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BIATYK

o$iqifuroro orroHeHra Ha Alrceprarlifiny po6ory

Korrqara EorAana Jko6onrupoBurra

<<Ananis i currtes eneKTpoMexani.{Hax cLrcreM, xxi onucyromcx gpo6oBr,rMr.r inrerpa-

nrHo-4a$ epenqifi urrMr4 JraHK aMvr>>,

lpeAcraBlenoi na ego6yrrt HayKoBoro cryrreHr AoKTopa rexni.rrrrax Hayr(

:a cueqianrnicno 05.09.03 - eneKTporexniqni KoMrrJreKcH ra cucreMr.r.

Arcrya"rrrnicrr remr{. Ognrau ir cyracu}rx Harrp{rrain po:rurKy cucreM aBTo-

MarldqHoro KepyBaHHn € cr4creMlr ra KepyBaHHn : 4po6oer4M rropf,Axorra (Fractional

Order Systems and Fractional Order Controls). Bonn Bra3naqalorbcq rlrM, rqo, Ha ei-

4uiny nig craHgaprlrl{x s qinuuu cryreuflMrr, Marorr gpo6oei 3Haqer{Hr crynenin

rIpH oreparopax 4Ia$epeHqironaHux, uu inrerpJrBaHHn. 3posyrrrino, rqo : uosuqifi:a-

rallbHoro MareMarl4tlHoro anarisy, qe e 6irurr 3ar€urbnr{M Br{rra.qKoM [peAcraBJreHrur

oneparopie, Iqo i xi4rnepAxcye icropix po3Br{rKy cueqianrHlrx po3.{inie hdareMaruKr{.

Bsaxaerrc{, ulo e rexniqHl4x raJIy3.rIX ocHoBX crrcreM KepyBaHHx: gpo6oenna

IropsAKoM 6yno 3aKnaAeHo r $ynqaMeHruulbHr.rx rpaqrx I. Podlubny (Fractional-

order systems arrd Pl*Dp-controllers. IEEE Trans. Automatic Control,Yol.44, No.1,

pp. 248-214, 1999 ), a raxox A. Oustaloup (La Commande CRONE: Commande

Robuste d'Ordre Non Entier. Editions Herm'es, Paris, 1991).

Iloqunaro.rel s 2000 porir c$oprwyaaBc.r Hanpxnr gocliAxreHb, rtxuft Mae ceK-

qiro Ha ronoenifi ceirceifi ron$epenqii s aBroMarr4rrHoro KepyBaHHrr IEEE CDC

(Control and Decision Conference). B 2004 poqi rraixHapoAHa @e4eparli.r aBroMarr.r-

qHoro KepyBaHHs IFAC oprani:yeara reprurafi crauuoriyrra <Oparqifine 4nSepenqi-

roBaHHfl ra fioro 3acrocyBaHHn> (The First IFAC Symposium on Fractional

Differentiation and its Applications (FDA04), Bordeaux, France, 2A0q. B cepe4o-

euuli MATLAB crBopeHo Fractional Control Toolbox.

3a ocranHe Aecsrupi.{.{s ldmxicru HayKoBr{x ny6niraqifi qroro HarrprMy aB-

ToMarnqHoro KepyBaHHr 3pocna B pa3rr, y3aranbHeuHr rrpeAcraBneni n Synganaeu-

T€LIIbHax Iraonorpafrirx i crarrgx Bl4coKoro pinHx raKr4x BqeHr4x si cnirosul,r il,r'xrr,r,

sx I. Petras, D. Vinarge, I. Podlubny, Y. Hori, H. Sira Ramirez r:a inurnx. Biaorui



rlpr{KJraAlr ycnilrrnoro 3acrocyBaHrilf, cr{creM Apo6oaoro nopflIKy s daramox raJly-

3{x, Hanpr{KJrai{, rIpH pcrnrAi npoqecia y n'xrrco-eJracrlrquax cepeAoBrdrrlax, npoqe-

cir 4u$ysii, enerrporraarnirrnrx upoqecir, B eJreKrpotexuiqi Ta eJreKrponiqi, 6iono-

rii, eronoMlrli, qu$ponifi o6po6ai crarnarin, aBToMarr.rrrrroro KepyBaHHfl po:nogine-

r{I4Mr.r o6'ertaun, KepyBaurr{ eneKTpoMexauiqHr{Mu cr{creMaMr{ (EMC), KepyBauru{

pyxoM TpaHcnoprHrlx saco6ie ra po6ororexHi'nrrar o6'eimia. ts ranysi eJreKTpoMe-

xanixra qefi rnn KepyBarrb B)Ke anpo6osaHo B cncreMiD( 3 ABr4rynrrMr4 nocrifrnoro i

shdinrroro crpyMy (cunxponurx i acrarurponnror), A;rx KepyBaHrrfi 6egrqirroBr{Mr{

ABurytraMu, racinnr KoJrrrBarrb B cKJraAHr,rx rpancuicim g dararouacoeicrro.

Ha qefi qac po3po6neso ocHoBH MareMarr,[tlnoi repii AruraMi.rHnx cucreu, arci

onr{cyrorscx gpo6oeraura iHrerpanruo-gut}epenqifirrnmr pinnrnnrovna, Mero,[tr €[ra-

nisy i crlnTe3y rIXX cr{creM: pisnmm rrirnaMl{ onnm,rigaqii (y upocropi crany, qac-

rornifi o6nacri m iuroi), crBopeHa reopi.r 4po6onrx uponopqiftno-inrcrpaJrbHo-

4v$epenqifirun< peryffiTopis. Cnocrepiraerrcr po3noBcro,ereHrrr gpo6onNx Kepy-

BaHb grx Henisiftruur o6'errir, H:rrrpHKJIaA, : ueninifrnocrmrml rlrrry o6uexenm,

mo$r, AJIf; cr.rcreM si:rvrinHoro crpyrrypor), Ar{c4perHru( i inrenerryarrbnr{x cncreM.

