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.{oKTopcKe gtrcepraurrje tl HavqHe 3acHoBaHoc'nr reMe ..feuepanlr3oBaHa Merora r,rog1,,raurrye
rlpocropHo porrrpajyhux Bel'iropa Kor itriperflHor N,rarprrrlFrr)r [perBapaqa", o.qHocHo Ha eHrJ,.rec6oM
..Generalized Space Rotating Vector Nlodulation fbr Direct N4atrir flonverters...

Ha ocHony uareprrja-aa flpn.rroirieHor r,.: 3axlee KaH.qlrlara. Konlrcrrj a norHocrr c,re.1ehl.r

II}BEIIITA.I

1. [Ioaauu o RaHAuAary

I l-ErprpaQqruqearrLr

Iyra M. CraHtltr je pofeu 25 ll l9r)"1 rolrrHe y Eeorpa,ry. 3aBpiuuo je ocHoBH)' rxr\ony
"Je,reHa lierxoeirh" v Eeorpagv Kao ByKoBau. Ynrrcao je lliecrv b.o.pur.n1 ,rr:r,ua:r,jy.y
Eeorpa.lv, xoj1, je 3aBtr)rxrro ca o.fjrnriHrr\{ ycrexoN{

E,rexrporexHIIqKII cfaxr',rrer.ic'vnttcao 20li rorrrue .{uniroulrpao je 20l7 ro.qrrHe Ha o.qceKy
3a eHepl-erl'IKy ca tlpt)ceirHONI oueHoNr 8.51. ;]rrn.norrcxu pan ]r3 oS.racrrr \'[paB,,],aFba
eneKTpoNloTopHIIX floroHa Ha TeNIY ..A,rropttraN'l BeKTopcKol ynpaBJ'barba aclu{\poHuM MoTopoM"
o,rSpaHrro je ca oueHol\'{ l0 7]rrn,ror\rcKe aKareMCr(e - \,racrep crv,llrj e ua E,;rexrpora*r,,.rnon
Qaxv,rrery v Eeorpa:lr. laBptxlrt) -ie -t'leuenr5pr 2018 ro:1rrue ca npoce(lHor\r oileHoN1 10. ca
l\4acrep panoM lt: o6lacTtl YnpaB,'L,arba eneKTpor\,roropHirx rrolr)HA Ha reMy ..[{un-rier,reurarlrrja
IIH.{l'IpeKTHol BeKTopCKOT \'[paBJbaEa acrrHXpr]HrrM A,roropo\{ npilMeHorvr FpGA KoJ.ra ". Torconr
crygrrja pa;lllo je rao .qet\4oHC'Iparoll Ha tlpe.t\rerrr\1a E.,rex'rpoi\,roropHrr noroHr.] rr perv,raqrrj a
eneKTpoMOTOpHt1,\ rlr)r'o]tA.

floxropcre cr\,,cnje Ha N,rojlvn\, :a Eueprer-cKe
Saxy,rrera y Eeorpa:1 \ rncao .je ru no;cxe 20 I gi20 I g

.qoKTopcKrrr cry,,.lrrj a crl I 0 no,.r t'l;Ke H r r\ r rc n r n-;i.
O.q n'rapra 20 19. parrr v dtlrprur llptrr e;r r.ao pa:r.oj Hu nll;liL-Ibep )' cexTopv eHeprercKe

eneKlpoHllKe \''lecrtlosao ic Ha \tH()nrr\r nptrjexrrrva o-f xojrrr je Haj lua,raj Hrrirr :rr:a-j u
Nio.qyJ'rapHof crrcreNra nana.i arsa ra -lara ueHrpe.

[perBapaqe u rlotoHe E,rexrpo.rexHulrKoa
ro,1nHe. TpeuvrHo je cry.leur rpehe rorrlHe
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1 .2. CreqeHo Hay.ruorrc.rpaxrraaq{o rch}clE1l

KaH,ru.qar je ayrop ie.qHor para \,
xoH$epeuuula (N{33 ) u je,ruor pala

tracrlnrrcv ca SCI rrrcre (M22), .qsa
ca .qor\.rahe rioHoepeHurr.l e (N463 )

pa.qa ca MebyHapoIHHx

PaAonrr y qacorlucr.rlra ca u]\rrranT {taxr.oltonr:

(M22) L Starui. L. Risric. l\I Bcbrc. uncl N{
for nratrir couvcrtcr opcn-cucl-u incling clrir c
p.nd." ll;l 1',,ttt'r't'fLt.tt'utt.. Oit l{ill. tlor. lrr

Rir cnr- "lurpror crnc.r ol l* o grid pou cr lactor coutrol nlcthods
silli corrruron-nrodc voltagc eliurinution supplicd br rrnbalunccd
l0-19/pcl2 l21l I
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PaAonu ca MebyHapoAHrrx noH{repeHurrja:

(MJJ) L Sl:trtic. Z \'' Dtsp;atirric. lul F.rtiic rt*d lrf Sl<cndci'. "Digillrl l-,:ntrcl Clllll*5ges ii: ii 51,-,*l*-r,,ur*
CCh4 Toteilr-Polc irF{- [i;.tr{-iir '.1 r{1r (,,,rN L];i i;us." - ,]l-'-i -'J,ri !iti;:ri;ii!tttiit;i ,rii.;;;,,,.r1;,17; ,n !).ii,r:r
i',.ier:tronii'.t t/:'i,;. Nor i Slci. Scrbilr, 1ii.?.i pir. l-ir rtrl. l{i I l{){.r/Ecj9(i{)(r .l(i2:1 i(il+i)l(}$

(M33) L Stitnic- L Ristrc- \,1 Bcbic urtd N'l Rircr':r. "Erlcndccl SVN{ lor direcl nratrir cou\.cr1er based drirc
opcratirrg ttrrdcr ttttbltlltncccl gricl conclitiorts." )0) t ) tst Itrtet'ttutirtrtol ,\.t'tttptt.:itrttt .tt l,ru tt. I:lac.trrnic.s i[:e,t.
NoYi Sad- Serbiir. 2t)21 pp l-(r. doi. lr) I lr)9r'Ec-ilr712021 962lil9-i

