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3a yyacTue B KOHKypca ca npezctasenu 51 Tpyzna (50 HAYYHH [1yOJIMKAIMH), U3JaJ€HH CIIe
xabumutams (gouent) npes 2007 r. Or ny6iamkauuute 49 ca Ha aHrIHiCKH e3uK, 1 e Ha
Obirapcku e3uk. Kauaunarst npeacrass 7 caMoCTOSTENHH yOJIMKaNuK, OT Te3U B ChbaBTOPCTBO €
'bPBH aBTOP B 16, Ha BTOPO MACTO — B 18 1 Ha Tpeto — B 9. OT myGnukanuuTe:
- 14 pebepupanu u UHAEKCHPaHH B CBETOBHOM3BECTHM a3y JAHHH C Hay4yHa UHGOpMaIHs:
- 13 B Scopus — 10 B cnucek no mokasaren B4, 1 B cromcsk mo mokaszaren I 7; 28
CIIHCBK I10 TOKa3aren 3;
- 1 B Web of Science B crincsk mo nokasaren '7;
- 5 B ciimcanus ¢ uMnakT pasr (SJR Ha Scopus) - 3 B CIIMCHK MO MOKa3aTe B4,2 B
CIIHCBK IO TOKa3aren 3;
- 36 B Ob/irapcky Hay4YHM CIMCAaHHS M aKaJeMHUYHH HM3JaHHs, KaKTO U B cOOpHHIIH OT
HallMOHAIHY ¥ MEX/yHApOJHHU Hay4HH HopyMHu;
- 1 yHuBepcuTeTcKO yueOHO nmocobue.

B4. Xabuauraunonen Tpya — Hay4Hu my6IMKALHH B H3XaHHs1, KOUTO ca pedepupanu u
HHJEKCHPAHH B CBETOBHOM3BECTHH 0a3u 1aHHH ¢ Hay4yHa HHpoOpManus
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AHoTanuu Ha my0/JIHKALHUTE

[B4-1] Msnon3Banero Ha HHGOPMALMOHHH M KOMYHUKaIlHOHHH TEXHOJOTUM H HHTEJIUIEHTHA
aBTOMaTH3allMsi € MHOIO B)XXHO 3a Pa3BUTHETO HA ObJEIIMTE ,,yMHH" NPEANPHATHS, Thil KaTo Te
Tps0Ba fa 6bIaT ananTHBHHU, I'bBKaBH, e(peKTHBHU U HACOYEHH KBM norpedutens. CiaenoBaTeaso
peanusanuaTa Ha moziena Munycrpus 4.0 U3MCKBA TEOPETHUHM 3HAHUS M MPAKTHYECKH YMEHHS B
0671acTTa Ha MHIYCTPUAHATA aBTOMATU3alisl ¥ MPEXOBUTE TeXHONOTHH. OBansBaneTo Ha PLC
[IPOTpaMHpaHETO CTaBa CBUIECTBEHA YacT OT HHXKEHEPHOTO 00pa3oBaHHME B Ta3u OOJAaCT.
Ilybnukauusra npeicTaBs oOpraHu3anusTa Ha  ydeOHa nmabopaTopusi W IOAXOSIIUTE
oOpasoBatennu 3anauu. Onucana e paspaGoTeHaTa MHAYCTPHATHA MPeXa U HEHHUST KamalUTeT 1a
TIOATIoOMara OB/a[BAaHCTO HA 3HAHMATA M Jia IIO3BOJISABA PAa3BUBAHETO HA IPAKTHYECKM YMEHHS B
pasmpe/einieHata asTomatu3anus. Llenra Ha nabopatopHara paGoTa € Ja IOMOTHE Ha CTYACHTHTE B
oOy4eHneTo uM 3a pa3paboTBaHe M TecTBaHe Ha codryep 3a PLC. CeBpeMeHHOTO 0GOpynBaHe,
3a€[IHO C MPaBMJIHO MOAOpaHUTE 3alauM 3a o0ydeHHe, MO3BOJABA HA CTYAEHTHTE Ja OBIAMSBAT
3HAaHUATA CTBIIKA MO CThIKa (step by step), kaTo m3momsBar Merona 3a O6ydeHHe upe3 IpaBeHe
(learning by doing approach). Ouaksa ce Te3u ymenus na agar YCIIEILIIEH CTapT Ha Kapuepara Ha
AMIUIOMHPAHUTE HHXKCHEPH, KOMTO H30epaT HHAYCTpHaIHATa aBTOMAaTH3aIMs 3a ObIelara CU
pabora.

[B4-2] IlpeBpbmaneto B peanHocT Ha mapaaurmara Munycrpus 4.0 me 6bae YCIIEIHO, KOraTo
Oble OCBIIECTBEHA MOBCEMECTHATA aBTOMATH3AlMS HA MHIYCTPHAIHHTE Ipouecu u obopyBaHe.
3a uenra ofyyeHHeTOo Ha OBbIElIUTEe HMHXEHEPH TpiOBa Oa MM Jaie TEOPETUYHHU 3HAHUSA H
[IPaKTHYCCKH YMEHHMSA B HHAYCTpHajlHaTa aBToMaru3anus. ChINECTBEHA dYacT OT ToBa €
paspaboTkara Ha codryep 3a PLC. CnenoBarento Tps6Ba ma ce OCHIypsT YCJIOBHS 3a YCIIEIITHO
oOyuenue B Tasu obnact. CHMyIaTOpHTe [O3BOJSABAT TECTBAHETO HA YIIPAB/ISBALLUTE copryepHu
nporpamMu 0e3 peaiHaTta MamuHa. B mo-rojismMa cTenmeH cuMyJamusTa M MOJZIEJIUPAHETO HMaT
IIAPOKO TMPHJIOKEHHE B OOYyYEeHMETO Ha OMEpaTopu B OOJACTH Ha NPOMHILIEHOCTTA KATO
IIPOM3BOJCTBO Ha CJIEKTPOCHEPrHs, MPOM3BOACTBO HA XMMMKAIH, MAIIMHOCTPOEHE M Ap., KBAETO
PEXXUMHUTE Ha TPEKHCBAHE M aBapuM C 1€ oOydyeHnue ca HemomycTuMH. Ilybnmkamusra ommcBa
BH3MOXHOCTHTE HAa CHMyNaTop 3a oOy4enue no nporpammpane Ha PLC u Hsikoum codTyepHH
IIpUMEpH, KOUTO Ca NpEIHa3Ha4YeHH 3a u3yyaBaHe Ha ocHoBuTe Ha PLC mporpammupasero.
OcurypeHa e rbBKaBOCT IIPH ChH3/ABAHETO HAa PasIMYHM 3a[adyH, KOETO IIe Aaje BB3MOXKHOCT Ha
CTYNEHTHTE Jia MPUIOOHAT JocTaThueH Habop oT ymenust B PLC mporpamupanero. Ipemnara ce
MOAXOABT 3a OOyYeHHe upe3 NpaBeHe, 3a Ja MOXE CTYIEHTHTE 1a YCBOST 3HAHUSATA CTBHOKA 10
CTBIIKa, KOETO Ce OYaKBa Ja JOBEME A0 YCTOHUMBU pe3yITATH.

[B4-3] Ilpenumcteata Ha LED ynuuHuTE CBETIIMHH C MpexXoBa HHPaACTPYKTypa BKJIIOYBAT: 10
60% HamalleHWe Ha €HEeprusATa M eKCIUIOATALMOHHUTE Pa3XOIH; 0K0J0 20 TOAHHH IbIBr XKHBOT;
BH3MOXHOCT 3a yNpPaBICHHE HA SPKOCTTAa B 4acoBe ¢ MalbK TpadHK; bBKABO IUIAHHpAHE 3a
BKJIIOYBAHE / U3KIIOYBAHE BbB BPB3Ka ChC CHOMTHS; JAUCTAHIIMOHHO OTKPHUBAHE HA HEU3IIPaBHOCT;
H3MepBaHE Ha KOHCyMauusaTa Ha eHeprus. [lopaau NpenM3HOTO MO3ULMOHHpAHE HA YIHMYHUTE
CBCTJIMHH M MOBCEMECTHOTO UM DPAa3lpOCTPaHEHME, T€ MOraT Aa paboTAT KaTo BB3IH Ha CI0KHA
MpEKOBa HHPPACTPYKTYpa, Halp. 3a BUAEOHAGIIOCHHE MM 32 KOMyHHKauu. Tasu IyOuKaus
OIIACBA CKCIEPMMEHT, KOWTO M3MO/N3Ba COQTYepHM HHCTPYMEHTH 3a NpPOEKTHpaHe Ha
MHOTOIpPOLECOPHU cucTeMH BBpXy uun (MPSoC) 3a chb3naBane Ha MpeXH OT HHTENIHTEHTHHU
YIM4HY CBETIMHH. LlenTa Ha npeAcTaBeHMTE M3CNEBAHUS € 1A Ce MHTErPHPAT HHCTPYMEHTHTE 3a



pa3paboTka Ha BrpaJeHH CHCTEMH NP pasrpblIaHe HA MHTEIHICHTHH YJIUYHH OCBETHUTEJIHU
MpEXH, 3a Nia Ce NOCTHIHAT UKOHOMHHM IO OTHOLIEHHE Ha Xapiayep (KOETO 03HauaBa MO-MaIKo
Pa3Xxo/M) WM BpeME 3a M3NBIHEHHe Ha codTyepa (KOETO 03HAYABA 10-100pa MPOU3BOAUTETHOCT
Ha TNpHIoXeHHeTo). IIbpBO ce 06CHKIAT OCHOBHHTE XapakTepUCTHKM Ha CHCTEMara 3a
npoextupane DAEDALUS wu npunoxennero 3a ontumusamusi SESAME. OcBeT/ieHHETo ce
MoZemdpa C MNPOLECOPHH €IEMEHTH (aHaylo3u) Ha uHTenureHtHure LED nmammu u IBPBO Ha
BPB3KUTE MEXAy Bb3nuTe. Pasrmexna ce paspaGoTkara Ha NpHIIOXKeHHETO 3a rpaduyeH
notpeburencku untepdeiic (GUI) ,Daedaled Design Studio® 3a ONTHMH3UpPAaHE HA HHTEIUTE€HTHH
mpexu oT LED ynuanu nammu. IlpeacraBeno e paszpaGoTeHOTO NPUJIOKEHHE 3a TpaduyeH
notpeburesncku uurepdeiic, KoeTo npeobpazysa napameTpuTe Ha IIPOCKTa Ha MpeXkaTa 3a YJIHYHO
OcBeTNIeHHE BBB (opmar, moaxoxsm 3a cucrematra DAEDALUS u ce 00CHKIIa HErOBOTO
B3auMoJelicTBre ¢ roTpeGutens. Hakpas ca ouepramu mpemuMcTBaTa Ha TO3M TOXXON npu
TPOCKTUPAHETO HA MHTETUICHTHE MPEXH 32 yIUYHU cBeTnuHN. MHCTpymMenTsT GUI aBToMaTH3mpa
TIponieca Ha ch3/1aBane Ha npoekT 3a SESAME u yckopsiBa BpemeTo 3a pa3paboTka.

[B4-4] IlpenusBukaresncTBata Ipex ynpaBleHHETO HA CHEPIUHHHTE CHCTEMH ca U3BEJICHH B Ta3u
IIyONMKamus, 3a 1a Ce MOTHBHMPA BEBEXKIAHETO HA MHTEIUTeHTHA U3MepBaTeHa HHYPaCTPyKTypa
MH(DOPMALMOHHN TEXHOJOTHH 3a MpEXOBO 6a3MPaHOTO YIIpaBieHHE B €JIEKTPOEHepreTHKAaTa.
IlenTa e na ce onuie pa3paGoTBaHETO M MPUIIATAHETO HA pELLEHHS, OpPHEHTHpaHU KbM MHTepHET
Ha nemara (Internet of Things), kouTo ce oyakBa na CIIOMOTHAT 3a BBBEXIAHETO HA OGIAYHU
M3YMCICHHUS B CHCTEMHTE 32 yNpaB/ICHHE Ha €HEPrUsATa B MHIYCTPHATA U goMa. QuepTaHy ca HSIKOH
OHYaKBaHH NPEAMMCTBA OT TAXHOTO BHeIpsiBaHe. [IpeasoxeHu ca 1Ba Mojena pemrenus Ha Gasara
Ha [oT, paGoremm CHOTBETHO B aKTHBEH M B MACHBEH PeXXHM. TAXHOTO IpeJHa3HAYeHHE € J1a
OCUTYpAT MHTCPHET CBBP3aHOCT Ha ChBPEMEHHO M CHIIECTBYBAIIO 00OpYyABaHE 3a M3MEpBaHE U
KOHTpOJ. OmNKMCaHH ca NpeTONKEHUTe UH(PACTPYKTYPHH MOJEINH, XapayepHUAT U codTyepeH
nu3aiid. [IpoBeieny ca 1abopaTopHy TECTOBE, H3MOI3BAIIH cumynarop Ha TpudasHa cucrema, PLC
W M3MEpBaTeNHU NpeobpasyBateid. PaspaboTeHuTe eKCIIepUMEHTH 1aBaT HAJIEXKIHI pe3yJITaTH.

[B4-5] OcHoBrara nen Ha KoHuenuusaTa ViHTepHET Ha HelnaTta (IoT) e ma cb3nane uHTENUrEHTHH
Cpel 3a IPUIOXKCHUE B PA3IMYHU 00JIACTH HA MHAYCTPUSTA M COLMAIHHUS KUBOT KATO eJIEKTPOHHO
YHpaBICHHE, €IEKTPOHHO OOy4YeHHe, €NEeKTPOHHO 3/paBeonasBaHe, eNEKTPOHEH OU3HEC,
MHTE/IMTCHTHH OMOBE, MHTEJIMICHTHH I'PajioBe U U 1p. B Ta3m myOnukauus ca ouepTaHd OCHOBUTE
Ha xoHnenuusra IoT. Pasrnenanu ca Be3MoXHOCTHTE 3a mpuiaraHe Ha O6GJAYHM H3YHCICHHS B
YNpaBICHAETO Ha CICKTPOCHEPrUHHATA CHCTEMA M BEPOSITHUTE IIOJI3U OT BHBEXKIAHETO HA MPEKOBO
6asupanoro ympasnenue. Ilpencraseno e Gasupano Ha IoT pellIeHHe Ha WHTEIUIeHTEH
npeoOpasyBaTesl 3a MOIIHOCT C pa3sUIMPEeHH MPEXKOBH BB3MOXKHOCTH K uHTEepdeiic 3a
AUCTaHIMOHEH NOCTHI. BiokoBara My cxema e oGsicHena. [Toka3Ba ce W3TJIEABT HA OTHANCUCHHS
noTpeburencku untepdeiic. Ilpennoxenust npeobpasysaren e NpeIHa3Ha4yeH 3a pa3paboTka Ha
Hureprer 6Gasupanu SCADA cucremu. Toif mpemocraBs Ha KIHEHTHTeE uHpopmalus 3a
lapaMETpUTe Ha MpexaTa OT BCAKO MSCTO IO BCAKO BpPeMe upe3 H3IO0N3BaHe Ha pa3paboTeHHMs
uHTepdeiic 3a aucranHmuoneH mocten (HMI) u craHpaptHu ye® Opay3bpu. IIpoBemenu ca
n1abopaTOpHU TECTOBE, M3MO/3BALIU CHUMYJATOp Ha TpudaszHa cucTeMa. IIpencraBenuTe pesynratu
e ObAarT M3MOJ3BaHH IPH CIEABALIO H3CIEIBAHE Ha I10-CIIOXKHM CHCTEMH 3a yIIpaBJIeHHE Ha
€JIEKTPOCHEPruUsTa.

[B4-6] Iloacranummre ca OCHOBHH TOYKM B eJeKTpHYECKaTa MpeXa M IPaBUIHOTO UM
(yHKUHOHMpaHE € MHOIO BaXHO 3a ISJIaTa CHCTEMa, Thil KAaTo Te ¢a MOCT MEXIy INpeHoca H
PasIpeNCICHUETO Ha eleKTpoeHepruaTa. OCBeH TOBa MOACTAHIMUTE M3IMBIHABAT HAKOJIKO BASKHU
3ajiavu, KaTo 3allMTa HAa MpeXara U yIpaB/IeHHEe HA 3aXpaHBaHETO. 3a ja ce CIIeaU U YIpaBIIsBa I10-
e()eKTHBHO JIOKAIHATA CHCTEMa Ha MOACTAHIMATA, CA MHCTAIMPAHHU ChbBPEMEHHHM HHTEIIUTE€HTHU
CHCTEMH 3a U3MEPBaHHs M aBTOMaTH3auus. B mybnukanumsra ce o6CHKIAT Ipean3BHKaTeNCTBATA
TIp€Nl KOHTpOJIa Ha HHTEIMICHTHATE CHEPIUIHA MPEXKH ¥ BE3MOXKHOCTHTE 38 MUIPALMs HA HOBUTE



MH(GOPMALMOHHY M KOMYHMKAIIHOHHHM TEXHOJOTMH 33 TAXHOTO IIPEOOISBaHe. [Toguepranu ca
HSAKOH NIPEIUMCTBA Ha 00/IaYHUTE U3UUCIIEHHS M TAXHOTO [PUIIOKEHHE B PA3IMYHU 06JIACTH, 32 Aa
C€ MOTHBHpA BBBEXKAAHETO Ha MPEKOBO Oa3sMpaHo ympaBleHHE B eleKTPOEHepruifHaTa cHCTeMa.
IIpennoxen e Monen Ha pasmperelieHa CHCTeMA 3a JUCTAHIMOHHO HAGMIONCHHE U yIIpaBJeHUE B
noxctannuu. OmnucaH e XapayepHHAT H codTyepeH musaitn. O6pblna ce BHUMaHHE Ha
usnon3paneTo Ha PLC karto cwbpebpu u reiityen (uumosose). ITpuiioxeHHeTo um pasumpsisa
TbBKABOCTTA M HA[SKIHOCTTAa Ha cHCTeMara. [IpelToXeHHMST MOJeN 3a OpraHM3auus Ha
JAUCTAHIHOHHO HabJIOJIeHHE € MpeMHHa J1abopaTOpPHM TECTOBE C MOMOINTA Ha CHUMYJIATOp Ha
TpubasHa cucTema, yHHBEepCalHHM NpeobpasyBaTeqd Ha MoImHOCT u PLC. IIpencraBenu ca
€KCIIEpUMEHTAITHH Pe3yJITaTH.

[B4-7] bwp3ara Tpanchopmarus Ha CHIIECTBYBAIUTE CJIEKTPHUYECKH MPEXKH CE PHKOBOAM HE CaMO
OT TEXHOJIOTMYHHTE MHOBALHUH, HO M OT MKOHOMUYECKH, PETYJATOPHH M OOLIECTBEHH (aKTOPH.
IlyOmmkanusita pasriexna OpeaM3BUKATENICTBATA, NIPEl KOMTO ca H3IIPAaBEHH CHBPEMEHHHTE
CHEPrUHHH CHCTEMH - BbBEX/IaHE Ha BB30OHOBSEMHU CHEPIUIHN H3TOUYHHIMM, GBP30 IIPOMEHSIIHN ce
TOBapHu W JMOepanu3anus Ha eHepruiiHuTe nasapu. OGSACHEHO € TAXHOTO BJIMSHHE BBpXY paborara
Ha eJIeKTpoeHepruiinara cucrema. OuepTaHy ca HAKOM BBH3MOXKHM MOJXOMM 33 MPEONOJIABAHE Ha
TE3W TPCAM3BHKATE/NCTBA KATO BBBEXJAHE HA MHOTOOPOWHH W3NBIHUTENHH, CEH30DHH H
YHpaBIIsSBalld yCTPOHCTBA, pa3pabOTBaHE HA MHTEIMICHTHH CEH30DHH MpEXH, BHEIpSBAaHE Ha
ACUCHTPAIM3UPAaHH CHUCTEMHM 3a yIpaBleHHWe, M3rpaxnaHe Ha ye6 Gasupana SCADA cucrema,
usrpaxnane Ha Mpexu oT Tuna Hurepuer Ha Hemara (IoT). IlocoyeHH ca OCHOBHHTE
XapaKTCPUCTHUKK HA BCEKM €IUH OT TiX. KioubT KbM ycToifumBaTa paGoTa Ha CIIOXHH CHCTEMH
KaTo eHepruiHaTa CHCTEMa M BCHYKH GIIOKOBE OT TSX OT e[Ha CTpaHa € ChOUpaHeTo, oOpaboTtkaTa
1 apXMBHPAHETO Ha TOJIEMHU KOJMYECTBA JaHHU 3a [IADAMETPHTE HAa CHCTEMATa, a OT Jpyra cTpaHa e
OBP30TO M TOYHO INpegaBaHe Ha yHpaBisABAIlA uHdopmanus. Buenpssanero Ha o061a4HH
TEXHONIOTHH B KOHTPOJIA Ha EJIEKTPOIIPEHOCHUTE MPEXH MOXKeE Ja IONpHHece 3a Ge3omacHa paboTa
M IOBUIIABAHE HA €HEpruiHaTa e(peKTUBHOCT. M3BOABT €, Ye CHBPEMEHHHTE HHTEIMTEHTHHU
CHEPrUHHM MpPEXH CE IPOMEHAT OT MEHTPAIM3MPaHH KbM pasIpelelieHd M IIe MOcIeaBaT
NOJNOOHOTO pa3sBATHE HA KOMIIIOTHDHATE MpEXH. AHATM3HpaT ce U3MepBaTeNHaTa H
MH(OPMAIMOHHATA U KOMYHHKAI[MOHHA UH(PACTPYKTYpa HA WHTEITUTeHTHHTE mpexu. [Ipeanarar
CC HAKOH MHCTPYMEHTH, KOMTO MOrar Ja ObIaT BKIIOYEHH B Te3u UHOpacTpykTypu. OmucaH e
MOZ€EI Ha MHTEIMTCHTCH H3MEPBATE/ICH MpeoOpasyBaTes U € Mpe/IoXKeHa U TeCTBAHA apXUTEKTypa
Ha CeH30pHa Mpexa, u3non3pama PLC karo muos.