HesearKaroqr{ Ha rli onrnuicrr,rqni pe3yJrbrarr{, reopix ra npaxTr{xa gpo6oBr.D(,wrna-

Nai.rrflax cr{creM qe 3uaxoAr.rrbcr y craxi cranoBlrenus, Mae 3Harrr{y rimrict HeBLt-

piurenrrx npodnena i rouy Br{Marae [oAaJrbmoro po3BrrrKy.

Inrepec Ao cncreM is gpo6orrrM noptAKoM uae gni cropourr. flo.nepme, p4

eneKTporexni.nrrx o6'elcde KepyBaHrrf,, a raKox('rx eneuenrie, rounime onllc)ftorbc.tr

JIaHKaMrr s gpo6onnu uopxgKoM, nix cranAaprrrr4Mr,r JrarrKaMr4. flo 4pyre, BrrKoprdc-

TaHrr{ peryffropin s gpo6oBrrM}r 3uaqeHnflMr,r noprlKy grarfepenqiroeanur ra inrer-

pyBaIIHf Aa€ Bur{yffie rroKparqeHHf, .ry[HaMlrIHI.Ix Ta cTaTr4rrHHx xapaKTepr{cT}IK 3a-

MKrrenr{x crrcreM, a B Aesxr,{x Br[naAKax i podacrnocri, nasitr Arlx o6'ertia s rdrru

roptAKoM nonisouia ik nepegarorrnr.rx tfyarqifi .

B Yrpaini reopix slrcreM KepyBaurrt s 4po6onrnvr noprAKoM ue nadyna po3lro-

Bclo.qx(ennx. Caue roMy Alrceprarlifura po6ora E. JI. Konuarca, .flKa rrpucBrrrreHa po3-

BI4TKy reopii cucreM 3 enerflporexsi.*urun o6'extalua KepyBanru[, trIo ornlcyrcTbct

Apo6onumu iurerparsno-gra$epenqifiHnMfl JIaHKaMH, 3 Meroro uiAsrru{enut crarl4q-



HIIX Ta AI4HaMirIHr{x rroK.r3HrrKiB, 3a paxyHoK BpaxyBanns ix sracrusocrefi gpo6ono-

ro uoptAKy rlpn po:po6qi aJlroplrrMia repynannfl, e aKTyanbnoro ra cBoerracnolo.

,{acepraqifini AocniAxenHs sr.IxoHaHi ni4uoniAno Ao nnanin HaqionanbHoro

yninepcurery <<Jlsaiscrxa norirexnina> :riAno 3 3aBAaHHrrM gepx6ro4xernr,rx po6ir

<TeoperuqHi sacaAl4 crBopenur eneKTpoMexaHorpoHHrax rreperBoproea.rie ra

cprcreM)> (lF,,EMTil") QA08-2009 pp., Aep)Kpeecrpaqir }lb0 1 08U0003 3 7);

<<Porpo6reHun MexarpoHHrrrx ra eneKTpoMexaHi.rHax ry:nir JrerKoBafoBr/rx

rpaHcnoprHr{x saco6iB)) (m ,,JrMK") (2010-201lpp., Aepx{peecrpaqix

Ns0110U001107), y rKux aBrop AuceprarlifiHoi po6oru 6ye auroHaBrleM.

Ilayrcona HoBHsHa po6orn noJltrae y BcraHoereHHi neeiAoldux paHinre 3aKo-

uotuipnocrefi no6ygoBpr 3aMKHeHr,rx cr{creM Apo6ororo [oprAKy 3 eneKTpouexaniq-

HTIMI4 o6'extanatr, Iqo Aano Naoxnaeicrb po3Burryru reopiro anari:y i craHre:y EMC :

ui4nzuleHllMla AHHaMi'rHr.rMLr rroKa3nuKauu i BJracruBocrsMll po6acurocri 4o rrapa-

Merpr{qHux s6ypenr.

Ha nigcraei nHroHa*Lrx AocniAxeHb B Auceprarlii orprarraaui nacryuni nosi

nayroni pe3ynbraru:

1. OrpunraJra rro4aJmruraft po3Br,rroK reopix arrpoKcrirMarlii EMC Br4coKoro rro-

ptAKy ,4po6ornnau [epeAarorIHHMH Qynxqixlvrn, xxi na ni4rrriny eiA :aranrnoupufi-

H{Tux MaIorb rpu qneHr,r xapaKTepncrprr{Horo uoninoua, rqo sa6e3ileqye po3rrrupeH-

H-f, c[eKTpy 3aAaHax .qllnarraiqHnx xapaKTepucr]rK TaKr.rx clrcreM.

2. Pospo6leHo noni 6ax<ani Soprvrll xapaKrep[crrrquoro noninoua 4po6oBoro

noptAKy An-fl rIpoBeAeHHs cTpyKTypHo-rapaMeTprlrrrHoro clrHre3y EMC, rqo noruH-

proe Kopeneei NderoAlr caMe 3 rIHMH Sopnaarvrn Ha cr4creMtt, xrci olacyrorrcs lI@ qi-

Jloro i gpo6onoro nopx4rin.

3. Posnunyro Merol y3araJlsHeHoro xapaKTeplrcrlrqHoro noninoMa Anf, EMC

Apo6onoro roprAKy 3a p:xyuoK Brr3HaqeHHr yMoB froro crifirocri, ulo Iilo 3Mory

clIHTe3yBarN 4po6oni peryrxropu cucreM, sxi Naarorb BJracrlreocri po6acrnocri Ao

rlap aMerpurrHrrx s6yp enr.

4. YAocroHtlrrego MeroA o6.rucrenHt ra peari:aqii gi saAaHoro roqHicto

aKJIaAoBI{x pery[tropie gpo6oBoro ropflAKy 3a paxyHoK Br{KopucrauHr ourxnaisaqii



Ha ocHoBi mryvnoro inreneKTy (fA ta MP$, qo :a6esreqye e$eruanry peanisa-

qiro rgor perynflTopir e yuorax pearrbHrn( rrpoqeAyp c€lMonarrarolpmenns EMC.