PaAonu ca AoMafr rrx r,iou{repeuqn.i a:

I (M63) L. Stanrc- Z. Kopriricrt. N. \o.iroclic. D lrc.jic L Ristic. arrd ivl Bcbic. "Encrgi Optirnal Control of
Induction N'lolor Drirc-Sttrclr ol Tuo Crtscs." \ill Rcgionaluu konlcrcncija Inclustri-islia cnergctika i zaStita
Tivotnc srcdinc ir zcurl.jlruur.jrrgoistoenc Er ropc. pp :a-;-:z+. Jrrn l0l9

[aHa 29 9 2025 ro.qllHe KaH.qtt.qar rvra craurrtr je r{a E,rexrporexHrrrrKoM rfaxl',rrery
YHueep:urera v Eeorpar-v i,cnelxHo olrlpaHrro rer\l\'l,rniopana rlrcepraurrje Ha ycMeHoj oldpaHir
npeg Kor,trcrrjorv
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I . 3 . O ue H a n o,lo6 H ocl 1_{atu4naralqpa r_U a rpexn ar! q UaJ_rcu!

Konaucrrj a je aua,ru:lrpana flper\o,qHo HaBe.qeHe ilocaAauH,e pe3ynrare paaa xau.qu.qara Ha
ocHoBy r.r3BpueHe aHanrr3e, Kao n Ha ocHoB\,)rcMeHe o,qdpane rervre AoKropcNe gucepraqrrje.
Kourrcrrja je $oprurrpara no3lrrnBaH cl'aB v Be3r,r ca cnoco6Hocrr.rN,ra KaH.qlr.qara 3a paa Ha
[pe,qnoil(eHoj relfir noKrotr]cKe:ttceptaqrtie Pai,rt)3rr 3a ro cy pe3\,nrarrr iloca,xaurrber pa.qa rr
ocrBapeHor IICriycrBa v o6,racrrr xtl.j orr ce Sanrr toKropcr\a lrrcepraLlrrj a, o rreN,ry cBe.qoqe
oSjan,reuu pa.{,oB}r. 35or nper.xorHo HaBe.qeuor. Kouurcrrf a cnra.rpa aa je r\aH.qrr.qar no.qodaH 3a par
Ha npe.qnoiKeHoj reun itoroopcxe grrcepraur rje

2. flpeamer H un.rb ucrpaxuB:rlLa

flpegnrer oBe ;roKropct\e :ircepraqrrie je --vuanpefetle HaqnHa yrpaBJ,barba Nrarprrr{Hr.rN1
nperBapaqrrMa Kopr.rrherserr xoN,rdrruosaHe rvre.r.oAe nro,qy,,raurrle npocropHo porirpajvhrrx nexropa.
flpeg,roxeHa rou5uuoBarra Mero.qa r\{o!}'naurrie rt'lprrcnr caMO rperrra4q6a craFsa ioja ocraapyjl,
HyJITII :aj egHrruxrr HanoH Ha rr3raJHrrr\{ [pnKJb\,1runN,ra. y3 ]rcroBpeMeHo or\{oryhasame norrpora
)na3Hor Sar.rtlpa cHAIe \ ilnrl)e\r r)ucer\ ot paurle r.rlprrLuheHrr\ Nrero4, n,o-trlrou,rj e rarp,,.rHr,,
rpeTBapaqa.

Marpttvutr rpeTBapaq ie jenuocreneHrr eHepr-ercrilr nperBapaLr cHare xoj rr rperBapa
rposasHrr clICTeN'I HanOHa nptr6,rrr,r'Ho KoHC'raHTHe aNrfrnHTy;Ie-rr cfpexseHurrje Ha auoM yrurr,'v
rpoSa:Hu cr.rcreN'r r.r3rra--rurr\ HalroHzr rrpoN4eHr,brlBe ar\{nrn-rYre rr OpeoseH,lrrj e (xopucrrr ce o3HaKa
3r3) 3a pa3nrrKy o.q KoHBeHurroHaJ.rHor eHeprercxor- nperBapaua r,..ojrr ce F(opr.lcrrr y oBe cBpxe rI
cacrojrr o.q tlCnpaBJ'baua. jeruoct\{epHOr Iueflyxo,ra rr rrHBepropa. MarpnrrH}r nperBapaqu rripe6THo
Bptxe KoHBepsrrjy 5e: jeguoc\lepHot mel;yr,io,ra (l rrrnr v Be3rr. oBa ronoJronr]a pe:i',rryje r: nehenr
Spojy aKTI'IBHllx [onvnpoBoAHrItIKu\ KoMnoHeHTn. arr i\.rame rrac]rBHrrx KoN4rroHeHTrr (ue xopircre
ce l(oH.qeH3aropu lllrlll npllrYtllHllue 1,.j e.ruocntepuonr nael;r'Noity rr Ntarult je y,rasHn $u,irep) [l].35or rora. rono,rorttia MarprqHo. IrperBapaqa ce roxa3ana Kao roce6Ho nop,icHa y artnrrxaurjuri
r.ce cy Berl'ltillHa, Te/KIIHa rt e$ltxacnocr npelBapaqa SrrrHu $arroplr. Kao uro je nprrueua y
Ba3.nvxonnoscrsy [2].

