u ABTOMaTH3alis TexHoJoriunux i 6isHec-npornecis Volume 10, Issue 1 /2018 m
http://www.atbp.onaft.edu.ua/

VIIK 62-347

CHHPOINEHA MOJEJIb BESBKOHTAKTHOI'O
BEHTUJILHOI'O EJIEKTPOIIPUBOAY TA HOT'O
TEXHIYHA PEAJIIBANIIA 1141 ABTOHOMHOI'O

IHJTIABAJIBHOI'O AITAPATA

Bousiaebka S1. B.Y, Onnmenko O. A.2

! _ HaujonansHuii yHiBepcuTeT KopaGrneGyayBanus iMeni agmipama Makaposa, np-T epois Yipainu, 9, Mukomais, 54000,
YkpaiHa.

? _ HamjionanbHuii yHiBepentet «Oiechka MOpChKa akazeMisy», ByiL. Jlinpuxcona, 8, Oneca, 65029, Vkpaina.

! _ ORCID: http://orcid.org/0000-0002-3010-1684

Z_ ORCID: http://orcid.org/0000-0002-3766-3188

e-mail: yanavolyanskaya@gmail.com

e-mail: oleganaton@gmail.com

Copyright © 2017 by author and the journal “Automation technological and business - processes”.
This work is licensed under the Creative Commons Attribution International License (CC BY).
http://creativecommons.org/licenses/by/4.0/

@ O) e | ONAFT
gkl Open Access

Anomayia: Obrpynmosano eubip ma nokasani nepegacu GeHMUNbHUX OE3KOHMAKMHUX OBUSYHIE NOCMILIHO20 CHPYMY
(BAIIC) 3i 30y0oicenHam 8i0 BUCOKOEHEPLeMUYHUX PIOKICHO3eMEeNbHUX NOCMILHUX MASHIMI6 Npu SUKOPUCMAHHI IX Y
asmomamuzoganux erekmponpugooax (AEII) asmonomnux nnasanvnux anapamie (AI1A), sokpema, y cucmemax enekmpopyxy
maxux anapamis. Ilokaszano, wo 3acmocysanusi AEIl na ocuosi BAIIC 00360158€ po3wupumu MAaxKmuKo-mexHiyHi,
eKCNyamayiiuni Xapakmepucmuky asmoOHOMHO20 NIABAbHOZO anapama, 30ibuumyu 1020 eHepeemuini NOKA3HUKU,
nioguwumy  HaOditHicmb  8Ciel  cucmemu  A8MOMAMU308AHO20  Kepy8aHHs  enekmpopyuiem. OCHOBHI  8iOMIHHOCMI
3anponoHo8an020 piulents 3axouni y 6iomoei 6i0 euxopucmannsa y AEIl 3 BJ[IIC 0opoeozo damyuxa noaodiceHuss pomopa
(enkoOepa), NPOMINCHO20 KOOPOUHAMHO20 Nepemeoplo6aid, ma GUKOPUCIAKHI Juuie 00HO20 0aMYUKA 3a2ANbHO20 CMPYMY
cunoeozo ineepmopa. Cmeopeni nepedymosu 0iisl mexHiunoi peanizayii 3anponoHoB8aH020 piuleHHs 00360JA10Mmb hobydyeamu
0eKinbKa ANbMEepHAMUBHUX BAPIAHMI6 NPUHYUNOBUX cXxem (mexuiunux piwenv) cxem AEII na ocnosi B/IIC, 3 nonepeouiu
MaAmemMamuyHuM MoOei08AHHAM, sIKe He0OXiOHe 015 HANaumy8anHs 1 onmumizayii pexcumis gynxyionysanns AEIL y ckiaoi
asmomamuzoganoi cucmemu enekmpopyxy AIlIA. Po3pobreno cnpowjeny mamemamuyny mooeib 3anponoHO8AHO20
eeKmponpueooy, AKUl QYHKYIOHYE HA OCHOBI NPUHYUNIE NIONOPAOKOBAHO20 Pe2YNO8aHHA Koopounam. Busnaueni ocnoeHi
napamempu KoOpexkyii KOHmypieé 3a 6ionosionumu xoopournamamu cucmemu enekmpopyxy AIIA. Cmeopena mamemamuuna
MoOenb 003601UNA BUKOPUCTNAMU NPUHYUN MIHIMATbHOL anapamuoi HaOMipHocmi 0711 mexHiuHol peanizayii cxemu ynpagnintsa
AEII 3 genmunvuum BAIIC. [lokasana nocnioosHicme po3paxyHKy KOHMYpI6 pe2ymo8anHs Mma 8UKOPUCTNAHO HAAWNY8AHHS
Ha MOOYIbHUL (MeXHIYHULl) onmuMym, wo 3abe3neuye HeoOXIOHe NnepepecylO8aHHA Md HaAC pe2ynro8aHHs 3d 6cima
Koopounamamu cucmemu eiekmpopyxy. Ilpedcmasnenuii sapianm mexuiunoi peanizayii ma eubopy OCHOGHUX eNeMeHmig
cucmemu AEII ocnosanuti na npunyuni minimanwnoi anapamnoi naomipwocmi. Taxuti npunyun no6yoosu AEIl na ocnosi
senmunvnozo BIIIC ons cucmemu enekmpopyxy AIIA 0o36ons¢ 3menwumu éapmicmo i macoeabapumuu noxazuuxu AIIA.