Ilparcrr.rsa qinnicrr i e$ercrannicrr Ar.rceprarlifuroi po6om Anr po3Blrrrry

eneKTpoMexaniqirrx crrcreM rroJrrrae y crBopenni reopeflr.r{oi 6azu AJrr rpoeKTy-

BaHInI cr{creM aBToMarr'rrruoro KepyBaHHt Apo6onoro rropflAr(y s niAsr,rqeHxMr{ Ar{-

HaIvrisurm,fi{ [oKa3nr.rKilMu i Nracr*rBocrflM]r po6acrnocri, pospoGqi rexninnr,rx i rrpo-

lpaMHr.rx saco6in .qrs ix flocnigxer{rrr ra rparffr.rqHoi pea;risaqii, a raKo}K nigreep

4rKyerrcr arcraMr{ BrpoBaIXeHns ii peylsrarin:

1. Po:po6JIeHe npo{paMHe sa6esneqeHrrr gnr anani:y i craarcsy EMC 4po6o-

Boro noptgrqy :a6esne'rye euqi ro.rnicrr i meragro4iro nopiBr{trro : icnyro.rraun

aHan0raMl{.

2. AIrfi EMC Apo6onoro ropfflxy pospo6leuo rporleAypy caMoHanaroA)KeHHrr

:a 6axanoro sKicrro Aranami'nrm upoqecin, peKoMerrAoBarro tbopun gpo6onrx nepe-

AarorlHrltx Sysrqifi 3a pD(yHoK qoro MoxslnBo po3rrmpr{Tr{ raMMy H:uarrrryBarrb

4po6oaro< perynxrorpin.

3. flpoqeAypa Bu3rraqeHnx gianasony ruinu [apaMerpis, Bnxo.{flrrrd 3 yMoBpr

crifrrocri crrnre3otsanrrx EMC 4po6onoro noptArqi, Ao3BoJrs€ niAsuIrs{ur po6acr-

nicrr cucreMr.r.

4. Pospo6reni rvrarerni 3pa3KH ftrtrAp-perynrropin Mo)Kyrb 6yru ocHoBoro

lns no6yloBr.r HoBoro noroninnf, npoMlrcnoBr{x EMC, B.f,KlD( peanisonano 4po6one

KepyBaHrilr.

Crvninr o6rpynronanocri rraJrnoBax noJroilcenb, Brrcnoercin i penorueHAa-

qift gncepraqii. Ocnosui nayroni rroJroxenrur, BrrcHoBKr{ Ta peKoMenlaqii Ar4cepra-

qifinoi po6oru 6asyrorucr na AocniAxeHrnD( BJracrr.rBocreft 3aMKHerrax cucreM aB-

ToMarr'rtrroro KepyBaHr{rr eneKTporexniqul'rMr.r KoMrrJreKcaMH, rri rrdcrsrb JraurKH 3

,qpo6onr.nu nop{AKoM. Bci s[rouaui B Ar{cepraqii uepernopenrff, eu{sreui 3aKoHo-

rraipaocri Ta Bcral{osnexi sanexnocri o6lpynronani nignoeiAur'rMu 3aKoHaM}r reopii

aBToMaTLFIHoI'o KepyBaHrrr i torr,ry 4ocroripHicrr orpraManrD( B Ar{cepraqii reoperu-

qHLD( rroJroxreHr i nayrorrn( peyJrbraris He BraKJrr{Kae cyrminy.



OcnoeHi Hayrori rloJroxeHrrn, BlrcHosrn i peKoMerrAaqii 4ncepraqifirroi po6o-

ru ni4rnepAxcylorbc.f, pe3ynbraraMrr MareMarrlrrrnoro MoAeJrroBaHrrn ra la6oparop-

Hlrx Bunpo6yranr, mrrpoKr{M o6csroM ny6niraqift.

[onnora BnrcIIaAy peyJrbrarin goc.nigxenr n ony6nirconanux rparlflx.

Pe:ynrtarll Aocti,qxenF 3a reMoa Ar{ceprarlii nurnaleni n 35 nyGliraqim. Cepeg

vux: 26 ctarefi y {axonrur Ha)[(oBrD( Br{AaHr{rD(, 3 {Kr,D( 6 crarefi y Br{Aarrnr[x, eo

eruffo'reni Ao HayKoMerpr{quril( 6as Aarrrx; 2 rvrarcpiarm ron&epenqifi y Br.rAanrrnq

IrIo BKJlroueni go HayroMerp[quoi 6azw AaHr,D( Scopus, 1 crams B 3aKopAoHHoMy

HayKoBoMy ueplolgsnoMy nn4anHi; 12 nparp Harfi.rcano 6es cninarropin. BN4ano

raKox rraBqarrlunfi noci6nruc (y cniranropcrni).

Hanegernrfi nepenix uy6niraqifi, lx :uicr ra o6csr nignorigaroru rcui .qacep-

raqii y rroBlroMy o6cssi nigo6paxarorb orplrMani nonoxeurrtr, Ha5rKoni pe:ylvtaru

Ta BncHonxra, cni4uarl rrpo ix nonu:ny.

Oqisrca rruicry 4rcepra{ii', iT ranepmeuocri. ,{racepraqix arypanro oSoprvr-

JIeIra i crcira,qaetrcx i: Bcry[]r, 5 pos4iniB, 3araJfbnax Br4cuonrie, crmcKy nireparypu

s I7l naftnaelryralrntr ta 5 goAatrir odcrrou 54 cropinru. 3aranrnrnfi o6c.ff Ar.rcep-

raqii cranoBr.Irn 418 cropfutor, 38 pncynxie i 11 ra6nHqr odcsroM 34 cropinxn.

