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NHCTUTYT O €NeKTpOXuMUsl U eHepruitHu cuctemu - BAH

Kanguaar: . ac. n-p iBo Oner bwpaapos, karenpa ,,Xumus*, [IM®, I03Y
,Heoput Puncku*

[IpencraBenure ot 1. ac. A-p Bo bepaaposB marepuain 1o KOHKypca OTrOBapsT
M3IJI0 HAa M3MCKBAHMATA Ha 3aKOHA 3a PAa3BUTHETO HA aKaJEMHYHHS ChCTaB B
Peny6nuka bwarapus, [IpaBuiiHuka 3a mpuiiaraHeTo My, KakTo U Ha BbrTpemHure
MpaBuja 3a Pa3BUTHE Ha akKaJeMH4Hus cbcTaB B lOroszamagHust yHUBEPCUTET
,,Heoput Puicku* 3a 3aemane Ha akaJeMUYHATA JIBKHOCT ,,TOTICHT .
KonkypcHata nokymMeHTanus € NOATOTBEHA IMPEUU3HO, HW34YEpHaTEeIHO U B
ChOTBETCTBHE C HOPMATUBHUTE W3UCKBaHWA. lIpeacraBeHuTe TOKYMEHTH
YIOCTOBEPSBAT MO OE3CMOPEH HA4WH JIOCTOBEPHOCTTA HAa HW3JIOKEHUTE HaHHU U
O00CKTMBHO OTpa3siBaT Hay4HaTa, HAYYHO-NPUJIOKHATA U TMpernojaBaTeyicKara
JNIEUHOCT Ha KaHJAuaaTa.

1. Kpatku OuorpaguyHm JaHHH 32 KAHAMAATA

I'n. ac. n-p VBo bwpnapos npumodbuBa oOpazoBaTeTHO-KBaTU(UKAIIMOHHA CTEIICH
,0aKanaBbp mo crnenuanHoct ,,Ousuka“ B KOrozamanuus yuusepcurer ,,Heopur
Puiickn® pe3 2012 r. Cnennanusupa B Kapnosus ynusepcurert, [Ipara, Uexus, u B
O6enuHEHNS MHCTUTYT 3a SApeHu uscneasanus B [lyona, Pycus.

[Tpe3 2013 . momy4aBa 00pa3oBaTeIHO-KBAIM(PUKAIIMOHHA CTETECH ,,MarucTop 1o
xumus® B FOrozananuus ynusepcuret ,,Heoput Puncku®.

B nepuona 2015-2020 r. € penoBeH TOKTOpaHT B Kareapa ,,Xumud“ Ha FO3Y, kato
nipe3 2018 r. e Ha3HaveH Ha JIBAKHOCT ,,aCUCTEHT* B chllara kareapa. [Ipe3 2020 r.
npua00uBa 00pa3oBaTeIHATa U HAYyYHA CTEIEH ,,JOKTOP ‘TI0O HEOPraHUYHA XUMUS C



JUCEPTALlMOHEH TPy O3ariiaBeH ,,CeAUMEHTHH TOPUBHU €JIEMEHTU —aBTOHOMHO
3aXpaHBalll CE CUCTEMH 3a EKOJIOTHYEH MOHUTOPHHT .

ITpe3 2021 r. e Ha3HAYEH HA MJIBXKHOCT ,,aCUCTEHT B IHCTUTYTA MO €JIEKTPOXUMUS
U €HEepruiiHu cucteMu npu bbarapckarta akajaemus Ha Haykute, a npe3 2022 1. e
n3bpan 3a ,riaBeH acucteHT . B mepmoma 2023-2025 1. mnpoexaa
MOCTJIOKTOpPaHTCKa crnenuanu3anus BbB Dakyinrera Mo XUMHUST W XUMHYHH
TEXHOJIOTHH Ha Y HuBepcurera B JItoonsHa, CinoBeHus.

2. XapakTepuCcTHKA HA HAYYHATA U HAYYHO-TIPWJIOKHATA NPOAYKIHUS HA
KaHIHIATa

3a yyacTue B HACTOSIIHUA KOHKYPC KaHIUWJIATHT € NpeacTaBuwsl 15 HaydHU
nyOJIMKaIUK, pa3npeIesieH TI0 KBapTHIIM chriacHo 6asute nanHu Web of Science
u/unu Scopus, kakTo cieaBa: Q1 — 5 myOnukaruu, Q2 — 2 nmyonukanuu, Q3 — 3
nyonmkanu 1 Q4 — 5 myOnukamuu.

KannunarsT € nmpeacTaBuil ChIO J1Ba PETUCTPUPAHU MOJE3HU MOJEIa, BIIUCAHU B
[TarenTHOoTO BemomcTBO Ha PemyOmmka bwvarapus. OcBeH ToBa ca MPUIIOKEHU
HEOOXOIUMHUAT OpOW HE3aBUCUMU LIUTUPAHMS, TOKA3ATEJICTBA 32 YYaCTHUE B HAYUEH
npoekT, puHaHcupan ot Poun ,Hayunu wuscienBanus, Kakro M pa3pabOTEHO
MIPOEKTHO MPEIOKEHHE.

[IpencraBeHuTe JOKYMEHTH YyJOCTOBEpSBAT, Y€ KaHAUAATHT U3IIBIHSBA
HaIlMOHAJIHUTE U3MCKBaHMS, KAKTO U U3UCKBaHUsITa Ha KOro3zamajaHusi yHUBEPCUTET
,2Heodur Puncku® 3a 3aemane Ha akaJieMU4HaTa JUThXKHOCT ,,JI0LIEHT . Bb3 ocHOBa
Ha TIPUJIOKCHUTE JO0Ka3aTeJICTBA MOXKE Ja Ce€ 3aKiIiouM, Y€ TOM € CchOpal
HE0OX0 UMM OO TOUKH ChITIACHO 3aKOHA 3a Pa3BUTUETO HA aKaJICMUYHUS ChCTaB
B PenyOnnka bwarapus, [IpaBuiinrka 3a npuiiaraneto My U BeTpemnuTe npaBuiia
3a pa3BUTHE Ha akaJeMHYHHs chcTaB B lOroszamamums yHuBepcurer ,,Heodwur
Puncku®.

