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Paccmompen ooun uz nymeii nosviuienus 3¢ghexmuenocmu d1eKmpuyecku ynpasiiemblx npOMblUIEHHBIX CUCIeM 3d
cuem YayuueHus: ux OUHAMUKY 8 YCIOGUSIX OZPAHUYEHUL HA YRPAGISIOuUe 8030€UCmEUsl, d MAKdIce NOGLIUEHUsL YCIOU-
YUBOCMU K O3MYUEHUSIM U usmenenusim napamempos. C smoii yenblo UCNoab306aH K8A3UONMUMALbHBLL A2OPUMM Y-
PAGIEHUSL UMNYIbCHBIM RPeodpasosamenem, KOmMopulil COBMECHHO ¢ 00beKmMOM YNPAsieHUus MOOEIUPYemcst ¢ HOMO-
wbio uckyccmeenuotl Helponnoti cemu (MHC). Ilpoananusuposanuvl cucmemul ¢ peanuzayueli pe2yiamopa 8 euoe npeo-
sapumenvro odoyuennoti MHC. Ommeuenvl ocnosHble npobaemsi, cesasantsie ¢ umniemenmayuei MHC 6o ecmpoernvle
cucmemwl. Ilpusedenvt pesyrvmamul modeauposanus. biomn. 9, puc. 1.

Knroueswie cnosa: ontumMansHOE YIIpaBieHHE, TMHAMUKA UMITYJIbCHBIX ITpeoOpa3oBaresiei, UICKYCCTBEHHbIE HEHPOHHBIE CETH.

I'naBHBIA TEXHUYECKHN aCHEKT, JISKAIUH B OCHOBE YDKOHOMHUKH YCTOHYMBOIO pa3BUTHs, — 3TO 3(dexTrBHOE
BBICOKOTEXHOJIOTHYHOE MaTepHalIbHOE MPOU3BOJICTBO, OCHOBAHHOE HA IIMPOKOM HCIIOJIB30BAaHMH aBTOMATH3HPOBAaH-
HBIX CHCTEM YTNPaBJIECHUs U KOHTpoisl. Llenb JaHHOTO MccnenoBanus — pa3paboTKa KOHLENIUY TOCTPOSHHS U IPOBEPKa
anropuT™Ma paboThl YHHBEPCAILHOTO ITPOMBIIUIEHHOTO PEryJIsTopa, 00eCHeyrBaOLIero 3aJaHHYI0 TOYHOCTh YCTaHOB-
JICHUS ¥ TIOJICPKaHKs TPeOyeMOro napaMeTpa, MUHHUMAJIbHOES BPeMsl PEryJIMPOBaHUs U OTCYTCTBUE IIEPEPeryIupoBa-
HUA B YCIIOBUSIX OTPAHUYEHUN HA 3aTpayuBaEeMbI€ PECYPCHI.

B kauecTtBe npombluieHHOTo 00bekTa yrpasneHus (OY) Hanbosee yacTo BCTPEUaroTCsl yCTPOHCTBA Ipeodpa-
30BaHMs BHJA SHEPIHH, HAIPUMeEp, — U3 3JIEKTPUUYECKONW B TEIUIOBYIO WIIM MEXaHH4ecKyto. J[is anekTpudeckn ynpas-
JSIEMBIX TPOIIECCOB CHUTHAJI 3aJaHUsl Ha PETYIMPOBaHME MPEACTABISIET COOOH HanpsHKeHUE WM TOK. Perymmpyemsri
napameTp OV, B 3aBUCHMOCTH OT KOHKPETHOTO PacCMaTPHUBAEMOT0 IMPOILECCa, MOXKET OBITh 3JIEKTPUIESCKUM HaIpsKe-
HHEM (TOKOM) — B CHCTEMax MpeoOpa3oBaHMs 3JIEKTPOIHEPTHH; TEMIIEPATYPOH — B TEXHOJIOTHYECKUX CHCTEMax C Ha-
rpeBoM pabodvero Teja; CKOPOCTHIO BPALIEHHS WM YIJIOM IIOBOPOTA Bajla 3JIEKTPOIBHUIATENs BpaLaTeIbHOTO JBHKE-
HUA (CTAaHKOCTPOEHHUE, TPAHCIIOPT); CKOPOCTHIO MJIM KOOPIMHATOMN MEPEMEIIEHH aKTUBHOTO JIEMEHTA 3JIEKTPOJABUTa-
TEJIsl JINHEHHOTO JBIKCHUS (MHUKPO3JIEKTPOHUKA, U3MEPEHHUs); JaBICHUEM pabodell cpelbl B ITHEBMO- U THAPOCHCTE-
Max (IepeBooOpaboTKa, MUIEBasi NPOMBIIIJICHHOCTD), IPOYUMHU T1apaMeTpaMu. HecMoTps Ha nepedncieHHOoe MHOTIO-
o0paszue, ynpaBiieHHE B YKa3aHHBIX CIIy4asX BO3MOXKHO Ha OCHOBE YHHBEPCAIbHBIX IPUHIIMUIIOB.