Abstract: The advantages and justification of the choice of brushless DC motors with excitation from high-energy rare-
earth permanent magnets for use in electric drives of autonomous swimming vehicles, in particular, in electric-motion systems,
are grounded. Their application allows to expand the tactical, technical, operational characteristics of the autonomous
floating vehicle, increase its energy performance, which significantly increases the reliability of the entire system of electric
motion. The main differences of the proposed solution are concluding in the following. Do not use an expensive encoder, an
intermediate coordinate converter. Only one sensor of the total current of the power inverter is used. The variant of technical
realization, the choice of basic elements of the automated electric drive with the minimum hardware obtuse on the basis of the
valve brushless DC motor for the system of electric motion of an autonomous floating vehicle is presented. The prerequisites
for the technical implementation of the proposed solution are created. This allows to create several alternative variants of
principal (technical solutions) of electric drives on the basis of a valve brushless DC motor with previous mathematical
modeling, which is necessary for setting up and optimizing the modes of operation of the electric drive in the automated system
of electric motion of an autonomous floating vehicle. The sequence of the calculation of the control circuits is shown, the
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setting for the modular or technical optimum, which provides the necessary overregulation and the time of adjustment, is used.
A simplified mathematical model of the proposed electric drive, which functions on the basis of the principles of subordinate
coordinate regulation, is developed, the main parameters of the correction of the contours according to the corresponding
coordinates are determined. The created mathematical model allowed us to use the principle of minimum hardware
redundancy for the technical implementation of the circuit of automatic control by a brushless DC motor.

Kiro4oBi ciioBa: G€3KOHTAKTHUH JABUTYH IOCTIHHOTO CTPYyMY, aBTOHOMHUH IUIaBaJIbHUH anapar, eJ1eKTpopyX.

Keywords: autonomous swimming device, brushless DC motor, electromotive.