V ecrnyni o6lpyrroBano aKr)r:Lrllnicrr tenrur, c$oprrynboBauo Mery i saAa.ri

AocniAxerrl, BrIKJIaAeIro HayKoBy HoBr.r3r{y i uparruuny qinnicm oAepx(aHrD( pe-

rynrratin, HaBeAeHo Aani npo rryGriraqii ra anpo6aqim naarepialin 4racepraqil, pe-

3ynbrarn BnpoBaAxeHHf, pospo6nemn< crrcreM"

V nepwod'ty posdini naeeAeHi gani posenrKy reopii i nparnauHoro 3acrocy-

BaHHs 4po6ono-inrerpannuoro qr{cJleHrr{ AJrfl cucreu, o6'erru KepyBaHHr flKr.rx Ma-

Iorb BJracrr{nocri Qparranrnocri. Bragnaqeno pxA rexnonoriqnror npoqecin, $parra-
lsnnfi ananis fiKr{x naseAerilili y nireparypur,D( Ax(epeJrax"

3po6neno sararbHurl BHcHoBoK npo neo6xi4ricm pore'f3aus{ upo6reuu

orurcy o6'eirrin KepyBaril{t eneKlpoMexaHi.*nrx cr{creM 3 ypaxyBaHrrrM Sparralr-
nocri rexnonorirlHlrx upoqecin Ha ocHoBi gr,r$epeHqiairrnro< pinnxnr Apo6ororo no-

prAKy.



Ha ocnosi ananiryr.nroro ornt4y c$opivrynroBarro saga"ri gocnigxenb Ar{cep-

rauii.

V dpyeoary posdini npeAcraBJreno nori ni,qxolr Ao MareMarrrrtrroro orrncy

o6'ercie KepyBanrrt i perynxropis EMC na ocnosi nepelarorrnnx Synrqift 4po6o-

Boro flopflAr(y. 3aupouonoBano 3acrocyBatr,r inrener(TyarrbHi rr,rero4ra poro qacrr{HoK

(lrPB i renetr.rsHoro allropr,rrMy (fA) Anr aHarrisy ra cr{Hrey EMC : 4po6onraruu

JIAHKAMII.

Byno anpoKcr{MoBarro 4po6oeraw MoAeirsMr.r crangaprni ilepeAaroqni Synxuii
(nO) 6inouiansnoi $oprwl ra SoplrN Earrepnopra repruoro-rrerBeproro nopx,4rin, a

raKox( po:po6-neHo umroplrrM 3lraxolpmeul{fl fI@ apo6oBoro rroprAKy 4oeinrrnor na-

nor i o6'ercrie KepyBarrut EMC, Nrs. flKrry. ei4oua nepexigna ibynrqix. Anporcnwa-

qirc craruaprHr.D( fI@ rdnoro roprsry II@ gpo6oBoro roprArry sAificneHo 3a BHKG

pr{craHnf, MPII Ha ocaoBi po:po6nenoro ra nporpaMno pea.uisoBarroro anropr{r}ry.

flpoeegeno 1ocnigxeHut naoAenefi Apo6onoro ropf,Ar{ry Infl arporcrauaqii fI@

BlrcoKoro noptlry, :nafigenrur na ocnoei igeuTr$ixardi peaJrbnrD( EMC. Pe:ynrra-

TIa raKoro ananiey Ao3BoJIrrJm rr.rpo6urra peKoMerrAaqiT rqolo Br"rKopucrtlr{nf, neenoi

nalrKr{ Apo6onoro nopfAKy .{nf, anporcr'rl'raqii JraHoK Br{coKoro [opslrg/, xri xapax-

Tepl,r3ylorbct oIHaKoBr'rMr{ AarralriqHraMn xapaKTepucruKaMr.r. -f,x uparu4g o6'exra

AocniAxenr ru6pano acuHxponr*rfi reueparop is carraos6y4x(euu.sM.

florasano, qo BlrKopucraHr{fl lroAerefi 4po6oeoro ropsAKy Anx anporcr,rnaaqii

JIaHoK BlrcoKoro fiopsgKy Mae [epeBary y uopinnsuHi s rp4gflqifirrrrMr.r MeroAzrMr4

rroHrDKeHnx noprgry fI(D.

Po:rnxnyro npo6rervry a[poKcl4Maqii apo6oBrD( fIO qinoqracenbrrrlMr{ .{Jrt

crporqeHHn peaniraqii perymropin 4po6oBoro nopr4gr, xxi orpu*ryromc{ rrpra cr{H-

resi crcreM, rrlo orrr{c)ruorbcs il@ Apo6ororo [opsAKy"

,{nx rvrogeJlloBanl{t JIaHoK Apo6oaoro rop{AKy, 3oKpeMa ix peani:aqii e cuc-

TeMax KepyBaHlrfl peaJrbHr{Mrd o6'exrarryr, aBTopona pospo6Jreno ilacHi uo4eni na

oclrosi niAorvrux Sop*yo reperBopeHrrf, Oycraloyna. Bmxonano oqinxy rovnocri

arrpoKcrrMaqii nanor gpo6onoro ropf,Ar(y 3a ix upegmanJreHHf, pisnnrvl.r MoAeJrf,Mlr B

nopiruanni s eraroHlroro Mo,qeffrro, orpr'rMaHor' 3a [eperBopeuHrM J/raw:larca.
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flora:ano, qo Arf, peanisaqii gpo6onrm peryJmropia uepcneKTlrBur{Mr.[ e caMe

uogeni, no6ygorani na ocnori uerogy Oycraloyna.

Tpemiil posdin nrycsnqeHo pmrntAy pi:ruur eapianrie cr,rnrey Apo6onrx pe-

ryrrxtopir EMC na ocroni BuKopr{craHnf, 6axranm 4po6onnx rapiandn Soprra xa-

paKTepucrl{tlHr.D( uoniHouiB, sK era.Ironnr'D( npn orrrr{Misaqii xonrypin cr{creM aBTo-

MaTATTHOTO KepyBarilnl"

Bmonano ananis icnyrowrx Drero,qie napaMerpr{rrHoro cr.rHT$y perynxropir

KoopAr{Har enerTpoMexani.rHnx cr{creM, nxi omrcyrorncs nO Apodonoro nopf,IKy.