[B4-8] BwBexmanero Ha BB30OHOBSEMM EHEPrHItHM W3TOYHMIM H OBp30 IMPOMEHSIIHTE Ce
HAaTOBapBaHHs U3MCKBa CHOTBETHOTO YNPABJICHUE HA €NIEKTPOEHEPrUifHATa CHCTEMa, YHMSTO IIE] €
Aa ce OCHIypH HaleXJHa, yCTOH4YMBA U Oe3omacHa paboTa, 3aeHO C IIOCTOSHHO yBelIH4YaBaHe Ha
eHEpruiHaTa ePEeKTUBHOCT. 3a [a ce M3IO0N3Ba M3LSUIO B30OHOBAEMATa €HEPrHs, TPALHLMOHHOTO
NIPOM3BOJICTBO TPsiOBa 1@ ObJe M3KIIOYEHO BHB BPEMETO, KOTaTO BB30GHOBAEMHTE H3TOYHMIM
paboTAT ¢ mbaHa MomHOCT. CHINO Taka MOLIHOCTHUTE MOTOLM TPsOBa Aa ObaaT [IPEHACOYEHH B
CllydauTe Ha IIMKOBH HaroBapBaHWs. Te3d BBIPOCH ONpPENENsAT TOMSIMOTO 3HAYEHHE Ha
NOACTaHIMHTE B paboTara Ha CBBPEMEHHHTE €JNEKTPOEHEPTHHHH CHCTEMH. 3ajauydTe Ha
YIPaBJIEHUETO MOTaT 1a OBJAT PELIEHH Ype3 pa3paboTBaHE HA MHTEIMIEHTHH MPEXKH, KOETO CTaBa
BB3MOXHO C PasBUTUETO HAa MH(POPMALMOHHHUTE W KOMYHMKALMOHHHUTE TEXHOJOIMM H TIXHOTO
MHTCIPHPAHEe B YNPABICHUETO Ha €HEepruiiHure cucremMu. OCHOBHATa 1€l Ha MyOJIMKAIMATA €
ajanTHpaHe Ha OONaYHUTE TEXHOJOTMH 3a MPOEKTHPaHe W pealu3HupaHe Ha HUHIYCTPUATHH
MH)OPMALMOHHM CHCTEMHM B €JEKTPOEHEprHiHATa CcHcTeMa. M3clemBaHETo ce Oasupa Ha
I'bBKAaBOCTTA M YHUBEPCANHOCTTA Ha PLC, KOeTo TM nmpaBy MOAXOASINM U [OJIE3HH HHCTPYMEHTH 3a
IIpUIIOXKCHHE B CHCTEMHM 3a ynpaBieHue, BKmounTenHo SCADA B enekTpuueckaTa cHCTeMa.
Paszpaborena e mHmycTpHaaHa Mpexka, BKIIOYBAIIA MHTEIMICHTHHU npeoOpa3yBaTesi Ha €HEpPIus,
cersopu ¥ PLC, 3a ynpaBnenue npouecute B moAcTaHuus. PasBuTHeTo Ha MHIYCTPHAITHH MPEXH,
Oasupanun Ha Ethernet xato Profinet m Ethercat, mossonssa na ce KOHTPOJIUpAT IIOJIEBHTE



YCTPOHCTBA IUPEKTHO OT Mpexara. O6chxkaar ce ChOOpakeHHUsITa B OpraHu3ausiTa Ha Mpexxara u
n3bopa wHa PLC. IlosicHeHo e NPOCKTHPAHETO Ha CO(PTYEpHOTO peleHure. IIpencTaBeHuTE
PE3yITaTH TNOTBBPXKIABAT, Y€ MPEIOKEHUST IOAXOA 3a aBTOMATH3alMs Ha MOJICTAaHIIUH C
nomormra Ha PLC u SCADA e MHOTO HaZieX/IeH 1 JIeCeH 3a H3IIO/3BaHe.,

[B4-9] BrpanenuTe cucTeMM BIHSAST KOMIUIEKCHO Ha JXMBOTA Ha xopara. Crioco6HOCTHTE 32
TIPOCKTUPAHE 1 IPOrpaMUPAHEe HA BrPafiecH! CUCTEMH € KPHTHYHO YMEHHE, KOETO € HeoOXO0IMMO 3a
33CMaHETO Ha MHOTO pabOTHH MeCTa B MHAYCTPHSTA M HAYYHHTE OpraHHM3anyH. Paspoiinara
cucteMa Arduino ¥ CHOTBETHaTa WHTErpHpaHa IMpPOrpaMHa cpela ca CBETOBHO IpPH3HATH KaTo
MHCTPYMEHTH 3a Ha4YaiHO oOydyeHue B Tasu obmact. OT Apyra cTpaHa yYeHHTE BCE MO-YECTO
M3MOJ3BAT JICCHO NOCTBIIHM €BTHHH LM(POBM CHCTEMH 3a IPOTOTHIHpAHE, 3a Ja Ch3AaBaT
M3MCPBAaTe/IHH MHCTPYMEHTH H JPYTM EKCIEPMMEHTAIHH ycTpoiicTBa. B myGmukamusta ce
TIpE/ICTaBs M3IOI3BAHETO Ha pasBoiHaTa cucreMa Arduino ¥ IporpaMHara cpea BbB BHBEXKIAII
Kypc 1o Brpajenu cucremu B Texuudeckus ynusepcuter - Codus. Ilenta Ha kypea e na mane Ha
CTYACHTHUTE 3HAHMS U NPAKTUYECKH YMEHHUs B IIPOrPaAMUPAHETO HA BrPaJeHH CHCTEMH, KaKTO U 1a
TH BBBC/IC B CBETA HA CHBPEMCHHUTE yCTPOMCTBA M TeXHONOTHH. KoMeHTHpaHu ca HAKOM IphMepH
OT JlabopaTopHata paboTa, MpeACTaBsla MPaKTHYECKHS MOAXOM 3a npenonasane. OyakBa ce, ye
Hablsralku Ha NpaKTHKAaTa, a He BBPXY aKaleMH4HATA TEOpHUs, CTYAEHTHTE € YCBOSBAT
Marepuaja II0-I€CHO W 1€ IOJy4YaBaT yCToHuMBM ymeHus. KypchT € HAacoueH I7aBHO KbBM
IIPOrPaMHOTO YNpaBJICHUE HA BXOZOBETE M U3XOJHUTE, 3a [1a ce yOeasIT CTyIeHTHTE B [bBKABOCTTA H
YHHUBEPCAHOCTTA Ha NPOrpaMHpYeMHTe ycTpoiictsa. Miesta e, 4e ycmexhT B mpakTHYecKaTa
peanu3anus e Hachp4u CTy[AE€HTHTE U Lie I'd yOeau B CMHCBHIA Ha 06yYeHHETO KaTo HAauyMH 3a
YCBBBPIIEHCTBaHE HA TEXHUTE YMEHHSL.

[B4-10] CpBpeMeHHHMST KOHTPOJT Ha €JIEKTPOCHEPrUiHATA CHCTEMA € H3IIpaBeH Mpej pasIHdHH
TPEAU3BUKATENICTBA, B CICACTBAE OT BBBEXIAHETO HA BH30OHOBSEMH H3TOYHHMIM HA EHEPrUs M
Obp30 poMeHsmH ce ToBapu. KimoduoBa 3anaua 3a MOCTUTaHETO HA YCHEIIEH ¥ YCTOHYUB KOHTPOJI
© Pa3BUTHETO HA HHTC/IMICHTHUTE CEH30pHM Mpexu. [lybnukamusara mpencTaBs MOAXOX 3a
PasBUTHC Ha TakaBa MHIYCTpUalIHa Mpexa. 3a 1a ce MUHUMH3Upa 6posi Ha BPB3KHTE, € MOIXO0IAIIa
TOMOJOTHA.  HAa MpeXara IMHA. 3a TasM Mel ca M30paHH MHTENMTEHTHH H3MepBATEIHH
npeoOpasyBaTeny ¢ eIEKTPUYECKH U30HpaH CTaHAapTeH cepueH unrepdeiic RS-485. Te usmepnpar
BEIMYMHATE Ha ENICKTPOCHEPruiiHaTa CHCTeMa C Jenta KoH(purypamus B o6xsata 130V 3a
HampexeHne U 6A 3a Tok. [IpenaBaHute oT mpeoGpasyBaTens JaHHHM BKIIOYBAT CTOHHOCTHTE Ha
muHeHnTe Hanpexenus (U12, U23), dasnute toxose (11, I3), yecrorara (f), paszosure Briau Ha
Bexropute cnpsamo Ul2 (eU23, ¢Il, ¢I3), aktusrara Momuoct (P), peakTuBHaTa MoIHOCT (Q),
dKTHBHATA W pCaKTHBHATa €HEprus B ueTHpH KBampanta (ENA+, ENA-, ENRL, ENRC),
KOSQHIMEHTATE HA U3MEPBATETHUTE TPaHCHOPMATOPH 32 HAIIPEXKEHHE M TOK (kU, kI), u nBa Gaiita
KoutponHa cyma (CS). O6¢ewxaar ce cbobpaxeHUATa B OpraHH3aLUsTa Ha Mpexxara 1 u3bopa Ha
PLC karo mumo3. YCIEIIHOTO NpPHIOKEHHE MOXE Aa AOBENE [0 IOIIbIHATENHH [IPpEUMCTBA.
OcBen wmsnomssamero Ha PLC 3a ympaBineHue Ha KOMYHHKallAUTE U 3a CBbpP3BaHE Ha
npeobpasysarennata Mpexxa KbM SCADA cucTeMuTe, TeXHHTE Bb3MOXHOCTH 3a pabora ¢
aHAJIOTOBH U M(POBH CUTHAIM MOTaT Ja ObAaT U3MOJ3BaHH 32 YIIpaBJICHHE Ha APYTH YCTpOMCTBA
OT eNeKTpuiecKara cucremMa. OOSACHEHH Ca OCHOBHHTE ONNMM HA IPEIIAraHOTO copTyepHO
pemeHre. Pa3paGoTeHMAT NPOTOTHN Ha CHCTeMara MoXe na obpaboTBa HaHHuM OT 10 32
npeoOpasysaress Ha MOIIHOCT. [IpeACTaBeHUTe pe3yaTaTH IOKA3BaT CIIOCOGHOCTHTE Ha CHCTEMATa
H Te Ie ObAaT U3MO0JI3BaHHM [P I10-HATATHITHO U3CIIEBAHE HA MO-CIIOXKHHI CHCTEMH 32 ylipaBJieHHE
Ha €JIEKTpOCHEePrusiTa.
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AHoTanuu Ha ny6JMKAIHUTE

[['7-1] MexaTpoHHHTE CHCTEMH IpPEACTABISBAT B3aUMOIEHCTBHETO B pealHu IpPHUIIOKEHHS 3a
ABTOMAaTH3allisl Ha MEXaHWYHHUTE CHCTEMH M €JIEKTPOHHOTO YIpaBieHue. BHeapsBaHeTo Ha
MOAYJHA MEXaTPOHHH CHCTEMH BOIHU HE CaMo /10 NoaobpsBaHe Ha CIOCOOHOCTHTE HA CHCTEMATa,
HO M N0 CHeCTsBaHE Ha BpEME 3a IpeJJlaraHe Ha Ias3apa IOpaad BB3MOXHOCTHTE 3a U360p,
ONPOBOJSIBAHE M HACTPOMKa HA IO-MAIKO KOMIIOHEHTH. VI30N3BaHETO Ha MporpamupyeMu
norudecku koHTposepu (PLC) 3a ocHoBa Ha MoIyiHaTa cucTeMa € MPUETO KaTo OOl MOAXOM B
aBTOMATH3alUATa Ha MHIycTpusTa. llenra Ha mpencTaBeHHTe H3CIeIBaHHsS € Ja Ce pa3paboTH
HaJiex/1Ha eJICKTPOHHA CHCTEMA U TIOAXO/ALIM 3a/1aur 3a o6yueHHe B 06/1acTTa Ha MEXaTPOHMKATA.
OOsICHEHO € IpPaKTHYECKOTO H3MBIHEHHE Ha MpPe/UIOKeHaTa 1aGopaTopHA [OCTAHOBKA M ca
ONHCAaHH CBOTBETHHTE OOpasoBarennu 3agaud. Kondurypanuara Ha paGOTHOTO MSICTO MO3BOJISBA
paspaboTBaHe u TecTBaHe Ha codryep 3a PLC ¢ nomornra Ha peansu HHIYCTPHUAIIHU YCTpPOHCTBA -
PLC, enexrponsurarenu, 3aiBIXKBaHHs M CEH30pH. PaGOTHOTO MSCTO jaBa BB3MOXHOCT 3a
11abOpaToOpHM 3a/1a4y, BK/TIOYBAIIN NPAKTUYECKH BCHUKM Momynu Ha PLC - uuGpoBH BXOIOBE M
M3XO[H, aHAJOrOBH BXONOBE M HU3XOAH, Oposdd, KOMYHHKAIMH H ap. IIpeicTaBeHHM ca HSKOH
[IPUMEDPHHU 3a/1a4yH.

[I'7-2] ObnacTra Ha HaykaTa, TEXHOJOTMHTE, MHXKEHEPCTBOTO M MaTeMaTHKATa (STEM) ce
IpOMeHst ObP30 M OCHINECTBABA 3HAUUTEIIEH HAIPENBK IIpe3 MOCISAHUTE FOUHH, TaKa Y€ € MHOTO
B2XHO Ja Ce€ CB3JajgaT CIOCOOHM HHXKEHEPH, KOMTO Ja MPOABIDKAT TPOrpeca B TOBA BAXKHO
HanpasiieHue. Ho B ¢hII0TO BpeMe CHOTBETHOTO 00pa3oBaHMe € TPYOHO, OCBEH TOBA CE CUMTA 32
HENPUBJIEKATENHO M CKY4YHO. 3a /ia Ce MPEOIoIee Ta3u NPEeaCcTaBa, yueGHOTO ChIbPKAHHE TPsIOBa
Ala ce npernojasa ¢ IOMOLITa Ha HOBU HHTEPAKTUBHH ()OPMHU C aKTUBHOTO YYacTHE Ha CTYASHTHUTE -
IIPOEKTHO OPHEHTHPAHO OOyYeHHE, YYEHe Upe3 NpaBeHe, paboTa B €KHUIl, CEMHHAPH, PabOTHIIHALM
u 1p. B mybimkanusra ce onucsa ChAbPKAHHETO HA HavaleH y4eOGeH Kypc IO BrpafeHH CHCTEMH.
Toit uma 3a nen na mpeaU3BUKa TOGOMUTCTBOTO HA CTYACHTHTE U A IO 3aJIbP’KH BBIIPEKH HUBOTO
Ha TpyAHOCT. ChINO Taka € HeoOXOOMMO Te ha ce ybemaT B MpeIMMCTBaTa Ha HUH)XEHEepHaTa



kapuepa. OCHOBHTE Ha HMH)XEHEPHOTO NPOrpaMUpaHe, 3aefHO C NPHIArAHeTO HA Haif-uyecTo
HM3MOJI3BAHUTE ENEKTPOHHM KOMIIOHEHTH M YNIPABJIEHHETO Ha Mal[abupaHyu pealHH yCTpOHCTBa, ca
ACMOHCTPUPAHH € MOAXOIIIIM NMPUMEPH NporpaMeH Koj. Llenra e M3mon3BaHeTo Ha MOAXO04a 3a
O0y4eHHETO 4pe3 INpaKkTHKa Ja KOHCOJMIMpA 3HAHMATA 3a OCHOBHTE HA IIPOrpaMHUpPaHETO
BKJIKIOYBAIIM (DYHKLMH, TPOMEHIIHBH, MACHBH, OPraHU3aLMs Ha [IHKIIH, yIpaBJIeHUE H3IBIHEHHETO
Ha nporpamata u Jp. Jlaboparopuara pa6oTa ce pasriex/a KaTo HaYMH CTYIEHTUTE Ja pazbepat
B3aUMO/ICHCTBHETO MEXX[y BIPafieHHTe CHCTEMH M OKOJHHMS CBST. Ts MMa 3a Len ja IpeACTaBH
pasiuKaTa MEXIy aHaJIOrOBH W LM(POBH CUTHAIM, a& CHIIO M TEXHHUS BXOA / H3XOH KBbM
MHKDOKOHTpONepUTe. MMa MOAXOAfM NpUMEpH 3a ynpaBleHHe HA MAIAGHPaHH peaHH
YCTPOHCTBA H CHCTEMH KaTo CBeTO(apu u CHrHaIu3auus. [L1aTopMuTe ¢ OTBOPEH KOZ Ca MHOTO
TIOJIE3HHU 3a Ta3M LIEJ1 ChC CBOSTA JOCTBIIHOCT, JEKOTa Ha M3I0JI3BAHE, HUCKA II€HA U BIBGXHOBEHA
OOIIHOCT OT MOTPeOUTENH.

I'8. Hay4nu ny6iukanuu B Hepedepupanu ClHCAHHS ¢ HAYYHO peneH3upaHe HJIH B
PeIaKTHPAHH KOJIEKTHUBHH TPYA0Be
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ZI'8 =276'1,

AHOTAIUH HA My0JIUKALHHUTE

Hayunure my61nKauuu B TO3M CIHCHK ca 00eJHHEHN TEMATHYHO B Be HAIPABJICHHS:

1. MscmenpaHe M yCHBBPINEHCTBAHE HA €IEKTPOHHM METONM M CPEICTBA 3a H3MEpBaHe Ha
CJICKTPUYECKH U HEEICKTPHYECKH BEIMYMHM, IIPEHOC Ha MH(OPMAIKs U yIIpaBlieHHe Ha 06eKTH

2. MiscnieniBaHe U ycChBBPIIEHCTBAHE HA €IEKTPOHHH METOJM M CPEICTBA 3a 00ydeHHe B 06JacTTa
STEM (Science Technology Engineering Mathematics)

HscieqBane W yChbBBPIIEHCTBAHE HA €JIeKTPDOHHH METOAM H CPEACTBAa 3a H3MepBaHe Ha
CJICKTPHYCCKH W HEEeJIEKTPHYECKH BeJHYMHH, NPEHOC HAa MHpOpPMAUUs W ynpaBjeHHe HA
o00eKxTH

[I'8-1] B nmy6nukanusTa ce pasriexnar Bb3MOXHOCTHTE 3a BHE/IpSIBaHE HA 00JIAYHUTE TEXHOJIOTHH
B YNPABICHUETO HAa CHEPTUMHUTE CHCTEMH M OYaKBaHHTE II0J3M OT ToBa. OGOOIIEHH ca
TCHACHIMHTE B PAa3BUTHETO HA ENIEKTPOCHEPTMHHMTE CHCTEMHM U IIPEAM3BHKATEICTBATa MpEs
TAXHOTO ynpasieHne. OOOCHOBaBa Ce, Y€ BHBEXIAHETO Ha MH(POPMAIMOHHHTE W KOMYHHKAIHOHHH
TEXHOJIOTHH € HEH30eXHO, 3a Jla Ce IOCTHTHAT OCHOBHMTE ILENH - e(eKTHBHA, HAAEKIHA,
ycroiynBa W OesomacHa paboTa Ha eHepruiiHata cucTema. ToBa MOXe 1a ce peanusupa ¢
PasBUTHETO Ha MOJEPHA WU3MepBaTeNHa MHPACTPyKTypa, 6asMpaHa Ha MHTEIUTEHTHH CEH30DHH
Mpexu. OyakBa ce pa3pabOTBaHETO U BHEAPSABAHETO HA PElICHHS, OpueHTHpaHH KbM VHTepHET Ha
Hemara (IoT), na cmomorHar 3a BBBeXIaHETO Ha OONAYHM M3YMCICHHS B HHIYCTPUAIIHUTE H
/IOMAIIHATE CHCTEMHM 3a YIpaBjieHHE Ha eHeprus. [IpemnoskeHu W wm3cienBaHM ca aBa Mojesa
pemenys, 6asupanu Ha [oT. Te mokasBaT MOAXOAKMTE 3a CBHP3AHOCT C MHTEPHET HA CbBPEMEHHO H
HaIMYHO 00Opy/BaHeE 3a M3MEPBAHE M KOHTPOIIL. JlaBar ce eKcIlepUMEHTAIHH pe3yJiTaTu.