3. OCHOBHM TNIPHHOCH B  HAY4YHaTa, HAYYHO-NPHJIOKHATA |
MPenoJaBaTe/ICKa JeifHOCT HAa KaAaHAUAAaTa



IIo moe MHCHHC, HAYUYHUTC, HAYUYHO-IIPUIIOKHUTC U IPCIIOAABATCIICKUTEC IIPUHOCHU
Ha KanguaaTra Morar aa 6’b,Z[aT KpaTKoO 000COOCHN B HSAKOJKO SICHO OYUCPTAHU U
B3aMMHO AOITbJIBAIIU CC HAITPABJICHUA

ITvpso Hampasnenue — rawi-0xcayno8o Hazpssame 3a CUHME3 HA 6b21ePOOHU
Hanomamepuanyu. OCHOBHUTE MPUHOCU Ha II1. ac. 1-p VBo bepaapos, orpazenu B
MPEJCTaBEHUTE TPU TPYJIa, Ca CBBP3aHU C Pa3BUTHETO HA CHBPEMEHHHU YCTOMYUBHU
METOJIY 3a MOJy4aBaHe U MPUJIOKEHUE Ha BBIJIEPOJIHN HaHOMaTepuaiu. B HaydeH
aCmeKT KaHAWAAThT € KOHCTpYHpajd MHOBaTHMBHA cHUCTeMa 3a (hiaml-IKayJIOBOTO
HarpsiBaHe, KOsATa yCHEeIIHO Mpujiara Kato epeKTuBeH, 0bp3 U MaadupyeM MoIxo/1
3a cuHTEe3 Ha (Quiaml rpadeH U CPOJAHM BBIVIEPOJAHH MaTepUaIM C MPUIIOKEHHUE B
enekTpokatanuzaTa. OcoOeHO ChIIECTBEH MPUHOC MPECTaBIsABA IPEBPHIIAHETO HA
OTMAIbYHU BBHIVIEPOJAHN KOMIIO3UTH BHB BHCOKOKAYECTBEH TypOocCTpareH diaril
rpaden, nmokazsair moutu 100% ceneKTUBHOCT MPHU EIEKTPOXUMUYHUS CHHTE3 Ha
BOJIOPOJICH MEPOKCU]I Ype3 ABYEJICKTPOHHA PEeAyKIus Ha Kuciopoaa. B HayuHo-
MPUJIOKEH TUJIaH PE3yJITATUTE JEMOHCTPUPAT Bb3MOXKHOCT 3a OINOJI30TBOPSIBAaHE HA
OTHaJAbUHM MAaTEpUANId U TOJy4YaBaHE Ha EJIEKTPOKATAIU3aTOPU C MPAKTUUYECKO
3HAQYEHUE 3a YCTOMYMBH EHEPrUMHU M XHUMHUYHU TEXHOJIOTUHU. JlOMbIHUTENICH
MPWIOKEH MPUHOC € PErMCTPUPAHUAT TM0JE€3€H MOJEeN 3a YCTPOMCTBO 3a
JiellaMUHUpaHe Ha rpadUTeH BBIJIEPOJICH HUTPHUI, KOETO IMO3BOJISIBA €HEPIHITHO
e(eKTUBHO MOBHUIIIABaHE HA aKTUBHATA MTOBHPXHOCT HA MaTepHUaa 1 MoJiydyaBaHe Ha
THHKOCJIOMHM YaCTULM C [OTEHIMATHO TMPUJIOXKEHHE BbBB (OTOKaTalIN3a,
€JEKTPOKATAIN3a U ChbXPAHEHHE HAa €Heprusd. B mpenogaBaresicku acleKkT Te3u
pa3paboTku oboratsBaT yueOHOTO ChIbp)KaHKE B 00JIacTTa Ha MaTepUaI03HAHUETO,
€NEKTPOXUMUATA, HAHOMATEPUAIIUTE U YCTOMUMBUTE TEXHOJIOTMH, KaTO Ch3IaBaT
Bb3MOKHOCT 3a BBBEKJAHE HA AKTYaJIHU HAy4YHU pE3ydTaTH U MPAKTUYECKU
pUMeEpPH B 00YUYEHUETO Ha CTYJACHTHU U JOKTOPAHTH [IyOauKamuu ¢ Homepa 3, 6 u
1’7 oT npui1O)KEeHUs COUCHK].

Bmopo nanpasnenue — mukpopeaxmopu 3a eneKmpoxumMuyer CUHme3 Ha 8000POOeH
nepokcuo. JIpyr chIIECTBEH HAYYHO-TIPUJIOKEH MPUHOC HA KaHAWIATa € CBbP3aH C
pa3pabOTBaHETO HA €IEKTPOXUMHUYHU MUKPOPEAKTOPHU CUCTEMHU 32 HEMPEKBCHATO
MPOU3BOACTBO HAa BOJOPOJAECH NEPOKCHJA Ype3 JABYEJIEKTPOHHA PEAYKIHUS Ha
kucnopona. B mpencraBenute myOnMKanuu € JEMOHCTPUpPaAH MOCIEAOBaTElICH
MOJIXOJ 3a Ch3/JaBaHE, ONTUMH3UPAHE M YCHBBPIICHCTBAHE HAa MUKPODIYyHIHU
CJIEKTPOXUMUYHU PEAKTOPH, BKIIFOUUTEITHO MapaJIeTHO-TNIACTUHEH MUKPOPEAKTOP C
BrpaJIcH! ONTUYHU CEH30pH 3a IPOCIICIIBAHE B PEATHO BpEME Ha KOHIEHTPALIUUTE
Ha pa3tBopeH kuciopogq u H»>Oz, KakTo U YCHBBPILIEHCTBAHA CHUCTEMA C



ra3oiu(y3uoHeH eNeKTPO/1, MO3BOJISBAIA 3HAYUTEIHO 0-€(EKTUBHO 0/IaBaHE Ha
KUCIIOPOJ, M TOBHWILIEHA MPOU3BOAUTENHOCT. Pa3zpaboTkaTta mMMa SICHO H3pa3eH
MPWIOKEH XapakTep, ThHA KaTo TMpejjara BB3MOXKHOCT 3a 0€30macHo,
JEUEHTPAIU3UPAHO U KOHTPOJIUPAHO Mpou3BoacTBo Ha H20O2 nipu Meku ycnoBus,
0e3 HeoOXOAMMOCT OT KJIACUYECKHsI aHTPAXUHOHOB MPOIIEC, CBbP3aH C M3I0JI3BAHE
Ha OpraHuYHU Pa3TBOPUTENH, OJIATOPOJIHA METAIU U TPAHCHIOPT HA KOHIICHTPUPAH
BoZOpoieH mniepokcua. (Oco0eHO BaKHO JOKAa3aTeJNCTBO 3a IpaKTUYecKaTa
3HAYMMOCT, WHOBAaTMBHOCTTA M TEXHOJOTHYHATA AKTyaTHOCT Ha pa3paboTeHus
MeTo € GakThT, 4e TOU € 3aKyIeH OT cmoBeHckara (hupma Belinka Perkemija d.o.o.
U € B IPOLIEC Ha MEXAYHapOoIHa NaTeHTHA 3aiuTa. ToBa moka3Ba He caMoO Hay4yHaTa
CTOMHOCT Ha pe3yiTaTUTe, HO W TEXHUS peajeH MOTEHUIHAJ 3a WHIYCTPHAITHO
BHEIIpSIBaHE H TpaHcPep KbM MOJCPHH YCTOHYMBH XUMHUYHH TEXHOJOTHUU
[myOnukaru ¢ Homepa 1, 3 u 18 oT mpuiioKeHUs! CIUCHK].