Baxneitmum ycnoBuem ynpasisiemoctd OY sBisieTCsl OZHO3HAYHOCTh (DYHKIIMOHANA YIPABJICHUS, CBS3bI-
BAIOILIETO €T0 BXOJ C BBIXOJIOM, M OTCYTCTBHE mocieneiicteus. [Ipakriuueckn Bece peanbHble OY o0nanaror quHamMude-
CKUMH cBolicTBamMu. Kpome Toro, mporecc gaxe HOpMalbHOH sKciuryarainu OY Hen30e:KHO CONPOBOXKIAETCS CTape-
HHEM, YTO MIPUBOJUT K M3MEHEHHUIO (DYHKIMOHANA yIpaBJIeHUs C TeYeHHEM BpeMeHH. M, HakoHel, B mporecce padoTh
¢ OY BO3MOXHBI BO3MYIIICHUS, BBI3BAHHBIE KAK a/INTHBHBIMU BHEITHUMH BO3JCHCTBHAMH, HEIIOCPEICTBEHHO BIIHSIO-
IIAMH Ha PEryJIUpyeMblil mapaMeTp, Tak ¥ N3MEHEHUSIMH BHYTPEHHHUX CBOMCTB (mapamerpoB) OV, 4To NpUBOAUT K HE-
CTAIMOHAPHOCTH CHCTEMBI. XOTs BO3MYIIECHHS X MOXHO IPEJCKa3aTh C TOM WM WHOM CTEIEHbIO TOYHOCTH U yUECTh B
IpoLecce YIPaBIeHHs, TOIyYaeMblil B pe3yIbTaTe MPOLECC BCETAA OTINYACTCS OT HICATM3UPOBAHHOTO (0>KHUAAEMOTO).
B urore mis 31eKTpHYECKH YIIPABISEMBIX IPOLECCOB (PYHKIHMOHAIBHYIO 3aBHCUMOCTB COCTOSIHMS Bbixoma OV (pery-
JUPYEeMOTo mapameTpa )(f)) OT COCTOSHHUS BX0/a (CUTHANA 3aAaHus X(f)) MOXKHO MPEICTAaBUTh B BUAE

()= K - F(x(e),wlz)) + 2(2), (1)
rre K — macmtabupyromuii koaduuument; |F(...)| < 1 — HOpMUPOBaHHBIN (QYHKIMOHAT YIpaBJIeHHs; w(f) — BO3MYyIIe-
HUS, BBI3BaHHBIC N3MEHEHMSMHU BHYTPEHHUX CBOMCTB (mapameTpoB) OV z(f) — BO3MyIEHHs BCICACTBUE aJIUTHBHBIX
BHEIIIHUX BO3JIEHCTBUMN.