Bcranosreuo, rqo 3a p$yJrbraroM cHHTesy pisHonaanirnror cr{creM, rqo onu-

c)rorrclr II@ 4po6oBoro iloptgrv, orpal\,rylorrcx ri4noriXni peryrr{ropu gpo6oeoro

rloprIKy, 3 lrKIfD( nafi6inrm nomlapenr,IM e gpo6onrafi ltrMp-peryJrrrop : 5 naparvrer-

paMI4 HiurarrrryBaHHfi.

.{rx :a6erreqeHHt 6orcanlor .wnranaiqnror nora:nurcie EMC 3arrporronoBarro ABa

napialrra qpeAcraBrrsnlrfl.4po6onnx flepeAarorlHr{x $ymqift sah{Kuenoi cr{creMr{.

Pospo6leHo ui.4<ia Ao cunre3y perynfiTopie : ypaxyBarrnsM oco6ruanocreft

o6'ertis KepyBalrrn EMC 3a Br{Kopr{cr€rnntrM rIffi ABox daxanrrx $op* Apo6oeoro

rlop{AKy, xri perouelrAyrcrrbcfl y BurragKax, KoJrrl neo6xi4no sa6esueqr{Tr.r saAani

4Ianalai.*ri eracrr'reocri roopglrHarr{ KepyBaHr{r.

,{nx naparvrerpnrHoi onrnnaisaqiT EMC y pexr4Mi cauonanarorx(enrrf, 3a-

nporloHoBano ni,qxiA Ha ocHoni Mogn$ixaqii ABox rrnerogin: aAarrrrrBrroro KepyBannfl.

3 eraJlouHoro MoAeJrJrro, xrufi Br{Kopacroeye nepexigny $ylrrqirc EMC, i rvrerogy

TexHoJlori.nroro [epenanaroAx(enrnr 3aMKIr€HrfD( cucreM. B poli era.rroHHoi rr,ro4ed

BrlKopl{croB)ilorBc.n Gaxard 4po6oni Soprrau, a HanaruryBaHrrs m\Ap-perylxropir

,{po6onoro roptsqF :gifiunoemcs fA a6o :a AonoMororo MPII. 3a nmcopr.rcrztHHt

iHrelerryarrbHr{x uetogir 6yna rpoBe,4elra ontraui:aqix ABoMacoBoi EMC 3 ypaxy-

Bar{rrf,M neninifinocri pearnmHoro HaBaHTaxeHHs. P*ynrrarra rpoBeAerr}rx Aoctri-

Axelrb ui4rnep,4uru e$ernmnicrr BprKoprrcraHHr perynrropin Apo6oBoro nopr4Ky

i, so4penaa, fllfilr-peryrrf,ropa.

Vemeqtmuil poedia npr{cBfieuo ananisy crifinocri EMC Apo6osoro iloprAKy

i pospo6neao nigiA Ao iT sa6esne.renHf, rrrJlflxoM crBopeHrrfl <<o6ruexyeanrnoi 3oHr4)



B qpoqeci nrn6opy uapaMerpie 4po6onorc peryntrropa npu fioro poGacnrouy cunreei

sa 6axaHoro sKicrro nepexiguoro npoqecy.

Ha siAlrdinY nil rpqpnqifiHr'D( cl{creu, xri om{cyrorbcr{ fI(D qinoro roprAKy,

crifira cucreMa 4po6onoro rroprrKy Mo)Ke MarE ropeni n npanifi no;ronr,rni KoMrrJre-

rcnoi rl}Iory,{Hr4. ArropoM po3rJl{rq/To nigxig 3a Br{Kopficranrrr KoMrrJreKcHoi wR -

rInoI4.II{u noeepxni Piuana i o6qpynroBaHo 3acrocyBar{Hr in$op*ranrnnoro napaMe-

Tpa Ans oqinrra crifirocd, r txocti tKoro o6paua a6cornorna Sara nafruenmoro 3a

MoAyneM Kopeur uoninoua na qifi rulonpnri.

3anpononoBalro oqirnorana crynirr BrrrrnBy na crifrricrs cr{crena 4po6osoro
IIop{Axy o{peMrD( rlapaMerpir y pisnnx giaua":oHax ix sr,riHu i, nignoni4lro, KopeK-

TyBarrr Aorrycrr,IMi rvlexi qlrx 4ianasonir. Po:rnxrryrnfi ninxil 4o analisy crifrxocri

npugatmrfi arrx EMC, xxi onracyrorbcs nepeAaB:urbrrr{Mr{ $ynrqixux rr gpofioBoro,

rax i qinoro rroptnrry. floxagano, eo 3anpotroHoBarra nporleA1ipa Bn3uaqenrrr crifi-

rcocri ,{ff EMC, xri omncylorbct fIO gpo6oBoro noprlKy, Aae 3Mory pealirysarr

€ulropr.rrM IrorlryKy 4ianasorry slriun ii naparraeryin, nppr rKoMy:aGesnevyerbcf, pe-

xr{M crifiicocri.

/$It BlIplItreHHs 3a,Aaq napaMeTpI'rtIIIOro cLIHTe3y aBTOpoM 3acTocoBal{O MeTo-

rua fA ra MPQ Ha ocnoBi pesyrrrarir gocni4xenr, HaBeAeHr.D( y florrepeArrix po:4i-

xax Al4ceprallii. I[rx nopinnrnrul 3alrponoHoBaHoro napianry cr{Hr$y EMC 3 ypa-

xyBaHrr{M yMoB fi podacrnocti s aapianrou 6es npaxynarrHr po6acnrocri, npone4e-

no 4ocni4xelrn{ o6ox napiarruia Aff KoHTypy crpyrry Tr{pncropHoro KoMrrerrcaropa

pear$r'{BHoi notyxuocri, xre nigraep.ryrJro e$errrannicrr pospo6nenoro MeroAy.