[I'8-3] B macTosimara my6Gnukauus ce pasriexnaa pa3paboTBAHETO Ha MpeXa OT HMHTEJMTCHTHH
npeoOpa3yBaTeiy Ha eHEprus. YIpaBleHHeTo Ha Mpexarta ce 6a3upa Ha PLC, KoiTO u3mbIHABa H
¢byHkuuuTe Ha reityed (uumo3). Llenra e na ce Nnpoy4yaT KOMYHHUKAIIMUOHHUTE CIIOCOOHOCTH Ha
CTaHnapTHU ycTpodcTBa karo PLC 3a m3non3BaHe Karo IUIIO3 B MPEXH OT HHTEIMIEHTHH
npeobpa3yBaTesy Ha MOIIHOCT B pa3iMyHM OGEKTH OT eleKTpoeHepruifiHara cucrema. 110 To3m
HauuH npunaranero Ha PLC B SCADA cucremu 3a ynpaBieHue Ha eHEPTHMHH MPEXH IIe ObIe
pasmMpeHo ¢ HoBH QyHKuuK. [IpuI0XKeHH ca pe3ynTaTi oT 1a6opaTOpPHH H3CIICBAHUSL.

[[8-4] Ilenra Ha nyGuukamusTa € NpeACTaBSHE Ha CTPYKTypaTa M €KCIJIOATal[HOHHHTE
BL3MOXHOCTH Ha U3MEpBATEHUTE NpeoOpasyBaTeN 3a IPHIOKEHHE B MHMOPMALMOHHA MpPEXa.
ToBa ce Hanara ot HOBHTE NpPeM3BHKATEIICTBA IIPE]l YNIPABJEHUETO HA CHBPEMEHHUTE eHepruitHu
CHCTEMH, B CIC[CTBME OT BBBEKIAHCTO HA BBH3OOHOBSIEMH EHEPIHIHH HM3TOYHMIH M OBP30
NIPOMEHSIM CE TOBapH. 3a MOCTUraHe Ha YCIEIIEH M YCTOHYMB KOHTPOI Ha eleKTpOeHepruiiHaTa
cucTeMa TpsbBa Ja ce mpejaBaT M o6paboTBar ronemu KosiuuectBa mH(GOpMauus. ToBa M3MCKBA
HHCTAIMPAHETO B DA3sIAYHH TOYKH OT CHCTEMara Ha YHHBEPCATHH TOYHH HM3MEPBATEIHH
npeoOpasyBareny ¢ 6orat HHGOPMAIMOHHH BH3MOKHOCTH.




[I'8-14] B my6nukanusra ce pasrnexza WEB-6asupana AMI cucTeMa, KOSTO Ce CBCTOH OT
HHTCIIMICHTHH H3MepBaTenHu ypenu (Intelligent Meters - IM), BcekH OT KOMTO HMa
KOMyHHKallMOHEH MoAyn ¥ moaaspxa DLMS, PROFIBUS-DP, MODBUS RTU / ASCII u IEC
60870-5-103 npotokonu u oTnaneueHH Kpaitnu ycTpoiictBa (Remote Terminal Units - RTUs),
BCCKH OT KOMTO MMa MOZyJIHa XapayepHa apXuTeKrypa u noansbpxa GSM / GPRS komynuxanus, u
paslpenieNieHa [/1aBHA CTaHLMSA, KOATO MMa LeHTpanHa 6a3a namHu, WEB cwbpebp/6payssp
CTPYKTypa, KIHEHTCKO MPUIIONKEHHE K JeKomiosnpa AMI (yHKIHMHTE HAa MHOXECTBO Habopu
komnoHeHTH Ha WEB caiita. Bpp3oto HampenBaHe Ha XapayepHUTE M CO(TYEPHH TEXHOIOTHHU
HalpaBu Bb3MOXHO pa3pabOTBAHETO HAa CHCTEMH 3a HHTEIUTEHTHO M3MEpPBAHE OT HOBO IIOKOJIEHHE
KaTo CBIIECTBEHA YaCT OT yChBBPIICHCTBaHA HH(PACTpyKTypa 3a u3MepBane (Advanced Metering
Infrastructure - AMI). Kakto xapayepuusr ausaiiy, taxa u paspaboTkara Ha codryep 3a Tasu WEB
Oasupana AMI cucrema ca OCBIIECTBEHH B CHOTBETCTBHE C nobpe NoKa3aHW apXHTEKTypHH
MOZIEJTH, KOETO M03BOJIIBA HA CHCTEMAaTa Jla C€ BH3II0/I3Ba OT MHOTOOPOWHHUTE HAIMYHH TEXHOJIOTHH
M M J1aBa JOIbJIHHUTENHA bBKABOCT M Mawmabupyemoct. IlpeacraBeHuTe pesyaratu me ObaaT
H3II0JI3BaHKM IIPH [0-HATAaTBUIHO MPOYYBAHE HA I0-CIOXKHH CHCTEMH 3a YCHBHPIICHCTBAHA
u3MepBaTesIHa HHGPacTpyKTypa.

[I'8-15] Ta3u myOnukauus mpeacTaBs CHCTeMa 3a MOHHTOPHHI B €JIEKTPOCHEpruifHaTa CHCTEMA,
KOATO I03BOJISIBA [1a CE aHAIM3UPAT BCHYKHU SBJICHHS, CBbP3aHH C KAa4eCTBOTO Ha eHeprusra. Llenra
€ Zla ce pasrnefar HAKOM H3MEPBAaHUS M aHaIM3d Ha KauyeCTBOTO HA EHEPrusaTa, KOUTO ce
obcysBar mo-n06pe ype3 HabIIOEHHEe ¢ MHOTO(DYHKIHOHAIHN CHCTEMH 32 cpOMpaHe Ha 1aHHH, a
HE CBC CICHHANTH3NPAHHM AHAIM3aTOPH 3a KavyeCTBO Ha eHeprusra. IIpeijiokeHaTa cucTeMa e
IbBKaBa M OTBOPEHA 3a MPOMEHH H IOAOOpeHHUs. Mi3mepBaHHsATa, KOMTO ce O0OCHXKHAT, ce
M3BBPIIBAT B TpH(asHa CHCTEMa M BKJIIOYBAT ILIECT BEKTOPA HA HANPEKCHHATA H TOKOBETE,
4€CTOTa, IIbJIHA, AKTUBHA U PEAKTUBHA MOILIHOCT, GaKTOp Ha MOIHOCTTA.

[I'8-16] IIyGimkanusTa onucBa NpeUIoKeH e 3a BrpajieH refiTyei (wio3) Ha 6a3aTa Ha nporecopa
EP9302, koiiTo mpezcTaBisiBa BUCOKO HHTErpHpaHa CHCTEMa BbpXy 4unl (SoC). B ceBpemennara
MHZIYCTPUS KBM €JIEKTPOCHEPTUMHHUTE CUCTEMH CE€ BKJIFOYBAT MHOTOOPOMHM YUaCTHHIIH, KOHTO CE
HYXZIasT OT JOCTBII 10 JAaHHH B pealHO BpeMe M CTaTHCTH4ecka umH(popMmanus. ToBa H3HMCKBa
CHCTEMa, KOSTO MOXE Ja pasnpocTpaHsBa HHQOpMAlUs HE3aBHCHMO OT TeorpadcKoTo
mecrononoxenue. Hacrosmoro pemenne nHa mnpobrema e WEB-6asupana cucrema SCADA
(Supervisory Control and Data Acquisition). 3a 1a ce cBBpXe ChINECTBYBALIOTO obopynBaHe KbM
MHTEPHET, MMa HYXJa OT MaJKO IO pa3sMepH, HalekIHO, EBTHHO yCTPOMCTBO - BrpajeH ILLTIO3
(moprain). ToBa yCTpOMCTBO KOMYHHMKHMpa C O06OpYIBAHETO Ype3 HETOBHS NOTPeOUTENICKH
(cobeTBeH) TPOTOKON M KOHBEPTHpA AaHHH BEB (popmar HTML mmm XML, IopransT uma IP anpec
M noanbpxa wu3wsio umu none ordactd TCP/IP crexa. IlpexBupenu ca untepdeiicu 3a
KOMYHHMKallMs ¢ M3MEPBATETHOTO 00OPYyIBaHE M C II0-BUCOKOTO HHBO HA iepapXMuHaTa CHCTeMa.
IIpencraBenute pesyntaté me GbAAaT M3MON3BAHM TIPU TO-HATATHIIHO PA3sBATHE HA TO-CIOXKHH
CHCTEMH 3a yIpaBJIeHUE HA EHEPrusTa.

[['8-17] Ta3u mybnukaims npemiara HECKOGIODKETHA CHCTEMA 3a H3MEPBaHE Ha IapaMeTpd Ha
CJIEKTPOEHEPrUiHaTa CHCTEMa Ype3 YHUBEPCATHH NpeobpasyBaTe/l Ha MOIIHOCT, rpadHyHa cpea
3a nporpamupane u DataSocket koMyHHKaIMOHEH NPOTOKOI 3a MpeaaBaHe HA JaHHHU C OTAAIEYEH
noctbl 4ype3 Murepuer. TpudasHOTO H3MepBaHe U aHAIM3 Ha MOIMHOCTTA BHHATH CE € CUMTANIO 3a
CJIOXHO H CKBIIO. 32 /1a CE CIIENAT IapaMeTPHTE Ha 3aXPaHBAHETO M KAYECTBOTO HA MOIIHOCTTA OT
pa3CTosHME € MHOIO BaXKHO Ja C€ Ch3JaJaT BB3MOXHOCTH 3a OTAAIEYEH JOCTBI JI0
H3MepBaTeHATa CHCTeMA. Pas/iM4HNUTe eNeKTPUYECKH NapaMeTpu MOTaT na ce HabIiomaBar upes
rpaduyeH noTpeOuTeNcKn HHTEpdEiic, KORTO e paspaboTen ¢ momornTa Ha LabVIEW.

[['8-18] B nybnuxauusta e HanpaBeH Nperjief Ha BB3MOXKHOCTHTE HA HU3MEPBATETHUTE
npeobpasyBaTeny, M3MON3BaHH B eJEKTPOSHEPIHHHATA CHCTEMA. Hedunupanu ca TexHuTe
TIOJIOXKUTE/THA W OTPULIATEIHM XapaKTEpHCTHKHU. Pasriexna ce cTpykTypara Ha HHTEIHTEHTEH



u3MepBaresieH npeodpasysarein. IIpeaioxeH e HHTENMIEHTEH yHMBEpCAleH HpeoOpasyBarten 3a
MomHoCT. OnKcaHa e HeroBara CTPYKTypa M OCHOBHH BB3MOXHOCTH. O6CHKIA C& MPUIOKEHHETO
Ha IpeUIOKeHUs TpeobpasyBaren NpH IO-HATATBHIIHO HM3CJIEABAaHE Ha IO-CIOXHH CHCTEMH 3a
yIpaBJIeHHE Ha eeKTpUYecKaTa eHEPrusl.

[['8-19] Ily6mukamusara mnpencTaBs pe3yiaTaTH OT M3CIEIBAHETO HA HSAKOW BB3MOXKHOCTH 3a
AUCTAHIMOHHO OTYMTaHE Ha KOHCyMHpaHaTa ejleKkTpuuecka eHeprus. Llenra e ma ce opranusupa
aBTOMAaTH3MpaHa CHUCTEMA 3a NPEHOC Ha JAHHU MEXJy pa3MYHH TOYKH M KOHTPOJIEH LEHTBP.
APXHUTEKTYpHTE HA CHCTEMH, W3nos3Bamy npoTokox DLMS / COSEM ca o6ekT Ha mpoydBaHeTo.
Onucann ca BB3MOXHOCTH, KOUTO M3IIOJI3BAT craipaptin DLMS / COSEM  pemenus.
I[Ipencrasenure pesynratu ime GbAAT M3MOJ3BAHM IPH CIEIBAINK H3CIEIBAHHS HA KOMIUIEKCHH
CHCTEMH 3a yIIPaBJIEHUE Ha €JIEKTPOEHEePrUsTa.

[I'8-20] B tasu mybnukamus ce pasriexaa pasBUTHETO Ha BHPTyalHa CHCTEMA 3a MOHUTOPHHT B
CJICKTPOCHEPTETHKATA M H3YHC/ISBAHE CTOMHOCTMTE HA MNapaMeTpUTe, MpPH KOSTO TpU(a3HHUAT
npeobpasyBaTell Ha MOLIHOCT € CBBbP3aH ¢ KOMITIOTE, U3II0/I3BAlI CEpUEH TTOPT. MOHHTOPHHIBT Ha
KOHCYyMHpaHaTa MOILIHOCT M Ka4eCTBOTO Ha €JIEKTPOEHEprusra ca OT pEIlaBalllo 3HAYeHHE 3a
OCHTypsBaHE Ha oONTUManHa paboTa Ha eHepruifHuTe cHcTeMu. KUIOYBT KBEM ycmexa Ha
eeKTHBHATA CHCTEMa 32 MOHHTOPMHI C€ CBCTOM B I'bBKABOCTTA, MOIIHATA 00paGoTKa HA JaHHH,
pa3OupaeMHUTe OTHETH M JIECHUAT JOCTBI 10 HH(bOpPMauys. PasnudHuTe eNeKTPHUECKH HapaMeTpy
Morar Jia ce HabirofaBar B rpaduyen notTpedurencku uutepdeiic, koitto e paspaGoTeH ¢ momorra
Ha LabVIEW. 3a na ce nocturHe aBTOMaTH3MpaHa HIeHTH(HUKAIHA Ha HpeobpasyBaTeld Ha
aKTHBHA MOILIHOCT B Mpe)aTa, IPUJIAraHETO Ha MOJeNa Ha IPOEKTHpaHe M pa3pabOTBAaHETO HA
rpaudeH copryep ce pasriaexna noapo6Ho. Helo moseye, peXuMbT Ha HEIPEKBCHATO CKaHUpaHe
IIIe TPEMHUHE IIOC/IEN0BATENHO IIPe3 BCsIKa HaO/r01aBaHa KJIOHOBA BEPUTa U IIie IIPUCBOM ClIELHaeH
THII CIIO/ICICHH IIPOMEHIIMBH 32 BCEKH aKTUBEH NPeoOpasyBaTesl Ha MOILIHOCT, BKJIIOYEH B MPEXkKaTa.

[I'8-25] B 6bp30 mpomeHsmara ce ChBpeMeHHA MHIYCTPHS 3a IIPOM3BOICTBO HA €JIEKTpUYecKa
CHCPrus. MOHHUTOPHHIBT Ha €JICKTPO3axpaHBAHETO M KAayeCTBOTO Ha EJIEKTPOEHEPrusTa ca OT
pelIaBaIo 3HaYEHHE 3a OCUI'YpsiBaHE Ha ONTUMajHa paboTa Ha eHepruiHuTe cucTeMu. KimodyoBu
3a ycrmexa Ha e(EeKTHBHATa CHCTEMa 32 MOHHMTOPHMHI Ca I'bBKABOCTTA4, MOIHATA obpaboTka Ha
JaHHH, pa30MpacMHUTe OTYETH M JIECHHMST HOCTBI 10 MHpOpManus. Tasw myGiIMKanus omucsa
Pa3sBUTHETO HAa BHUPTyajllHA CHCTEMa 3a MOHUTOPHHI B €JIEKTPOCHEPreTHKAaTa M H3UHCISIBAHE
CTOHHOCTHTE Ha NapaMeTPHTe, KBAETO TpH(asHUAT MpeoOpasyBaTesn Ha MONIHOCT € CBBP3AH C
KOMIIIOTBP, HM3MOJ3BAlll CEPUCH MOPT. PasnMyHUTE eNeKTpPUYEeCKH MapaMeTpH MoraT aa ce
Habmonasar B rpaduyeH mnorpebuTencku uHTEpdEiic, KOHTO e pa3paGoTeH ¢ MOMOIITa Ha
LabVIEW.

[I'8-26] B nyGnukamusTa ce npeAcTaBs H3CIEABAHETO HA HAKOM BB3MOXKHOCTH 33 JUCTAHIHOHHO
OTYHTaHE Ha KOHCyMHpaHaTa eJIeKTpu4ecka eHeprus. Ilenra e 1a ce opraHusnpa aBTOMaTH3NpaHa
CHCTEMA 3a IIPEHOC HA JaHHU MEXJy pa3iM4yHM TOYKM OT eJEeKTPOEHEpruifHaTa cHucTeMa H
KOHTpoJIeH UeHTEp. [Ipoyusar ce apxurexrypure Ha SCADA cucTeMHTe H KOMyHHKALHUTE B THX.
Omucanu ca BB3MOXHOCTH, M3MOJ3BAIM CTAHAAPTHH cepuitHu mHTepdeitcu, Ethernet 1 GSM /
GPRS xomynukaums. IlpeincraBeHuMTe pesynrarét lie ObAAT H3ION3BAHM IIPH I0-HATATBHIIHO
NPOYyYBaHE Ha MO-CJIOKHU CHCTEMH 32 YIIPaBICHUE Ha eIEKTPOEHEPrHATA.

[I'8-32] IlybaukaumsTa omMcBa HpeIHMMCTBATa Ha ChbBPEMEHHHTE NUMPOBH pEJIEHHU 3allUTH.
JlokasaHo e, 4e TOUHOCTTa 3aBHCH Haii-Beue OT BXOAHMS MOyl Pasriexnar ce Pa3IM4HU DOIXOIH
IpH NPOCKTUPAHETO Ha BXOJAHM NpeoOpasyBareid 3a TOK M Hampexenwe. Ciel mpoydBaHe Ha
[IapaMeTpUTe M XapaKTEPUCTHUKUTE HAa HaW-HOBMTE HHTETPATHH CXEMH Ha OIEpalMOHHH
ycunsarenu 1 ALII ce mpemnara HoB au3aiin Ha aHANOroBUs BXOJEeH MOyl IIpencTaBeHO e



NOAPOOHO omucaHKe Ha Xapayepa Ha Moaysa. Cilen H3cie/BaHe Ha CXEMHTE Ce JaBar [IPENnopbKH
3a 1o-no6pa padora.

[I'8-34] CucremuTe 3a ynpaBieHHe Ha €HEprusTa OOMEHST OTPOMHH KOJIMYeCTBa MH(pOpManus,
M3UCKBAIIM OBP3 IOCTBII 1 CUTYPHOCT Ha JaHHMTE. KOMyHHMKAIMATA M HHTErPUPAHETO HA TAHHH OT
Pa3JInYHU IIEHTPOBE 3a YIPABJICHHE, EHTPAIU U MOJCTAHIIMH 10OMXA rosiMa BaHOCT. CHCTEMUTe
SCADA (Supervisory Control and Data Acquisition) ca OCHOBHM 4YacTH OT cHCTEMHTE 3a
YUIpaBlICHHE Ha CHEPrusiTa, KOUTO M3IIOI3BAT LIUPOK CIEKTHP OT KOMITIOTBPHH H KOMYHHKALIHOHHH
TEXHOJIOTHH. B mybinkanusTa ce npesctapst paspaGoTBaHETO HA EEKTPOHHO YCTPOHCTBO, KOETO Aa
Obze cBbp3aHo KbM MHTepHeT 6asupana SCADA cucrema.

[I'8-11] udepenumanuure perymatopu Ha TemmepaTypara (DTC) nabupar mnomynspHOCT B
CITHYCBUTC TOIUIMHHA CHCTEMHM H B HAIlM [HH Ca Haif-4ecTO cpeliaHusT u360p 3a mpaBHIIHA
paboTa Ha cucTemara. Tasu myGmMKallus oIMCBa IPOEKTHPAHETO H BHeApsiBaHeTo Ha DTC ¢ HoBa
yHIpaBiisBaiia KOHUEINHUS 32 MOIyJalHUATa Ha CKOPOCTTa Ha IIOMIIaTa, pa3paboTeHa 3a CIBHYEBH
CHCTEMH € BB3MOXHOCT 3a m3toyBaHe (drain back solar systems). Pesynrature or pabortara
ZI0Ka3BaT IIPeIMMCTBATa Ha HACTOsIIaTa pa3paboTka.