BentmnpHi  Oe3koHTakTHI aBuryHn moctiiHoro crpymy (BAIIC) 31 30ymKeHHAM BiJ BHCOKOCHEPTETHYHUX
piaKicHO3eMeNbHIX MOCTIHHIX MAarHiTiB, Hanpukiang, Nd-Fe-B (3amizo-Heonnm-00p), HalOUIBII MMEPCIIEKTUBHI 3 YCiX THIIIB
TPaAMLIMHUX EJIEKTPOJBUIYHIB JUIS 3aCTOCYBaHHS B aBTOMATH30BaHHMX CHCTEMax eJIEeKTPOpyXy pI3HUX aBTOHOMHHX
iaBaibHUX anapariB (AITA) [1-3]. Bukopucranns 100aBoK, 0 MiABHUIIYIOTH KOEPUUTUBHY CHIIY TEPMOCTaOLIBHIX MarHiTiB
3 matepiany Nd-Fe-B, y cucremi 30ymxennst B/IIIC no3Bossie 30epertu npane3aaTHicTh MarHitiB npy HarpisanHi go +170 °C
[1, 2] 1 cyTTeBO NOKpalIMTH EKCIUTyaTalliiHi BJIACTHBOCTI BCi€i cHUCTEMH YHpaBliHHSA e€JIEeKTpopyxoMm amapata. [lpu
3aCTOCYBaHHI aBTOMAaTH30BaHMX enekrpornpuBoaiB Ha ocHoBi B/IIIC y AIIA mnposBISETBCS KOMIUIGKC ITO3UTUBHHX
KOHCTPYKTUBHO-TEXHOJOTIYHIX BJIACTHBOCTEH 1 TEXHIKO-EKCIUTyaTalifHUX IepeBar. Hampukmazn: BiACYTHICTP MEXaHIIHHUX
BY3JIiB CYTT€BO IiABHINYE HAMIHHICTD BCi€l CHCTEMH €IeKTPOPYXY; BUCOKa IepeBaHTaxyBaibHa 3naTHicTs BJIIIC 3a0e3meuye
BUCOKY mpuiiomMucTicTs AITA; HaliBHIIi 3 yCiX IBUTYHIB MaJIOi IIOTYXKHOCTI CHEPTEeTHYHI MOKA3HUKH JO3BOJISIOTH IiABHITATH
yac aBTOHOMHOI pobotu AIIA; 3abe3meuyerscs BUcOKWi miama3oH (1:100 i OimbIme) peryiroBaHHA YacTOTH OOCpTaHHS
rpedHOTO TBWHTA; 4epe3 Husbkuii meperpiB y BJIIC Bucokmit pecypc i30mmii, mo T03BOJsIE POOOTY 3 CYTTEBUMH
NepeBaHTAKECHHSIMA TIpu MaHeBpyBaHHI AITA. Halikpami macoraGapuTHI MOKa3sHWKH, 3HAYHWH TEpMiH CIyXOH, BHCOKE
HarpaioBaHHs Ha BiIMOBY (moHan 104 roanH), MOXIMBICTS ONTHMI3alil peXUMIB poOOTH (GOPMYBaHHSIM PIBHIB 0OMEXEHHS
MOMEHTY 1 IIBUJKICHHUX JlarpaM, TakoX CYTTE€BO PO3MIMPIOIOTH TakTHKO-TexHiuHi (TTX) 1 ekcruryaTamiiiHi XapakTepUCTUKH
ATIA.

Ocrannimu pokamu BeHTHIbHI B/ITIC i enekTpornpruBoay Ha 1X OCHOBI aKTUBHO BUPOOJISIOTHCS MPOBIAHUMHU 3apyOiIKHUMH
eJIEKTPOTeXHIYHUME KoMmaHisMu («Siemensy, «General Electric», «Boschy», «Schneider Electricy, «Fanuk», ABB Ta in.) [4,
5], HamarojpkyeThes iX npiOHOcepiliHe BupoOHuMuTBO B YKpaiHi (TOB «Enekrporexnika-HoBi Texoumorii», m. Opeca).
OCHOBHHUI CTPUMYIOUW (aKTOp MIMPOKOTO 3aCTOCYBAaHHS cepiifHux enexTpomnpuBoniB Ha ocHoBi BJAIIC — miHa
MepeTBOPIOBaYa i HAsBHICTH JOPOTOr0 BHCOKOPO3PSIIHOTO JaTdnka mojoxeHHs potopa (HIIP, B 3apyOibkKHHX JuKepemax —
Shaft Position Sensor abo Shaft Encoder), HasiBHICTh pO3IIUPEHAX CEPBICHO-MIarHOCTUYHUX 1 3aXUCHUX (PYHKIIIH, psAy 1HITUX
Ha UIMIIKOBHX BOyIoBaHMX cucteM. OmHak amst 3actocyBaHHA y AITA monaBiiiHOTO NMpH3HAYCHHS 1[I YUHHUKHU BHSBISIOTHCS
HECYTTEBHMH, 30KpeMa depe3 Te, II0 € MOXKIMBOCTI IOMITHOTO CIPOIIEHHS CHUCTEMH YNpPaBIiHHS [6], 3acTOCyBaHHS
HavnpocTimux JATIP [2], BimMOBH Bi pOCIiCEKIX MaTepiaiiB i KOMIUICKTYIOUHX.