V n'nmouy posdini pospodneno ryr$ponrlft inrerpalrno-.4nsepenqianrnrafi

perynflTop Apo6onoro noPflIxryr srfift Mox(e Br{Kopr{croByBaTHcE Aff r(epyBarrnf, Te-

xnonori'nruurlra KoopAuuaraMer EMC. Ha ocnosi nouepegHro po3po6nenoi i si.{raro-

Axenoi npolpilMr{ B cepeAoBrarqi MATLAB 6yro peali:oeano perymrop Apo6onoro
roplflAlry Ha ocHoBi na6oparopHrD( rrlrar Arduino Mega 2560 ra Arduino DflE. Tec-

TyBaHHfl Apo6ormr peryntropis noxasano ix s4gonimny roquicrb. Ans noAanrruoi

npoMr{cnonoi peanisaqii peryn{Topin nuropr{craHo Konrponep ya 32-po3ps4noMy

npoqecopi ARM STM32F407VG.



flpone4eni locri&rcenrrfl noK€l3€rJrr{ BHcoKy agercBarnicrr eapianrie [paKTHn-

uoi pealisaqii inrerpanrnoi/gH$epenqiarsnol rvroAeni lpo6osoro uopflAr(y 3a BEKo-

pl'rcrilHlrr nepeTBopenlrf, Oycranoyna ra no6ygonra na i-i ocnosi ftrl"-perynxropa

Apo6ororo roprgrry. B noga;rrmoMy 6yno peari:onauo rll\Ap-perymropa gpo6o-

Boro nopt4cy, nparle3,{arrricrs flKoro nepeeipeno eKcnepr{MeHTarrbHo.

Braxonano PxI recrir Ars igeHrurpixaqii napaMerpin posirrmwenoi cracreuu

acmorpornurft ABlilyl{-neperBoproBaq, a ranox gaMnrreuoi cr.rcrea,na peryJrroBaHufl

ryronoi rrrnuArcocri r pospodnenmwr peryJrf,TopaMu.

Tercr 4,rcepraqii Br,IKJraAeHo rpaMorHoro rexniqHoro MoBoro, noriqno i nocri-

AoBHo. Cr*rrr Br.rKrraAaHr{r cncreMnufi i goxaroeufi.

B qirrouy rulcepmqis e sariusenor) HayKoBoro po6ororo, rqo nignonigae nac-

rlopry cneqiansrrocri 05.09.03 - ererqpotexnirnri xommercr{ ra crrcreMr.r.

3rvricr amope$epary nignoBt[ae srvricry 4ncepraqii.

B Aracepraqii ua s4o6yrrx Hayr(oBoro cr5mer{r Aorffopa HayK He Br.rnocsrbcs

Ha 3axr{cr norox<euHs ra HayKoni pesynrraur, rri 6yrn 3il<nrqeui sgo6yaaueM y Ka-

n4ugarcrrcifi gacepraqii"

Heloninn ra BayBarmef,Hfl no po6ori.

l. Axryalrnicrr podoru He BHKJrrrKae cynnninin, ane cnoci6 n srr,rfi amop ii

AoBoAaB ne e 6esgoranrnnM, r4o 'qJDKe BflKnrrBo Anf, rroBlrx nanprrrrie 4ocnigxenr,

crocoBHo trllx e aefiIri cuo4irannr i a rofi xe qac y 6aratrox BqeHlD( sHa.IHHfi

cKencuc. I-{e oco6nuBo BaKJIHBo AJIx o6qpynryraHHr o6'erris gocrigxenr, B ranysi

Spaxralruoro KepyBaHrlrt axe icn5noru 3araJrrnoBn3naqeni o6'erm, AJrr rKr.D( rle

AoBeAeHo, B ToMy vacni, AocniAona EpaKTHrrHoro B4poBaAxcerrur. CrocoeHo EMC

TaKo)K icuye nesunfi 4ocaig, stcirit npeAcraBJreHo B AecrrKax rry6riraqifi ne rinrxH

ron$epenqifi, a.ne i n xypnan€x BLIcoKoro pinnx, Ae po3nrrrryro $parrarrne Kepy-

BaHHs EMC 3 ABlrryHarurn uocrifuioro i slrinnoro crpyMy (currxponruix, acnrrxpoH-

"uo,), 
Hanpr,rKIIaA: G. Sun, Z. Ma and J. Yu, "Discrete-time Fractional Order

Terminal Sliding Mode Tracking Control for Linear Motor," n IEEE Transactions on

Industrial Electronics, vol. PP, no. 99, pp. 1-1.

doi: 10.1109f[I8.2afi.2748045; W. Yu, Y. Luo, Y. Chen and y. pi, "Frequency



domain modelling and conhol of ftactional-order system for permanent magnet

synchronous motor velocity servo system," wIET Contral Theory & Applications,

vol. 10, no. 2, pp. 136-143, 1 19 2016. doi: 10.1049/iet-cta.2014.1296; M. H.

Khooban, M. ShaSadeghi, T. Niknam and F. Blaabjerg, "Analysis, control and design

of speed control of electric vehicles delayed model: multi-objective fu?zy fractional-

orderPllD" PIl,Dpcontroller," rnIET Science, Meqsurement & Technologt vol. 11,

no. 3, pp. 249-261, 5 ZAfi; S. Zheng, X. Tang and B. Song, "Tuning strategy of

fractional-order proportional integral confrollers for permanent magnet synchronous

motor servo system based on enhanced stochastic multi-parameters divergence-based

optimisation algorithm," inIET Control Theory & Applications, vol. 10, no. 11, pp.

1240-1249,7 18 2016. doi: 10.1049/iet-cta.2015.0922;Y. Badri and M. S. Tavazoei,

"Some Analytical Results on Tuning Fractional-Order fProportional-Integral]
Controllers for Fractional-Order Systems,u rn IEEE Transactions on Conffol Systems

Technologt, vol. 24, no. 3, pp" 1059-1066, May 2016.

doi: 10.1109/TCST.2015"2462739; R Duma, P. Dobra and M. Trusca" "Embedded

application of fractional order control," in Electronics Letters, vol. 48, no. 24, pp.

t526-1528, November 22 AAn. doi: 10.10491eL2A12.1829; B. T. Zhang and Y. Pi,

"Robust &actional order proportion-plus-difilerential controller based on fir?zy

inference for permanent magnet synchronous motor," in IET Control Theory &

Applications, vol. 6, no. 6, pp. 829-837, April l2 2AI2. doi: 10.1049/iet-

cta.20ll.04l2; K. Erenturk, uFractional-Order hboxPlr*MuhboxD'o and Active

Disturbance Rejection Control of Nonlinear Two-Mass Drive System," in IEEE

Transactions on Industrial Eleetronics, vol. 60, no. 9, pp. 3806-3813, Sept. 2013. doi:

I 0.1 109/TI8.2A12.22A7660. Yci qi rocr{rrilnHs orpr{rvryrorbcr .qyx(e mRns(o n IEEE

xplore rro 3arrr{Ty "fractionl control motor".