[['8-27] Yecto e HEOOXOANMO AMCTAHIMOHHO 14 ce CIeNd TeMIIepaTypaTa B IIOMEIIEHHE, CKIaj
WM MACTO 3a cbXpaHeHue. [lonactosmem romsm 6poit motpeburenu umar goctsi 10 World Wide
Web (WEB) u ToBa MM aBa BB3MOKHOCT 3a [10JTy4aBaHe Ha pasnuyHa UHQGOpPMAIIHS, HaBCIKBE I10
BCsAKO Bpeme. TakaBa undopmarus Moxe na Objie u 3a TemnepaTypa. B myGnukanumsTa ce omucsa
BB3MOXKHOCT 3a JICCCH W JOCTBIIEH MOHUTOPHHI C MOMOIITA HAa MHKPOKOHTDPOJIEP C BrpajeH
Ethernet xoutponep 1 no6pe no3uarure TCP / IP u UDP npotokom.

H3cnensane M yChbBbPIIEHCTBAHE HA €JEKTPOHHH METOAM M CPEICTBA 3a o0yueHHe B
ob1actra STEM (Science Technology Engineering Mathematics)

[I'8-2] Brpanenure cucremu ce M3ON3BAT HABCSKBIE B YOBELIKHS KMBOT. Te ca B Oy nuIHUIY,
aBTOMOOWIM, MOOHIHM TenedOHH, JIMYHU LU(PPOBH ACUCTEHTH, AOMAKMHCKH ypeod U T.H.
DakynTeTHT 10 €IEKTPOHHA TEXHMKA M TEXHOJIOTHH Ha TeXHu4ecKus yHuBepcuteT B Codus pernu
CJIE MHOTO UTEPALMH U IMCKYCHH C MapTHOPCKUTE (DMPMU M OpraHU3alMu Ha paboToaaTeInTe 1a
ce npueMe HOB ydyeben mmaH 3a OKC ,Bakanassp® 1mo cnemmamHoctT »ElekTpoHuka“. 3a na ce
IOATOTBAT CTYACHTHTE 3a NpeAU3BUKATeNCTBATa HA Objemara UM paboTa, B HOBUsA yueOeH IuiaH
Oeme axkUeHTMpaHO BBPXY MNPAaKTHKATA X OCOOEHO BBPXY MPHAOGHBAHETO Ha YMEHHUS B
NporpaMMpaHeTo Ha BrpageHu cucremu. Jlaboparopuure 3amstus 10 ,JIpakTHKYM IO
NporpaMupaHe Ha IUIATOPMHU C OTBOpEH KOA MMAT 3a led Ja AagaT Ha CTYAEHTHUTE OCHOBHH
3HaHWS ¥ YMEHHS B Ta3H 00acT. 3a Ta3u Leln ca u3bpaHu XapayepHHTE U COYTyepHUTE MIAaTHOPMH
C OTBOPEH KOJ - CHCTeMaTa 3a pa3BUTHE Arduino W ChOTBETHATa HHTErPUpaHA IPOrpaMHa Cpeja,
KOWTO Ca CBETOBHO NPHM3HATH KaTO MHCTPYMEHTH 3a HayaniHO oOydeHwe. B Tasm myGnmkamus e
NPe/UIOXKEH MNPAKTHYECKH IOAXOJ 3a IpernojaBaHe Ha OCHOBHTE Ha Xapiayepa M codTyepa Ha
BIPAJICHUTE CUCTEMH. AKLUECHTBT € BbPXY IIPOrPAMHOTO yIIpaBJIEHHE HA BXOJOBETE M M3XOMAMTE, 32
na ce yOensT CTyJeHTUTE B I'bBKABOCTTA H YHHBEPCAIHOCTTAa HA IPOrPaMHpPYEMHTE yCTpOMCTBa.
Chluo Taxka ca BbBEJCHH NPHUHIMUIATE HA CEH30PUTE M TAXHOTO MPHIOKCHHE. [Ipencrasenu ca
HSIKOU IIPUMEPH.

[I'8-5] B Tasu mybnuxauust e npeiiokeH MpaKTHYECKU MOIXO. 3a HAYAIHO ofOyueHue B obnacrtra
Ha Xap/lyepa H copTyepa Ha BrpaJieHMTe CHCTeMH. AKLIEHTUPA Ce BHPXY IPOrPaMHOTO YIIPABICHHUE
Ha BXOJIOBETE 1 U3XO/WTE, OpraHU3alkiTa Ha UMKIK U paboTtaTta ¢ MacuBH. Llenra e ma ce cBBpixKe
NIPUJIOKEHUETO HA NIPOrPaMHUTE €3UIM C AUPEKTHOTO yNpaBlIeHHE Ha BHHINHK yCTPOMCTBA, 3a 1A
ce ybelsT CTyHeHTHTE BbB BB3MOXHOCTHTE HA IPOrPAMHPYEMHTE yCTpoWcTBa. M3momssa ce
MeTona ,ydeHe upe3 mpaseHe” (learning by doing approach), karo ce ouaxBa cTyneHTHTE na



HpI/II(06I/I5IT TpaﬁHH 3HaHUSI W IIPAKTHYECKH YMEHHUS B obacTra. HpeJICTaBEHI/I ca THUIIHYHH
OPHUMEPH, BKIIFOYBAIIH IIUPOKO U3IMOJI3BAHU CJICKTPOHHH KOMIIOHEHTH.

[I'8-6] 3a na moAroTBu CTy/eHTHTE 3a MpeAM3BHKATEICTBATA HA GBbaemaTa UM paboTa, ®dakynrersT
10 eNICKTPOHHA TeXHUKA M TeXHonoruu Ha TY-Codus npue HoB yuebeH rian 3a OKC ,,Bakanassp”
1O CHEeLHANHOCT ,,EfeKTpoHrKa”, KoiTo Gelre ch3ajeH Cliel MHOTO OOCHKIAHHS U Pa3rOBOPH C
(upMHTe IAPTHBOPH M OpraHM3alMMTE Ha paGoToxarenute. Tasu MyGIMKAIHS IPEACTABS 4acT OT
y4eOHaTa mporpaMa Ha JUCUHMILTHHATA ,,[IpaKTHKYM 110 pOrpaMupaHe Ha IIaTGOPMH ¢ OTBOPEH
Kox”. JluCuMmIMHaTa JaBa Ha CTYJEHTHTE TEOPETHYHH 3HAHMS 3a MPOTpaMHUpaHe HAa BIPajcHH
CHCTEMH W TPAKTUYECKH YMEHHS B Tasu obmact. IlpeacraBeHM ca HAKOM IPUMEPH OT
n1ab0pPaTOPHUTE YNPAKHEHHUsI, KOMTO MIIIOCTPUPAT MPAKTHUYECKUS TOAXO/ 3a HAYATHO obyueHue B
obsacTTa Ha TpPOTrpaMHPaHETO Ha BrpajieHHd CHCTeMH. [IpaKTHYECKHAT MOAXON € ITONe3eH 3a
HaunHaemure. C aKleHT BbPXy MpPaKTHKaTa, a HE BbPXY aKaleMHYHATA TEOPHs T€ IpHeMaTr
marepuana mno-igecHo. Ilnargopmure ¢ OTBOpeH KOA - cucTemara 3a pasBuTHe Arduino u
CHOTBETHATA IPOrpaMHa Cpejia ca MHOTO MOAXO/IAIIH 1 MOJIE3HHU 32 HAYAIHOTO 06yUeHHE.

[I'8-7] B nmy6imkauusta ce o6Chkaa U3MON3BAHETO HA COGTyepHOTO mprioxenue FilterPro™ na
Texas Instruments npy npenosaBaHeTo HA aKTUBHU bjmnrpn B y4eOHHTE KypcoBe 3a IIPOEKTHpPaHEe
Ha ENIEKTPOHHH cxeMmu. M3non3paneto Ha FilterPro™ karo HHCTPYMEHT 3a €JIEKTPOHHO 00yueHHe
AlaBa Ha CTYACHTHTE BBH3MOXXKHOCT 3a MPOBEPKA Ha PE3yITaTHTE OT CHMYJAIMATA C PE3yITaTHTE,
MOJTyYeHH OT sabopaTopHuTe excriepuMenTH ¢ Analog System Lab Kit PRO. MoxyisT, KoiiTo e
paspaboreH e Oble BKIIOYEH B NPOEKTHO Oasupanara cucTema 3a oOyuenme DIPSEIL,
usnoinspana B [oBauBckus ynuBepeurer ,,Ilancuit Xunenaapcku®,

[I'8-8] PLL ce u3nonssa B IMPOK CIEKTHP OT €IEKTPOHHO M KOMYHHKAIIHOHHO obopyzaBaHe u
pa30MpaHeTo Ha NPUHLKMIHKTE MY € OT IOJSMO 3HayeHue. CUMyNAIMATA € TONE3HO pelleHHe 3a
npenonasane ocHoute Ha PLL. MATLAB / Simulink e MHOro MomHa cpesa 3a cuMmysanus Ha
HUBO OJIOKOBE, KOETO € ocobeHo moaxonsmo 3a PLL. B my6iaukanusra ce o6chkaa MOIXOn 3a
npernojaBane, KOKTO MO3BOJIABA HAa CTYAEHTHTE Ja M0JIy4YaT yCTOMYMBY 3HaHuUs 3a PLL.

[I'8-9] KoMmIOTEPHOTO MonenMpaHe W CHMYJAMOHHUTE M3CICABAHHS CAa METOMAM, KOMTO Ce
M3II0/I13BaT B OOY4YEHHUETO MO €IEKTPOHHA CXeMoTexHuka. [Iporpamara Multisim naBa B3MOKHOCT
T€31 METO/H J1a CE NpUJIArar B Ipolleca Ha o0ydYeHHe ¢ IOMOIITa Ha BUPTYalHH €KCIIEPHMEHTH. B
IIyOIHMKaNMsATa € pasriieJaHo IPUIIOKEHHE 3a H3CIeIBaHE HA CXEMH 34 (GopmupaHe Ha TPAaBOBIBIHH
MMITyJICH. H3ciieBaHeTO Ha NEHCTBHETO HA CXEMHTE Ype3 MOJEIMpaHe [03BOJABA 6bp3a
BU3yanu3alMs W 00paboTka Ha pe3yNTaTHTe OT CHMyjauusra. HampaBeHH ca CHMYJIAlMOHHH
H3CJI€IBAHMS HA TapaMEeTPUTE Ha FTeHEPUPAHUTE UMITYJICHU TIOPEAMIIM H aHAJIM3 Ha TIOBEJIECHHETO Ha
¢opmupamure cxemu. IIpennaraHute Mozxenu MO3BOMSBAT CHMYJALHS C BHCOKA TOYHOCT H
BH3yaJIM3allis Ha IPOIIECUTE B CXEMHTE.

[['8-10] [luHamukaTa B pa3BUTHETO HA €JIEKTPOHHHUTE cpeacrBa 3a oOydyeHHE IIOCTaBs
NPEIN3BUKATENICTBA NIPEA YHUBEPCAIHUTE MPOrPaMHH CPEld 3a IPOEKTHpaHe, MOJEIHpaHe H
aHallM3, HM3IMOJN3BAaHU 32 M3rpaXKJiaHe U H3C/e/lBaHE Ha €JIEKTPOHHH CXeMH M ycTpoifcTBa. B
myOiMKanMaTa ca NPEIIOKeHH KOMIIOTBPHM MOJENM Ha OCHOBHATA CXeMa Ha resepaTop Ha
(GyHKIMHK U Ha CXEMHM Ha MHTErPaTOpH, KOMTO ca ChCTAaBHA YacT OT Hes. MoenuTe ca pa3zpaboreHu
B 1nporpamHa cpexa NI Multisim. Vi3BbpiieHa e cumysnamus Ha pabOTOCIIOCOGHOCTTa Ha
Ch3Ja[IEHUTE MOACIH. Pesynratdte OT CHMYNTAlMOHHHTE W3CICABAHMS Ca BU3YaTH3UPAHH W
aHanu3upaHy. PaspaboTenuTe Mozeny, U3MONI3BaHK B MOAXOAsIIA 06pa3oBaTeHa Cpesa, MOTaT /a
M3IBJIHABAT YCIHCIIHO pOJIATa HA CPeACTBO 3a oOydyenue. Ilo TO3M HAa4YWH BHPTYAIHOTO
CKCIICPUMEHTHPAHE IN€ I[OATIOMara M JONbJIBA M3Y4YaBaHETO Ha pealHOTO MAeHCTBHE Ha
€JIEKTPOHHUTE CXEMH.



[I'8-12] B Tasm mnybamkanms e paspaGoren FPGA-6asupan mnoBeneHuecku wmozen Ha
MHKPEMEHTAJICH POTallMOHEH eHKoxep. M3cnensar ce 0oCHOBHHUTE XapaKTEpHUCTHKH M MOBEIEHHETO
Ha enkonepure. IIpoextnpana e nuppoa eneKTpoHHA cXeMa, TeHepUpaLla U3XOIHUTE CUTHATH Ha
MHKPEMEHTAIHUSA CHKOZE U CHMYJHpalla Heropara pabora. JlaneHu ca pesyiratd oT paboTara Ha
Mozena. QU3HYECKH Ce U3MEPBAT [apaMeTPUTE HAa M3XOAHHTE CHTHATH. TO3M MOLENT MOXe Ja ce
H3I07I3Ba NIPH pa3pabOTBaHe U €KCTIEPHMEHTAIHO H3yYaBaHe Ha CXeMH 3a 00paGoTBaHe Ha CHTHAIH
OT MHKPEMEHTAIHH €HKOJIEPH.

[I'8-13] B Tasu my6nukauus e omucaH MaKpoOMOZEN Ha MHKPEMEHTAJIEH POTAILlMOHEH EHKOJEp,
KOHTO MO3BOJISIBA /A Ce M3CTEABAT CUMYALMOHHO OCHOBHUTE XapaKTEePHCTHKA M TIOBEICHHETO Ha
CHKOJICPHTE KaTO €JIEKTPOMEXaHHYHH ycTpoicTBa. [IpoexTupana e uudposa enexTpoHHa cxema,
KOATO CHMyJHpa paboTaTa Ha MHKPEMEHTATHHS €HKOJAEP U TeHEpHpAIa H3XOJHHTE My CHIHAIH.
Jlanenn ca pesyiaratd OT CHMyJanMHTe Ha MakpoMozena. Toif e HpHIOKHM IIPY CUMYJIAIIMOHHU
M3CJIe/IBaHHSA B OOYYCHHETO M IIpH pa3pabOTBAHETO HA €NEKTPOHHH CXEMH 3a oOpaboTBane Ha
CUTHAIU OT HHKPEMEHTAIHH €HKOIEPH.

[I'8-21] B Ta3u cratust ce mpeyiarar 3a LeJUTe Ha ABTOMaTU3UPAHOTO MIPOEKTHPAHE Ha €1EKTPOHHH
CXEMH M yCTPOHCTBA HOBH IIOBEJCHYECKM MaKPOMOJEIM HAa NPOrPAMHPYEMH YCHIBATENH Ha
Hanpexenue. Cp3lalieHUTe MaKpOMOJENH OTpa3sBaT IpelaBaTeHATA XapaKTEPUCTHKA 3a
nudepeHIUaTHATe ¥ CHH(DA3HUTE CHUTHAIM, 3aBHCHMOCTTA Ha KoeuIMeHTa Ha yCHIIBaHE IIO
HAallp&KEHUE OT YNPAaBJABAIIOTO IIOCTOSHHO HAampexxeHHe (WM LUPPOBUS KOX), BXOIHOTO
HalpEeKCHHE M TOK HA HECHMETpPHS, CHEKTpalHaTa ILTBTHOCT HA IIyMOBOTO HANpEeXeHHE,
OrpaHUYCHUETO HA M3XOTHOTO HANPEKEHHE, U3XOJHUAT TOK MPU KHCO CHEIMHEHHE W BXOMHHS W
u3XonHus umnenaHc. IIpu chb3nmaBaHeTO Ha MAaKpOMOJENMTE Ca MPHIONKEHH METOAUTE Ha
ONIPOCTABAHETO M IOCTENCHHOTO M3IPaXX/aHe, U3MOA3BaHHM IPU MOJENHMpPaHe Ha ONePAlHOHHU
yeunsarend. MoenHuTe apamMeTpu ca ONpe/Ie/eHH 3a IPOrPaMUPYeM YCHIIBATEN, YIIPAB/IsBaH ¢
nocTosHHO Hanpexenne T VCAS810 u nporpamMupyem ycuiBarell, ynpasisBaH ¢ IU(pPOB KO THII
ADS526, u3non13BaHy KaTo IPUMEp B CTaTHATA. Banmpanusra Ha MOBeJeHUYECKHUTE MaKpOMOJIETIH €
U3ITBJIHEHA YPE3 CPaBHCHHE HA CHMMYJIAIIMOHHUTE PE3yJITaTH ¢ KaTAJOKHUTE JaHHU. AHAIM3HT HA
NONY4EHUTE DE3yJITaTH IIOKa3Ba [0OpO MOKPUTHE MEXIYy KOMIOTHPHHTE CHMYJIAHUH K
TIOBEICHUETO HA PEATHUTE MHTErPAHU CXEMH (CpeaHaTa CTOMHOCT Ha OTHOCHTENHATA Ipellka He
HajBumasa 5%). IIpertokeHUTe MOBEIEHYECKH MAaKPOMOJEIH H3HUCKBAT MO-MAJKO BpeMe 3a
CHMYJIALIHOHHO TECTBAHE, OCUI'YPSBAT IO-TOJIIMA TOYHOCT 32 HSKOU ITHHAMHYHM NTApaMETPH U UMaT
no-100pa CXOAMMOCT Ha CHMYJNIAI[MOHHHS MPOLEC IIPH aHATH3 B TMOCTOSHHOTOKOBA H BpeMeBa
00J1aCT B CpaBHEHME C rOJIIMA YacT OT MUKPOMOJIENHTE (MOEIUTE HA HUBO TPaH3UCTOPH).

[I'8-22] B Tasu mybnuxamust ca MpeaoKeHH 1Ba HOBM CHHYCOWIAIHH KBapLIOBU OCIIHJIaTOpa,
M3II0/I3BAIM €IHOCTBIIATHY ¥ IBYCTBIIAJIHA CXEMU C yCHJIBATeIH Ha TOK (current conveyor - CC).
LC kpbrot Ha npeasiaraHuTe CXEMH BKIIIOYBA KANAllUTHBHA BEPHTa 1 KBapLOB PE30HATOpP, KOUTO ce
ABPXKHU KaTo HHAYKTOP. KBapIOBUTE OCIMIATOPH ca pe3yTaT OT CHCTeMaTHUeH CHHTE3 Ha CXeMaTa
¥ MOrat CpaBHUTEJHO JIECHO J1a Ce MOJIy4ar OT KJIaCHYECKHUs OCLMIATOp Ha [lubpc, peanusupan ¢
AMCKDETHH ~ TPaH3UCTOpH. Ch3HafeHUTe CXEMM OCHIypsiBaT CleQHuMTe mpemumcrtBa: (1)
HC3HAYMTEIHOTO BIMJHME HAa HATOBAPBAHETO BBPXY I[apaMeTpUTe Ha OCLHUIaTopHuTe, (2)
CIIOCOOHOCTTa 32 He3aBHCHMa (MHA HACTPOHKA Ha YECTOTATa HA TPENTEHHSTA U CHCTOSHHETO Ha
TPENTEHHATa, (3) HUCBK M3XOIEH MMNenaHc u (4) mobpa craGWiHOCT Ha yecToTata. [lajeHH ca
HSKOH IPENOPBKY 3a IPOSKTHPAHE Ha TO3U BHJ aHAIOTOBU CXEMH Bb3 OCHOBA HA CHMBOJIEH aHAJIU3
Ha XapaKTepHHTE YpaBHCHHMs. BKIIOYeHM ca €KCIepPHMEHTaIHW pe3yiTaTH, INOTBHPXKIABALIA
TEOPETHYHHUS aHaIH3,

[I'8-23] B Tasu mybiukauus € omMcaH MPaKTHYECKH MOIXOXN 3a IIPOEKTUpaHE M aHaJIH3 Ha
CHHYCOMJAIHK OcluIaTopu. IIpennosxenara npoueaypa ce OCHOBaBa HA METOUTE 3a IPOSKTHPAHE
Ha aHAOrOBHM CXEMH, oOLlarta METOMOJIOTHS 3a NPUIIOKHO IPOEKTHPAHE M MPOIEIypHTE 3a



M3IBIHCHHE Ha CHUMYJIAIMOHHM NPOEKTH. TO3M MpakTHYeCKH MOAXO[ [aBa IBJIHA PaMKa, KOSTO
BKJIIOYBA BCHYKH JICHHOCTH, MEXIMHHH MPOIYKTH, IIPOLEAYPH 32 IPOEKTHPAHE H BPH3KH MEXIY
TAX, HEOOXOMMMHA 3a NPOEKTHPAHE M pealu3MpaHe HAa KOHKPETHA aHAIOrOBa €JIEKTPOHHA CXEMa.
Tasu mponenypa e mpuioxuma 3a IIMPOK KIAC OCIHMIAIMOHHH CXeMH, Kato ocHOBHM LC
OCLHJIATOPH, KBAPLOBU OCLHMJIATOPH, OCLUIATOPU ¢ (Ha30BO M3MECTBAHE, OCHMIATOPH C MOCT Ha
Bun (Wien), VCO u np.