VY [6] mpencraBieno (yHKIIOHAIBHY cxeMy enekrponpuBona Ha ocHoBi B/IIIC mist AITA. HaBemena cxema Mae
MiHIMQJIBHY amnapaTtHy HaJAMIpHICTH 1 J03BOJISIE CTBOPHUTH KUIbKa albTEPHATHBHUX BapiaHTIB NPHHIMIIOBUX (TEXHIYHHX
pimieHp) cxeM enekTponpuBoziB Ha ocHoBi BJIIIC 3 momnepenHiM MareMaTHYHUM MOJETIOBaHHSIM. TakuM YHMHOM, MOXKHA
CTBEPJUKYBATH, IO € MEPEAYMOBH ISl TEXHIYHOI peaizallil 3alporoOHOBaHOTO y [6] pillleHHs 1 € mijcTaBu AJsl po3poOKU
MareMaTHuHuX Mojeneil enekrponpuBony 3 BJIIC, HeoOXimHMX JUIs HalalTyBaHHS 1 onTuMmizauii pexumiB  iforo
(yHKIIIOHYBaHHS Yy CKJIaJli aBTOMAaTH30BaHOI ccTeMH elnekTpopyxy AlTA.

MeToro CTaTTi € MpeACTaBICHHS OJHOTO 3 BapiaHTIB TEXHIYHOI peaiizallii, BHOOPY OCHOBHHX CJIEMEHTIB, PO3pPaxyHKY, a
TaKOX PO3POOKM CHPOLIEHOI MaTeMaTHYHOI MOJENl aBTOMAaTH30BAaHOTO EJIEKTPOIIPUBOAY 3 MIHIMaNIbHOI amapaTHOI
HaaMipHicTIO Ha ocHOBI BeHTIIIbHOTO B/ITIC mis cuctemu enektpopyxy AlITA.

OcobmBocti cxemu ympaeniHes BeHTWibHUM BJIIIC. Ha puc. 1 mpencraBieHO 3amporOHOBaHY CTPYKTYpPHO-
(yHKI[IOHAJIBHY CXEMy YIPaBIIiHHS YacTOTOIO O0EpTaHHsS BEHTHJIBHOTO EJIEKTPOIIPHUBONY, MOOyJOBaHy Ha OCHOBI [6].
Cucrtema peryioBaHHS UIIBHAKOCTI — JBOKOHTYpHa, 3 MiANOPSIKOBAHUM pPETYJIIOBaHHAM KoopauHar. Cucremu 3
nixnopsakoBaHuM perymoBanuaM koopaunat (CITPK) nocraTtHbo TeopeTHyHO 00rpyHTOBaHI i anpoboBaHi. BukopuctoByemo
ocHOBHY ineto ¢yHkuionyBannsi CIIPK, a came — KoXeH BHYTPIIIHIN KOHTYp HiINOPSIKOBAaHMN 3ajiadyaM peryJIFOBaHHS
30BHILIHBOTO KOHTYPY, JI0 SIKOTO BiH BXOAHTb. CTOCOBHO JJO ABOKOHTYPHOTO BEHTHJILHOTO enekTporpuBony (puc. 1), CITPK
MICTUTh OCHOBHHMH KOHTYp PEryJIOBaHHs MIBUAKOCTI IPeOHOr0 TBUHTA 1 BHYTPIIIHIM, MiUIerauii 30BHIIIHBOMY, KOHTYD
perymoBauHs ctpymy BTIC.