Y cxoprrj e BpeNte. noreHrltrj a,rHa vnorpe6a nrarprr.rHlrx nperBapaL{a noBe3aHr.rx Ha Nrpexy
npl'IBnaqtI cBe eehlt Ilcrpait(ttBaqKu uHTepec. \'-c,loeu 3a [oBe3lrBarbe xoje nponrrayla
gtlcrpttSyrtteua Mperia 3a\TeBa lror'\'huocr KoHrpone Qaxropa cHare Ha crpaHrr Mpei6e,
npBeHCTBeHo:5or cra6tt,rHocrtt cucreMa n nrrraba KBaJr.rrera eJrelirprrrrHe eHepr-rr.fe l:1, t+lflocroje rBa rJ'raBHa pa3nora 3auro $axrop cHare Nrpe)+(e rpeda nonrporrraorrr.

l) KoHrpora peaKrIIBHe cHare Ha crpaHll Mpexe. Y yc"roerrnra crrN{erprrrrHor crrcreMa
uanajama rpo(la:ue erlepre'rcKe Mperie. pearilrrBHa cHara MpLi)ie ce r(oHTponrrue
flocraB,'L,arbeN{ vna3Hol- cfaxropa cHare (1,r,ra rr:Hlel1.v \/-r&3Hor HarroHa rr crp1,je, cos p) Ha
KoHCTaHTHy Bpe.q}locT (ctarlt'txa KoHTpona yna3Hor cfaxrope cHare) Fia.qa ce .qocrHrHe
craSrt,'rHo cTarle ca r"rsptreuoN'r ax'rrrBHorvl rr peaKTrrBHoM cHaroM xo-i1,:arresa [orpomalr.
Y c,rvuajy lvlarpt'It.tHux [perBapaqa, ]\rory ce pa3Jrrr(oBarr.r rprr orrura [plrcryrra KoHTpone
yna3He peaKrllBHe cHare [5] flpeua rpBoM npttcryry. ylra3Ha peaKrrrBHa cHara ce
reHeprllxe oil aK'Il.tBHe cHare onrepehema 16] [9] ApYrrrnr nprrcrynoN,r, \'na3Ha pearTrrBHa
cHara ce reHepllue or pcaK'nrBne clrare on'repeher+,a [10] [la] Tpehrr rprrcTvn
rcon't5ttsVie o5a nltttctvna KaKO 6u cr: ir,o;lri'r'Ho npr)rruprro vrIpaBJ,bar.rKrr oncer vJra3Hor
Saxropa cHare t5l, tl 5l t lgl

2) IloSo,uuarse rto nttrArbv u3ofi-ntt.tersa N,rpeixne crpr j e )/ ) cnoBur\,ra Heo.r\,{eTprrr{Hor
cllcrervla Hanajar+a rpo$a:ue eHept-ercr.e \{pe7ie. 120] [26] {uuaurrvxa xoHTpona
yna3Hor $ax'ropa cHale oKo l-beroBe KOHCTaHTHe Bpe.lHocrlr onroryfiana Aa ce xapN{oHr.rurr
HtlcKe (lpexaeuurr.i e, rcojlr c), nocjre.rrrua HecuLrerprrrrHU\ ycJroBa x{pe;Ne, suauaj uo
IlOTIICHy IIJ]-IIl qaK e-IIlll\'IIIHIIUI\ tl3 TanaCHttr OS,rrrra Crpl'j a u3 t\{pe)ie

-)



fipegrvler ['ICTpa)iuBaFba oBe .qol\r'opcl;e Srrcep'rar1r4e .le noceSar,] TrrE naogy,raqlrle ]ro3Har iloA
Ha3rlBol\4 Ir'ro,ry,raurrja rpocroprro porupajyttrrr uerropa (cxpaheuo M|IPB). xo-ia F.cprrcrs cahlo
npeKtiAaqxa LrraFL,a xoia ocrsapyj;,' r+1^nr il iair--tHr!rrr\rr HailL)t{ (eHrn corTilnon-llode voltage) Ha
I'I3r'la3HrlM rptiKJbyLlurrn'ra. l{apaxlepttcrilKa one hio.{ynaqnje ie la je ,vcnojeHo rrpaBtr-no ,ra je cBa6a
['I3na3Ha fia:a nosesaFle ca jegttict'senur,r y-rrajHi]ri,,l (la:i-,iu lri;arprrltHrlr- [perBapalra, ujro.qoBo,qtr Io
rlpeHoca:aj egurl.lmol- Ftarllit!a ca \I"Ea3Hlrx Ha x3-nA3He npnKJ'brvqKe NraTpirr-{Hor nperBapaqa. Ha raj
HaLtlIH:aj egutl.lxt{ Hani}H Ha ir'l-[iiirurrr'{ repMuHft.rrrrnaa *cra.je vBcr\ nputropurroHaJ,r&H adrrpy cBa rpll
yna3Ha {ra:Ha HartoHa., urro 3Hertrr jla ce cah{r)Nr[ nrcr.[y,qaurrio]\r He vHocn HnKattBa npoMeHa
:aje;luxuxol HanoHa Hii It3JiB:uJll\r nurrhJb-y'rruuNla'v'onHoci.ua:aie,qHrrLlErr Ha[oH Ha y.r]a3HrrN,r
npliliJ'bytiUIIIvIa. [Io.C nperni]craBH(]m :ia -i 

e:fril;t rprr y,1a3Ha $a:rra HanoHa Je.IHah* Hynri v
rporla:riirm MpexHIINt utrfTeMlrht;r .rA-l t'i.tHn,r{ri HanoH Ha }r3;Ta-?,Hr.rtui nprrK,rbyqtrin o je.unor 3,J
Marprrl{HC,f EperBapaqa raxo!e je ieauar"; Fryrrr Brrcoxo,lpeFiBeHTHrl :aje,fHuqxri H&noH Ha
npllKJbyrrqr'IMa MailllHe h{}j ll craH-tap-tLla Mor}'launj a r,ucur u3a3r{Ba crpyje le;rraj ena [27].
eneKTpoMarHerHe cMerFbe f28l rr L(t{pt..v:raritroue crprr,!e [29] Kopuulhersenr caMo [peKrr.qalrKrrx
crarL'a xoj a ocreapljt H\.1rll la.i t'.lHttqrtir HarroH Ha rr3ra3HuM nptrKJbyrrutrMa nperBapaqa,
erllMl'lHltuy ce ropeHaBe/qeHIl He;lie-'beHtt etpexrll, txro pe3ynrrlpa Iy)Kr.rM xr.rBorHltM BeKoM r.{

eehoNl noy3AaHouhy noroua. flourro je csaxa yna3Ha ipa:a noeesaHa ca jerrrucrneHoM r.r3J.ra3HoM