U3 (1) cnexyer cTpyKTypa YHUBEpPCATBHOW CHCTEMBI YIIPABJICHUS, B KOTOpYI0, moMuMo OV u mupoBoro pery-
JSITOpa OJDKHBI BXOJUTH 3JIEMEHTHI, M3MEpSIoye (WIN OLCHUBAIONINE) aIUTHBHOE BO3MYyIIEHHE z(¢), M TI03BOJISIO-
1€ CKOMIIEHCHPOBATh €ro ¢ TpeOyeMol TOYHOCThI0. Kpome Toro, HeoOX0AUMO OTCIIEKHBATh MAPAMETPUIECKHE BO3-
MylieHus w(f) 1 ux BiIusHUE Ha noBeneHue OY. Taxke 4acTO MPUXOIUTCS IPHHUMATh BO BHUMAaHUE (JaKTOPBI BEICOKOTO
HOPSIKA, YTO YTSDKENseT (DYHKIMOHAIBHbIE 3aBUCUMOCTH, CBs3bIBatoinue Beixox OY ¢ ero Bxogom. CrenoBaTenbHO, Ma-
TEMATHYCCKOC OIIMCAaHHUC IMOBCACHUA OV sBnsieTcsa BCEro JHIIL a6CTpaKLIPIeI>i, KOTOpasi, TEM HEC MCHEEC, IMO3BOJIACT IMOBbI-
cuTh 3P PEKTUBHOCTH YIIPABIICHUsSI C TOUYKU 3PEHUS 3aTpaT BPEMEHH 1/WIIM MaTepHalbHBIX PECYPCOB Ha €€ Pealn3alltIo.

Hpeunar aeMBIN oaxod OCHOBBIBAETCA HAa TOM, YTO IPAKTUYCCKU J'lIO6y}O MPOMBILNIJICHHYIO CHUCTEMY MOXKHO
NPEJICTAaBUTh C M3BECTHOI CTENEHBIO TOYHOCTH B 33J[aHHBIX TPaHUIIAX B BHJE €€ MOJIEIN HU3KOTO (10 TPETHETO) MOPSKa,
JIOCTaTOYHO XOPOLIO OTpaXKAIOIEeH BayKHEHIIME C TOYKM 3pEHHMS 3a/1auM yIpaBlieHus cBolicTBa peansHoro OY. B sty mo-
JIeTTb HeoOXOAMMO BKIIFOUHMTH U CHIIOBOW IpeoOpa3oBaresb. 3HaHHE KO3((HUIMEHTOB NMEpeaaTodyHON (YHKIMU Takoro
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koMmiekcHoro OY, umurupytomero (1), Oyaer ocTaTOYHBIM YCIOBHEM VIS pealn3aliil MHOTOCTYIICHYATOH CHCTEMBI
aBTOMAaTHUYECKOTO yNpaBieHHs. IMEHHO MCIOIb30BaHNE UTEPALMOHHOTO HMPHHIMIA TPyOOro ¥ TOYHOTO PEryInpOBaHMS
obecrieunBaeT pemieHne mpodaeMbl TOYHOCTH. [IpobiemMa sxe OBICTPOICHCTBUS pemaeTcs 3a CUET MPUMEHEHUS ONITUMAIThb-
HbIX U(POBBIX aJropuT™MoB [4] B Kaxka0ii cryrneHu. [lonyuyeHne onTUMaIbHOTO Mo OBICTPOACHCTBHIO MEPEXOIHOTO MPO-
1ecca Mo OJHOW M3 KOOPAMHAT COCTOSIHUSI OJIHOBPEMEHHO MOYKET COIIPOBOIKIIATHCS BBIXO/IOM JIPYTHX MEPEMEHHBIX 3a JI0-
MYCTHMBIC TPEJIEIIbl, YTO BHOCUT JOIOJHUTEIBHBIC OIPAaHUYCHHS Ha PEryJMpoBaHue. B paspabaTriBacMoi yHUBEpCAIb-
HOI1 cHCTeMe ¢ MOMOIIIBIO NPeBAPUTEIbHO 00y4YeHHON ncKyccTBeHHOW HeliponHol cetn (MHC) nponsBoauTes uueHTH-
¢uxarms [8] moxcHCTEMBI «MMITYJIBCHBIN MpeoOpazoBaTenb — HEN3BECTHAs (B TOM YHCIIe — HEJIMHEHHas) Harpy3Kka», 4To
MIO3BOJISIET BBIOPATh CTPYKTYPY M KO3(D(HIMEHTHI aJeKBaTHOTO TAJIOHHOTO PETyJISITOpa [S] B yCIOBUSAX N3MEHSIOLINXCS
OIpaHUYECHUH Ha YPOBHH BO3ACHCTBHS U IIPU HATMYUH BO3MYILICHHUH.