KonTyp peryntoBaHHS CTpyMy CKJIaJa€Thes 3: a) PEIEHHOTO peryisropa cTpyMy, QyHKIIT SKOTO 3aKiaJieHi B HyJIb-OpraHi
HO3; 6) moxynsitopa (6:10k «Po3nominbHUK IMIYIIBCIB — MOIYJIATOPY) 1 ApaiiBepy ympasminHs kimodamu IR2130; B) 00'exty
peryiroBaHHs — Tpu(a3zHOro MOCTOBOTO iHBepTopa i cuioBoro yaniora b/IIIC; r) 3B0poTHOTrO 3B'SI3Ky — JaTYMKa CTPyMYy Ha
pesucropi Rs 1 popmyBaua-nigcmmosaua moayis curnany (PMC2).

Y KOHTYp peryJItoBaHHS IIBUAKOCTI BXOJATh: a) peryisrop mBuakocTi (PLI) npornopuiliHo-iHTErpanbsHOro THIy; 6) 00'eKkT
pEryIIOBaHHS — 3aMKHYTHH KOHTYp PEryJIOBaHHS CTPYMY 1 MEXaHi4Ha YaCTHHA CHCTEMH €JIEKTPOPYXY; B) JaTYUK 3BOPOTHOTO
3B'13Ky — Oe3koHTakTHHIA Taxorenepatop (BTT) 1 AI1P [6].
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Puc. 1 — CTpykTypHO-(yHKIiOHAIBHA cXeMAa YIPABJIHHS YaCTOTOI0 00epPTAHHA BEHTHJIBHOIO eJIEKTPONPHUBOAY

CrporieHa MOJENIb BEHTHIBHOTO eJleKTponpuBoay Ha ocHOBi BJIIIC 3 MiHIMAJbHOI amapaTHOK HaIMIpPHICTIO.
ABTOMaTH30BaHUH BEHTHJIBHUI EJIEKTPOIIPUBOJ SIBJISE€ COOOI0 CHHEpPreTHYHE OO'€[IHAHHS Y CKJIaJl eJIeKTpOMEeXaHIYyHOT
CHCTEMH CHHXPOHHOTO EJIEKTPUYHOrO JBHIYHAa 3i 30yIUKEHHSM BiJl MOCTIHHMX MAarHiTiB i €JIEKTPOHHOTO KOMYTaropa.
OCKIiTbKH yIIPaBITiHHS KIFOYaMH MOCTOBOTO iHBEpTOpa 3IiHCHIOEThCA 3a KomaHaamu JII1P, To TakuM YMHOM peaizyeThbes
JKOPCTKHUI 3BOPOTHHUH 3B'S30K 32 MIPOCTOPOBHUM ITOJIOKEHHSM POTOPA, IO ¥ BU3HAYAE aNTOPUTM HiAKIoYeHHs ooMoTok BJITIC
JI0 JpKepena mocTiiHoro crpymy. LI{iTKOBO-KOJIGKTOPHUM MPUCTPiH, IO CyTi, € MEXaHIYHUM KOMYTaTOpOM, a HOro aHaJoT y
BAIIC — enextpoHHMii komyTatop. Came I BIACTHBICTH [O3BOJISIE TPOBECTH AHAJIOTII0 MK MOJCIUTI0 BEHTHIIBHOTO
esrekTponpuBoay Ha ocHoBi B/IIIC i MomenIro KIacH4HOTO MIITKOBOTO €JIEKTPOABUTYHA IOCTIHHOTO CTPYMY, y SKOTO CEKIIil
OOMOTKH SIKOPS 3a JOTIOMOTOI0 IIITKOBO-KOJEKTOPHOTO HPHCTPOIO IMiJKITIOYAIOTRCA 10 JUKepena mocTiiiHoi Hampyru. Tomy
HaWnpocCTillla aHaJoris MDK €JeKTPOMEXaHIYHUM IEePETBOPIOBAYEM i KEPOBAaHUM CHIIOBUM IHBEPTOPOM CKJIJAa€E OCHOBHY
0cOOJIMBICTE MOJIENIOBAaHHS eyeKTpornpuBoja 3 BeHTHwIbHUM BJIIC [6, 7]. ns moOynoBH 3aMKHYTOI CUCTEMH YHpaBJIiHHS
AITA moBHa Mojenb [6] BUABIAETHCS HAIMIPHOK, OCKUIBKM BpPaxOBY€ BCI CIICKTPOMArHITHI MPOIECH Ta MPOLECH
nepemukanns (1P, ximro4iB, JIOTYHMX €NEMEHTIB) LIO pI3KO OOMEXYye IIBUIKICTh OaraToBapiaHTHUX (IOIIYKOBHUX)
PO3paxyHKiB.