Tpemo muanpaenenue — Bwenepoonu mamepuaru kamo  eneKmpoou 8
ouoenexmpoxumuunu cucmemu. Crenpail ChIIECTBEH NPUHOC HA KaHAMJATA €
CBBP3aH C M3CIEIBAHUATA My B 00JIaCTTAa Ha OMOENEKTPOXHUMHYHUTE CUCTEMHU, C
KOUTO TOM C€ 3aHMMaBa aKTUBHO OIIIE TI0 BpeMe Ha 0aKaaaBbpCKOTO CH 00yUYeHHUE U
KOUTO MO-KbCHO CTaBaT OCHOBHA T€Ma Ha HEroBWs JAMCEpTalMOHEH Tpyl. B Toa
HarpasieHue . ac. A-p MBo bepaapos npencraBs myOauKauy, HACOYEHH KbM
pa3paboTBaHe W H3CIIEIBAHE HAa MOAM(PUUMPAHU BBIVIEPOJAHM MaTepHaAlld KaTo
€JIEKTPOJM B MUKPOOHU TOPUBHU €JIEMEHTH M MHUKPOOHU €JIEKTPOJIM3HU KIIETKHU.
[Tonyyenute pe3yiaTaTd TMOKa3BaT, uy€ Ipa@UTHU €JNEKTPOIH, MOIUDUIIMpPaHU C
OKCUIM Ha XKEJISI30TO, MaHraHa W TUTaHa, MOraT 3HAYUTETHO Ja MOoJ00psT
CJIEKTPOXUMUYHUTE XapPaKTEPUCTUKUA HA OMOETIEKTPOXMMUYHUTE cucTeMu. B enHa
OT myONMUKauuTe ca pa3paboTeHu rpaduT-METATOKCHIHN KOMITO3UTH KaTO aHOIHU
MaTepuail 3a MUKPOOHUM TOPUBHHU €JIIEMEHTH, KaTO € YCTaHOBEHO, Y€ BCHYKHU
MOAU(PUITUPAHH €IIEKTPOIM MPOSBIABAT MMO-BUCOKA €JIEKTPOKATATUTHYHA aKTUBHOCT
copsiMo Hemoupuuupanus rpadur, a Hail-noOpU pe3ydTaTH ca NOCTUTHATU MPHU
komno3uta Gr-Mn304. B apyra nyOnukanus ca u3ciieiBaHU MOAUPUIMPAHU
rpa@UTHA ENEeKTPOAM KaTO MOTEHLUHAJIHU KaTOJHU €JEKTPOKAaTaIu3aTopu 3a
MUKPOOHU €1eKTPOJIU3HU KIETKH, MPETHA3HAUEHH 3a [T0JTy4aBaHe Ha BOJAOPO/I, KaTo
€ MOKa3aHo, Ye Te3W MaTepHalid MPOSBSIBAT MO-BUCOKA AKTUBHOCT KbM pEaKIUATA
Ha OTJEJISIHE Ha BOJIOPOJl B HEyTpajiHA cpejia B CpaBHEHUE ¢ uucThs rpadur. Te3u
U3CNEBAHUSA HMMaT SICHO W3pPa3eH HAy4YHO-TIPUIIOKEH XapakTep, Thil KaTro ca
HAaCOUYEHU KbM pa3pabOTBAHETO HA €BTUHM, CTAOWIHU M €(PEKTUBHH E€JIEKTPOJIHU
MaTepHalid, KOMTO MOraT Ja 3aMEHST CKbIIUTE KaTalu3aTopu Ha Oazata Ha
0JIarOpOJIHU METAJIU | Jla OJMOMOTrHAT Pa3BUTHETO HAa YCTOMYMBHU TEXHOJOTHH 32
MPEYUCTBAHE HA BOJHU, OMOpeMeanals, MpOU3BOICTBO Ha €JIEKTPUUECKa EHEPTHUs U



OMOENEeKTPOXUMHUYHO TOJIy4aBaHE HA BOJOpOA [myOsmkanuu ¢ Homepa 9 u 11 ot
MPUIIOKEHUS CITUCHK |.