Breibop MHC o00ycnoBieH BO3MOKHOCTBIO peajii3alliyl IIMPOKOro Habopa HeJIMHEHHOCTeW BHIAa BXOI-BBIXOJ,
OCHOBBIBASICH JINIIb HAa SKCIIEPIMEHTATBHBIX JAHHBIX, YTO OKA3aJIOCh PEIIAIONINM B KOHTEKCTE CO3/JaHMUs yHUBEPCAIIBHOTO
MPOMBIIIUICHHOTO peryJisiTopa i ynpasienus pasHooopasaeiMu OY. CrnocobHocts MHC k 0600mmenmo odecrieynBaeT
HACTPOIKY CHCTEMBI ISl paOOTHI B YCIOBHAX, OTJIMYAIOMINXCSI OT CYIIECTBOBABIINX BO BpeMs MpoeKkTHpoBanus. Hekoro-
poie ocobeHHoctr npumeneHnst MHC nmpunuioch yuuThIBaTh UL PACIIMPEHUs] BO3MOXHOCTEH HCIOIb30BaHUA pa3pada-
TBIBAEMOT'O PEryJisiTopa B ciaydae ynpasieHus Takux OV, kak aBuratenb noctostHHoro toka (HAIIT). OneHka BO3MOXKHO-
CTeil UCIOJIb3yeMOl BCTpanBaeMoil CUCTEMBl Ha 0a3e CHUTHaIbHOTO MHKPOKOHTpOJUIEpa Mo3Bojmia ucnoib3oBars THC
TOJIBKO JIMIIb B 3aMKHYTOM BHEIITHEM KOHTYpE I0JIOKeHUsl. Pa3zpaboTaHHbII KOHTPOJLIEp OLIEHUBAET JaHHbIe 00 00paTHOM
cBs13u ot Mozenu JIIT, kotopast moctpoeHa Tarke Ha ocHose THC.

Pa3BuTHE OmMMCaHHOTO MOAXO0/a MPHUBEIIO K Pa3pabOTKe BAPUAHTOB aITOPHUTMOB KBa3HONTHMAJIBHOTO PEryJIHpo-
BaHus [ 1], HO3BOJISIIOIINX COKPATUTh TPeOyeMble BEIYMCIIUTEIILHBIE PECYPCHI M BPEMs PEryJIMPOBaHMs B IIMPOKOM JHaria-
30He 3amanuii. B To ke Bpems, oOydenne MHC ocTaeTcs HepeIeHHON BRIYHACIUTENBHON MPOoOIeMOol Ui BCTpPanBaeMbIX
CHCTEM pPEATLHOTO BpeMEHH. XOpomio OTpaboTaHHBIE OOYYAIOIIHe AITOPUTMEI MOKa OBUTH peann30oBaHBl B odduaiiH-
pexnme cpenctBamu ANN-toolbox B cpeme Matlab. B paccmorpernom npumepe ¢ JAIIT mcnonb3oBaHa CeTh MPSIMOTO
pacmpocTpaHeHHs Ul PETYIATOpa U HENWHEHHAs! aBTOPErPECCHOHHAs CETh C 9K30T€HHBIMU BXOAAMH JUIS alllpOKCHMa-
LMY CBSI3KH UMITYJILCHBIN MPeoOpa3oBaTelb — Harpys3Ka.

