue [T peryasTopa U IOMOHUTETBHON COCTAB/ISIONIeH ¢ BCTPOEHHON MOJIE/TbI0 BO3MYIIAIOIIEr0
Bo3elcTBYs. [1o00HbINM 00001IEHHBIN PETY/IATOP MO3BOJIsIeT 00eCMeUnTh B CUCTEME HYJ/IEBYIO OLIMOKY B YCTaHOBHBIIEMCS
pexuMe TIpU O0TpPabOTKe TrapMOHWYECKOr0 BO3MYIIAIOIIEr0 BO3ZEHCTBUSI yCPEJHEHHOW YacTOThl, MOJE/Nb KOTOPOM
BCTpaMBaeTcs B pery/asrop. [loka3aHo, UTO [ijiss TapMOHHUK C YaCTOTaMH{, OT/IMYAIOIIUMUCS OT OCpPeJHEHHOM uaCTOThI, UMeeT
MeCTO [OCTaTOYHO XOpolllee TIOAAB/eHHe BO3MYLIAIOIMIUX BO3J4eHCTBUN. [Iyi1 TpPeXKpaTHOro W3MeHeHUs 3HaueHUs
yCpeJHeHHON 4acTOThl TMOJjaBleHHde BO3MYILleHHsI B TIpUMepe MpPOUCXOAUT He xyxe, ueM B 300 pa3. Tak ke C MOMOLIbIO
MOJe/IMPOBaHUsI MOXKHO YCTaHaB/IMBaTh [Mara3oH 4YacTOT, I7le BBITIOJHSETCS 3aJjaHHOe OrpaHWyeHde Ha aMIVIUTYLY
YCTaHOBMBLIETOCS 3HaueHWs OIMOKWM. Ha OCHOBe THIIOBBIX METONOB CHUHTE3a PETY/ISTOPOB TMpeJJIoXKeHa IMporieaypa
orpe/e/IeHUs 3HAUEHUIM HaCTPOEUHBIX TTapaMeTpPoB 0000IIIEHHOTO peryasaTopa.
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