
CTAHOBMII(E 

3a npH.no6HBaHe Ha o6pa3oBaTeJIHaTa 11 HayYHa cTeneH ".lJ:oKTop" no HanpasneHHe 4.2. XHMM4eCKM 
HayKM "EJieKTpOXHMM.!I (BKJI. XHMH4eCK11 H3T04HIHJ,H Ha TOK)" Ha TeMa: "EJieKTpOXHMH'IHO 
DOJJJ'IaBaHe Ha MHOfOKOMDOHeHTHH CDJJaBH Ha MeTaJIHTe OT DO�rpynaTa Ha �eJISJ30TO, 
BKJUO'Isamu W, Mo u P u oxapaKTepu3upaHeTo HM KaTo KaTaJJHTH'IeH MaTepuaJI s 
aJITepHaTHBHH H3TO'IHHQH Ha eHeprHH " 

C KaH,llH)J.aT: HH�. XHMHK BaCHJI ,LJ:HMHTpOB Ji'b'IBapOB 

YneH Ha Hay4HO )Kyp11: PamKo CTeq,auos PamKOB, )lOKTop, .nouenT- H<DX-J>AH 

1. 06IQa xapaKTepHCTHKa Ha HaJ'IHO-H3CJie,llOBaTeJICKaTa H HaJ'IHO-flpHJIO�HaTa 
)leUHOCT Ha KaH)lH)laTa • 

.lJ:HcepTaU;YIOHHH�T Tpy.n Ha Bac11n Eb4Bapos e B o6naeTTa Ha so.nopo,llHaTa eHepreTHKa 11 
no eneQHaJIHO eJieKTpOJII13HOTO nOJiylfaBaHe Ha BO)J.OpO,ll. I13BeCTHO e, lfe BO)J.OpO)J.bT )l06HT OT 
Bb306HOB�eMM eHeprMHHI1 H3T04H11U.11 l.lpe3 eJieKTpOJII13a Ha BO)J.aTa MO:>Ke .na 6b)J.e 113nOJI3BaH B 
rOp11BHI1 eJieMeHTI1, np11 KOeTO ee noJiy4aBa 3aTBOpeH 11 eKOJIOf114HO l.JHeT Hape4eH "3eJieH" 
eHepmeH I..lHKbJI. 0p0113BO,lleTBOTO Ha BO.LJ.OpO)J. B KJieTKI1 C nOJII1MepHa eJleKTpOJII1THa MeM6paHa 
(OEM) e epaBHHTeJIHO HOBa TeXHOJIOfH51 C fOJI51M noTeHU.HaJI 3a pa3BHTI1e 11 ,llOKa3aHH 
npe)J.I1MeTBa. Cbw.espeMeHHO, T0311 e<j:>eKTI1BeH 11 nepeneKTHBeH MeTO.ll see ome He MO)Ke .na 
HaMep11 W11p0KO npHJIO)KeHHe B npaKTHKaTa, nopa,lll1 BHeOKaTa ce6eeTOMHOeT Ha eJieKTpO,llHMTe 
MaTep11aJII1, 113nOJI3BaHI1 B OEM BO.llH11Te JieKTpOJII13bOp11 11 TeXHI151 He.noeTaTb4eH epOK Ha 
eKennoaTal..lH�. ETo 3amo yeHJIH�Ta Ha y4eHHTe ea HaeolfeHH s Cb3)J.aBaHeTo Ha HOBI1 
KaTaJII1T114HI1 eJieKTpO)J.HI1 MaTep11aJII1, KOI1TO OT e)J.Ha CTpaHa )la He Cb.llbp)KaT 6narOpO)J.HI1 
MeTaJII1, a OT .llpyra )la npHTe)KaBaT BHCOKa npOBO)J.I1MOCT, ei1JIHO pa3BI1Ta eneuH<j:ll1l.JHa 
nOBbpXHOCT M HI1CKO CBpbXHanpe)KeHHe enpRMO peaKI..l1151Ta Ha OT)J.enRHeTO Ha BO)J.OpO,ll 11 