Sa:ou y cnyuajy ttlaSpaHorrtira l\,Io.qv,raqrrje 3.3 grrpexrHor MarprrrrHor nperBapaqa, HanoHrr Ha
I'I3JIa3HIIM [ptlKJ,}yqqrtlta he reHepttcarn unn No-porrrpa.jyhu r.rJlrr KoHrpa-pornpajytru eexrope, y
3aBIIcHocTII o,{ pe.qoc,rega $a:a. Ko-porrrpajyhu aexropu porrrpaiy'y rrcroM crvrepy Kao rr BeKTop
Yna3Hor HanoHa,.noH t\oHlpa-l)ortrpajr'trrr BeKl'oprI porupajy y cynporHoN,r cMepy 35or rora urro
BeKToplI I'l3ra3HoI- HanoHa rl v,'la3He crpfrje IlNtajY BpeMeHCKrr npoN,reHJrrrrBe npaBue y npocropuoj
paBHlI, oH[{ ce perKo Kop}tcre 3a N4o.qVnaurrjr n:,ra:uor HArroHa. Vnpaeo:5or oee cJ]o)ieHocTr.r.
rexHHKe uoaynaulrje qecro rexe ra u:Oeruy ynorpe6y porupajyhur BeKropa t30], tjl]
feHepa,tusaulrja reoprrje BeNropcr\e ,uo.lyrauu-ie xoja yx,,sy.l1,f e rcopirnrh"*. porupilvnr11 u.niopu
rf,o ca.qa ultje npe.u,'lo,heHa. rraxo je [r)KaiaHo na ce oHu r\,rory rlcxopr.rcrrrrr.r pa.ur nodo,r,ruarra
PoSycHocrll KoN4vratlrrje Srr,rrrpeKLlnoHrr\ npeKn.laLra [32]. flocLreArlr.rx ro.[HHa, :HauajaH 6poj
l{crpaxllBama Srro je lcnlepeH Ha rexHIIKe BeKTopcKe Mo.ry,rauuj e noje xoprrcre r{cK-bvrrrrBo
porrrpajyhe BeKTope, nplI qeNtv je nttna::aHo,:Ia ce [r3Jra3Hu HarroH Nroirie ycne[HO clHTer-rrcaTg
rlcKJbVqlIBo FbIIXoBoN,l Ilpll\4eHol\l Ynpano oBa KapaKreprcrtrxa je.lonptrHena $opmrrpamr,
TepMIlHa nao.qy,raurrja rpoclopHr) pt)rnpajr,hru Bexlopa (N{tlPB), roju npe,lcraBr.ba ueHTpanHy
reMV MHorux HoattjIIx Ha\trHrr\ Pa,qosa t8] ll0]. tl2l. tl3]. ti3]-t41]. fla-rse rrcrpaxuname je
orKpr{no ,qa ce Yna3HIt $axrop cHafe raxofe rvro;Ke KoHTponlrcar}{ Kopr.rcrehrr cauo porupajy'he
Belilope. tr4nax, Heonxo.qHa je ronr6rruoBaHa l\1IIPB, xoja roprrcrr.t rr Ko-porrrpajl,he ,, nonrpu-
porupajyhe BeKTope \ oh'Brrp)' jerue npeKrrrarrKe nepnone, .ilox ce Bemop lr3J.ra3Hor Ha[oHa N,roilie
Mo.qvnltcartr car\'ro xoptrurhen,err.ielHe ry)vne porrrpajl'firlx Beriropa t8]-[li]. t36] y ,rureparyprr
urrj e rr:ee.ueH TaLIaH MaretlraltrrlKu Nroxe, N,tarprrrrHrlt rtperBapouu nol ,i nop,,arn xou6uuonauy
MflPB. 35or Henocrojarsa jacn,r aHaJ.r*rrrrKor N,ro,leira xoja onucvje oRaj rrrrr Mo.qyraur,1..
olpaHIILIerba xoja.{ecfrtHrrrul'FberoB vrtpaBJ'baqKrr oncer ]'na3HoF cfarcropa cHare cv ocrana
Heno3Hara. Taxofe, ycraHoB,r,eHrr vrrpaBJ.baqKrr oncer KoHTpojre \r:ra3Hor $axropa cl{are ja rorano
llcno! reoprrjcxor MaKcttNlvN{a }' nocrojelroj -lirreparvplr Hirie crpoBe.{eHi onor,rro pacnperHyror
yrlpaB,'barba tl3J'la3HlIl\l HarloHoNI tt \,'rra3HlrN,r cpaxropor,r cHale. tr4c'lpaxrrnarbe CrrpoBeneHo y
nperxoguoj nlrreparvprrje t'rrpaHnireHO Ha urMerpr{rjHe ycnoBe Mpeixe,.uox yruuaj netr*erp,,je y
rpotfa:uona cllcreN{y HanoHa Nlpe)ie ua lr:oS,rrrrrerba rr3ra3Hor Ha[oHa rr vra3He crpyj e nuu i,
MeTOne 3a rbr.l\oBo cN,rahelbe Hilc\, lrcTpairirrBaHe.