Yemevpmo nanpaenrenue — buoerexmpoxumuunu cucmemu 3a npeducmeane Ha
omnaonu 6oou. Jlpyr NpHHOC Ha KaHAWAATa € CBbp3aH C pa3pabOTBAHETO HU
J0Ka3BaHETO Ha OMOENEKTPOXUMHYHH MOIX0/IY 32 U3BJIMYAHE HA [IEHHU U TOKCUYHU
MeTajau OT BOJHU PA3TBOPHU U OTHAAbUHU BOJAU. B mpeacraBeHuTe myOiauKauuu €
JEMOHCTpUpaHa BB3MOXKHOCTTA MHUKPOOHM TOPHUBHM €JIEMEHTH U MHUKpPOOEH
€JIEKTPOXMMUYEH IIHOPXEJI J]a CE U3MOJI3BAT HE CaMO KaTO CUCTEMU 3a F€HEpUPAHE
Ha €JEKTPUUECKa EHEPrus, HO U KaTo €(PEeKTUBHU TEXHOJOTUU 3a Bb3CTAHOBSABAHE
Ha METaJM 4pe3 KaToJHa pEeAyKLHus, 3aJBHKBaHa OT MHUKPOOHO OKHCIEHUE Ha
opraHuyHH BenlecTBa. [loka3aHa € Bb3MOXXKHOCT 32 KOMOMHUPAHO U3BJIMYAHE HA MEJT
Y MPEYMCTBAHE HA OTHAJABbYHM BOJHM, KaTO MPOLECHT NPOTHYA €JHOBPEMEHHO C
HaMaJsBaHE Ha OPraHWYHOTO HaToBapBaHe B aHojaHarta kamepa. OcoOeHo
CBILECTBEH NPUHOC MPEICTABISABA IIBPBOTO €KCIIEPUMEHTAIHO JOKa3aTeJICTBO 32
MPUWIOKUMOCTTA HA MUKPOOHHMS €JIEKTPOXMMHUYEH IITHOPXEJT 332 Bb3CTAHOBSIBAHE HA
MeTajal, KaTo MpU MEATa Ca NOCTHUIHATU BHUCOKHM CTENEHW Ha OTCTPAHSBAHE U
BBH3CTAHOBSIBaHE 0€3 HEOOXOAMMOCT OT BHHIICH €HEPIHEeH M3TOYHMK. Pa3zButmeTo
Ha TO3M MOJXOJ € Pa3lUIMpEeHO M KbM HU3BJIMYaHE HA CpeOpo, BKIIOUUTEITHO OT
MOJICTTHU Pa3TBOPH, CUMyJupany uzdepnaH Qororpadcku (ukcax, Kato e
YCTaHOBEHO, Y€ paboTara B PeKUM Ha MUKPOOEH €JIEKTPOXUMHUYEH LIHOPXET UMa
IPEIUMCTBA CIPSIMO KJIaCUUECKHUs MUKPOOEH FOPUBEH €JIEMEHT IO OTHOIIECHUE Ha
CKOpPOCTTa Ha OTCTpPaHsBaHE U €()EeKTUBHOCTTA HAa Bb3CTAHOBsIBaHE. Te3u pe3yararu
UMaT BaXXHO HAYYHO-IPUJIOKHO 3HAUYEHHME, ThH KAaTO ChYETABAT EKOJOTMYHO
IPEYUCTBAHE HAa 3aMbPCEHHM BOJH, OIOJ30TBOPSBAHE HA OTHNAAbUHU IOTOLHU U
BB3CTAHOBSIBAHE HA LIEHHU CYPOBHHH, KOETO T'Ml IOCTaBs B KOHTEKCTA HA KPbroBaTa
MKOHOMHUKA ¥ YCTOMYMBOTO YIIPaBICHUE HA METAI-ChAbPKALlU OTHAAbYHU BOAH
[myOnuKkauu ¢ HoMepa 7, 8 1 12 oT npuiIoKeHUs! CIUCHK .

llemo manpaeénenue — bBuoenekmpoxXumuuHu cucmemu CUcmemu 3a eKON02UYeH
monumopune. Cneasan] OIpUHOC HAa KaHAWAATAa € CBbp3aH C pa3pabOTBAHETO Ha
CEeIMMEHTHU MUKPOOHHU TOPUBHU €JIEMEHTH KaTO aBTOHOMHHU OMOENEKTPOXUMHYHU
M3TOYHHUIIM HA CEHEeprusi 3a MaJIKM €JEKTPOHHH YCTPOHCTBA M CHUCTEMHU 3a
€KOJIOTUYeH MOHHUTOPUHT. B mpeacraBeHuTe nyOnuKanmuu € MPOCIEACHO
IIOCJIENOBATEIHOTO PA3BUTHE HAa Ta3d HAy4yHa JMHUSA - OT JIOKa3BaHE Ha
BB3MOKHOCTTa PEUHU CEIMMEHTH U MOYBH J1a ObJaT U3IMOJI3BAaHU 3a ABJITOCPOYHO
reHEpUpAHE Ha €JIEKTpUYecKa €Heprus, Npe3 ONTHMHU3UPAHE HA CBBP3BAHETO HA
HSIKOJIKO CEIMMEHTHH MUKPOOHHW FOPUBHM €JI€MEHTA U M3IO0JI3BAHE HA CUCTEMH 32
YOpaBJIEHUE U ChXPAHEHHE HA EHEPIHs, J0 pEeaTHO 3axXpaHBaHE Ha CEH30pHHU
MOJAYJM 3a MOHUTOPUHI Ha MapaMeTpyd Ha OKOJIHATA Cpela. YCTaHOBEHO €, 4e



CeIMMEHTHUTE MUKPOOHHM TOPUBHU €JIEMEHTH MOTAaT Ja pabOTAT MPOABIDKHTEITHO
BpeMe 0e3 Jo0aBsHE HA XPaHWUTEIHM BEIIECTBAa, KATO HM3MON3BAT €CTECTBEHATa
MUKpo(IIOpa W OpraHMYHATAa Marepus B cenuMeHTute. [lokazaHo € ChINo, 4e
NapajieTHOTO CBHP3BAaHE HAa HIKOJIKO KJIETKH WM HM3MOJ3BAHETO Ha MOIXOSIIH
DC/DC mnpeobpasyBaTenin W CYNEPKOHIEH3aTOPH TIO3BOJISIBA IOJIydaBaHE Ha
U3II0JI3BaEMU  CIIEKTPHUYESCKH TMapaMeTpH 3a 3axpaHBaHE HA HUCKOCHEPTUHHU
koHcymaropu. OcoOeHO BaKEH TPWIOKEH pe3ylNTar € JIeMOHCTpUpaHaTa
BBH3MOKHOCT 32 paboTa Ha OTKpUTO Ha S0-IIMTPOBU CETUMEHTHU MUKPOOHH TOPUBHH
CIIEMEHTH 3a TEPHOJ HaJ €/Ha TOJMHA, BKIIOYHTEIHO CHhC CPABHHUTEIHO CBTHH
aHOJICH MaTepuall KaTO METAIyPru4eH KOKC, KAKTO M 3aXpaHBaHE HA MOJYJ 3a
CKOJIOTUYEH MOHUTOPUHT. Ta3W JIMHUS HA W3CJICIBaHUS HaMHpa 3aBBPIICK U B
pa3paboTeHaTa aBTOMAaTH3MpaHa CHUCTEMa 32 CKOJOTMYEH MOHHUTOPUHT,
perucTpupaHa Karo 1moje3eH MoJies, KosITo 00eHsIBA CEH30PEH MOTYJI, CHCTEMA 3a
yIpaBJjeHUE Ha MOIIHOCTTA, KOHJEH3aTOp 32 BPEMEHHO ChXpaHEHUE HA CHEPTHUs U
CeIMMEHTEH MUKpOOHaJieH TOpuBeH eneMeHT. [lomydennure pe3ynraTa UMat BaxxHO
HAYYHO-TIPWJIOKHO 3HAYCHHME, ThU KaTO MOKa3BaT BB3MOXKHOCT 3a Ch3/aBaHE Ha
eBTHHHU, YCTOWYMBH M CaMO3aXpaHBAaIIH CE CUCTEMH 3a HAOIIO/IEHNE HA OKOJIHATA
cpeaa, OCOOCHO MOIXOMSIIM 33 OTAAJCYEHH WIM TPYAHOAOCTBIIHU pPalOHH
[myOsukamuu ¢ Homepa S, 14 u 16 oT npuoKeHus CIIUCHK .

lllecmo  uanpasnenue —  Ycmpoticmeo u  Hauunu Ha  paboma  Ha
OUOeIeKMpPOXUMUYHUME CUCTNEMU.