[I'8-24] TlporpamupyemMuTe JIOTHYECKH KOHTPONEPH B JHELIHO BpeME Ca Hai-4yecTO CpeLIaHHsT
1300p, M3MOJI3BaH IIMPOKO IIPH PEIIABAHETO HA MPOBIEMH C HHIYCTpHAJIHATa aBTOMAaTH3allHsl.
CrenoBaTenHO KayecTBOTO Ha IPENOJABAHETO M OOYYEHHETO Ha CTyIeHTUTE B objacTra Ha
[IpOrpaMUpPyEMH JIOTHYECKH KOHTPOJIEpH € MHOro BaxkHO. Ta3u myOnukaius omucBa paGOTHOTO
MSCTO Ha CTyneHTa 3a oOydenue mo PLC mporpamupane u aeMoHCTpupa pa3paboTBaHeTO Ha
copTyep 3a HM3NBIHEHHE Ha OCHOBHHM 3alauH, H3MON3BAKH HSAKOM THIIMYHH UHCTPYKIIHH.
ExcriepumeHTHTe NaBaT Ha CTyASHTHTE 3HAHHS M IIPAKTHYECKH yYMEHHs 3a paboTa C OCHOBHHUTE
¢bynxuuu Ha PLC.

[I'8-28] IlpenomaBaneto M 00y4eHHETO Ha CTYZEHTHTE B 06JacTTa Ha IIpPOrpaMHpyEMHUTE
nornyecku kontponepu (PLC) e MHOro BaxkHO, 3aI0TO jJaBa 3HAHMA M yMEHHS 3a GE30MAcHO M
Ka4eCTBCHO YIPAB/ICHNE Ha IPOMHIILIEHH 00eKTH U npoueck. HacTosinara my6aukanus npencraps
pasianaHuTe Monyn Ha PLC u neMoncTpupa codTyepHr NpUIokeHus 3a H3IBIHEHHE HA 3a/a4H,
M3MOI3BAHKH HSAKOH OT CIIENHMTE THIIMYHHM MHCTPYKUMH: WHCTPYKIHH 3a JOrMYecKH OIepaIiH,
VHcTpykumu 3a mpeMecTBaHe u npeobpasysane, MHCTpyKuuy 3a TaiiMep 1 MHCTpyK1Mu 3a Gposy.
IIpakTHYeCKuTE EKCIIEPUMEHTH JaBaT HAa CTYAEHTHTE OCHOBHUTE 3HAHHS H yMEeHHs npu pabota ¢
PLC:

[I'8-29] [IporpamupyemuTe OrudecKu KOHTPOIEPH HaOupar NOMyJSIPHOCT Ha (aGpUYHO HUBO H B
Halli JIHM Ca Ha#-4eCTO CpemaHuar u360p 3a yIpasieHHE HAa HPOU3BOACTBOTO. [Topanu
€CTECTBOTO HA KOHKPETEH HMHAYCTPHANCH OOEKT MM IIPOU3BOJACTBEH IIPOLEC € HEBB3MOXKHO
HAaCTpoHKaTa Ha Iporpamara fia ce M3BBpIIM B PEaHU YCIOBHS OT ChOOPAXEHHS 3a CUTYPHOCT.
3aToBa CHMYNATOpUTE Ca MPOEKTUPAHH 1a MMUTHPAT pPeaiHHu YCIOBUSL C BB3MOXXHOCTH [a
ocurypsiBar GesornacHa u Ge3puckoBa miarpopMa 3a oOydeHHe Ha IepcoHaa, pa3paboTBaHe H
TECTBAHE Ha NIPOCKTH, U OTCTPaHABAHE Ha IPEIIKy. [lenTa Ha HACTOSIMS IPOEKT € Ja ce pa3paboTH
cuMynatop 3a o0y4enue 1o nporpamupane Ha PLC ¢ onucanuTe B3MOKHOCTH.

[I'8-30] B Tasu mybnmkanms e mpeacrabena cmemuduuna CIEKTPOHHA CHCTEMa 3a aHalIu3 U
TIPOCKTHPaHE Ha aHAJIOTOBH CXEMH, Iporpamupyemu ¢ uuppor kox. ChinaneHara ereKTpoHHA
CuCreMa € C MOAynHAa CTPYKTypa W oOXBama crnenubUYHH CXEMH KaTo YCHJIBAaTeNd C
nporpamMupyem koepuuueHt Ha ycunBaHeto (PGAs), areHroatopu, aHamorosu cxemu ¢ CMOS
LH(POBU NOTEHIMOMETPH, aKTUBHH (GUITPH, FeHEPATOPH HA CHTHAIM C JHUPEKTEH LU(PPOB CHHTE3
(DDS), uudposn cxemu ¢ MHKpOKOHTponep u ap. CHCTeMara ce ChCTOM OT CIENHHTE IIECT
OTACIHH €NIEKTPOHHM Monyia: (1) enexktponnn cxemu ¢ CMOS nudposu moTeHuuomerpu; (2)
CIEKTPOHHH CXeMU ¢ MOHouTHH PGA; (3) mporpamupyemu aktusau RC u SC ¢urrpu (4)
MOHOJIMTHH T€HEpAaToOpH 3a AupekTeH uudpos cuntes (DDS); (5) uudposo ympasnsemn aymmo
enekTpoHnu cucremu; (6) HF PLL cuaresarop. 3a usxou ot Momymute PIC MHKPOKOHTPOJIEPHUTE
ce mporpamupaT ¢ pas3BoiitHa cucrema PIC 18 (Bepcus 1.0). Ts Bxmousa Iporpamarop,
KOMYyHHKAIHOHEH KaHall 32 NIEPCOHANICH KOMIIOTBD M ChEAMHUTENH KbM AOIBIHHTENHH CEH30DH.
IIpencTaBenata Tyk eNeKTpOHHA CHCTeMa e NpelHA3HAYEHA 32 71ab0paTOpHU YNpPaXKHEHHS ChC
CTYI€HTH 10 eNeKTpoHuKa B Texuuueckus ynusepcuter B Codus.

[I'8-31] B rta3su nybnukauus ca OmMHMCaHH IOPaKTUYECKH TMOAXOAM 3a IPOCKTHpaHE H
MaKpOMOJENMpaHe Ha LU(POBO MPOrpaMHPYEMH AHAIOTOBH CXEMH. IIpennaranure moaxoau 3a
TIPOCKTHPAHE CE OCHOBABAT HA METOAHMTE 32 NIPOEKTHPAHe HA AHATOTOBU CXEMH, IIPOIEIypHTE 3a



U3MBIHCHUE Ha CUMYJTAIMOHHHA NIPOSKTH M 00LIaTa METOOJIOTHS 3a H3rpax/aHe Ha ye6 GasupaHu
KJIHEHT / CbPBBDHU NpPHIOXKeHHs. Te3n MeTOAM NpencTaBisBaT MbJIHA paMKa, KOSITO BKJIFOYBA
BCHYKH IEHHOCTH, MEX/MHHU NIPOAYKTH, IPOLEyPH 3a IIPOEKTHPAHE H B3AUMHHTE BPB3KH MEXAY
TSIX, HEOOXOAUMH 32 IPOEKTHPAHe H Pealli3upaHe Ha KOHKPETHA €JICKTPOHHA CXE€Ma U IOJIXOJISII
CHMyJIaluoHeH Makpomozen. IToaxoaute 3a mpoekTupane ca NPHIOKUMH 33 LIHPOK KIAC CXEMH,
KOHUTO yCHJIBAT M NpeoOpasyBaT aHANOTOBH CUTHAIIM T10]] YIPABIEHHUETO Ha nudpoBH KOI0BE, KaTO
YCHNIBATeH C TPOrpamMupyeM KoepuuueHT Ha ycuiBaHeTo (PGAS), BXOIHH yCHIBAaTeNH,
ycunBarenu cinesere / sanomusie (SHA), mudpoBo nmporpaMupyeMu aKTHBHHU (RC u SC) ¢puntpu u
OCLIUJIATOPH.

[I'8-33] Ilpes mocnemuurte rommuu Sigma-Delta (ZA) MOZyJNanusTa CTaBa BCE MO-IOIMYJIsipHA
aITepHaTHBA 3a CTAaOM/IHA U €BTHHA OCHOBA 3a aHAIOrOBO-IH(POBO (A / D) npeo6pasysane. B
Pe3ynTaT Ha ToBa npeoOpasysarenute, GasupaHu Ha 1-GuToBM LA MOIY/NAaTOPH, Ce M3MON3BAT
IIMpOKO B pasIUIHH MPUIOKEHHS. B Tasu mybnuxamus ce npencraBs eKkclepHMeHTaIHA
€JIEKTPOHHA peamu3anus Ha Sigma-Delta MoxymaTop ot mo-Bucok pen. V3momnssaiiku Texnuka Ha
TapajiesHo pasyiaraHe, OOIIMSIT MOXYIATOP OT BUCOK NOPSABK Ce pasiiara Ha MOIYJIATOPH OT HHCHK
pell, KOMTO B3aMMOJECHCTBAT 4pe3 (yHKIMA Ha KBaHTOBaHe. EJEKTpOHHATa cxema MO3BOJISBA
YIPaB/ICHUE Ha MOJIIOCHTE U HYJIHUTE Ha MOJy/HaTa IpelraBaTenHa QYHKIHS M [0 TO3H HAYHH Ce
TI0JTy4aBaT JKCIAHUTE IPAHMYHU LMKIH. Ta3u cxema MOXe [a ce M3ION3Ba 3a M3BBPIIBAHE Ha
M3MEPBAaHHS M 32 CPABHEHHE MEXIy CHMY/IMPaHHTE U M3MEPeHHTe pe3ynrtatu. EnekTpuueckara
CXe€Ma € CHMy/IHpaHa C M3MOJ3BAaHETO Ha PSpice u e ycTaHOBEHO OGO CHBMAIEHHE MEXKIY
CHMYJIUPAHHUTE U U3MEPEHHUTE PE3YITATH.

[I'8-35] Sigma-Delta (XA) MoxynanusTa mpes mOCiIeIHUTE TOIMHHE Ce HAAra KATO IOIIyJISIpHA U
CBTHHA aNTepHAaTHBA 3a aHanoroBo-uudposo (A / D) mpeobpasysane. B pesyiarar Ha ToBa
npeobpasyBarenute, 6asupanu Ha 1-GMTOBA LA MOYNATOpH, HAMUpAT LIMPOKO HPUJIOKEHHE B
M3MEpBaHHATA. B Tasu myGnukarms ce ImpeicTaBs eKCIepMMEHTAIHA pealn3alis Ha €JIEKTPOHHA
cxema Ha Sigma-delta MoxynaTop ot Tpet pes. OGIHUAT MOLYIATOP OT TPETH pej ce npeobpasysa
Upe3 pa3jlaraHeé Ha MOIyJaTOpX OT HHCBK pel, KOMTO B3aMMOAEHCTBAT upe3 (YHKIUS Ha
KBaHTOBaHe. ENeKTpoHHaTa cXeMa II03BOJIsIBA pery/upaHe Ha HapaMeTpuTe Ha MOJyJaTopa U Taka
C€ IOTydaBat XC/IaHUTe TPAHUYHM IUKIXH. MoXe 11a ce u3M0/13Ba 3a H3BbPIIBAHE HA H3MEPBAHUS 1
3a CpaBHCHHE MEXIy CHMYJIHpaHMTE W M3MEDEHHTE pe3yirTard. EjeKTpuyecka cxema e
CHMyJHpaHa C u3mon3BaHeTo Ha PSpice m ce ycraHoBsiBa, ue mMa n06po CHBIALEHHE MEXIY
CHMYJIMDAHUTE ¥ U3MEPEHHUTE PE3YIITATH.

[['8-36] Curma-menra ADC mnpeamaraT HSKOJIKO NPEIUMCTBA IIPEJ OCTAHAIHNTE APXUTEKTYDH,
0COOEHO 3a MPHIIOXKEHUS C BHCOKA DA3NENHTENHA CIOCOGHOCT W HMCKA YECTOTA HA BXOLHUTE
CUTHaIH. [IbPBO ¥ HaM-BaXKHOTO, EAMHUYHUAT curma-nenta ADC 1o cBOSTa CHITHOCT € MOHOTOHEH
M HC H3UCKBA JIa3epHO HacTtpoiiBaHe. Curma-fenta ADC cbiio ce mpousBexnaa jecHo ¢ CMOS
TIPOLIECH € HUCKaA LICHA [I0pPA/lM MHTEH3UBHUS LU(POB XapakTep Ha apxXUTEKTypaTa. B pesynrar Ha
TOBA Te3H IPE0Opa3yBaTe/Iu Ce U3MON3BAT WIMPOKO B PA3IUYHH IPHIOKEHUS. B Taszu nyOauKanus e
TIIpEACTaBeHa CKCICPUMEHTAHA €JIEKTPOHHA pealu3alds Ha CHrMa-ZenTa MOAYJIaTop OT IIbPBHU
pen. Ilpemnara ce peanusanusra Ha 1-6utoBa cxema Ha L[AIl ¢ u3mon3BaHe Ha cneuupuIHUTE
BB3MOXXHOCTH Ha CMOS m3xonuus 6ydep na D-tpurep.

3. Hayunu ny6iukanuu B cnucanus ¢ umnakt daxrop (IF ua Web of Science) u/umu ¢
uMnakT panr (SJR Ha Scopus)
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3-1 10 Yakimov, Peter I., Digital Synchronisation with Mains for the Purpose of the
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AHoTauMu HA My0JIHKAIMUTE

[3-1] HMHayknuMoHHHTE WM acCMHXPOHHM JABHTATeNH ca Haf-TIONyJISIDHUTE JBHTaTeNld 3a
NPOMHIIUICHH ¥ MOTPEOUTENCKH MpHIIoKeHus.. Da3oBOTO ympaBieHHe Ha MOIIHOCTTA € Hail-4ecTo
cpemasara (opma Npu M3NOA3BaHE HA THPUCTOP WM TpHaK. B mybiukammsta e [IpeJICTaBeH
TIOJIXO 32 IU(POBO yNpaBleHHEe Ha TeHEPHPAHETO HA yIPaBIABAIIH HMITYJICH, KAaToO Ce M3MOJ3BaT
BH3MOXXHOCTHTE HA yCHBBPIICHCTBAHUS TaiMEPEH MOAYJI HA MUKPOKOHTPOJIEPHTE OT CEMEHCTBOTO
MC9S12D. IlpemnoxeH € anropuTbM 3a CHHXPOHM3ANMS C MpeXKara. IIpencraBenu ca HIKOH
¢parmenTu ot kox. OGSCHEHO e NMPaKTHYECKOTO MPHIOKEHHE Ha Mmeroma. Toif e IPUJIOKEH Ha
NpaKTHKa 332 MOyJIallks Ha CKOPOCTTa Ha [IOMIIaTa 8 Au()epeHIIHANeH PeryaTop Ha TeMIeparypara
IIpH CTbHYEBH TOIUIMHHY CUCTEMH. Pe3ynrature oT mpoBepkarta Ha Xapyepa u copTyepa I10Ka3BaT
MHOro 106pa paboTa Ha IpeI0KEHHS METOI.

[3-2] B Ta3su nyGnmkaimsi ce pasriiexna pa3sBUTHETO Ha [IOBEIEHYECKH MOJET HA BBPTSAL Ce
HMHKPEMEHTAJIEH €HKOJIEp M HErOBOTO (M3MYECKO peaM3MpaHe C ITOMOIITA HA €3MKA 33 ONHCAHHE
oT BUCOKO HHBO VHDL. O6scHSBAT ce OCHOBHHTE XapaKTEPHCTHKM U IIOBEJIEHUETO Ha €HKOJIepuTe
KaTo eJIEKTPOMEXaHWYHH ycTpoiicTBa. [Ipoektwpana e uudposa enekTpoHHa cxema, KOSTO
CHMyJIMpa paboTaTa Ha HHKPEMEHTATHHS €HKOJEP M FeHepUpa M3XOJHUTE CHTHAIH M IIpYU JIBETE
IOCOKM Ha JABIXKeHue. JlaneHW ca pe3ynTaTH OT CHMyJMpaHe IIOBEJCHHETO Ha MOJIeNa.
OHU3HYECKUAT MOAEN € pealusHpaH BbPXy NPOrpaMHpyeMa MaTpHYHA JIOTHKa oT Turma FPGA
(Xilinx Spartan-6 LX16). V3xoxuute curaanu Ha GU3HUECKHs MOJEN ce M3MEpBaT U CPaBHABAT CHC



cumynupanute. lIpenoxeHnTe MonenM Morar Ja Ce H3NON3BAaT B yueOHHMs IpoLeC H IIPH
paspaboTkara Ha cxemu 3a 06pab0TBaHe Ha CHTHAIIM OT MHKPEMEHTAIIHH EHKO/IEPH.

XapaKkTepHCTHKA HA IPHHOCHTE

B Hay4YHHUTE TPYAOBE C y4aCTHETO Ha A0Ll. A-p UHX. [leTsp MBanoB SIkuMoB

IIpuHOCHTE B TO3M CIIMCHK €A 3asiIBEHH TEMATHYHO B IBE HATIPABJICHHSL:

1. M3cinensae W ychbBBPIIEHCTBAHE HA €JIEKTPOHHM METONM M CPEICTBA 3a U3MepBaHe Ha
€JIEKTPUYECKH U HEEJICKTPHYCCKH BEIMYMHM, IIPEHOC Ha MH(OPMAIKs U yIIpaBlIeHHe Ha 06eKTH

2. V3ciieiBane M ychBBPIICHCTBAHE HA CIEKTPOHHU METOJM M CPEICTBA 3a 00y4eHHe B 06JacTTa
STEM (Science Technology Engineering Mathematics)

1. M3ciienBane U yChbBbpIIEHCTBAHE HA €JIEKTPOHHH METOJH M CPEACTBa 3a M3MepBaHe Ha
€JIEKTPHYECKH H HEee/IeKTPHYeCKH BeJHWYHHH, NMPeHOC HAa HMHPOPMAUMA W ynpaBjeHHe HA
ob0eKTH

1.1. Jlepunupany ca 3anadd Npen yNpaBleHHETO HA EHEPrUIHMTE CHCTEMH B ChBPEMEHHHTE
YCJIOBHS U Ca MPEIOKEHH IOAXOH 32 PEIIABAHETO MM:

1.1.1. O6oOwenn ca mnpenu3BHKaTelNCTBATA Mped YHIPaBIEHHETO Ha CbBPEMEHHUTE
enepruiinn Mpexxu [B4-7]. TlpunocsT BkmouBa nieHTHULMpaHe HAa HAKTOPHTE, KOUTO OKA3BaT
BJIMSHUE Ha paboTara Ha eNeKTPOEHEPruifHaTa CHCTEMa B ChBPEMEHHHUTE YCIOBHS U [IOCTABAT HOBH
3a[a4y MpeJ CUCTEMHUTE 3a ynpaBlieHne. XapakTep Ha IIPHHOCA — HAYYHO-TIPUIIOKEH, KOHTO craia
KbM Ch3/laBaHe Ha HOBH KJIaCH(HUKAILMK, HOBH KOHCTPYKLIMH M TEXHOJIOTHH.