3BepHEMO yBary Ha Jiesiki ()parMeHTH MOJIell, SIKi MMPEACTaBISIOTh B3a€EMOJIII0 TIEPETBOPIOBAYIB €HEprii Ta ynpasisitouol
iapopmarii. [To-niepire, 30ymKeHHS Bif] IIOCTIHHAX MaTHITIB J03BOJISIE CIIPOCTHTH MOEIh CKBIBAICHTHOT OOMOTKH 30YIXKCHHS
BAIIC y mopiBHSHHI 3 MOJEIUIIO CHHXPOHHOI E€JIEKTPUYHOI MAIIMHM 3 €JEKTPOMArHiTHUM 30y/DKEHHAM — JOCTaTHBO
MpeJCTaBUTH OOMOTKY 30y/KeHHS sK He3anexxHe mkeperno EPC 3 BiacauM BHyTpimHIM oopoM. Toai EPC, mo HaBogsTeCs y
(azax B/IIIC, He MiICTHMYTh CKJIaJOBHX, MPONOPIIHHUX MOXITHOI CTPYMY, IO IPOTIKa€E Y eKBIBaJCHTHII 00MOTIII 30y [)KEHHS.
[lo-npyre, y Moneni BeHTHJIBHOTO ejekTponpuBojga Ha ocHoBi BJIIIC serko mepeabaunTh MOXKIMBICTD 3MIHM YacTOTH
obepTaHHsl y HIMPOKUX MexaxX. ToMy OOOB'SI3KOBHM € BKJIFOUEHHS JI0 CKJIQJy MOJEN MeXaHiyHOI miJicucTeMu (HAIpHUKIaL —
OJTHOMACOBOT), 1110 JI03BOJISIE BU3HAYATH MUTTEBY YaCTOTY 00EpTaHHs poTopa enekTpoaBuryHa. [lepenaua yactotn oOepTaHHs
y JOIOMIKHY CXeMy, sIKa 3JiHCHIOE IHTErpyBaHHs, POOUTh MOXJIMBUM OTPHUMaHHs iH(GOpMaLil Npo CTaH POTOpa Yy KOXEeH
MOMEHT 4dacy (MmoaemtoBaHHA pobotu [IIIP). Omucane cTpyKTypHE YSABICHHS €JEKTPONPHBOIA, 3 ypaxXyBaHHAM NPHHHATHX
NPUITYLEHB 1 COPOLIECHB, JO3BOJISIE JIETKO peanizyBatu 3acobamu MatLab / Simulink #oro cripoiieHy MaTeMaTu4Hy MOJEIb.