I{tt,n oae grrcepraurrje je :ia np\';Nrr cBer)\)\'\Bar Hv reHepannrioBaHy aHanrr3\, Kon,r6rrHoeane
MflPB. xoja o5yraa'ra c,relehe craBKe. l) rr:sollerse MareN{arr.rrrgot N.{o.qena Kojrr onucyje
xoNtdrtuosauy MfIPB 2) auartt:a pacnperHvre KoHrpo.ire yJrairHor $anropa cHare Ir ri3Jrir3Hor
HanoHa xoprruherseN,I nperxo.tlto IltlBereHor i\,rareNrarnrrKor rvro.qe,rra 3) olpelinnar-be otpaHlrqeba
roja rre$rrulllxy Motyhtt oncer yra3Hor cfaxlopa cHare 4) u:eol1ema onur,r.,r,rrKor peuJerba 3a
pa,[Hy TaqKy Ca MaKCI'Il\'laJrlHOl\,1 )/Ia'IHOM peaKTllBHOt\,1 CHarr)N.,t 5) aHaLrit:a S,rrrUaj a HeCrl\,reTprrrrHtr\
\4pe/KHIlx ycnoBa Ha \apNl()Htr.i crio Iti()(-).lttrt: Ibe rrj-'ra JHor HanoHa tr \.ta3He c r pv.j e l\rarptrrlHor



nperBapaqa 6) yuanpefeme N,lllpB raKo;xa ce eJrltNruHr.lrrry HeiKeJrbeHa xapMouuj cxa u3od,ruqema
7) o.lpe!lreame yrlruaja HerarnBHe ceKBerrue v yJ,ra3r{orlr HaroHy. xoja ce janrsa ilprI
HecltMerpur{Ht{M ycJIOBIlMa. Ha N4aKCtrN,lanHy BpellHoc'r aN4[r.rHTyre ]13na3Hor- HanoHa. AHalrt:a y
oNBIIpy oBe.qoKropcNe rlrcepraurlic ou1 ruara cBe rperr.ojtHO npe-tJroTieHe \4elo.le Be3aHo ta oaaj
TI'lII uolvnaqrrje rr ort(pr.rBa ta cy-ro caNto cneurrj a,rurr clv.raj eelr yHltBep3anHe Mero.fe
npe-fno,l\eHe ) oNBllp\ otse -lllcepraurric. xoi a lto;t;e.-la [()ctrrrHe \rHoro unpl v[paBJ'baLlKrr oncet
yna3Hor Saxropa cHare. pacnperHYrv KoHTporv rr3J,ra3Hor HarroHa rr yna3Hor $ixropa cHare, rr
crpeqaBa nojaay raputoHttj cxltr u;o5lrrqema [r3ra3r-ror HarroHa rr yna3He crpvj e nplr
HecrilvreTpHqH rrM ycJroBt tN,ra MpeiKe

Haxou seprr$ltxaurrje Havqrrux jlorrprrHOCa Ha clr\,rvJraurroHoN.r N4o.qeJ,ry. Kao rr HIL (eur,r
Hardware In the Loop) nocraButt y peaJr"lHoNr BpeMeH\r, yc,relrrhe pa:eoj eKCrrepuMeHTarHe
rlocTaBKe. KouseuquoHaJrlHll 3,3 .qrtpexrHrr N{arprrqHrr nperBapaq, Ko.q xojer je flplrMerbeHa MIIpB,
v nHHeapHOM pa.qHolu pe)iIINIV. Nlor(e.qa oCTBapII MaKCtJMaitHo Ha[oHCKo noj avame oI {,,ar-0,,5, Ca
.lerpa.laurrjon'l noj auarsa vcne.q \'[paBJ'L,arba vr'ra3HrrN,r Sarroponr cHar-e n Hec]rN,{erpurrHsx ycnoBa
Mpe)Ke [13] Ilourro ce oBo Ha[oHCKo noj a.rarse noxa3ano Kao He.qoBo-rbHo 3a aehnHy rpaKTriL.rHHX
nplrMeHa' y l9l, [10]je npe.qno)tieHa rono.florrrla:socrpl'Kor MaTpr.rrrHor rperBapalra y roroHy ca
orBopeH}jN'{ rpajeeHHla rpocfa:tHor on"repehema" ca uLrJr,eN4 noeeharba MaKCnManHor HanoHCKor
nojavarsa TptI ryra (,t1,,,,,,-1,5). Osa ronororrrja no.lpa3vN{eBa Koprrtrrherle j]sa 3'3 .qrrpexrsa
Marpl'lLIHa rperBapaLla. no jelau ca cBarie crpaHe rpo$asuor onrepehema ca orBopeHlrM
xpajenrrnaa Hs ror pa3nora, eKc[epn\,reHra!,rHa [ocraBKa pa:srrjena :a norpe6e oBe .qoKTopcKe
,lrrcepraUrrje, je 5a:upaHa Ha rono.norlrj u .qBOCTpyKOr Nrarpnqr{of rperBapaqa, c rrrM rrrro ce cBrr
reopujcxrr 3aK,'tyr'lull rl3Be.ileHII:la r)Bv ron().ror-rrj1' nrorl'lprrvreHrrrrr rr Ha rononorrrjy craHAap;rHor
-i ,3 :rrpexrHor MarpnrrHor nper urpo,,,
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3. [Io"ta:ue xHrore3e

llo,'ia: ue x [r nore3e .qoKropc Fie,1 rrcepra q r r j e cr,

o [rrpexrHlt 3'3 ttarptt'lHtI npertsapaq. \,ro.qYnr1caH rrcKr.bvLuiBo Koprrruherseu porlrpaj.vhlrr
BelilOpa. Mo;tie.la .i.,'e:,Jel, He,l)r)NleHreH lajei(H,rtKtl HanoH Ha r.r3ra3Hr,l\t ,,p,K,rbvlrur,N,ra ].
o.qHoCV Ha 3aje.lHrrrt Nrr Halr)H Iril r,,;12jHrn\,1 rlp]rKjbvrrqrrMa (yx,,uyu1jVh[] r.r HyJ,lrrr, no.q
ycnoBoM.la je:5lrp -v,ila3HItx Sa:uttr HaroHa je.tHax Hy,rrr), rrcroBpe\,reHo reHepnurvhr.r
LI3JTa3HII HanoH npoN{eHJ.brrBe aNrnJ,.rrrv.le rr $perseHquj e