KI1CJIOpO,l1.. KaTO e)l.HH OT OeHOBHI1Te npeTeH)leHT11 3a eJieKTpOKaTaJll1TH4eH MaTepHaJI ee 
pa3rJie)K.LJ.a HHKeJibT 11 HerOBI1Te enJiaBH H no eneuHaJIHO TRXHOTO eJieKTpOXHM114HO noJiylfaBaHe 
KaTO 6bp3 11 eBTI1H CHHTe3. 11MeHHO B TOBa HanpaBJieHHe ce OTHae� HaCT05lll..ll151 )l.HeepTal..li10HeH 
TPY.ll 11 u.emc EneKTpoXHMHlJHO nony4asaHe 11 oxapaKTep113HpaHe Ha MHoroKOMnoHeHTHI1 
enJiaBHI1 nOKp11TH51 Ha OeHOBa Ha MeTaJII1Te OT )KeJI�3HaTa rpyna KaTO noTeHUHaJieH KaTaJIHTHl.JeH 
MaTepHaJI B anTepHanfBHH H3T04H11I..ll1 Ha eHepmR. E.llHO OT npe.llHMeTBaTa Ha eneKTpOXHMI14HI151 
eHHTe3 e, lJe )laBa Bb3MO)KHOeT 3a BapHpaHe Ha ebeTaBa Ha enJiaBHTe B lllHpOKH rpaHHI..lH B 
3as11e11MoeT OT ebeTasa Ha eneKTponHTHTe 11 yenosH�Ta Ha nonyqasaHe. Do T03H Hal.JI1H ea 
noJiylfeHH enJiaBI1 e pa3JI11l.JHO eb.llbp)KaHI1e Ha OCHOBHI1Te KOMnOHeHTH B ennaBTa, 3a )J.a ee 
nO}J,06p11 CHHeprH3Ma Me)K)l.y TRX, T.e. )la ee nO)l.06pRT KaTaJIHTH4HI1Te xapeKTepHeTHKH. Tosa ee 
nOCTI1fa 4pe3 KOM6HH11paHe Ha eJieMeHTH OT JI�BaTa CTpaHa Ha npeXO)J.HaTa cepl151, KOHTO HMaT 
He3anbJIHeHH saKaHTHH d-op611Tan11 (hypo-d-electron metals) e MeTaJIH OT ,WieHaTa eTpaHa Ha 
npexo,llHaTa cepHR, HMall..lH 3anbnHeHH BbTpewHo e,llsoeHH d-op611TaJII1 (hyper-d-electron metals), 

BO}J,eW.O ,llO Me)K,llyeJieKTpOHHI1 B3aHMO)l.eHeTBH51 11 113MeHeHI1e Ha eBbp3Ball..laTa eHeprHR Ha 
nonylfeHHTe ebe}J,HHeHH51. Cne,lleTBHe Ha TOBa ce no)lo6p51Ba KHHeTI1KaTa Ha eneKTpOHHI151 
TpaHe<j:lep 11 OT TaM ce DOB11WaBa e<j:>eKT11BHOeTTa 11 CTa6HJIHOCTTa Ha KaTaJII13aTopa. 

roJI51Ma qaeT OT 113CJie}J,BaHI151Ta Ha ,llHCepTaHTa ea 3aJierHaJII1 B HeroBaTa Hay4HO 
npHJIO)f(Ha ,lleHHOCT HaMepHna oTpa)KeHHe BbB so.nemoTo MY yqacTHeTo npH H3nbnHeHHeTo Ha 
pe)J.HI..la Me)K)J.yHapO,llHH 11 HaU.HOHaJIHH )J.OfOBOpH: 



llpoeKT c DFG .N'!! 436 BUL 1 13/97 "HaHoeTpyKTyp11paHI1 MYIITI1KOMnoHeHTH11 c11eTeM11 KaTo 
OeHOBa Ha HOBI1 cpyHKL1,110HaJTHI1 Cl1eTeMI1". fepMaHI1JI, rp. illse611U1 lMIOH.ll - (2007-20 11). 

PbKOBO.lli1TeJI npocp. 11.KpbeTeB 
,L(orosop c MOH No D002-163/16.12.2008r. "11HosaTHBHI1 M11Kpo6110JIOr11tiHI1 rop11BH11 
eJieMeHTI1 KaTo 113TOllHHU.H 3a eKoJiorl1tiHO YI1CTa eHepmR", PbKOBO.lJ.HTen Ha npoeKTa: npocp. M. 
MI1TOB, lOro3ana.n.eH YHI1Bepc11TeT, oJiaroesrpa.n., PbKOBO.lli1TeJI OT CTpaHa Ha 11<l>X .n.ou.. P. 
PawKoB 
,L(orosop ,L(<l>HH E-02/9 OT 12.12.2014r. ,MHoroKOMnoHeHTHI1 KaTamt3aTopH, HeCb.lJ.bp)f(al.ll,l1 
6JiarOpO.lJ.HI1 MeTaJII1 3a reHepHpaHe Ha BO.li.OPO.ll B eJieKTpOJI113Ha KJieTKa e aHI10H-I1pOBO.li.S!lUa 
I10Jli1MepHa MeMfipaHa", "KOHKype 3a cp11HaHe11paHe Ha HayYHI1 113eJie)l.BaHI1SI B I1p110p11TeTHI1 
o6JiaCTH- 2014 r. ,<l>OH.ll HaytiHI1 113CJie.n.saHI1SI". PbKOBO.ll11TeJI Ha npoeKTa: .n.ou.. PawKo PawKoB, 
11HeTI1TYT no cp11311KOXI1MI1SI, oAH. 
Hau:uouanua uayqua nporpaMa ,H11eKOBbrJiepo.n.Ha eHepmSI 3a TpaHcnopTa 11 611Ta 
(EflJIIOC)"- ,U01-214/28.11.20 18, PbKOBO.lJ.I1TeJI OT eTpaHa Ha 11<l>X .n.ou. P. PawKoB 