[TocnenHuAT MPUHOC HA KaHAKMIATa € CBBP3aH C pa3lupsiBaHe Ha (yHIaMEHTATHUTE
3HAHHS 32 YCTPOMCTBOTO, (DYHKIITMOHMPAHETO W TEPCHEKTUBUTE 3a pa3BUTHE HA
OMOENEeKTPOXUMUYHUTE CUCTEMHU. B mpencTaBeHUTe MyONMKAMKA ca Pas3TieaaHu
KaKTO €KCIEPUMEHTAIHH, Taka U 0030pPHO-aHATMTUYHU ACTIEKTH HA MHKPOOHHTE
TOPUBHU U MUKPOOHHUTE €NEKTPONM3HH KIETKH. Upe3 AbATOCPOYHH H3CIIEIBAHUS
BBPXY CEIMMEHTHH MUKPOOHH TOPUBHU €JIEMEHTH, paOOTEIN C PEYHU CETUMCHTH
¥ TIOYBH, € JOKa3aHa BB3MOXKHOCTTa T€3W MPHUPOJAHM MaTepHaad Ja CIyXat
€THOBPEMEHHO KaTO M3TOYHHMK Ha OpPTaHWYeH CyOCTpaT, MUKpPOOEH WHOKYIyM U
cpela 3a MpOoTHYaHe Ha eIEKTPOXUMHUYHHUTE MTPOIIECH. Y CTAHOBEHO €, Y€ CUCTEMHUTE,
0a3upaHu HA PEYHH CETUMEHTH, ITOKA3BaT MMO-T00pH U MO-CTAOWITHH eEKTPUISCKH
XapaKTePUCTHKH, KOETO € CBBP3aHO C IMO-BHCOKOTO CHIBpKAHWE HA OpPraHUYHA
MaTepus U cueruUIHUTE eJIEKTPOTCHHU CBOMCTBA HA MPUCHCTBAIINTE MUKPOOHU
oOurHOCTH. JlombIHUTEICH HAyYeH MPUHOC MPEACTABISIBA UACHTU(DUIIMPAHETO Ha
OakTepraiHaTa OOLTHOCT B BJITOCPOYHO padOTEIT CEAUMEHTEH MUKPOOSH TOPUBEH
€JIEMEHT, KaTo ca yCTAaHOBEHM mpejicTaBuTeau Ha Firmicutes u y-Proteobacteria,
BKIIOUMTENHO ponoBere Lysinibacillus, Paenibacillus u Pseudomonas. Te3u
pe3yiTaTé JAOMPUHACAT 3a MO-J00pOTO pa3OupaHe Ha pojisiTa HA MHUKPOOHUTE



KOHCOPIIMYMH, aHOJJHUTE U KATOAHUTE OMO(HIMHU U TIPOIECUTE HA U3BHHKIICTHUCH
enexkTpoHeH TpaHcdep. B oO3opHara mybnukaius BepXy xubpuaau MFC-MEC
CUCTEMHU KAaHIWUJATHT Yy4YyacTBa B CHCTEMAaTHU3UPAHETO HA MPUHIIUIHNTE,
KOHCTPYKTUBHUTE perieHus u PUIOKEHUSTA Ha WHTErpUpaHU
OMOENIEKTPOXUMHUYHUA CUCTEMHU 3a MPOU3BOJCTBO HAa BOJIOPOJ,, T€HEPUpPAHE Ha
CJIIEKTpUYECKa CHEprus, MPEYNCTBAHE HAa OTMAIBYHM BOJIU M BH3CTAHOBSBAHE Ha
[IEHHW TPOAYKTH. Taka MpeiCTaBEeHUTE TPYAOBE H3TPAXKIAT ISJIOCTHA HaydHA
OCHOBa 3a pa3BUTHE Ha TMO-€()EKTUBHU, YCTOWYMBH U  MPUIOKUMU
OMOETIEKTPOXUMHYHU TEXHOJIOTHH.

IIpuHocHu B npenoaaBarecKaTa AeMHOCT

OTHOCHO TPHHOCUTE B TMpemnojaBaTelcka ACHHOCT Ha KaHAWJATa ClIelIBa Jia ce
oTOeNexu, 4e olle 1Mo BpeMe Ha aclupaHTypara CH KaHIUAATHT 3amo4yBa paboTa B
Kareapa xuMus kbpM HOrozamagHus YHUBEPCHTET M PaOOTH Ha TBJIEH IIaT B
MPOIBIDKEHHE Ha MoBeYe OT 2 roauHu. Toil e Boaui 1abopaTopHu yIpaKHEHUS 0
Obowa xumus, Qusuxoxumus 1 u 2, Konouona xumusi , KakTo U JEKIMOHEH KypcC 1O
Hnosamusnu memoou 3a cvxpanenue u npeepvbujane Ha eHepeus. YdacTBa € U B
pa3paboTrBaHeTo Ha 4 yueOHM mporpamu. B katenpa Xumus Ha FO3Y, kakto u B
VYuusepcurera B JliobnsiHa e pabotun ¢ 6 cTyldeHTa mpu pa3pabOTBAaHETO Ha
JTUITIOMHUTE UM pabOTH.

4. OTpaxxeHue HA HAYYHUTE MYOJIMKALMH HA KAHAMAATa B 0bJrapcKara
Yy:KIeCTPAHHATA JIMTEepaTypa

I'n. ac. n-p UBo bwpnapoB e cbaBrop Ha 21 HayyHu myOJUKAlMKM, KOUTO KbM
MOMEHTA ca NOJy4rii o010 145 uutupanus, IpeAMMHO OT UY>KIECTPAHHU aBTOPH.
Ceoraacuo ganaute B Scopus kM 01.07.2026 . HeroBusT h-unnekc e 7.