o Haxou txro ce llo.lectl It3JtA]Hlr HanoH Ha ixe-rbeH]'a\4nnrrryny lr $pexaesurlil.rpeocraj e
joru jelau creneH c"loSole 3a KoHrpony (noleuraaame) yra3Hor $axropa cHare, rj y,rasue
pearilllBHe cHale. 3a KoFlrpon\' \'na3Hor $axropa cHare. Heo[xo.qHa je xonadrrHoBaHa
uoll,,raulrja h-oja Koprrcrn rr Ko-p()rrrpajvhe u xoH,rpa-porupajl,he Bexrope V oxBllpy je.uHe
npexrllaqKe nepuo,qe. .qoK ce BeKTOp I{3Jra3HOt HanoHa MoiKe Mo.qyilncarrr caN{o
xopuruhemerr j egH e rpv rrc. por r I paj yhrix BeKTopa.

o [rtHavtlrjKoM KoHTpoJloN'r \rrna (bariropa cr{are ]vrpe)Ke oKO rberoBe KoHcraHTHe Bpe.qHocrrr
naoryhe je.la ce xapNloHuun HtrCKe $pexneuUuje:Havaj Ho norr.rcHy rrJrr.r rraK eJrr.rMrrHr.iruy Ir3
Tar'racHnx o6luxa crpr.j a rr.l r\rperur.

for mLrlti-
'onve r.s ion

grid poucr factor control mcthods
loltagc clinrination supplicd br



HeraruaHa Kox,rroHeHTa v rpo(ra3Ho^l c,{c'reil,r\. v,ra3Hrx Ha[oHa,
Hecr.rMerprlrrHHtvr vcjroBlr\,ra N,rpeirtt_., ctrarut'j e MaNCilMarHo ocrBapr.rBy
HATIOHA.

xoja ce jan,na rpH
aM[nr.rry.qy rr3na3Hot

zl. Hayvne MeroAe rrcrparurBilu,:l

Toxon"l IICTpaTiIlBarba aHaJ't]I3lrpahe ce piL3J,'rrrrr]{Te \.,reroile Morynaulr je grrpexrHor
rpeTBapaqa, anlt npe cBera Nlfll']B Analtt:a tr nopefen,e n\r6rr.rKoBaHlrx peuerba
carJleraBa}se flpocTopa ]a Ha\''IHe tr crpyqHe JO[pHHoce Toronr rrcrairilrBaba duhe
c,re.qehe Mero.qe:

t AHalttrllqKa Merora. I-laxoH r\{o.reroBarla .qnperirHor- MarpurrHor npe-rBapaqa KoI xojer je
nplIMerbeHa MflPB. 3aNJbyttutt v ot'iBIIp) oBe roKropcxe .qucepraurUe dutre norxpen,,.beHrr
AHAJ'IIITIITI KI,I N'I AOKA3 I ] MA Ir PEIU E rb II ]\{A -

o CtrNly.ItaulloHa lvleTo,la. BeprrQrrxaqrr.i a reoplrf cnrrx 3arJ.byrraxa Ha crrvr)JraurroHoM Morelrry
noc:ry;rtrrhe [pil.rrr\or\r 1la;noj a \.ilpaBJbaqr.irr\ anroprrra]vra 3a N,lnpB

o ExcnePI'lMeHrarHa Mero.qa Ha pa;srrj eHoM npororrrny .{rrpeKTHor MarprrlrHor nperBapaqa
Srrhe lr3BptxeHa KoHaqHa eKCneprIMeHTaJ'rHa sepuSlrxauuja 3aK,.bvqaKa .lo6rrjeurrx
aHaJ't LTTLIrl KON'r I j c ll r\,IV.Jla urroHoN,r NIeTO.qO M.

5. OqercusaHu HavrrHrr AorrpnHoc

oqe^rrsaF,r HayrrHrr -ronplrHo.r -loriror)che :rrcepraurlj e cr'

llsnollerse ,-eHepan tt3oBaHoI aHatr'r'rirlKr)r' N,ro.qena .qrrpeKTHor Marpr{rrHor- nperBapaqa
ynpaBJbaHof Nrerr).1()1\'r N4nPB N{o:e"r je rr:neleu y r{or\rnneKcuoi sopnu [a0].
YHarpelJerue MeTo.re N{IIPB Ko.q !rrperirHor- 

^,rarprrrHor 
nperBapaqa }, u}r,.bv pacrperHyror

ynpaBJbarba r.r3jra3Hrrr\r }{anoHox{ rr YJra3HrlN{ $axropov cHare
ilpe.l,ro;rieua ie leHel)a.ltu]oBaHa Nlero:Ia vrlpaBJ.barba yr.raj3Ho]\r pear.flrrBHoM cHaroM

3acHoBaHa sa N,IIIPB. xoja:a paljruliy clg nocrojehrrr peruerua _ xoja ce oc,naruajy lnrr Ha
aKTIIBHV l'iJ'll'l Ha peal(rtlBHY CHarV nOrpOUaLIa 

- IICTOBpeMeHo y3uMa y O5:rrp O5e
BeJtl{ql'lHe. Ha raj HaqllH ol.lorvheH je nporuupeHn ynpaBJ.baqKr.r oncer yna3Hor $arropa
cHare v cBIIN'l paIHIIM YCnoBIINIa tIperBapaqa. f'nponolleFbeN,r aHarrrrr.rr{Ke aHaJl13e
3acHoBaHe Ha n3Be.feHolvr t\rorxerv. r.oj a rpBn rrvr v nrrreparvprr 