2. Ocuosuu uayquu u uayquo-npuno�uu npuuocu. 

flp11HOCHTe Ha .lJ.H.CepTau,HOHHHSI TPY.ll ee ocHosasaT B o6oraTRBaHe Ha cbmecTsysal.li,I1Te 
3HaHI1R s o6Jiacrra Ha eJieKTpO.lJ.HI1Te MaTep11aJII1 np11 pro.n.eJISIHeTo Ha so.n.aTa. Tosa e nocTI1rHaTo 
Ype3 eJieKTpOXHMH.llHO flOJiyYaBaHe Ha MHOfOKOMflOHeHTHI1 (YeT11pH M neT KOMI10HeHTH11) 
cnJiaBH11 noKp11THSI Ha ocHoBa Ha MeTaJII1Te OT )f(eJISI3HaTa rpyna c Mo, W 11. P 11 ea yeTaHoBeHH. 
3aBI1C11MOCTHTe Ha CbeTaBa Ha CI1JiaBI1Te OT yeJIOBH.SITa Ha eJieKTpOJII1.3HI1H npou.ec. 
EJieKTpoKaTaJIH.THllHOTO nose.n.eHH.e Ha Te311 enJiaBH e 113CJie.n.saHo no OTHOWeHI1e Ha peaKU.11HTe 
Ha oT.n.emiHe Ha so.n.opo.n. 11 K11eJiopO.ll11 e Hanpaseua ceJieKU.I1.11 3a Hai1-.n.o6p11 KaTaJII13aTopH 11 3a 
.n.seTe peaKU.HH. Ha 6roa Ha nonytieH11Te pe3yJITaTH ea H3roTseul1 eJieKTPO.lll1 OT H36paHI1 enJiaBI1 
11 ea TeCTBaHI1 B 6110r0p11BHa KJieTKa 11 aJIKaJieH flEM eJieKTpOJII13bOp, u,eJISII.li,O DIXHOTO 
npaKTJ1.l:IeeKo npHJIO)f(eH11e. Pe3yJITaTI1Te noKrosaT, ye Te3H MaTepHaJIH ea nepeneKTHBHI1 11 611.xa 
MOrJTH .n.a ce 113fl03BaT KaTO KaTaJII13aTOp11. B aJITepHaTHBHH 11.3TOYH11U.H Ha eHeprHSI. 

3. 0Tpa�euue ua uayquuTe ny6JIHKau:uu ua Kau)J.H)J.aTa B 6bJirapcKaTa u 

qy�ecTpauuaTa JIHTeparypa. 

,U11cepTaU.HOHHH.R TPY.ll Ha Bac11.JI EbYBapos BKJIIOtiBa o6mo 4 ny6JI11KaU11H KaTo TpH. OT 
nix ea s cnHeaHHSI e IF. flo cTaTH.I1 ea npe.n.eTaBeHH o6mo 38 U.11TaTa. To311 cpaKT rosop11 3a 

aKTyarruocrra Ha TeMaTa Ha .lJ.HCepTaU,11H. 

3AKJIIO�EHHE 

flpe)lBI1.ll HayKOMeTp11tiH11Te .n.aHHH, JIOrHYHOTO 11 BHCOKO HayYHO 113JIO)f(eHHe Ha 
pe3yJITaTHTe B )J.H.eepTau,I10HHI1SI TPY.ll KaKTo 11 HanpaseHHSI aHaJIH3, noKroBaT, qe MaTepHaJibT e 
)1.11CepTa611JieH, a TeMaTa e 113KJIIOYHTeJIHO aKTyaJIHa. 0eHOBHaTa U.eJI e noeTHrHaTa KaTO ea 

flOJiyqeHH eJieKTpOXHMI1'1HO 11 oxapaKTepH311p11 MHOfOKOMI10HeHTHI1 errJiaBHH. I10Kp11TI1H Ha 
OeHOBa Ha MeTaJIHTe OT )l(eJIH3HaTa rpyna 11. e )J.eMOHeTHpaH TeXHI1SI flOTeHU.HaJI KaTO KaTaJII1TI1l!eH 

MaTep11aJI s aJITepHaTI1BHH H.3T0'1HHU.11 Ha eHepmH. Pe3yJITaTI1, 6e3nopHo )l.eJio Ha .n.11cepTaHTa, ea 

3Hal!HM11 11 o6emaBaW.11 3a 6b)lel.ll,eTO pa3BI1TI1e 11 KOMepe11aJII13HpaHe Ha TeXHOJIOfHHTa 3a 



npoH3BO.UCTBOTo Ha ao.nopo.n oT pro.nemmeTo Ha ao.naTa qpe3 DEM eneKTpOJIH3a. B 3aKJIJ04eHMe, 
MO�Ta oueHKa e OOJIO)f(HTeJIHa 11 C y6e)J.eHOCT npenopb4BaM Ha lJJieHOBeTe Ha HayYHOTO )f(yp11 )).a 
rJiaCyBaT 3a npMCb)f()J.aHe Ha o6pa30BaTeJIHaTa H HayYHa CTeneH ".[(OKTOp" Ha HH)f(. XMMHK BaCMJI 

.[(HM11TpOB nblJBapOB. 

09.12.2019 r. YbfOTBHJI CTaHOBHJ.UeTO: 

/.nou . .n.-p P.PawKoa/ 