To3u 6poit 3HaunTenHO HaaXBbp:s npuetus B IlpaBunnuka Ha FO3Y HOpMmaTuB 1
I0Ka3Ba, 4ye MMyOJuKalMOHHATA JEHHOCT Ha KaH/AM1aTa UMa CBOETO 3HAYUMO MSICTO
B CIIELMaJIM3UpaHaTa Hay4yHa JUTepaTypa.

5. Kputnunu 0ejiesKKU M NPenopbKUA KbM HAYYHHTE TPY/0BE HA KaHIWAaTA.

Hsamam cepuo3Hu 3a0eneXKd KbM MPEACTABEHUTE 3a ydacTHe B KOHKYypca
matepuanu. bux npenopwyan Ha JI-p bepaapoB ga ce chepeqoToun B €IHO — JBE
HarpaBJIeHUS !



6. JInuHM BeyaTJIeHUs HA PE€OECH3CHTA 34 KaHAUAATa

[To3naBam MBO bbhpaapoB OT HAYAJIOTO HA HEroBata AOKTOpaHTypa. [1og ppKOBOACTBOTO
Ha mokodHus IIpod. Mapmo MwutoB TOH H3pacHa Kato OQOPMEH YYEeH B oOiacTra Ha
€JIEKTPOXHUMUATA U Ono-enekTpoxumusaTa. OT HayarnoTo Ha padoTaTra CU TOM MOKa3a 3aBUIHO
YCbpAHME U YCBOU METOJUTE 3a MPUTOTBSHE U U3CII€BaHE rPaQ)€HOBU MaTEpUaIN U €IEKTPOAH OT
Tx. [lo xbCHO ce yTBBbpAM U B 00JlacTTa Ha €JIEKTpOKaTajau3aTa JI0KaTo padoTelie Moja Moe
ppkoBoictB0 B MEEC-BAH. VYOemeno Mmora na TOTBBPAS HEroBaTa CaMOCTOSITEIIHOCT B
eKCIIepUMEHTalIHAaTa paboTa U CHOCOOHOCTTAa MY 32 HOBH HJIeH B 00J1acTTA.

7. 3akaouenue

Bb3 ocHOBa Ha mpeacTaBEeHUTE MO KOHKypca MaTrepualid, HaAy4YHH MyOJIMKallWH,
UUTHUPAHUS, PETHUCTPUPAHU IMOJE3HU MOJEIU, y4acTUE€ B HAyYHH MPOEKTH U
JI0Ka3aHa IpenoaaBaTecKa IeMHOCT MOXKE J1a CE 3aKJIF04UH, 4e Tl. ac. 1-p MBo Oner
bbplapoB HambJIHO OTroBaps Ha HM3WCKBAHMATA Ha 3aKOHA 3a Pa3BUTUETO HA
aKageMuyHusi chbcTaB B PenmyOnuka bounrapus, [IpaBunnuka 3a mpuiaranero my,
KakToO M Ha BbTpemHuTte mnpasBuia 3a pa3BUTHE HA aKaJAEMHUYHHUS CbhCTaB B
IOrozanaguus yuusepcuteT ,,Heobur Pwmicku® 3a 3aemMane Ha akajgeMHYHATa
ITBXKHOCT , qoueHT . IlpeacTtaBeHara HaydyHa MPOAYKIUA € TEMATUYHO
MOCIIEIOBATENHA, AaKTyajlHa W C SICHO HM3Pa3eH HAay4YeH MU Hay4YHO-IPHUIOXKEH
XapakTep, a pe3yJATaTUTE OT HEesl MOKa3BaT KaKTO 3abJI00YEHa MU3CIEA0BATEICKA
KOMIIETEHTHOCT, TaKa U IMOTEHIINAN 3a IPAKTUUYECKO BHE/IPSIBAHE.

KannunarsT nokpruBa HEOOXOAUMHUTE KOJUYECTBEHU M KAU€CTBEHH TMOKa3aTelld 3a
3a€MaHe Ha aKaJeMHYHaTa IJIBXKHOCT ,,JOLEHT, KaTo MPEICTABEHUTE TPYIOBE
JIEMOHCTpUpAT YCTOWYMBO pa3BUTHE B OO0JacTTa Ha HEOpraHWYHATA XUMUSI,
CIEKTPOXUMUSATA, BBITICPOJHUTE MaTEpHAIA U OMOETECKTPOXUMUYHUTE CHUCTEMHU.
Kato B3emam mnpenBuj HaydyHHTE MPUHOCH, MPUIOXKHATA 3HAYUMOCT Ha
pa3pabOTKUTE, MPENOAaBATEICKU ONUT U ISJIOCTHOTO NMPO(ECUOHATHO Pa3BUTHE
Ha KaHAW/JaTa, 1aBaM IOJIOKUTEIHA OlIEHKa Ha KaHAUaTypara Ha IiI. ac. a-p UBo
Oner bbpnapoB u yoeneHo mpenopbuBaM Ha YBaXKA€MUTE WICHOBE HA HAYYHOTO
KypH J1a MOJKPEIST M30UpaHeTOo My Ha akaJeMu4yHaTa JUTHKHOCT ,,JIOIEHT B
npodecronanHo Hanpaienue 4.2. Xumuyecku Hayku (Heoprannyuna xumusi).
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The materials submitted by Res. Assoc. Ivo Oleg Bardarov, PhD for the competition fully meet
the requirements of the Act on the Development of the Academic Staff in the Republic of Bulgaria,
the Regulations for its implementation, and the Internal Rules for the Development of the Academic
Staff at South-West University “Neofit Rilski” for occupying the academic position of “Associate
Professor”.

The competition documentation has been prepared precisely, comprehensively, and in
accordance with the regulatory requirements. The submitted documents indisputably certify the
accuracy of the data presented and objectively reflect the candidate’s scientific, applied-scientific,
and teaching activities.

1. Brief biographical information about the candidate

Res. Assoc. Ivo Oleg Bardarov, PhD obtained the educational and qualification degree
“Bachelor” in Physics at South-West University “Neofit Rilski” in 2012. He undertook
specializations at Charles University, Prague, Czech Republic, and at the Joint Institute for Nuclear
Research in Dubna, Russia.

In 2013, he obtained the educational and qualification degree “Master of Chemistry” at South-
West University “Neofit Rilski”.

During the period 2015-2020, he was a full-time doctoral student in the Department of
Chemistry at South-West University, and in 2018 he was appointed to the position of “Assistant” in
the same department. In 2020, he obtained the educational and scientific degree “Doctor” in Inorganic
Chemistry with a dissertation entitled “Sediment Microbial Fuel Cells - Autonomous Self-Powered
Systems for Environmental Monitoring”.