Ha ocHOBe cucTeMbl peryIHpoBaHUs TEMIIEpaTy-
PBI NIPOAHAIM3UPOBAHBI OCOOEHHOCTH PA3JIMYHBIX METOJIOB
- HMHyJ’IbCHOﬂ MOAYJSIAU BBIXOAHOT'O HAIIPSKCHUSA npeo6—
paszoBateiss C TOYKM 3pEHHsS OOECIeUeHUs] NMpUEeMIIEMON
TOYHOCTH, a TAK)KE BO3MOXKHOCTH PEaTM3al[ii BCTPOCHHBI-
MH aIlapaTHBIMH CPEICTBAMH CHUTHAJBHOTO MHKPOKOHT-
pomtepa. Ha prucyHke moka3aHbl IEpeXOJHbIE TIPOIIECCH B
6azoBoMm [11]/I- 1 KBa3HONTHMAIEHOM PETYIATOPE, KOTO-
PBI 00eCTIeunBaET MEHBIIYIO CTATHYECKYIO M TUHAMHYEC-
KyI0 OIMOKY. /{1 OBBINICHNS] YHUBEPCATBHOCTH pa3pada-
TBIBAEMOI'0 PETYJIATOPa TAaKKE HCCICIOBaHbl TOINOJIOTHU
HMITYJIBCHBIX TTpeoOpa3zoBateniei, 00JIaJafoiX HaTydIIei
JuHamMuKo# [6,7]. IIpumeHeHne B KauecTBE AJIEKTPOHHOTO
o KJII0Ya KBa3MPE30HAHCHOro NpeoOpa3oBarelisi, Mepekiroya-
-n €MOT'0 IIPU HYJICBOM TOKE, IMO3BOJIMJIO YIIYUIIUTb SHEPIrCTU-
;op <0 YEeCKHE XapaKTEePHCTHKU I10 CPaBHEHUIO C OOBIYHBIM IIH-
POTHO-MIMITYJILCHBIM IIpeoOpa3oBaTeieM B IIMPOKOM JHa-
mma3oHe padoYMX YacToT, 4to cornacyercs ¢ [2]. Heperen-
HOM ocTrajach NpoOiemMa pPeBEepCUPOBAHUS HANPSDKCHHSA,
YTO HECKOJIBKO CyXaeT cepbl NpHUMeHeHHs (YHUBEPCAIbHOCTh) 3TOTO BapHaHTa CHCTEMBI M TPeOyeT IOTOIHNUTENBHBIX
uccrenoBannii. IlpoananmsupoBana sneMeHTHas 0a3a M CXEMOTEXHHKA UMITYJIbCHBIX TIpeoOpa3oBarTesniel, TaHbl IPaKTH4e-
CKHE€ PEKOMEH/IalluH 0 BBIOOPY YCTPOHCTB CONPSKEHNUSI MUKPOKOHTPOJIIEPA C CHIIOBBIMU BEHTHIAMH. C LIENbIO ONTHMHU-
3aMy 3HAYECHUH [TapaMeTpoB BBIXOAHOTO (HIBTpa (2 TOYHEE — MMHHMH3ALMK €MKOCTH BBIXOJHOTO KOHAEHCATOpa 10
BEITMYMHBI, 00ECTIEUNBAIOIIEH TpeOyeMble YPOBHH ITyJIbCAIMil BBIXOJHOTO HANPSDKEHUS KAK B MEPEXOIHBIX, TaK U B CTa-
IIHOHAPHBIX PEXKMMAaX) UCIOJIB30BaHbl pekoMeHaaruu [3]. [nsg qanpHeHInX SKCIepuMEeHTAIBHBIX HCCIEN0BaHUM pa3pa-
0OTaHbI IMPOMBINUICHHBIC PETYJIATOPLI HA OCHOBE CUTHAJIBHBIX MUKPOKOHTPOJUIEPOB C BO3MOKHOCTBHIO OLICHKH aJIlOPUT-
MOB yIpaBiieHus1, opMHUpyeMbIX cpenctBamu Matlab-Simulink, He npuberas kK HI3KOYpPOBHEBOMY PO PaMMHUPOBAHHIO.