.j acuo.{esuHlrrue
orpaHrrLrerba \'[paB,,L,arrKor- c)ncera y.ra3Hor $axropa c]Hare. orrpef eua JlrrHeapHrrM pe)(]rMoN{
pala N{flPB rr rr3,ra3ulrn,t fiaxropoi\,r cHare. Ao.carHo je usee,reHo rr aHarur}rrrKo perlleFbe
panHe TaqKe ca reoptricxtl NlaNClll\taJ'lHorvl ocrBaprrBor\r v,ira3Hovr peaKTrrBHoM cHarorvr.
YHanpef erse Mer()-le NInPB v nor -'Ie-f\ e,rurrrrHaurrje HexeJbeHn\ raprrouuj cxlrr
tl3oSlttqema npll rtecrtN'te'rputrHuN4 N.rpeiriHnNl yc.lloBrrMa Cnponof emeu aHaJrrrrrlLrKe
aHaJ'Ill3e 3acHoBaHe Ha I13BeiIeHL)i\r i\io.Ierv. rro rrpBrr rr),T y JilrrepaTlrprr aHartl3ilpaH je
yrrruaj HeclllvleTptltlHltx N'Ipe)riHII\ vcJroBa Ha rapn,lclurrj cxo u:oS,rrrlrerbe yna3He crpyje
l\'IarpIItIHOf nperBapaLla 1.1 NtaKCHN.{arHY Bpe!HOC't- aMunrrry,le lt3J.ra3Hof. HanoHa Ll
npeAno)ieHa je n'rolrrrl)llKoBaHa N'terojla l\{flPB roja e*unnarrHrrttre Heirie-rbeHa u306,ruqema
[40], [41]

MaTptrrrHof

c,ry;xuhe :a
ropuuheue



6. [I.nau rrcTpaxuBaba rr cr.p]nrvpa paAa

fhaH ucrpaxr.rBaFba .qoKTopcKe gucepraurrj e o6yraara.

l) flperne4 HayqHo-crpytlHIt\ nv5"lrtraurrja pa.qn aFraJ.rrr3e pacnonoxrrBllx Mero.qa nroay,raurrj e
.qlIpeKTHOl l\'larplltlHot nperBapaqa rr tl,nxoBux n,toryhuocrrr no rlr.rrarby ].npaB,.ba6a
rI3Jra3 H r.r\{ HarroH o r\i r r v J.ra3 H r r r\r cf axr opoiu c Ha re.

2) 14seofeme aHaJIllrttLIKor rvroreJ'ia -lnpexrHor- N,rarprrLiHor- nperBapaqa y[paBJ,baHor MIIpB.
3) Teoprrjcra aHaJIII3a pacrperHyre F(oHTpore rr3J,ra3Hor HanoHa rr vna3Hor $arropa cHare

xoprrcreh rr nperxo.qH o ri't Be;IeH r.r rvra.reM ar n q K rr N.,rore,rr.

4) Teoprrjcxa aHantt3a Ha ocltoBV I13BeIeHOT r\{o.reJra .rerprrHrrue orpaHrrqeba \rnpaBJ,balr}ior
oflcel-a yra3Hol cfan'ropa cHat-e II .laj e aHa.qrrlnyxo petuerbe parHe raqKe ca N,raKCrrMaJ,rHoM
yna3HoN'l peaKTllBHON,l CHalol\{ 3a ArrpeKTHrr MarprrrrHr.r nperBapaq ca N,lnpB. oaunr je
$opvy,rrrcaHa I-eHepanII3oBaHa N'rero.qa vnpaBJ,l,arba xoja rrcToBpeMeHo y3rrrvra y o6:lrp x
aKTrlBHy II peaKrlIBHY cttary rorpotllaqa. onrclryltasajvlrrr urrpu n no1,:5aH1j rr orcet
yrpaB"rbarba y cBllM pa.4illIM vcroBrrr\{a y nopelersy ca nocroj ehlrnr perue}btlMa.

5) Y HacrasKy rrcl'pa;KuBarba ncflnraH.j e vrrruaj HeclrMerprrrrHrrx Mpe)KHrrx ycJ]oBa Ha par
nperBapalla. Iloxa:aso je la HL-cltNre'Iplr-j a losolu .co rtoj aBe HeiKeJbeH].r\ xapMoHuxa y
yna:uoj crpvj rl Il cNlarueFba ar\rnJIIITV,,re rr3,rr&3Hor HanoHa. Ha crcHos), lo6irieuux yBrr.qa.
npe.c,roxeHa je uoalt$ltxosaHa N4nPB r\{erora noja ycnettlHo orKrarba crpyjHa
ItsoS,rtt'Ierba ll rlIMe noSo.iuruasa rrepcfclpuaHce riperBapaqa y peanHuM ycnoBHMa

6) Pa-:noj rr ynopel.prBarse ilBa crrN,rvr.raLIrroHa N,ronena MarpqrrHor [perBapalra pa.qrr
neprr(rrrxarluj e u:ae-leHof N.,rareN,{arrrrrKOr More,ra. llpnu cr.rMyiraurroHrr N,lo.qer je sacuoaau
Ha TonoJrorrrju uarplrrrHor rIperBapaqa ca rr.qeanHlrM rrpeKrr.qaqqr,ra. lox je xpyrrr lvrore,rr
3acHoBaH Ha [l3BejleFroN,r \rale]\rAtrrlrKol\I l\,lolenv npeTBaparra ca ycpeIFbeH]IVr Bpe.fHocTHl\,ra
yla:Ho/rr':,ra3Hrrx BeJ.rnLrnHa (HanoHa rr crpyja).

l) BepuSrrxaurrja aHa.TttrtttlNof N{or,e,qa no"q raqxoM 2) ynope.qHoN,r aHar'pr3oM rBa
cllMynaUlloHa Molena v pa3,'IllqllrlIN,l pa.qHIIN,I VcJrtoBtlMa, Kao rr neprrcpuxaUuja reoprrjcxe
aHa:rrr3e ttoA raqxa]\,ra 3)" 4) lr 5)

8) tr'lNln,reuesraurtja N'lllPts ca cBIn{ ropeHaBelleHrrN,r yHarpetlemuva Ha MuKpoxoHrponepy ca
.rltrruraJrHllM ctrrHaJ.rHrrlvr npouecopr)M rr FpGA (eur:r Field programrnable Gate Array)
KOJ'IO]VI.