1.1.2. W3cnexsaHu ca eNEKTPOHHH METOAM M CPENCTBA 3a OpraHM3HpaHe Ha
YCBBBPIIEHCTBAHA HH(PACTPYKTypa 3a M3MepBaHe B eJleKTpOeHepruitHaTa cucrema [B4-5, ['8-4,
I'8-14, I'8-16, I'8-18]. IIpuHOCHT ce chCTOM B M3C/E/IBAHE HA anapaTHH CPeACTBa 3a U3MEpBaHe U
YIpaBJICHHE C Pa3slIMPEHH BB3MOXKHOCTH 3a BK/IIOYBaHE B MHIYCTPHAIHH MpPEXH 3a ChOMpaHe Ha
uH(opmanus karo yactu Ha WEB-6asupana SCADA cucrema. XapakTep Ha IIPUHOCA — HAYYHO-
IPUJIOKEH, MOXE Jla Ce OTHECe KbM Ch3/laBaHe Ha METOAM M YCTPOMCTBA C HOBH KadecTBa M
HapameTpH.

1.1.3. M3cnensanu ca eneKTPOHHM METOIHM M CPeJCTBA 33 IMCTAHIHMOHHO yIIpaBJCHHE HA
noxcTaHuuy [B4-6, B4-8]. IlpuHoChT BKIIIOYBA H3C/IE/[BaHEe HA aTlapaTHH H IIpOrpaMHU Cpe/ICTBa 3a
M3TpaX/JaHe Ha MHQPAaCTPYKTypa 3a MMCTAHIMOHHO Cle[eHE W YNpaBleHHEe HA I[OJICTAHINH,
CbCTOsI[A CE€ OT MHTEIMICHTHH HM3MEpBaTejHM MNpeobpasyBaTenn, MPOrPaMHPYEMH JIOTHYECKH
KOHTPOJIEPH, IIOTPEOUTEICKH HHTEphEHC U MpexOBa araparypa. XapakTep Ha OPHHOCA — HAY4HO-
NIPUJIOKEH, KOHTO Ce OTHACS /10 M0JTy4aBaHe Ha IOTBBPAUTENHU (HaKTU U pe3yJITaTH.

1.2. Ilpennoxkenn ca MOZe/N 3a OpraHU3MpaHe Ha H3MEPBAHETO B €EKTPOEHEPreTHKATA 1 IIpeHoca
Ha uH(popMaIus:

1.2.1. Vi3cnenBanum ca CXeMHH peIUEHHs HAa BXOJHM IpeoOpasyBaTend 3a HU3MEpBaHe
BEJIMYMHMTE OT €IeKTpoeHepruiinara cucrema [I'8-32, I'8-34]. [IpHHOCHT ce CHCTOM B H3CIIE[BAHE
Ha pas3IM4HU MOAXONHU MPH MPOEKTHPAHETO Ha BXOAHHM IpeoOpasyBaTeNy 3a TOK U HaIpeXeHHe.
Karo pesynrar ce mpessara HOB [u3aifH Ha aHAJIOTOBHS BXOJAEH MOAYJ M Ce JaBaT IIPENOPBKH 3a
no-nobpa pabora. To3u mpuHOC MOXe [a ce KiacuuIMpa KaTo NMPHIOKEH — W3NOJI3BaHe Ha
CBIIECTBYBAIIM 3HAHUS 32 HOBH [IPUIIOKEHHS.

1.2.2. Wscnensanu ca Momen# 3a NPeHOC Ha HH(POPMALUS 3a BEJHYMHHTE OT
eJleKTpoeHepruiinara cucrema [B4-10, I'8-3, I'8-19, I'8-26]. IIpuHOCHT Ce CHCTOM B IpOyYBaHe
apxutektypute Ha SCADA cucremute u mpeHoca Ha JaHHH B TAX, C H3MOJI3BaHE Ha CTaHAApTHU
cepuitin unTepdeiicu, Ethernet u GSM / GPRS xomynukanus. XapakTep Ha IpHHOCA — HAy4HO-
TNIPHJIOKEH, KOHTO Ce OTHACS /10 M0JlyYaBaHe Ha TOTBbPAUTENHH (aKTH U pe3yITaTH.



1.2.3. M3cnesBatu ca METONM M CXEMHH PEIIEHHS 38 U3MEPBaHe M NpeHoC Ha MHbOpMaLus
3a BEIMYMHHTE OT €JICKTPOCHEPTrHiHATa CHCTEMa C H3MOJI3BaHE HA BUPTYAIHH MHCTPYMEHTH H
TexHonoruu [I'8-15, I'8-17, I'8-20, I'8-25]. IlpuHOCHT € B OpraHM3UMpaHETO Ha UCTAHIIMOHEH
MOHUTOPHHT C H3I0JI3BaHe HA MHOrO(YHKLIHMOHAIHM CHCTEMH 3a ChOMpaHe Ha JaHHH H
pa3paboTkara Ha rpaduyen norpeburencku uuTepdeiic. To3u mprHOC MOKE Ja ce KnacubHuImpa
Karo Hay4HO-IPUJIOKEH C XapaKTepHCTHKA 00orarsBaHe Ha CBIIECTBYBAIM CXEMH, YCTPOKUCTBA U
CHCTEMH C HOBH KayecTBa.

1.3. M3cnenBany ca eNeKTPOHHU CXEMH M IPOTPAMHM PELIEHHs 32 U3MEPBAHE M yIpaBieHHE Ha
TEMIIEpaTypa B CIbHYEBU TOIUIMHHHU CHCTEMH:

1.3.1. U3cnensane Ha anmapaTHH M IPOrPaMHM CPEJCTBA 3a PealM3HpaHe Ha AHCTAHIMOHHO
M3MEPBAHE M BU3yalu3allus Ha TEMIIEpaTypa ¢ IOMOIITa Ha MUKPOKOHTposep ¢ BrpaneH Ethernet
koHTponep ¥ u3non3Bane Ha TCP / IP u UDP mnporokomu [['8-27]. IIpuHOCHT MOXe na ce
XapaKTepH3upa KaTo NPUIOKEH — BHEAPSIBAHE HA METOAM, KOHCTPYKI[HUH, TEXHOJIOTHH.

1.3.2. Tlpennioxen e u € M3CIENBAaH MOAXOJ 3a LHU(POBA CHHXPOHH3AIHMSA C MpeXaTa H
TeHepUupaHe Ha yNpaBIsSBallld UMITYJICH 3a (a30BO yIIpaBlieHHE HA aCHHXPOHEH JBUTATel, KaTo ce
U3II0/13BAaT BB3MOXXHOCTHUTE Ha yCHBBPIICHCTBAHHMSA TakMEpPeH MOIYJ Ha MHKPOKOHTPOJEPUTE OT
cemeiicteoro MC9S12D [I'8-11, 3-1]. To3u mpuHOC MOXe Ia ce KIacH(PHUIMpa KaTto HAYYHO-
NPHJIOXKEH — U3II0JI3BAHE Ha CHILIECTBYBAIIY 3HAHUS 32 HOBH MIPHIIOKEHHS.

1.4. Mscnensanu ca BBb3MOXKHOCTHTE 3a BKJIIOYBAHE HA TEXHOJIOTHMYHO 0GOpyABaHE OT IPELHO
TIOKOJICHHE B ChBPEMEHHH NPOM3BOJCTBEHH CUCTEMHM CBITIacHO Monena Munycrpus 4.0 [B4-4, I'8-
1]. TIpuHOCHT Ce chCTOM B MpeIoNKeHHE M U3CIISABAHE Ha /IBa MOJIeNIa pemenus, 6a3upann Ha [oT,
paboTely CHOTBETHO B aKTHBEH M B IACHBEH PEXHM. Te IOKa3BaT MOAXOAMTE 3a CBBP3AHOCT C
MHTEPHET Ha ChbBPEMEHHO M HAIMYHO 000py/BaHe 3a H3MepBaHe M KOHTPOJI. XapakTep Ha HpUHOCA
— Hay4HO-IIPUJIOXKEH, KOUTO Ce OTHacs 10 oborarsBaHe Ha CHIIECTBYBAIM CXEMH, yCTPOHCTBA M
CHCTEMHM C HOBH KaueCTBa.

1.5. M3crenBaHo e NpUIOKEHHETO HAa pasBOMHA CHCTeMa 3a TNPOEKTHpaHE Ha BIPAJCHHU
MHOTONPOLECOPHH CHCTEMH 3a ONTUMHU3ALKUA Ha MHTEIUreHTHO ynuyHo LED ocBerienue [B4-3].
IIpuHOCBT ce CBbCTOM B HHTerpupaHe Ha COGTyepHM MHCTPYMEHTH 3a IPOEKTHpaHe Ha
MHOronpounecopsu cucreMu Bbpxy uun (MPSoC) 3a ce3naBane Ha MpeXH OT HWHTEIHUTEHTHH
YIMYHH CBETIHHU. XapaKTep Ha IPHHOCA — HAYYHO-TIPUIIOXKEH, KOUTO ce OTHAcA 0 MOoNydYaBaHe Ha
NOTBBPIUTENHH (DaKTH U pE3yIITATH.

2. MscrenBane M yChbBbPIIEHCTBAHE HA €1EKTPOHHH METOAM M CPEACTBA 3a o0ydYeHHe B
obsacrra STEM (Science Technology Engineering Mathematics)

2.1. VscrnexBanu ca ¥ ca BHEOPEHM B y4eOHMS NPOLEC €IEKTPOHHH CPEACTBA M Ca CHCTABEHH
oOpa3oBaTeNHy 3a1auk 32 00ydeHHe B 00/1acTTa Ha MH/yCTpUATHATa aBTOMATH3ALIUSL:

2.1.1. PaspaGoTeH, u3cienBaH U BHEAPEH B y4eOHHUS IIPOLEC € CUMYIATOP 3a 06yUeHHE 110
nporpamupane Ha PLC, kOoHTO naBa BB3MOXKHOCT 3a M3ydyaBaHe Ha BCHYKHM Moxymu Ha PLC -
LU(}POBH BXOJOBE M U3XOJIH, AaHANIOTOBH BXOLOBE M M3Xomu, Gpostan [B4-2, '8-29]. Tosu mpusoc
MOXe 1a ce KIacH(puIMpa KaTo HayYHO-IPHJIOKEH M Jia Ce OTHECe KbM CH3[aBaHe HA METOIH H
YCTPOKCTBa C HOBH Ka4eCTBa U IIApaAMETPH.

2.1.2. IIpoeKTHpaHO X BHEAPEHO B y4eGHMS IPOIEC € pPAGOTHO MACTO, YHSTO KOH(Urypamus
T03BOJIABA Pa3pabOTBaHe M TecTBaHe Ha codTyep 3a PLC ¢ momomira Ha pealHy MHIYCTpPHATIHH
yerpoiictsa - PLC, enektpoasurareny, 3aaBmkBanus u censopu [['7-1, I'8-24, I'8-28]. Xapaxtep
Ha [IPUHOCA — TIPUJIOXKEH, KOUTO CIajia KbM Ch3/1aBaHE Ha HOBU KJIaCH(UKALNH, HOBU KOHCTPYKIIHH
Y TEXHOJIOTHH.

2.1.3. PaspuTa € naboparopus 3a o6ydeHue B 00/1acTTa Ha MHIyCTPHAIHATA aBTOMATH3AIIHS.
PaspaboTeHa € MHIyCTpHANIHa MpeXa, YHSTO LEl € Ja MOANOMAra OBJIaASBAHETO HA 3HAHUATA U 13



TI03BOJISIBA PA3BUBAHETO HAa INPAKTHYECKH YMEHHUs B paslpeneneHara aBTomarusamus [B4-1].
XapakTep Ha IPHHOCA — METOAUYEH.

2.2. M3cnenBany ca u ca BHEAPEHH B y4eOHHUS TIPOLiEC IIATGOPMH C OTBOPEH KOl U Ca ChbCTABEHH
obpasoBaTe/lHH 3a/la4d 3a HayalHO OOydeHHWe B 06NacTTa Ha BrpaJeHH MHKPOIIPOLIECOPHU
CHCTEMH:

2.2.1. PaspaGoTena u BHepeHa B y4eOHHs IIPOIEC € TPOrpaMa 3a HAYaIHO oby4enue B
o0lacTTa Ha BrpajieHu MHKPONPOLECOPHH CHCTEMH, KBAETO Ce aKIEeHTHpa BBPXY NpaKTHyecKara
NIOATOTOBKA M CE€ O4YaKkBa CTY[AEHTUTEe Ja MNPUAOOMAT YCTOMYHBM YMEHHS B HHXEHEPHOTO
nporpamupane [B4-9, I'7-2, I'8-2, I'8-5, I'8-6]. Xapaktep Ha IpHHOCA — METOIUYEH.

2.2.2. Mspaneno e yuebHo mocobue ,IlpakTnkym Mo mporpammpade Ha mw1aThopMu ¢
oTBopeH koA, M3narenctso na Texmuuecku yuusepcuter - Codus, 2018, ISBN: 978-619-167-
344-5 c asropu I1. SIxkumoB u [I. JloitueB. XapakTep Ha IPUHOCA — METOIAYEH.

2.3. Paspalotenn ca M ca BHEAPCHH B yd4eOHHMs MpoLeC CHMY/IALHOHHH MOIEIH M pa3BOMHHU
CHUCTEMH 32 yCTOWYHMBO 00y4YEHHE II0 CXEMOTEXHHUKA 33 aHAJIOTOBU M CMECEHH CHTHAJIM:

2.3.1. Paspaborenn u u3ClefBaHH Ca MaKpPOMOZAENM HA ONEPALMOHHM YCWIBATENH ©
nporpaMupyeM KoeduuueHt Ha ycunsade [['8-21]. Cb3gaaeHnTe MaKpOMOIETH OCHIYpSBAT I10-
rojqssMa TOYHOCT 3a HSAKOM [MHAMHYHH [apaMeTpy M HMaTr mmo-1o0pa CXOZHMMOCT Ha
CHMYJIAIIMOHHHUSA [IPOLEC NP aHAIK3 B IOCTOSIHHOTOKOBA U BpeMeBa 00J1acT B CPaBHEHHE C roJisiMa
4acT OT MUKPOMOJIETUTE HAa HUBO TPAH3UCTOPH. XapakTep Ha IPUHOCA — HAYYHO-IPUIIOKEH, KOUTO
Ce OTHACK [0 MOJlyYyaBaHe Ha MOTBbPIUTEIHHU (DaKTH U PE3yITATH.

2.3.2. PaspaGoTena u BHe[peHa B y4eOHMS HpOIleC € pa3BOHHA CHCTEMa 3a oOyueHue B
00nacTTa Ha ONEPalMOHHM YCHJIBATENM C MPOTPAMMDYEM KOE(GHIMEHT HAa yCHIBAHE C I(ell
npuaoOuBaHe Ha MPAKTUYECKH YMEHHMS B €JIEKTPOHHATa cxemoTexHuKa [['8-30, '8-31]. Xapakrep
Ha [IPUHOCA — METOTUYEH.

2.3.3. MscriesiBany ca CXeMH Ha CHHYCOM/IIHY [€HEPATOPH C M3MOJI3BAHE HA ONEPALHOHHH
YCHJIBAaTENIM ¢ TOKOBa oOparHa Bpb3ka [['8-22]. Xapaxrtep Ha npuHOCAa — HAYYHO-IIPUIIOKEH, KOHTO
C€ OTHACS JI0 TOJlyYaBaHe Ha MOTBbPIUTENHH (HaKTH U Pe3yJITATH.

2.3.4. TlpennoxceHn ¥ W3CIeNBaH € IPAKTUYECKH MOAXOM 3a NPOEKTHPAHE W aHAIM3 Ha
CHHycouaanHu ocuuiaropu [I'8-23]. Xapakrep Ha nprHOCa — METOIHYEH.

2.3.5. Ilpemnoxkenu M HM3CIENBaHH Ca METOJAMKH 32 OOy4eHHE [0 CXEMOTEXHHMKA 3a
AHAJIOTOBH M UMITYJICHH CHTHAIIH, KOMTO Ca BHEJpeHH B yuebHus mpouec [I'8-7, I'8-8, I'8-9, I'8-10].
XapakTep Ha IPHHOCA — METOIUYEH.

2.3.6. VacnenBany ca CHMYNAlHOHHO U 4Ype3 (QU3UYECKM EKCIIEPUMEHTH CXEMH Ha CHIMa-
Aenta (XA) MOAYNATOPH C LEN NPUIIOXKEHHE B y4eOHUS TIPOLIeC M pa3BOMHATA JEHHOCT [['8-33, I'8-
35, I'8-36]. XapakTep Ha NMpPHUHOCA — HAYYHO-IPHIIOXEH, KOMTO CE OTHACH IO [I0JIyyaBaHe Ha
HNOTBBPAMUTENHH (PaKTH U pe3yJITaTH.

2.4. ViscniesiBat e U e yChbBBPIIECHCTBAH MOJIEN Ha HHKPEMEHTaleH TIpeoGpasyBaTel 3a IIpeMecTBaHe
3a MPHJIOXKEHHE B yUeOHUS NPOLeC U pa3BoiHaTa IeHHOCT:

2.4.1. PaspaboTeH W wW3CNelBaH € CHMYyJAUMOHEH MOJe] Ha HMHKpEMEHTAIeH
npeobpasyBaTell 3a IPEMECTBAHE KAaTO IOBEAECHHETO My HA €JIEKTPOMEXAHHYHO YCTPONCTBO ce
CHMYyJpa OT UH(pPOBa €NEKTPOHHA CXeMa, KOATO TeHEpHpa H3XOMHHTE MY CHTHAIH [I'8-13].
XapaKTep Ha MPHHOCA — HAyYHO-TIPHJIOKEH, KOMTO Ce OTHAcs 10 MOJydyaBaHe HA MOTBbHPAMTENHH
(baxTH U pe3ynaTary.

2.4.2. Vscnienan e Qu3uuecku MoJe]l Ha MHKPEMEHTaleH IpeobpasyBaTen 3a IpeMecTBaHe,
KOHTO € pealusupaH BbPXy NporpaMHpyeMa MaTpuyHa Jioruka ot tuma FPGA (Xilinx Spartan-6
LX16) [I'8-12, 3-2]. XapakTep Ha NpUHOCA — HAYYHO-IIPUIIOKEH, KONTO Ce OTHACH 10 HoJIy4aBaHe
Ha [TOTBBPIUTENHHU (DAaKTH U pe3yNITaTu.
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' SUMMARY
::,lentaﬁe pubhcatlons with the participation of Assoc. Prof. Peter Ivanov Yakimov, PhD,

present‘ed for participation in a competition for academic position “Professor” in the professional
field 5.2 EIec‘tr:@a{ Engmeerlng, Electronics and Automation, scientific specialty Electronisation,
» ~ announced in State Gazette, issue 93 /26.11.2019

For the participation in the competition are presented 51 papers (50 scientific pubhcatlons)
published after the habilitation (Associated professor) in 2007. 49 of them are in English, 1 is in
Bulgarian. The applicant submits 7 individual publications, of which he is co- authoring the first
author in 16, the second - in 18 and the third - in 9. From publications:

- 14 published in journals that are referenced and indexed in world-class scientific
databases:

- 13 in Scopus — 10 in list B4, 1 in list G7, 2 in list Z;
- 1 in Web of Science in list G7;
- 5 in journals with impact rank (SJR of Scopus) - 3 in list B4, 2 in list Z;

- 36 in Bulgarian scientific journals and academic publications, as well as in proceedings of
papers of national and international scientific forums;

- 1 university learning manual.