B rofi x(e qac B Aucepraqil nprurur nocr{Jranr Ha KepyBanrur s EMC o6ualr,

naronaicrr no reKcry Aarorbc{ [ocnJraHHr rrpo posrnrl EMC B 3ararrFHoreoperr{q-

HIrx AxepeJr:x [46] (crop. 32), [68] (cmp. 34) ra inmlrx, xoqa onoHen? rlboro He

:nafimos. Ma6yrr aBTop MaB Ha yBa3i, qo reoperrfrni pesynrraua, xxi Haregeni n

IIr4x uocr{JraHHfrL Mox(yrb B}rKopacroByBarrrcr e EMC.
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2. @oprwyruoBar{rrr nayronoi HoBr{3H}r ne nimrosi,{ae SoprvralrH}rM BltMor€tM

rrloAo crpyrcrypx, srigno 3 rKr{Mr/r BKEryerbcr cyr6, 3a paxynoK qoro AocffIryro, Ta

nuM pesyrrrar ei4pi:nxerbcf nig icnyro.rm<.

3. flo reKcry ,ryceprarlii ra anropeSepary BrrropucroByerbcx repruiH "on-

line", ro6ro B pearrbHorwy uaci, r{o nepe46avae iaenna$ixaqiro a6o aAauraqiro ui.q

.rac Syuruiorryrannx crrcreMr{, a caMe rrpn peryJnonansi Koop,wrHar. Einrru KopeKT-

Ho roBopr.rrr{ npo HarlamryBarrnfl, xre ni,{orus sr "self commissioning". Y rlrnagry

aAarrrr.rBnoro aBTor{aJrarrrryBannr B pexr,rMi "on-line" 6yro 6 ueo6xi$ro gocligxy-

Barrl criixicrs nednifrnoi cracreun Ha pr{c. 3.11.

4. Po:po6neni perylxropu Marom inrerpaJrsr{y cKJIaAoBy, qll po3TrtflAuracfl

Anr HrD( o6os'.f,sroBa npoqeAypa "anti windup'?

5. He H4AaHo notrcHeHb, rroMy B Apyrolry po:4ini o6pano aqpoKcrrMarliro ln-

rlre rrlrnoBlD( narroK 3 cr.rJrbHo genan$onaHHMH noJlroczrMr{, a qo 6yle y BunaAKy Mitrlo

4ervm$onaHr.tx noluocin, a oco6.rmso KoJIH e "rrrnuAKi" i "noBimui" uomocu.

6. Ili:pria Ao cirMon{rlraroAxeHHrr, 3arrporronoBa}r}rft n nigpo:gini 3.5, B Ha,{a-

HoMy efirnsAi r{s Mo)r(e 6ytu HarrptMy 3acrocoBanrafi B pearrbHrD( BeKTopHo'

KepoBaHrD(. acHrD(poHHr/D( enercTpo[prrBoAD(, octci.nrxn He Bpil(onye npunqranoni

BJracruBocri crpyrryprr cucreM noneopienroBaHoro BeKTopHoro KepyBaHHfl B qac-

rrani nocni,qosHocri onepa{ifi repynaHnx, o6on's3rcoBrx o6uexenb Kep)ffotlrrx Ha-

trpyr, crpyuin i noseAiHKH acr{HxpoHnono ABrrryua sr Heriuifinoro o6'erta Kepy-

BaHHr. Kepyroui aii n raKlD( crrcreM€x He e crpn6rouogi6HaMl,I Anfl 3arro6iranns

o6uexenr, xxi Moxcyrb rrptr3BoArrrlr ne rinrxx Io BTparI,I noneopienryearrns., ale fi

BprnrrKHeurrf, rroqarKoBrrl( yMoB y cyrreBo neninifilrorwy 6aratonuuipnouy o6'ercri,

po3rnsA rKoro He nepeA6aqeno e po6ori. Moxmaeo, rr1o 3ailponouoearrufi p$yJlbrar

Moxcrra pogrnrAarn.f,K AoIaror.4o icrryro.u,Tx cr{creM caMoHaJlar[ryBannf, i nuroprac-

roB)rBarr,r ik na 3aBeprnaJrrnifi craAii iniqialisaldi crlcreMrr. Ale qe uae 6yru AoBe-

Aer{o 3 ypaxyBaurnrM rroBe.{inrur rnyrpirunix curnzurin i gii MoMeHTy sbypenrr, liwrtrr

ssarani He po3rurrAaerrc{ e po6ori"

7. Arrop BHKorraB serraxnfi o6csr po6orrn uo eKcrlepl,rMeHTiulBnifi nepeeipui

csoix reoperr{rrHr.D( p$ynrrariB i qe :acnyroBye Ha noBary, 4o6pe posyrtiro.u4 r.a'

crinsra qe cxJraAnrd eran,qocniAxerm. Are MeroAI{Ka qpoBeAerrHn eKcnepltMeHTa-
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nbHlrx AocniAxeHr i te, tK BoHr.[ qpeAcraBneni, ne ,qae MoxJrragocri nosuorliHHo

oqinntu rx pesynrrarra. Bmopr{craHHfl [eperBoproBaqa i snyrpirunroi crncreMrr Ke-

pyBaHrrt "BTeMHy* yueuoxcnriBJrroe anarig pe3ynbrarin, rqo orpnuani. -flre 6yno re-

pyBaHrrf, rlo3a Mex(aMH r(onTypa peryJlrcBaHru IrrBr4socri? Bercopne wr cxalrpne i

tKe caMe. floc.nigosuicm i ueroA KepyBaHHr nnyrpimairvru rcoopAr4uaraMr,r ABr{rysa:

[oroKo3rIerrJleHrrrM, MoMerrroM, crpyMa*u? XoAna 3 BKa3aHrD( nnyrpimrix xoop-

Arruar i srdinHl,D( (nanpuruq4, Harlpyrr{ craropa) He HaBeAeni na rpaSirax nepexi4-

HID( rlpoqecin. 3a qrax yMoB HeMox{JrHBo Bcr[[HoBr4trr xopemnicrr i e$elanmnicrs

po6oru crrcreMr{. {nx nopisurnm, .qo rraBeAeHr.D( rpaQirir uepexipuax npoqecis

MoxHa si.4rdifl.rtu, eo cranAaprna cr.[cTeMa BeKTopnoro noneopieHroeaHoro Kepy-

BaHIrf, si ctan4aprrnau fII perymropoM i sa,{arsurona inrencnnnocri, Nrs.4nurynie
. ?

taroi noryxmocri , rr y resr:rx, 3a )MoBI{ o6uexenHs MoMeHry na pieni no.4rifinoro

nouinanruoro, :a6esue'ilarr eigrtpargoBaHnfl ryroeoi rlrBr{Kocri sa rrac Ao 0.2 c.

Ocrinrxu 6inrmicrr pesylsmrin po6orn cKrraAno neperipurra, roMy rrlo Bor{x e pe-

3ynbraraMu MoAeJnoBaHH.fl, ala.e amaJritnqnrm.qoBeAeHb, To pe3ynr;rarv eKcltepl4Me-

HTaTIIHLD( recris i rx rvroleJrroBarrur 6yno 6 carrae raKKM BaroMr{M uigrrepgxeHH.flM

i sHa.ruo nigcurruuro po6ory.

8. B podori He Aocrarnbo ;{cHo rrotcHeHo, rra rrorpi6no s pearrbnoMy KoHT-

ponepi Br4Kopr4cranns MATLAB rporpaM ourr.rurisaqii rurs pealiraqii MPII m fA.

-f,rc qe po6nrrcx ?

9. B amopeSepari ne BKa3aHo, sri s uy6niraqift Saxoei, {Ki y Bpr4aHrurx, rqo

BKJIKTqeHi go nayroMeTpl{.IHro( 6as Aarrru( i 6zzu.{aHrD( Scopus.

10. Marepian 4ucepraqii qpeAcraBJreHo cucreMuo, reKcr Arrceprarlii ao6pe

oSoprrareno eignoni,qno,qo icrryrovm Br.rMor. Are sycrpi.rarofbcs neeAani BrlcJIoBLr,

HanpIrKJraA "uelinifrnicu nepexi,qnoi Synxqii"', "moHIKoAi-r perynxropin", "xepy-

BaI{Ht rexnonori.urprMr{ xapaKTepplcrr{KaMr{", a He "repyeauru texrronori.nrrrMr4 Ko-

opAl{HaraMtr" .HaPuc.2.48 ni4cyrne ro3uaqeHHfl qacy, Anr AeflKlr a6periaryp ne

HaAaHo po:rulQpoBKu.

11. He HaAaHo in$opivraqii no BHKopI{craHHro p$ynrrarie po6orv y HaBqa-

nbr{oMy npoqecl.
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3po6:reHi 3ayBaxeHHr He BrurnBarorb Ha 3aFaJIbHy Br,rcoKy [o3HTr{FHy ouiHry

pooorH.

Bncnosor. flucepraqifi Ha po6ora Koncara BorAaua Jlrobouuposn.ra ( A Han i3

i cusre: erexTpoMexaui.rnax cucrgM, xri onncyro'rrcr gpo6oeuuu irruerpanrHo-

Au{pep€Hrllulavlu raHrcrMHD e 3aneplrrenolo npaqeru, s rxifi rapimeua aKTyaJ,rbna

npo6-ireraa po3sr.rrxy'reopii cucreM asToMarr{*roro KepysailHr: lpoborr.rvu srynerur-

Ms AJrfl Knacy ene(TpoMexani.rHr,rx cxcreM : uigenrqeuuMn ,qHHaMi.arnrrn IIoKir3HHKa-

ruu. 3a arrya-nuricrro o6paHoi reMH, o6cmo*r ta pirxeu BnKosaHrrx .{oc.ni.qxenr,

IloBHoroto nupirueum Hayroar,rx ra npaKruqsnx saAaq, HoBr{3Horo i cryueneu o6rpy*-

rosalrocri oTpaMaxr.rx pesyrrrrarir ra trparcruqnr'rx B]rcHoBxis grcep]aqfiHa po6ora

signoaigae BHMoraM, qxi craaasrbcs Ao Aor{Topcbxr{x ancepmqift, a 3a 3uictoM no-.

.qaHoro r uifi uarepiatry - nacnopry cneqian*rocti 05.09.03 -€nerrporexuiqui xorrr-

IIJIEKCI4 TA CI,ICTCMI4.

llpeacrameHa Al4cegrar{ifina poSora siAnosiAae Br.ruoraM -Br{MoraM nyuxrin

9,10,12 "llopx.4Ky rrpucyAlr(eilsr Hayr(oBnx cryneuin", a ii apTop Konqar Eorrau

ilnbounpoBnlt 3acryfoByc npncyrxeHHr HayKoBoro cryrreHc Aorcropa rexsi.rnnx

HayK 3a cneqiarrrsicrro 05.09.03 - ererrpor€xHiqHi KoMrureKcr.t ra cHcreMH.

O$iqifiHrlfi oiloHe*rr,

Ao!ffop Texrd.{Hr.rx Hayr, npo$ecop,

:arigy*av ra$e4pu asroMarusauii

e.ffexTpoMexaniqHsx c]rcreu Ta eneKTponpr{Bo{y
r tHauloHanbHoro TexHrrrHoro yHl BepcHTery y KpalHH
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