In 2021, he was appointed to the position of “Assistant” at the Institute of Electrochemistry and
Energy Systems of the Bulgarian Academy of Sciences, and in 2022 he was elected “Research
associate”. During the period 2023-2025, he carried out postdoctoral specialization at the Faculty of
Chemistry and Chemical Technology of the University of Ljubljana, Slovenia.

2. Characterization of the candidate’s scientific and applied-scientific output

For participation in the present competition, the candidate has submitted 15 scientific
publications, distributed by quartiles according to the Web of Science and/or Scopus databases as
follows: Q1 - 5 publications, Q2 - 2 publications, Q3 - 3 publications, and Q4 - 5 publications.

The candidate has also submitted two registered utility models entered in the Patent Office of
the Republic of Bulgaria. In addition, the required number of independent citations, evidence of
participation in a scientific project funded by the National Science Fund, and a developed project
proposal have been provided.



The submitted documents certify that the candidate meets the national requirements, as well as
the additional requirements of South-West University “Neofit Rilski”, for occupying the academic
position of “Associate Professor”. On the basis of the attached evidence, it can be concluded that he
has accumulated the required number of points pursuant to the Act on the Development of the
Academic Staff in the Republic of Bulgaria, the Regulations for its implementation, and the Internal
Rules for the Development of the Academic Staff at South-West University “Neofit Rilski”.

3. Main contributions to the candidate’s scientific, applied-scientific, and teaching activities
In my opinion, the candidate’s scientific, applied-scientific, and teaching contributions can be
briefly grouped into several clearly defined and mutually complementary areas.

First area - flash-Joule heating for the synthesis of carbon nanomaterials. The main
contributions of Res. Assoc. Ivo Oleg Bardarov, PhD reflected in the three submitted works, are
related to the development of modern sustainable methods for the preparation and application of
carbon nanomaterials. From a scientific perspective, the candidate has constructed an innovative
flash-Joule heating system, which he successfully applies as an efficient, rapid, and scalable approach
for the synthesis of flash graphene and related carbon materials with applications in electrocatalysis.
A particularly significant contribution is the conversion of waste carbon composites into high-quality
turbostratic flash graphene showing almost 100% selectivity in the electrochemical synthesis of
hydrogen peroxide through the two-electron reduction of oxygen. From an applied-scientific
perspective, the results demonstrate the possibility of utilizing waste materials and obtaining
electrocatalysts of practical importance for sustainable energy and chemical technologies. An
additional applied contribution is the registered utility model for a device for delaminating graphitic
carbon nitride, which enables an energy-efficient increase in the active surface area of the material
and the preparation of thin-layer particles with potential applications in photocatalysis,
electrocatalysis, and energy storage. In terms of teaching, these developments enrich the educational
content in the fields of materials science, electrochemistry, nanomaterials, and sustainable
technologies, creating opportunities to introduce current scientific results and practical examples into
the training of students and doctoral students [publications Nos. 3, 6, and 17 from the attached list].

Second area - microreactors for the electrochemical synthesis of hydrogen peroxide.
Another substantial applied-scientific contribution of the candidate is related to the development of
electrochemical microreactor systems for the continuous production of hydrogen peroxide through
the two-electron reduction of oxygen. The submitted publications demonstrate a consistent approach
to the creation, optimization, and improvement of microfluidic electrochemical reactors, including a
parallel-plate microreactor with integrated optical sensors for real-time monitoring of dissolved
oxygen and H20:2 concentrations, as well as an improved system with a gas-diffusion electrode
enabling significantly more efficient oxygen delivery and increased productivity. The development
has a clearly expressed applied character, since it offers the possibility of safe, decentralized, and
controlled production of H202 under mild conditions, without the need for the classical anthraquinone
process, which is associated with the use of organic solvents, noble metals, and the transport of
concentrated hydrogen peroxide. A particularly important proof of the practical significance,
innovativeness, and technological relevance of the developed method is the fact that it has been
purchased by the Slovenian company Belinka Perkemija d.o.o0. and is in the process of international
patent protection. This demonstrates not only the scientific value of the results but also their real
potential for industrial implementation and transfer to modern sustainable chemical technologies
[publications Nos. 1, 3, and 18 from the attached list].

Third area - carbon materials as electrodes in bioelectrochemical systems. The next
significant contribution of the candidate is related to his research in the field of bioelectrochemical
systems, which he has actively pursued since his undergraduate studies and which later became the
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main topic of his dissertation. In this area, Res. Assoc. Ivo Oleg Bardarov, PhD presents publications
aimed at developing and investigating modified carbon materials as electrodes in microbial fuel cells
and microbial electrolysis cells. The obtained results show that graphite electrodes modified with
oxides of iron, manganese, and titanium can significantly improve the electrochemical characteristics
of bioelectrochemical systems. In one of the publications, graphite-metal oxide composites were
developed as anode materials for microbial fuel cells, and it was established that all modified
electrodes exhibit higher electrocatalytic activity compared with unmodified graphite, with the best
results achieved for the Gr-Mn304 composite. In another publication, modified graphite electrodes
were investigated as potential cathode electrocatalysts for microbial electrolysis cells intended for
hydrogen production, and it was shown that these materials exhibit higher activity toward the
hydrogen evolution reaction in neutral media compared with pure graphite. These studies have a
clearly expressed applied-scientific character, since they are aimed at the development of
inexpensive, stable, and efficient electrode materials that can replace costly noble-metal-based
catalysts and support the development of sustainable technologies for water purification,
bioremediation, electricity generation, and bioelectrochemical hydrogen production [publications
Nos. 9 and 11 from the attached list].

Fourth area - bioelectrochemical systems for wastewater treatment. Another contribution
of the candidate is related to the development and demonstration of bioelectrochemical approaches
for the extraction of valuable and toxic metals from aqueous solutions and wastewater. The submitted
publications demonstrate the possibility of using microbial fuel cells and a microbial electrochemical
snorkel not only as systems for electricity generation but also as effective technologies for metal
recovery through cathodic reduction driven by the microbial oxidation of organic substances. The
possibility of combined copper extraction and wastewater treatment has been shown, with the process
occurring simultaneously with a reduction in the organic load in the anode chamber. A particularly
significant contribution is the first experimental proof of the applicability of the microbial
electrochemical snorkel for metal recovery, with high degrees of removal and recovery achieved for
copper without the need for an external energy source. The development of this approach has also
been extended to silver extraction, including from model solutions simulating exhausted photographic
fixer, and it has been established that operation in microbial electrochemical snorkel mode has
advantages over the classical microbial fuel cell in terms of removal rate and recovery efficiency.
These results have important applied-scientific significance, as they combine ecological treatment of
contaminated waters, utilization of waste streams, and recovery of valuable raw materials, placing
them in the context of the circular economy and the sustainable management of metal-containing
wastewater [publications Nos. 7, 8, and 12 from the attached list].