B4. Scientific publications that are referenced and indexed in world-class scientific databases

Ne 60/n Publication

B4-1 |30 Yakimov, P., A. Iovev, Towards Industry 4.0 Oriented Education, Proc. 2019
IEEE XXVIII International Scientific Conference Electronics (ET), Sozopol;
Bulgaria; 12 September 2019 through 14 September 2019, ISBN: 978-
172812574-9, DOI: 10.1109/ET.2019.8878609
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ID%28%22Y akimov%?2c+Peter+Ivanov%22+56488539000%29&relpos=0&cite
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B4-2 |15 Yakimov, P., A. Iovev, N. Tuliev, E. Balkanska, Development of Hardware and
Software Methods and Tools for a Successful PLC Training, Proc. 10th National
Conference with International Participation, ELECTRONICA 2019; Sofia;
Bulgaria; 16 May 2019 through 17 May 2019, ISBN: 978-172813622-6, DOI:
10.1109/ELECTRONICA.2019.8825609
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B4-3 |15 Bogdanov, L., S. Polstra, P. Yakimov, M. Marinov, DAEDALED: A GUI Tool
for the Optimization of Smart City LED Street lighting Networks, Proc. 2018
IEEE XXVII International Scientific Conference Electronics (ET), Sozopol;
Bulgaria; 13 September 2018 through 15 September 2018, ISBN: 978-
153866692-0, DOI: 10.1109/ET.2018.8549674
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Yakimov, P., A. Jovev, Research and Development of IoT based Solutions for
Introduction the Cloud-aided Control in the Energy Systems, Proc. 2018 IEEE
XXVII International Scientific Conference Electronics (ET), Sozopol; Bulgaria;
13 September 2018 through 15 September 2018, ISBN: 978-153866692-0, DOI:
10.1109/ET.2018.8549635
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Yakimov, P., A. Iovev, N. Tuliev, Implementation of Internet of Things based
Solution of Universal Power Transducer, Proc. 2017 IEEE XXVI International
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through 15 September 2017, ISBN: 978-153861753-3, DOI:
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https://www.scopus.com/record/display.uri?eid=2-s2.0-

85043469763 &origin=resultslist&sort=plf-
f&sre=s&st1=Yakimov&st2=Peter&nlo=1&nlr=20&nls=afprfnm-
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Yakimov. P., A. Iovev, Implementation of Hardware and Software Solutions for
Remote Monitoring in Substations, Proc. 2017 International Conference on
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Aegean Conference on Electrical Machines and Power Electronics, ACEMP
201711 July 2017, Article number 7975086, Pages 911-916; 2nd International
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Yakimov, P., Approaches and Instruments for Overcoming the Challenges of the
Smart Grids Control, Proc. 2016 IEEE International Power Electronics and
Motion Control Conference, PEMC 2016, 21 November 2016, Article number
7752094, Pages 790-794; 17th IEEE International Power Electronics and Motion
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Control Conference, PEMC 2016; Festival and Congress Centre Varna; Bulgaria;
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Festival and Congress Centre Varna; Bulgaria; 25 September 2016 through 28
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Abstracts of the publications

[B4-1] The use of information and communication technologies and intelligent automation is very
important for the development of the future smart enterprises because they have to be adaptive,
flexible, efficient and user friendly. Hence the realization of Industry 4.0 model requires theoretical
knowledge and practical skills in industrial automation and networking. Mastering the PLC
programming becomes an essential part of the engineering education in this field. The paper
presents the organization of a training laboratory and proper learning assignments. The developed
network and its capacity to support mastering the knowledge and allowing to obtain practical skills
in distributed automation are described. The goal of the laboratory work is to help students in their
education in PLC software development and testing. The modern equipment along with proper
training assignments allows the students to study step by step by using the learning by doing
approach. It is expected that these skills will give the graduate engineers a successful start of the
career if they choose industrial automation for their future job.

[B4-2] The implementation of the paradigm Industry 4.0 will be successful when the ubiquitous
automation of the industrial processes and equipment becomes a reality. For this purpose the
training of future engineers must give them a theoretical knowledge and practical skills in the
industrial automation. An essential part of this is the PLC software development. Thus there must
be provided conditions for a successful education in this field. To greater extent simulation and
modeling have wide application in training of operators in industry areas like electric power
production, chemical manufacture, machine building and etc. where interruption and accident
regimes creation for the purpose of training are impermissible. Simulators make it possible for the
control software programs to be tested without the actual machine. The paper describes the
possibilities of a PLC training simulator and some software examples which are intended for
learning the basics of the PLC programming. There is provided flexibility in creating different tasks
which will give students the possibility to acquire a sufficient set of skills in PLC programming.
The learning by doing approach is suggested in order to allow students to master the knowledge
step by step which is expected to lead to sustainable results.

[B4-3] The benefits of the networked LED street lights include: up to 60% reduction of energy and
operating costs; about 20 years long life; possibility for dimming during low traffic situations;
flexible on/off scheduling in connection with events; remote failure detection; measuring the energy
consumption. Because of the precise positioning of the street lights and their ubiquitous spreading,
they can operate as nodes of a complex networking infrastructure, e.g. for video surveillance or for
communications. This paper describes an experiment that uses software tools for Multi-Processor
Systems-On-Chip (MPSoC) design to create networks of smart street lights. The goal of the
presented research is to integrate embedded system development tools in deployment of smart street
light networks in order to achieve savings in terms of hardware (which means less cost) or software
execution time (which means better application performance). First the main features of the
DAEDALUS design flow and the optimization framework SESAME are discussed. The lighting is
modeled with processing elements for the smart LED lights and a tree connection between the
nodes. The development of the graphical user interface (GUI) application “Daedaled Design
Studio” for optimization of smart LED street light networks is considered. The developed graphical
user interface application that converts the street light network design parameters into a format
suitable for the DAEDALUS framework is presented and its interface is discussed. Finally the



benefits of this approach to designing smart street light networks are outlined. The GUI tool
automates the process of project creation for SESAME and speeds up development time.

[B4-4] The challenges in front of the control of energy systems are outlined in this paper in order to
motivate the introduction of smart metering infrastructure and information technologies in the
network-based control in the power grids. The goal is to describe the development and
implementation of Internet of Things oriented solutions which are expected to help the introduction
of Cloud computing in the industrial and home energy management systems. There are outlined
some advantages of their implementation. Two models of IoT based solutions working respectively
in active and in passive mode are proposed. Their intention is to ensure the Internet connectivity of
modern and legacy measurement and control equipment. The proposed infrastructure models, the
hardware and software design are described. Laboratory tests using power system simulator, PLCs
and measuring transducers have been conducted. The developed experiments give reliable results.

[B4-5] The main goal of Internet of Things (IoT) concept is to create smart environments for
application in different areas of the industry and social life like e-government, e-learning, e-health,
e-business, smart homes, smart cities and etc. In this paper the essentials of IoT concept are
outlined. The possibilities for application of cloud computing in the electric power system
management and the probable benefits of the introduction of network-based control in the grids are
considered. There is presented an IoT based solution of a smart power transducer and the remote
interface. The block diagram of the smart transducer with extended network capabilities is proposed
and explained. The view of the remote user interface is shown. The proposed transducer is intended
for Internet based SCADA systems development. It provides the customers with information for the
grid parameters from anywhere in anytime by using the developed remote HMI and Standard Web
browsers. Laboratory tests using power system simulator have been conducted. The presented
results will be used in further investigation of more complex systems for electric power
management.

[B4-6] Substations are basic points in the power grid and their proper functioning is very important
for the whole system because they are a bridge between the transmission and the distribution.
Additionally substations perform several other important tasks, such as grid protection and power
control. There are installed advanced metering, intelligence, and automation in order to monitor and
manage more effectively the local system. The paper discusses the challenges in front of the smart
grids control and the possibilities for migration the new information and communications
technologies for their overcoming. There are provided some advantages of the cloud computing and
its application in different areas in order to motivate the introduction of network-based control in
the power system. A model of distributed system for remote monitoring and control in substations
is proposed. The hardware and software design are described. Attention is paid on the use of PLCs
as servers and gateways. Their application expands the flexibility and the reliability of the system.
The proposed model for organization of remote monitoring has passed laboratory tests using power
system simulator, universal power transducers and PLCs. Experimental results are presented.

[B4-7] The rapid transformation of existing electric grids is driven not only by technological
innovations but also by economical, regulatory and societal factors. The paper considers the
challenges which the modern energy systems control faces - introduction of renewable energy
sources, rapidly changing loads, and energy markets liberalization. Their impact on the power
system operation is explained. Some possible approaches for overcoming these challenges like
introduction of thousands of actuating, sensing and controlling devices, smart sensor networks
development, decentralized control systems implementation, web-based SCADA organization,
Internet of Things (IoT) networks building, are outlined. The main features of every one of them are
mentioned. The key to sustainable operation of complex systems, such as the power system, and all
blocks of them from one side is the collection, processing and archiving of large amounts of data



about the parameters of the system and on the other hand is the fast and accurate transmission of
control information. The adoption of cloud technologies in the power grids control can contribute
for a safe operation and energy efficiency increase. The conclusion is that modern intelligent power
networks are changing from centralized to distributed ones and will follow similarly the
development of the computer networks. The metering and the information and communication
infrastructures of the smart grids are analyzed. Some instruments which can be included in these
infrastructures are proposed. A model of a smart metering transducer is described and an
architecture of a transducer network using a PLC as a gateway is proposed and tested.

[B4-8] The introduction of renewable energy sources and rapidly changing loads require relevant
control of the electric power system which goal is to be ensured reliable, sustainable and safe
operation along with a permanent energy efficiency increase. In order to use completely the
renewable energy the traditional generation has to be switched off in the time when the renewable
sources work on full power. Also the power flows have to be redirected in cases of peak loads.
These matters define the great importance of the substations in the modern power systems
operation. The tasks of the control can be solved by Smart grids development which becomes
possible with the growth of the information and communication technologies and their integration
in the energy systems management. The main goal of the paper is adaptation of cloud technologies
for the design and realization of industrial information systems in the electric power system. The
research is based on the flexibility and the universality of PLCs which make them suitable and
useful tools for application in control systems including SCADA in the electric power system. An
industrial network has been developed comprising smart power transducers, sensors and PLCs in
order to control the processes in a substation. The growth of Ethernet-based industrial networks
such as Profinet and Ethercat allows control the field devices directly from the network. The
considerations in the network organization and the choice of PLCs are discussed. The development
of the software solution is explained. The presented results verify that the proposed substation
automation approach using PLC and SCADA is very reliable and user friendly.

[B4-9] Embedded systems are affecting human lives in many ways. Learning to design and program
embedded systems is a critical skill that is necessary for many industry and scientific jobs. Arduino
development board and the software IDE are globally recognized as tools for introductory education
in this field. On another hand scientists increasingly use publicly available low-cost digital
prototyping systems to create measurement tools and other experimental devices. The paper
presents the use of Arduino development board and the software IDE in an introductory embedded
systems course at the Technical University of Sofia. The aim of the course is to give the students
knowledge and practical skills in embedded systems programming and also to introduce them into
the world of the modern devices and technologies. Some examples from the laboratory work
representing the practical approach for teaching are given. It is expected that emphasizing on the
practice rather than on the academic theory students master the material easier and obtain
sustainable skills. The course is directed mainly at the program control of inputs and outputs to
persuade the students of the flexibility and universality of the programmable devices. The idea is
that the success in practical realization encourages the students and convinces them in the meaning
of the learning as a way to improve their skills.

[B4-10] The modern control of the electric power system faces various challenges caused by the
introduction of renewable energy sources and rapidly changing loads. Key problem in reaching
successful and sustainable control is the smart sensor networks development. The paper presents an
approach for development of such industrial network. In order to minimize the connections bus
topology is suitable. For this purpose smart measuring transducers with electrically isolated
standard serial interface RS-485 are chosen. They measure the quantities of the electric power
system with delta configuration in the ranges 130V for voltage and 6A for current. The data
transmitted by the transducer includes the values of line voltages (U12, U23), phase currents (1



13), active power (P), reactive power (Q), frequency (f), active and reactive energy in four quadrants
(ENA+, ENA-, ENRL, ENRC), ratios of the voltage and current measuring transformers (kU, kI),
phase angles of the vectors in relation to U12 (pU23, ¢I1, ¢I3) and two bytes of checksum (CS).
The considerations in the organization of the network and the choice of a PLC as a gateway are
discussed. The successful application could lead to additional advantages. Besides using the PLC
for mastering the communications and to connect the transducer network to SCADA systems its
possibilities to handle analog and digital signals can be used to control another devices from the
electric power system. The main options of the proposed software solution are explained. The
developed prototype of the system can process data of up to 32 power transducers. The presented
results prove the abilities of the system and they will be used in further investigation of more
complex systems for electric power management.
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Abstracts of the publications

[G7-1] Mechatronic systems represent the interaction in real automation applications of the
mechanical systems and the electronic control. Modular mechatronic systems implementation
results not only in the improvement of the system abilities but also in savings of time to market
because of possibility to select, wire and adjust fewer components. The usage of programmable
logic controllers (PLC) for the core of the modular system has been accepted as a general approach
in the industry automation. The goal of the presented research is to develop a reliable electronic
system and proper assignments for practice in the mechatronic field. The practical implementation
of the proposed laboratory set-up is explained and corresponding educational tasks are described.
The configuration of the working place allows PLC software development and testing using real
industrial devices — PLCs, motors, motor drives and sensors. The workplace enables laboratory
assignments involving practically all modules of the PLC - digital inputs and outputs, analog inputs
and outputs, counters, communications and etc. Some software examples are presented.



[G7-2] Science, Technology, Engineering and Mathematics (STEM) field is changing rapidly and
pulls a significant progress in the recent years, so it is very important to create capable engineers to
keep on the advance in this area. But at the same time the corresponding education is hard to be
studied, also it is considered as not attractive and boring. To overcome this perception the learning
content has to be taught using new interactive forms with the active participation of the students —
project oriented learning, learning by doing, teamwork, workshops and etc. The paper describes the
contents of an introductory course in embedded systems. It is intended to provoke the students’
curiosity and to keep it nevertheless the difficulty level. Also it is needed to convince them in the
benefits of the engineering career. The basics of the engineering computing along with the
application of the most often used electronic components and the control of scaled real devices are
demonstrated with appropriate code examples. The goal is using the learning by doing approach to
be consolidated the knowledge about the basics of the programming like functions, variables,
arrays, loops organization, control of the flow and etc. The laboratory work is considered as a way
for the students to realize the interaction between the embedded systems and the world around. It is
intended to present the difference between analog and digital signals, and also their input/output to
the microcontrollers. There are elementary examples for control of scaled real devices and systems
like traffic lights and signalization. Open source platforms are very suitable for this purpose with
their accessibility, ease to use, affordable price and inspired community of users.

G8. Scientific publications in reviewed journals, in chronological order (most recent first)

The scientific publications in this list are classified thematically in two directions:

1. Investigation and improvement of electronic methods and instruments for measurement electrical
and non-electrical quantities, data transfer and control of objects

2. Investigation and improvement of electronic methods and instruments for teaching and training in

STEM (Science Technology Engineering Mathematics) field
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Abstracts of the publications

Investigation and improvement of electronic methods and instruments for measurement
electrical and non-electrical quantities, data transfer and control of objects

[G8-1] The paper considers the possibilities for implementation the Cloud technologies in the
energy systems control and the expected benefits from this. The trends in the electric energy
systems development and the challenges in front of the control are summarized. It is obvious that
the introduction of information and communications technologies is unavoidable in order to achieve
the main goals — effective, reliable, sustainable and safe operation of the energy system. A possible
scenario is the development of a modern metering infrastructure based on smart sensor networks.
Development and implementation of Internet of Things oriented solutions is expected to help the
introduction of Cloud computing in the industrial and home energy management systems., Two
models of IoT based solutions are explained. They consider the approaches for Internet connectivity
of modern and legacy measurement and control equipment. Experimental results are given.

[G8-3] Development a network of smart power transducers is considered in the present paper. The
network control is based on PLC as a gateway. The goal is to investigate the communications
abilities of standard devices like PLC for use as a gateway in networks of smart power transducers.
Thus the application of PLCs in SCADA systems for control of power grids will be enlarged.
Laboratory results are attached.

[G8-4] Modern energy systems control faces various challenges caused by the introduction of
renewable energy sources and rapidly changing loads. To achieve successful and sustainable control
big quantities of information have to be transferred and processed. This establishes the need of
universal accurate measuring transducers with rich information capabilities. The paper discusses the
structure and the operational possibilities of measuring transducers for networking application.



[G8-14] Rapidly advancing hardware and software technologies have made it possible to develop a
new generation Smart Metering systems as an essential part of Advanced Metering Infrastructure
(AMI). The WEB-based AMI system described here consists of Intelligent Meters (IM), each of
which has a communication module and supports DLMS, PROFIBUS-DP, MODBUS RTU/ASCII
and IEC 60870-5-103 protocols, and Remote Terminal Unit’s (RTU’s), each of which has a
modularized hardware architecture and supports GSM/GPRS communication, and a Distributed
Master Station, which has a central data base, WEB server/browser structure, customer application
and decomposes the AMI functions into multiple sets of WEB site components. Both the hardware
design and software development for this WEB-based AMI system have been carried out in
accordance with well-proven architecture modules, allowing the system to benefit from numerous
available technologies and giving it additional flexibility and scalability. The presented results will
be used in further investigation of more complex systems for Advanced Metering Infrastructure.

[G8-15] This paper presents a power monitoring system that allows analyzing all phenomena
related to power quality. The objective is to describe some power quality measurements and
analyses that are better served by monitoring with multifunctional data acquisition systems rather
than dedicated power quality analyzers. Proposed system is flexible and open to changes and
improvements. Measurements which are discussed include three phase voltages, currents and their
phasors, active, apparent and reactive powers, power factor and frequency.

[G8-16] In today’s power system industry there is a numerous actors who needs access to real-time
data and historical information. This requires a system that can distribute information independently
of the geographical location. The current solution to the problem is a Web-based SCADA
(Supervisory Control and Data Acquisition) system. To connect the equipment to the Internet there
is a need of a small, rugged, low-cost device — embedded gateway. This device communicates with
the equipment in the required native protocol, and converts data to HTML or XML format. The
gateway has an IP address and supports all or at least parts of the TCP/IP stack. The paper describes
a proposal of embedded gateway based on the processor EP9302 which is a highly integrated
system-on-a-chip (SoC). There are provided interfaces for communications with the measurement
equipment and with the higher level of the hierarchical system. The presented results will be used in
further investigation of more complex systems for energy management.

[G8-17] Three-phase power measurement and analysis has always been regarded as complex and
expensive. In order to monitor power supply and power quality from a distance it is very important
to establish capabilities for remote access to the measurement system. This paper proposes a low
cost power parameter measuring system based on networked power transducers, graphical
programming environment, and DataSocket transfer protocol for remote access via Internet. The
various electrical parameters can be monitored in graphical user interface which is developed using
LabVIEW.

[G8-18] The paper presents the possibilities of the measuring transducers in use in the electric
power system. Their positive and negative features are described. The structure of a smart
transducer is discussed. A smart power transducer is proposed. Its structure and basic possibilities
are described. The application of the proposed transducer in further investigation of more complex
systems for electric power management is discussed.

[G8-19] The paper presents the investigation of some possibilities for distant reading of the
consumed electric energy. The purpose is to organize an automated system for data communications
between different points and a control centre. The architectures of DLMS/COSEM protocol systems
are proposed. There are described possibilities using standard DLMS/COSEM solutions. The
presented results will be used in further investigation of more complex systems for electric power
management.



[G8-20] Monitoring power supply and power quality are critical to ensuring optimal performance of
power systems. Key to the success of an effective monitoring system can be found in the flexibility,
powerful data processing, understandable reports, and easy access to information. This paper
presents the development of a virtual system for power monitoring and parameter’s calculation
where the three phase power transducer is interfaced to a computer using a serial port. The various
electrical parameters can be monitored in graphical user interface which is developed using
LabVIEW. In order to achieve automated identification of active power transducers in the network,
the implementation of design pattern and development of graphical software is considered in
details. Moreover, a continuous scan mode will cycle through each monitored branch circuit in
succession and assign special type shared variables for any active power transducer included in
network.

[G8-25] In a changing electric industry, monitoring power supply and power quality are critical to
ensuring optimal performance of power systems. The flexibility, powerful data processing,
understandable reports, and easy access to information are of a key importance to the success of an
effective monitoring system. This paper describes the development of a virtual system for power
monitoring and parameter’s calculation where the three phase power transducer is interfaced to a
computer using a serial port. The various electrical parameters can be monitored in graphical user
interface which is developed using LabVIEW.

[G8-26] The paper presents the investigation of some possibilities for distant reading of the
consumed electric energy. The purpose is to organize an automated system for data communications
between different points and a control centre. The architectures of SCADA systems are proposed.
There are described possibilities using standard serial interfaces, Ethernet and GSM/GPRS
communication. The presented results will be used in further investigation of more complex
systems for electric power management.

[G8-32] The paper describes the advantages of the modern digital protection relays. It is proven that
the accuracy depends mostly on the input module. Different approaches in design of current and
voltage input transducers are presented. After studying the parameters and characteristics of the
newest integrated circuits of operational amplifiers and ADCs a new design of the analog input
module is proposed. A detailed description of the hardware of the module is presented. After
investigation of the circuits recommendations for better operation are given.

[G8-34] Energy management systems exchange enormous amounts of information requiring quick
access and data security. The communication and integration of data from various control centers,
power plants, and substations, have become necessary. SCADA (Supervisory Control and Data
Acquisition) systems are essential parts of the energy management systems that employ a wide
range of computer and communication technologies. The paper presents the development of an
electronic device to be connected to Internet-based SCADA system.

[G8-11] Differential temperature controllers (DTC) have been gaining popularity in Solar Thermal
Systems and nowadays are the most common choice for correct system operation. This paper
describes the design and implementation of DTC with a new control concept for pump speed
modulation, developed for drain back solar systems. The results of the work prove the advantages
of the proposed methods.

[G8-27] Currently, a great number of users have access to the World Wide Web (WEB). This gives
the users access to various information, everywhere at any time. Such information can be
temperature. Often it is necessary to distantly monitor the temperature in a room, warehouse or
storage area. The paper describes a possibility for easy and accessible monitoring by using a
microcontroller with embedded Ethernet controller and the well known TCP/IP and UDP protocols.