9) Beprr$rrraulrj a pa.la \npaBJ'baLrKor aJrr-oprrrMa y peanHoM BpeN,reHy, uN,rreMeHTr.rpaHor Ha
N{}IKpoxoHTponepy, xoprrcrefirr HIL. (eur,,r. Hardrvare In the Loop) nocTaBK\.. Ilornpllrrsame
[perxo.qHo n3Be]leHu\ reoprr-j crrrr 3?ri,uy.1262 ua HII_ nocraBurr.

I 0) Pa:eoj nporoTr.rra rrrpeKrr{or NrarpirrrHor rperBapaqa.
I I I BeprrStrxaurtj a Ipe]no;tieHe r\re ro-Ie rr reoprrjcr.rrr taNJ.byqaNa Ha eKCneprrMeH ra,iHoi

NOCTABUT{.

Ha ocHoey rrcrpaxiiBarba cflpoBe.qeHor- v oxBrrp\, rrperno)KeHe ture"ro.qoJ.]oruj e. v.rr{cepraulrjrr he
6urlr lrcraxHyrn KJbyrrHr.r HavrrH,.qonprrHoclr- ca aKueHTol\r Ha brrxoB HayqHu rruruj . roie6an
HarracaK 6rrhe crasJr-beH rta xou5ttHonaHv Mero.q\,r\{o.q}'naurrj e MllPB, xoja o*oryhuuu *uno
crarl'ItlKy raKo I'l .qttHaN'ttltrK\,'pe|r',naurrj)'\'na3rror $axropa cHare. Craru.rxoNr r.ioHTponoM Hacrojrr
ce nocruhrr reopujcru Haj mirpu nrorvlirr o,tcer \,,l,paB,,'arba oBrrM Saxropona, roK ce rlpnMeHoM
ruHaMllqKe I'ioHTpone TextI eiluN{H}laurrjrr He;re,r,eHrr\ \apN,rouuj cxur H:oSrrrr.re}t,a l{:adpauonr
Mero.qol,I Mo.cy,'Iaurie ocrnapr,j e ce rrvJrr rr raieltHnrrNn HanoH Ira s3jriL3HrrN,r nplrr.(J.byr{rlrrMa.



flpel,'Iox{eHa I\'terora IIt\{a BeJIIII(, n.reriurria;r nprrN,reHe y peanHr.rM ycnoBrrMa, npe cBer-a y
cllcreMllMa 3a cIIcreM[]lvla tle ce npe-lH()cr raj e IpeTBapalltrNra ca N{amllM raSaprrrorr.
llpernocraBJ'ba ce .ca he pa:aoj HoBIIX. 5rr;1,penqrronr,, nonrnoHeH* eHeprercr(e eneKTpoHrr*e
rloI-oAHIIX 3a rlpllMeH)/ \I[paBC) \'NlalprrLrHrrN,l rrperBapaqlrN,la onoryhrtrrr nehy 3acr],nJ,beHocr oBe
BpcTe npeTBapaqa y rpaKcri,

7. .}arc,uyvar rr ltpeA.iror

Ha ocHory rpunoitieHe.lot\\'MeHraurrje. vcnreHe og6paHe reMe.qoKTopcKe rrrcepraqu.l e. Kao rr
Herocpe.IHor yBll;Ia ) .qocajlaurl>tr pajl KaHlIu.qaTa Iy'xe CraHuha , MacTep rrH)ielbepa
eneKTporex Hu Ke 11 paqy Hapcrea. Kcl rv lrc u j a tar.,nv.ryj e c;relehe :

1' KaHAttAar [IcrlyFbaBa cne $opvraJ-]He rl cyuruHcr.ie ycroBe [po[rrcaHe 3axo,ol.r o BrrcoKoM
oSpasoaan y, (lrarr.'ron't Yuttseprrr.rela y Eeolpaay rr Craryror,r E,rexrporexHrrrrKor
$arcvrrera v Eeorpaly 3a u3par\j .qor(ropcxe r,ra"pluui4".

2. llpe!,ro;xeua Te\{a ..fe,Hepa.rrrr3oBaHa r\,rero.qa ,,oryrou,4. npocropHo porrrpajyhlrx Bexropa
I(oA AllpeKrHor N4arplltlHL)I- rperBapaqa"" o.qHocHo Ha eHrJrecKoM "Generalized Spate
Rotating Vector NlodLrlation fbr Direct N4atrir Converters", je uay.rHo 3acHoBaHa, a
pe3ynrarl'I reNre he nPercrflsl,artt rHavaj aH rr opufrrHanaH .qorprrHoc. Tenaa nprrna,ta v;rroj
Hay.rHoj o6lacrrr ..E,Heplercxrr nperBapaqu rr rloroHrr,..

Ha ocHoBy nperxoilHo II3JIOzieHOr, Koruucrrya flpe.{naixe Hayuno HacraBHoN,r setry,
ErexrporexHHrikor, dlaxy,rrela 1, Beorpar,v ra KaHAlr.qary Iy,xrr CraHuhy o.qo6prr u3pan;
'qol'iropcKe.ultcepraurri e xoia lle Sttrlt Hanr{caHa Ha cpncNor\{ je:rrx1,. a [o.q Hzr3rrBSN.I
..feuepa,rlr3oBaHa l\'lerora rro.q\'"raurrie ill)oclrrpHo porrrpajyfiur oanlopu KoJ .qrrpeKTHor
MaTplltlHor rperBapalra". o.lHL)cHL) Ha eHI"recxov je:rrxy "Generalized Space Rotating Vector
Modulation fbr Direct Nfatrir Conr.erters". nor n arrop.ruorv{ .qp Mu,rana Be6rrha, uunp"rno.
npoSecopa.

V Eeorpa.ry.29 9 2025.
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