Fifth area - bioelectrochemical systems for environmental monitoring. The next
contribution of the candidate is related to the development of sediment microbial fuel cells as
autonomous bioelectrochemical energy sources for small electronic devices and environmental
monitoring systems. The submitted publications trace the consistent development of this scientific
line - from proving the possibility of using river sediments and soils for long-term electricity
generation, through optimizing the connection of several sediment microbial fuel cells and using
systems for energy management and storage, to the actual powering of sensor modules for monitoring
environmental parameters. It has been established that sediment microbial fuel cells can operate for
prolonged periods without the addition of nutrients, using the natural microflora and organic matter
in the sediments. It has also been shown that the parallel connection of several cells and the use of
suitable DC/DC converters and supercapacitors allow usable electrical parameters to be obtained for
powering low-energy consumers. A particularly important applied result is the demonstrated
possibility of outdoor operation of 50-liter sediment microbial fuel cells for a period exceeding one
year, including with a relatively inexpensive anode material such as metallurgical coke, as well as the
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powering of an environmental monitoring module. This research line culminates in the developed
automated environmental monitoring system, registered as a utility model, which combines a sensor
module, a power management system, a capacitor for temporary energy storage, and a sediment
microbial fuel cell. The obtained results have important applied-scientific significance because they
show the possibility of creating inexpensive, sustainable, and self-powered environmental monitoring
systems, especially suitable for remote or difficult-to-access areas [publications Nos. 5, 14, and 16
from the attached list].

Sixth area - structure and modes of operation of bioelectrochemical systems

The candidate’s final contribution is related to expanding fundamental knowledge of the
structure, functioning, and development prospects of bioelectrochemical systems. The submitted
publications address both experimental and review-analytical aspects of microbial fuel cells and
microbial electrolysis cells. Through long-term studies on sediment microbial fuel cells operating
with river sediments and soils, the possibility has been demonstrated that these natural materials can
simultaneously serve as a source of organic substrate, microbial inoculum, and medium for
electrochemical processes. It has been established that systems based on river sediments show better
and more stable electrical characteristics, which is related to the higher content of organic matter and
the specific electrogenic properties of the microbial communities present. An additional scientific
contribution is the identification of the bacterial community in a long-term operating sediment
microbial fuel cell, in which representatives of Firmicutes and gamma-Proteobacteria, including the
genera Lysinibacillus, Paenibacillus, and Pseudomonas, were established. These results contribute to
a better understanding of the role of microbial consortia, anode and cathode biofilms, and
extracellular electron transfer processes. In the review publication on hybrid MFC-MEC systems, the
candidate participates in systematizing the principles, design solutions, and applications of integrated
bioelectrochemical systems for hydrogen production, electricity generation, wastewater treatment,
and recovery of valuable products. The submitted works thus build a comprehensive scientific basis
for the development of more efficient, sustainable, and applicable bioelectrochemical technologies.

Contributions to teaching activities

Regarding the candidate’s contributions to teaching activities, it should be noted that while still
a doctoral student, the candidate began working in the Department of Chemistry at South-West
University and worked full-time for more than two years. He has conducted laboratory exercises in
General Chemistry, Physical Chemistry 1 and 2, and Colloid Chemistry, as well as a lecture course
on Innovative Methods for Energy Storage and Conversion. He has also participated in the
development of four curricula. In the Department of Chemistry at South-West University, as well as
at the University of Ljubljana, he worked with six students during the preparation of their diploma
theses.

4. Reflection of the candidate’s scientific publications in Bulgarian and foreign literature

Res. Assoc. Ivo Oleg Bardarov, PhD is a co-author of 21 scientific publications, which to date
have received a total of 145 citations, predominantly from foreign authors. According to Scopus data
as 0f 01.07.2026, his h-index is 7.

This number significantly exceeds the standard adopted in the Regulations of South-West
University and shows that the candidate’s publication activity has a significant place in the specialized
scientific literature.

5. Critical remarks and recommendations regarding the candidate’s scientific works
I have no serious remarks regarding the materials submitted for participation in the competition.
I would recommend that Dr. Bardarov focus on one or two areas!



6. Personal impressions of the reviewer regarding the candidate

I have known Ivo Bardarov since the beginning of his doctoral studies. Under the supervision
of the late Prof. Mario Mitov, he developed into a well-formed scientist in the field of
electrochemistry and bioelectrochemistry. From the beginning of his work, he demonstrated
commendable diligence and mastered the methods for preparing and studying graphene materials and
electrodes based on them. Later, he also established himself in the field of electrocatalysis while
working under my supervision at the Institute of Electrochemistry and Energy Systems, Bulgarian
Academy of Sciences. I can confidently confirm his independence in experimental work and his
ability to generate new ideas in the field.

7. Conclusion

On the basis of the materials submitted for the competition, the scientific publications, citations,
registered utility models, participation in scientific projects, and proven teaching activity, it can be
concluded that Res. Assoc. Ivo Oleg Bardarov, PhD fully meets the requirements of the Act on the
Development of the Academic Staff in the Republic of Bulgaria, the Regulations for its
implementation, and the Internal Rules for the Development of the Academic Staff at South-West
University “Neofit Rilski” for occupying the academic position of “Associate Professor”. The
presented scientific output is thematically consistent, current, and has a clearly expressed scientific
and applied-scientific character, and the results demonstrate both in-depth research competence and
potential for practical implementation.

The candidate meets the necessary quantitative and qualitative indicators for occupying the
academic position of “Associate Professor”, and the submitted works demonstrate sustained
development in the fields of inorganic chemistry, electrochemistry, carbon materials, and
bioelectrochemical systems. Taking into account the scientific contributions, the applied significance
of the developments, the teaching experience, and the overall professional development of the
candidate, I give a positive assessment of the candidacy of Chief Assist. Prof. Dr. Ivo Oleg Bardarov
and confidently recommend that the esteemed members of the scientific jury support his election to
the academic position of “Associate Professor” in Professional Field 4.2. Chemical Sciences
(Inorganic Chemistry).
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