Investigation and improvement of electronic methods and instruments for teaching and
training in STEM (Science Technology Engineering Mathematics) field

[G8-2] Embedded systems are used everywhere in human lives. They are in alarm clocks,
automobiles, mobile phones, personal digital assistants, home appliances and etc. The Faculty of
Electronic Engineering and Technologies at Technical University of Sofia decided after many
iterations and discussions with the partners companies and employers organizations to accept a new
curriculum for Bachelor degree in Electronics. In order to prepare the students for the challenges of
their future job in the new curriculum it was emphasized on the practice and especially on obtaining
skills in embedded systems programming. The laboratory classes in “Practice on open source
platforms programming” are intended to give the students basic knowledge and skills in this field.
The open source hardware and software platforms - Arduino development board and the software
IDE, which are globally recognized as tools for introductory education, are chosen for this purpose.
In this paper it is proposed a practical approach for teaching the basics of embedded systems
hardware and software. The stress is on the program control of inputs and outputs to convince the
students in the flexibility and universality of the programmable devices. Also there are introduced
the principles of the sensors and their application. Some examples are presented.

[G8-5] In this paper a practical approach for teaching the basics of embedded systems hardware and
software is proposed. It is emphasizing on the programme control of inputs and outputs, loops
organization and working with arrays. The goal is the students to understand the application of the
program languages for the direct control of external devices in order to be convinced in the
flexibility and universality of the programmable devices. The “learning by doing approach” is used
and it is expected that the students will obtain sustainable knowledge and practical skills. Some
typical examples are presented which involve the most often used electronic components.

[G8-6] In order to prepare the students for the challenges of their future job the Faculty of
Electronic Engineering and Technologies at Technical University of Sofia accepted a new
curriculum for Bachelor degree in Electronics which was created after many iterations and
discussions with the partners companies and employers organisations. In this paper a part of the
course programme in “Practice on open source platforms programming” is presented. The course
gives the students theoretical knowledge about embedded systems programming and practical skills
in this field. Some examples from the laboratory work that represent the practical approach for
introductory teaching in embedded systems programming are given. The practical approach is
useful for the beginners. With emphasizing on the practice rather than on the academic theory they
accept the material easier. The open source hardware and software - Arduino development board
and the software IDE are very useful for the introductory education.

[G8-7] The paper discusses the using of the software application FilterPro™ of Texas Instruments
in teaching active filters in Electronic Circuit Design course. The use of FilterPro™ as a tool of e-
learning gives the students the opportunity to verify the simulation results with the results obtained
from the physical lab experiments with Analog System Lab Kit PRO. The module that has been
developed will be included in the DIPSEIL project-based learning system used at Paisii Hilendarski
University of Plovdiv.

[G8-8] PLL is employed in a wide array of electronic and communications equipment and
understanding its principles is of a great importance. Simulation is an obvious solution for teaching
PLL fundamentals. MATLAB/Simulink is a very powerful block simulation environment, most
capable for PLL. The paper discusses an approach for teaching enabling the students to obtain
sustainable knowledge about PLL.



[G8-9] The computer modeling and simulating exploration are methods which are used in the
electronic circuits teaching. The program Multisim gives an opportunity to apply these methods in
the training process using virtual experiments. An application for studying rectangular impulses
shaping schemes has been considered in the paper. Studying the operation of the circuits by
modelling allows fast visualization and processing of the simulation results. Simulation
investigations of parameters of the generated pulse series and analysis of the behaviour of the
shaping circuits have been made. The proposed models allow a simulation with high accuracy and
visualization of the processes in the circuits.

[G8-10] The dynamics in the development of electronic learning tools pose challenges to the
universal programming environments for design, modeling and analysis used to build and study
electronic circuits and devices. The paper presents computer models of the basic function generator
circuit and of the integrator circuits that are an unavoidable part of it. The models were developed in
the NI Multisim programming environment. A simulation of the operation of the created models
was performed. The results of the simulation studies are visualized and analyzed. Developed
models used in an appropriate educational setting can successfully fulfill the role of a learning tool.
In this way, virtual experimentation will support and complement the study of the actual operation
of electronic circuits.

[G8-12] In this paper FPGA-based behavioral model of an incremental rotary encoder is developed.
The basic characteristics and the behavior of the encoders are studied. A digital electronic circuit
generating the output signals of the incremental encoder and simulating its operation is designed.
Results of the model operation are given. The output signals waveforms are measured. This model
can be used in development and experimental studying of electronic circuits for processing the
output signals of encoders.

[G8-13] In this paper is described a macromodel of incremental rotary encoder enabling the
simulation investigation the basic characteristics and the behavior of the encoders as
electromechanical devices. A digital electronic circuit simulating the operation of the incremental
encoder and generating its output signals is designed. Results of the macromodel simulations are
given. It is applicable in the education and in the simulation investigation of electronic circuits for
processing the output signals of encoders.

[G8-21] This paper presents new programmable gain amplifiers (PGAs) macromodels at behavioral
level. They accurately model basic differential-mode and common-mode electrical characteristics,
the voltage gain versus dc voltage (or digital code), the input offset voltage and current, the
differential-mode and common-mode amplification, the input voltage noise, the output voltage
swing, short-circuit current and the input and output impedances. For creating the models,
simplification and build-up techniques known from modeling operational amplifiers have been
adapted. Model parameters are extracted for the VCA810 of Texas Instruments and AD526 of
Analog Devices as examples. To confirm the validity of the proposed macromodels, simulation
results are compared with the manufacturer’s data, where is found good agreement between
simulations and performance of the actual devices (the average error is not higher than 5%). The
proposed behavioral macromodels in comparison with micromodels (device-level models) lead to a
low analysis time, with higher accuracy and a better convergence in comparison with other op amps
methods of modeling.

[G8-22] In this paper two new sinusoidal crystal oscillators, using single and dual composite
current conveyor (CC) are proposed. The LC tank of the proposed circuits includes a capacitive
network and crystal resonator that behaves as an inductor. The crystal oscillators are the results of a
systematic circuit synthesis and can relatively easily be derived from the classical Pierce oscillator,
realized with discrete transistors. The created circuits provide the following advantages: (1) the



insignificant influence of the load over the parameters of the oscillators, (2) ability for independent
fine tuning of oscillation frequency and oscillation condition, (3) low output impedance, and (4)
good frequency stability. Some recommendations for designing this kind of analog circuits are
given based on symbol analysis of the characteristic equations. Experimental results that confirm
the theoretical analysis are included.

[G8-23] In this paper, a practical approach to design and analysis sinusoidal oscillators are
described. The proposed procedure is based on the design methods for analog circuits, the general
methodology for application (re) engineering and the procedures for performing simulation projects.
This practical approach is a complete framework, which includes all activities, intermediate
products, design procedures and relations between them, necessary for design and realization of a
concrete analog electronic circuit. This procedure is applicable to a broad class of oscillation
circuits such as basic LC

oscillators, quartz crystal oscillators, phase shift oscillators, Wien type oscillators, VCOs, etc.

[G8-24] Programmable logic controllers nowadays are the most common choice used widely in
automation problems solution. Thus the teaching and training of the students in the field of
Programmable Logic Controllers is a very important task of the educational process. This paper
describes the student workplace for PLC programming training and demonstrates some software
examples for performing tasks using some typical instructions. The experiments give students
knowledge and practice with the basic PLC functions.

[G8-28] The teaching and training of the students in the field of Programmable Logic Controllers
(PLC) is very important, because it gives the students knowledge and practical skills for secure and
qualitative control of industrial objects and processes. This paper describes the various parts of the
PLC and demonstrates some software examples for performing tasks using some of the next typical
instructions: Bit Logic Instructions, Move and Conversion Instructions, Timer Instructions and
Counter Instructions. The practical experiments give students knowledge and experience with the
basic PLC functions.

[G8-29] Programmable logic controllers have been gaining popularity on the factory floor and
nowadays are the most common choice for manufacturing controls. Because of the nature of a
specific industrial object or manufacturing process it is impossible by reason of security the
program adjustment to be performed in real conditions. Thus simulators are designed to mimic real-
world environments and they can provide a safe and risk-free platform for job training, project
testing, design engineering and troubleshooting. The goal of the present project is to be developed a
simulator for PLC programming training with the mentioned above possibilities.

[G8-30] In this paper is presented a specific electronic system for analysis and design of digitally
programmable analog circuits. The created electronic system is with module structure and envelops
specific circuits such as programmable gain amplifiers (PGAs), attenuators, analog circuits with
CMOS digital potentiometers, active filters, direct digital synthesis (DDS) waveform generators,
digital circuits with microcontroller, etc. In particular the system consists of the following six
separate electronic modules: (1) electronic circuits with CMOS digital potentiometers; (2)
electronic circuits with monolithic PGAs; (3) programmable active RC and SC filters (4) monolithic
direct digital synthesis (DDS) generators; (5) digitally-controllable audio electronic systems; (6) HF
PLL synthesizer. For some of the modules, PIG microcontrollers are programmed with Evaluation
PIC 18 board (version 1.0). The Evaluation PIC 18 board includes programmer, communicational
channel for personal computer and connectors to additional sensors. The electronic system,
presented here, is intended for laboratory practice with students in Electronics in the Technical
University of Sofia.



[G8-31] In this paper, practical approaches to design and macromodeling digitally programmable
analog circuits are described. The proposed design approaches are based on the design methods for
analog circuits, the procedures for performing simulation projects and the general methodology for
building Web-based client/server applications. Those methods represent a complete framework,
which includes all activities, intermediate products, design procedures and relations between them,
necessary for design and realization of a concrete electronic circuit and a relevant simulation
macromodel. The design approaches are applicable to a broad class of circuits that amplify and
convert analog signals under digital control codes, such as programmable gain amplifiers (PGAs),
in-amps, sample-and- hold amplifiers (SHAs), digitally programmable active (RC and SC) filters
and oscillators.

[G8-33] Sigma-Delta (XA) modulation has become more and more popular alternative for robust
and inexpensive analog-to-digital (A/D) conversion for the past years. As a result of this, the
converters based on 1-bit ZA modulators are widely used in different applications. In this paper is
presented an experimental electronic realization of a higher order Sigma-Delta modulator. Utilizing
parallel decomposition technique the general high order modulator is converted into decomposition
of low order modulators, which interact through the quantizer function. The electronic circuit
allows adjustment of the modular transfer function’s poles and zeroes and thus, obtains desired limit
cycles. This circuit can be used for making measurements and for comparison between the
simulated and measured results. Its electrical circuit is simulated with the use of PSpice and it is
shown that there is a good coincidence between the simulated and the measured results

[G8-35] Sigma-Delta (XA) modulation in the recent years has become more and more popular
alternative for robust and inexpensive analog-to-digital (A/D) conversion. As a result of this, the
converters based on 1-bit XA modulators have a wide usage in the measurement technique. In this
paper is presented an experimental electronic realization of a third order Sigma-delta modulator.
The general third order modulator is converted into decomposition of low order modulators, which
interact through the quantizer function. The electronic circuit allows adjustment of the modulator’s
parameters and thus, obtains desired limit cycles. It can be used for making measurements and for
comparison between the simulated and measured results. Its electrical circuit is simulated with the
use of PSpice and it is found out a good coincidence between the simulated and the measured
results.

[G8-36] The sigma-delta ADC offers several advantages over the other architectures, especially for
high resolution, low frequency applications. First and foremost, the single bit sigma-delta ADC is
inherently monotonic and requires no laser trimming. The sigma-delta ADC also lends itself to low
cost foundry CMOS processes because of the digitally intensive nature of the architecture. As a
result of this, they are widely used in different applications. In this paper an experimental electronic
realization of a first order sigma-delta modulator is presented. The implementation of 1-bit DAC
circuit is proposed using the specific abilities of the CMOS output buffer of a D flip-flop.
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[Z-1] The induction or asynchronous motors are the most popular motors for industrial and
consumer applications. Phase control is the most common form of thyristor or triac power control.
The paper presents an approach for digital control of the ignition pulses generation using the
possibilities of the enhanced capture timer module of the microcontrollers from the MC9S12D-
Family. An algorithm for mains synchronization is proposed. Some fragments of code are
presented. The practical implementation of the approach is explained. It is used for pump speed
modulation in differential temperature controllers in solar thermal systems. The results from the
verification of the hardware and software demonstrate very good operation of the proposed method.

[Z-2] The paper presents the development of a behavioral model of a rotary incremental encoder
and its physical implementation using the hardware description language VHDL. The basic
characteristics and the behavior of the encoders as electromechanical devices are studied. A digital
electronic circuit generating the output signals of the incremental encoder and simulating its
operation in both moving directions is designed. Results of the behavior model simulations are
given. The physical model is realized using a programmable matrix logic FPGA (Xilinx Spartan-6
LX16). The output signals waveforms are measured and compared with the simulated ones. The
proposed models can be used in the education and in the development of circuits for processing the
signals from incremental encoders.



Characterization of the contributions

in the scientific papers with the participation of Assoc. Prof. Peter Ivanov Yakimov, PhD

Contributions in this list are thematically declared in two directions:

1. Investigation and improvement of electronic methods and instruments for measurement electrical
and non-electrical quantities, data transfer and control of objects

2. Investigation and improvement of electronic methods and instruments for teaching and training in
STEM (Science Technology Engineering Mathematics) field

1. Investigation and improvement of electronic methods and instruments for measurement
electrical and non-electrical quantities, data transfer and control of objects

1.1. Tasks for the management of modern energy systems have been defined and approaches for
solving them have been proposed:

1.1.1. The challenges of managing modern energy networks have been summarized [B4-7].
The contribution includes the identification of the factors that influence the operation of the
electricity system in the current conditions and set new tasks for the management systems.
Contribution Character — applied-science that belongs to the creation of new classifications, new
constructions and technologies.

1.1.2. Electronic methods and instruments for organizing advanced metering infrastructure
in the electricity system are investigated [B4-5, G8-4, G8-14, G8-16, G8-18]. The contribution
consists in the study of measurement and control hardware with advanced capabilities for
integration into industrial information gathering networks as part of a WEB-based SCADA system.
Contribution Character - applied-science, can refer to creating methods and devices with new
qualities and parameters.

1.1.3. Electronic methods and instruments for remote control of substations have been
investigated [B4-6, B4-8]. The contribution includes research into hardware and software for the
organization of remote monitoring and substation management infrastructure consisting of
intelligent metering transducers, programmable logic controllers, user interface and network
equipment. Contribution Character - applied-science that relates to obtaining confirmatory facts and
results.

1.2. Models for organizing electricity metering and information transfer are proposed:

1.2.1. Circuit solutions of input converters for measuring the quantities of the electricity
system are investigated [G8-32, G8-34]. The contribution consists in exploring different approaches
in the design of current and voltage input transducers. As a result, a new design of the analog input
module is proposed and recommendations for better performance are given. This contribution can
be classified as applied - using existing knowledge for new applications.

1.2.2. Models for the transmission of information about the quantities from the electricity
system are investigated [B4-10, G8-3, G8-19, G8-26]. The contribution consists in exploring the
architectures of SCADA systems and transferring data in them, using standard serial interfaces,
Ethernet and GSM / GPRS communication. Contribution Character - applied-science that relates to
obtaining confirmatory facts and results.

1.2.3. Methods and schematic solutions for measuring and transmitting information about
the quantities of the electricity system using virtual instruments and technologies are explored [G8-
15, G8-17, G8-20, G8-25]. The contribution is to the organization of remote monitoring using
multifunctional data acquisition systems and the development of a graphical user interface. This
contribution can be classified as applied-science with characterization - enriching existing circuits,
devices and systems with new qualities.



1.3. Electronic circuits and software solutions for measuring and controlling temperature in solar
thermal systems are investigated:

1.3.1. Investigation of hardware and software for remote temperature sensing and
visualization using a microcontroller with embedded Ethernet controller and employing TCP / IP
and UDP protocols [G8-27]. The contribution can be characterized as applied - implementation of
methods, constructions, technologies.

1.3.2. An approach for digital synchronization with mains and control pulse generation for
phase control of an induction motor is proposed and investigated using the capabilities of the
enhanced timer module of the MC9S12D family of microcontrollers [G8-11, Z-1]. This contribution
can be classified as applied-science - using existing knowledge for new applications.

1.4. The possibilities of incorporating legacy technological equipment in modern production
systems according to the Industry 4.0 model are explored [B4-4, G8-1]. The contribution consists in
proposing and exploring two models of IoT based solutions, operating in both active and passive
modes respectively. They demonstrate the approaches to Internet connectivity of modern and legacy
measurement and control equipment. Contribution Character - applied-science that refers to the
enrichment of existing circuits, devices and systems with new qualities.

1.5. The application of a development system for the design of embedded multiprocessor systems
for the optimization of smart street LED lighting is investigated [B4-3]. The contribution is to
integrate software tools for designing multi-processor systems-on-chip (MPSoC) to create smart
street lighting networks. Contribution Character - applied-science that relates to obtaining
confirmatory facts and results.

2. Investigation and improvement of electronic methods and instruments for teaching and
training in STEM (Science Technology Engineering Mathematics) field

2.1. Electronic instruments have been researched and implemented in the training process and
educational tasks for teaching in the field of industrial automation have been drawn up:

2.1.1. Developed, researched and implemented in the learning process is a PLC
programming simulator that enables learning of all PLC modules - digital inputs and outputs,
analog inputs and outputs, counters [B4-2, G8-29]. This contribution can be classified as applied-
science and may refer to the creation of methods and devices with new qualities and parameters.

2.1.2. Designed and implemented in the learning process is a workplace whose
configuration allows the development and testing of PLC software using real industrial devices -
PLCs, motors, drives and sensors [G7-1, G8-24, G8-28]. Contribution Character - applied that
belongs to the creation of new classifications, new constructions and technologies.

2.1.3. A laboratory for training in the field of industrial automation has been organized. An
industrial network has been developed that aims to support knowledge acquisition and enable the
obtaining of practical skills in distributed automation [B4-1]. Character of the contribution -
methodical.

2.2. Open source platforms have been researched and implemented in the teaching process and
educational tasks for initial training in the field of embedded microprocessor systems have been
drawn up:

2.2.1. Developed and implemented in the educational process is an introductory training
program in the field of embedded microprocessor systems, where the emphasis is on practical
training and students are expected to acquire sustainable skills in engineering programming [B4-9,
G7-2, G8-2, G8-5, G8-6]. Character of the contribution - methodical.

2.2.2. Training Manual on “Practice on open source platforms programming”, Publishing
House of the Technical University - Sofia, 2018, ISBN: 978-619-167-344-5, has been published by
P. Yakimov and D. Doychev. Character of the contribution - methodical.



2.3. Simulation models and development systems for sustainable training in analog and mixed
signals circuits design have been investigated and implemented in the educational process:

2.3.1. Macromodels of operational amplifiers with programmable gain factor have been
developed and tested [G8-21]. The created macromodels provide more accuracy for some dynamic
parameters and have better similarity of the simulation process for DC and time domain analysis
than most of the micromodels at transistor level. Contribution Character - applied-science that
relates to obtaining confirmatory facts and results.

2.3.2. Investigated and implemented in the learning process is a development system for
training in the field of operational amplifiers with programmable gain factor to acquire practical
skills in electronic circuits design [G8-30, G8-31]. Character of the contribution - methodical.

2.3.3. Circuits of sinusoidal generators using operational amplifiers with current feedback
are investigated [G8-22]. Contribution Character - applied-science that relates to obtaining
confirmatory facts and results.

2.3.4. A practical approach for the design and analysis of sinusoidal oscillators is proposed
and investigated [G8-23]. Character of the contribution - methodical.

2.3.5. Methodologies for training in analog and impulse signals circuits design have been
proposed and investigated aiming implementation in the learning process [G8-7, G8-8, G8-9, G8-
10]. Character of the contribution - methodical.

2.3.6. Circuits of sigma-delta (£A) modulators intended for application in the learning
process and circuits development have been investigated by means of simulations and physical
experiments [G8-33, G8-35, G8-36]. Contribution Character - applied-science that relates to
obtaining confirmatory facts and results.

2.4. A model of incremental encoder for application in learning process and systems development
has been researched and advanced:

2.4.1. A simulation model of an incremental encoder is developed and investigated, and its
behavior as an electromechanical device is simulated by a digital electronic circuit that generates its
output signals [G8-13]. Contribution Character - applied-science that relates to obtaining
confirmatory facts and results.

2.4.2. A physical model of an incremental encoder which is implemented on programmable
FPGA matrix logic, is investigated (Xilinx Spartan-6 LX16) [G8-12, Z-2]. Contribution Character -
applied-science that relates to obtaining confirmatory facts and results.
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