CrpyKTypHa, 3 €JEeMEHTaMM IPHHIMIIOBOT CXEMH, CHCTeMa YIPaBJIHHA MIBUAKICTIO BEHTHJIBHOTO EJEKTPOIPHUBOAY
HaBeZleHa Ha puc. 2. BigzHaunMo, 110 HaJAIITYBaHHS CHCTEMH IOYMHAIOTH 3 BHYTPIIIHBOTO KOHTYpPY, BHXiJIHA KOOpJMHATa
SKOTO (CTPYM SIKODPSI) 3MIHIOETHCS Ha0araTo MIBHIIE BUXiTHOT KOOPJHUHATH 30BHIIIHEOTO KOHTYPY — HIBHIKOCTI.

BuxigHAMHU TpW HaJNAMITyBaHHI € BUMOTH 10 CTATUYHHUX 1 JHHAMIYHHAX BIIACTHBOCTEH KOHTYpIB 1 CHCTEMH: BiJCYTHICTBH
CTaTHYHOI TOMWJIKH Yy CTaJOMy pEXHMi IIPH BiJIpaliOBaHHI 3a/JaBaJIbHOTO CHUTHANY, IO 3MIHIOETHCA CTPUOKOM, 1
HepeperyiioBaHHs, o He nepeBuilye 5 %. MoxnuBi i iHON crienianbHi BUMOrH. OCHOBHE NMPU3HAYEHHS! KOHTYPY CTPyMY
BEHTWJIHOTO €JIEKTPONPHBOJA TOJsrae y e(eKTHBHIM crabumizamii cTpymy sKOpsi Ha 3a/JlaHOMY piBHI. Y BEHTHJIBHOMY
€JIEKTPONPHBO/Ii TOCIIOBHA KOPEKIis KOHTYPY CTPYMY HE HOTpPiOHA, TOMY IO KOHTYP CTPYMY € MPaKTHIHO Oe3iHepLiiHIM 3
HACTYITHUX MPUYUH.

ITo-nepe, Hanpyra xepena xuBineHHs: Uy Habararo nepesunrye EPC camoinaykiii JBUTYHA, 110 A03BOJSIE POPCYBATH
MIPOIIECH HApOCTaHH 1 cragy ctpyMy | y miamas3oHi oro oomMexxeHHs (Bill —lmax 10 +1max) 32 "ac, HabaraTo MEHIINN CyMapHOi
eneKkTpomarHiTHoi cranoi gacy T,. Ilo-mpyre, perymsatop CTpyMmy, JaTYHK CTPYMYy i OJIOK CHJIOBHX KIIFOYiB KOHCTPYKTHBHO
BUKOHAHI MpakTHYHO Oe3iHepuidHumu. Came 1pomy crtana vacy 7, i 3BopoTHHH 3B'130k 3a EPC nBuryHa mpakTudHO HE
BIUIMBAIOTh HA TMHAMIKY CHCTEMH aBTOMATH30BaHOTO YIIPABIIIHHS EJIEKTPOIPUBOIOM.
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3aMKHeHHH KOHTYp perymosasaa cTpyMy (3KPC)
Im-perymgrop —————— — — —— — — — —
IIBHAKOCTI Perynatop ctpymy, PHIM, npaiisep
————— 1 CHIIOBi KIIFOUH

U
33 K33 -
a)
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Puc. 2 — CTpykTypHa, 3 eJieMeHTAMU NPHMHLUHUIIOBOI CXeMH, CHCTeMAa YNPABJIiHHA HIBUAKICTIO BEHTUJIBHOIO
€JIeKTPONPUBOIY

TakuM 4MHOM, IPH MOJCIIOBAHHI, 3AMKHYTHI KOHTYP PEryJIOBaHHS CTPyMY HAOJM)KEHO NPEICTAaBICHUN anepioanvHOI0
JTaHKOIO 3i cTanoio gacy 7= 1 mc i cratmunuM koedimienToM mepenadi nmanku K, =1/ K . IleperBopuMo mnepenaBanbHy

(hYHKIIIFO 3aMKHYTOTO KOHTYpY perynoBanas ctpymy (3KPT):