B pesynbraTe npoBeseHHBIX HCCIENOBAHUN MPEIOKEHA KOHLEIIUS OCTPOSHHST YHHUBEPCAIEHOTO MPOMBIII-
JICHHOTO KBa3HONTHMAJIBHOTO PETYJIATOPa, B KOTOPOM obecriedeHre TpeOOoBaHMH 10 TMHAMHMKE M TOYHOCTH PEIIaeTcs
3a CUET MTEPAlMOHHOTO IOJXO0Ja, MPHUYEM Ha KaKJAOM YPOBHE HEPAPXHH CHCTEMBI YIPABICHHS PEATU3yETCs! ONTH-
ManbHBIA anroputMm. OmpexneneHue K03(PPUIIMEHTOB perynupoBaHUS MPOBOAMTCS MyTeM OdIaiH-HICHTHOUKAITIN
CBSI3KM MMITYJIbCHBIM ITpeoOpa3oBaTenb — MPOIECC. Y CTOWYNBOCTh K BHEIIHHM M NApaMETPUUYECKUM BO3MYILECHHSIM
obecrieunBaeTcs 3a CYET KBa3HONTUMAIIFHOTO PETYJISATOpa Ha OCHOBE MpeaBaputensHo oOyuennoit MTHC. Paspaboran u
MIPOBEPEH Ha MOAEAX pa3nndHbXx OY anroputm paboTsl, 0O4epUeHBI IPOOIEMBI, TPEOYIOINE TaNbHEHIIIETO PeIIeHHs.

MepexopHsiii npouecc ¢ LWAM MUA v OP (Full-bridge)
— — —
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Posensanymo ooun i3 winsaxie niosuwjeHHs eghekmueHoCmi nPOMUCIO8UX CUCTEM 3 eleKMPUYHUM KepyS8aHHAM 3a DAXyHOK NOKpa-
WeHHs iXHbOI OUHAMIKU 8 YMOBAX 0OMedHCeHb HA Kepylodi 6NaU6U, d MAKOXNC NIOGUWEHHS CIIUKOCMI 00 30ypens i 3MiH napamempis.
3 yicio memoro UKOpUCMANO KEAZIONMUMANLHULL ANROPUMM KepyBaHHs IMNYIbCHUM Nepemeopiosaiem, aKull CRilbHO 3 00 €Kmom
KepyBanHsa MOOeT0EMbCA 3 00NOMO2010 wmyuHoi Hetiponnoi mepesci (LLIHM). Ilpoananizosano cucmemu 3 peanizayicto pezyis-
mopa y euensdi nonepeduvo Hasuernoi LIIHM. Oxpecieno ocHoeHi npodaemu, noe’ssamni 3 imniemenmayiero LIIHC y 60yoosani cuc-
memu. Hageoeno pesynomamu modenosanns. biomn. 9, puc. 1.

Kniouogi cnoea: ontuManbHe KepyBaHHS, JMHAMIKa IMITyJILCHUX II€PETBOPIOBAYIB, IITYYHI HEHPOHHI MepeKi.

ADAPTIVE QUASI-OPTIMAL CONTROL IN PULSE CONVERTORS WITH ARTIFICIAL NEURAL

NETWORK MODEL OF POWER PART

V.P.Voytenko
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1t is considered the one way of increasing the efficiency of electrically controlled industrial systems by means of improving their
dynamics in the conditions of restrictions on control actions, as well as increasing of resistance to disturbances and changes in the
parameters. For this purpose a quasi-optimal control algorithm is used for pulse converter, which together with a plant is simulated
by using of artificial neural network (ANN). It is analyzed the system with implementation of the controller in the form of pre-trained
ANN. The basic problems associated with implementation of the ANN in embedded systems are discussed too. Simulated results of
investigations are given. References 9, figure 1.
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