1 1 1 1
W(p)=——- LY
K,, tp+1 K_ 1+1/tp

oT

[puiimaemo, 1110 «ONTUMI30BaHay» nepeaBaibHa QYHKIIiS PO3IMKHYTOTO KOHTYPY HIBHJIKOCTI Ha0yBa€e BUTIISLY

1
2tp-(tp+1) '

i Ha wacToTi 3pi3y @,, = 0,57 JIAUX 3abe3neuye 3amac 3a ¢asoro, sxuit gopisHioe 63,5°. Toxi nepenasanpHa QyHKIIiS
«OTITHMI30BaHOI» 3aMKHYTOT CHCTEMH OMUCYETHCS BUPA30M:

Wch( p)=

1 1
W3Kc( p): : .
K,, 2tp-(tp+1)+1

33
IepexiaHi npolecH y Takiid cHCTeMi MOB'A3aHi 3 XapaKTePUCTUYHHUM PiBHSHHIM 2Tp-(tp+1)+1=0, y KOro nokasHuk
nemndipysanus p = 0,707. Po3rnsHyTe HajamTyBaHHS KOHTYpY — HaJlalITyBaHHS Ha MOJYJBbHUM ONTHMYM, 110 3a0e3redye
nepeperymoBanHs 4,3% 1 4ac perymoBaHHA 4,77 SIKIIO MiIBUIIUTH IOKA3HUK JeMIIpipyBaHHs], TO HEpEeXiJHUH Iporec
MPOTiKa€ OUTBIIT MOHOTOHHO 1 Yac PEryiToBaHHA 30UTbIIyeThCA. 31 3MEHIICHHAM ITOKa3HUKa AeMI(ipyBaHHA 301IbIIYIOTHCS
KOJINBANBHICTH 1 TepeperymoBanHsa. ToMy, i OTpIMaHHS HANAIITyBaHHS Ha MOIYJIBHUN ONTUMYM HpPOTOpLiHHA YaCTHHA
peryasaTopa MIBUAKOCTI BU3HAYAETHCS BUPA3OM:
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K, .-J
Wpl.u(p)zl{pm=

oT S

K, -cd-21

BucHoBknu

Ha ocHoBi aHamizy BmacTHBOCTeW i OCHOBHHX xapakTepucTHK BeHTbHHUX BJIIIC, mokazaHo, mo BOHM HaWOUTBII
e(QeKTHBHI [UI 3aCTOCYBaHHS Y aBTOHOMHHX IUIABaJIbHUX anaparax pi3HOro IpH3HA4YeHHd, 30KpeMa, B X aBTOMAaTH30BaHHX
CHCTEMaX eNIeKTPOPYXY.

3arponoHOBaHO:

a) CTPYKTYpHO-(YHKIIIOHaJIbHY CXEMY aBTOMaTH30BaHOTO eJeKTponpuBoay Ha ocHoBi B/ITIC;

0) mpocTuii BapiaHT TEXHIYHOI peanizaulii eJeKTpomnpuBoxy aius cucremu enekrpopyxy AITA na ocuoBi B/AIIC, mo
BUKOPHCTOBYE MPHUHIIMITA ITiATIOPSIIKOBAHOTO PETYJIIOBaHHS KOOPMHAT NP MPAKTUYHO MiHIMaJIbHOMY YHCII KOMIUIEKTYIOUUX
1 €JIEeMEHTIB;

B) CIIPOIIEHY CTPYKTYpHY MaTeMaTH4Hy MOAejb enekrpornpuBona Ha ocHoBi BJ/ITIC, mo no3Boiisie HanamTOBYBATH
KOHTYPH CTPYMY ¥ IIBUJIKOCTI, 1, B TOJAJIbIIOMY, 3MIHCHUTH CHHTE3 BCi€] aBTOMAaTHU30BaHOI CUCTEMH eJleKTpopyxy AlIA.
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