
CTAHOBI!1W,E 

Bbpxy AlileepraU,I!IOHeH TPYA Ha TeMa "EneKTPOXHMH4HO non'(4aBaHe Ha MHOrOKOMnoHeHTHH 

cnnaBH Ha MeTaJlHTe OT nOArpynaTa Ha >t<el1Jt30T01 BKJ1104BaLll,H W, Mo HP H OXapaKTepH3HpaHeTO 

HM KaTO KaTaJlliiTH4eH MarepHaJl B anTepHaTHBHH H3T04HHU,H Ha eHeprHR11 3a npllleb>I<AaHe Ha 

o6pa3oaarenHara 111 Hay4Ha creneH 11AOKTop" Ha HH>t<. BacHn AHMHrpoo 6b4Bapoe - XHMHK, 

AOKTOpaHT Ha CaMOCTORTeJlHa nOArOTOBKa B CeKU,Hfl "EneKTpOXHMHR H KOp03HR11• 

YneH Ha Hay4HO >t<ypH: AHTOH AHrenoa MoMYiilllOB, A-P, npocp. 

BoAOPOAHIIITe rexHonor111-1, BKiltoYBaT eneKrponH3HO npolii3BOACTBO Ha BOAOPOA 111 Heroaoro 

aKyMynHpaHe 111 rpaHcnoprHpaHe. 3a np0113BOAeTBO Ha BOAOPOA Morar Aa ee np1-111arar 

Bb306HOB.ReMIII eHeprllliiHH 1113T04HI1U,Iil. npeo6pa3yBaHeTO Ha XHMI14HaTa eHeprHR Ha BOAOPOAa B 

elleKTpH4eeKa 4pe3 ropi!IBHI-1 eneMeHTI1 e o6eKT Ha 11HTeH3HBHH HayYHI1 H3e/leABaHI1R. npe3 

noCJleAH11Te 10 rDAIIIHIII yCL-1/lHRTa Ha y4eHIIITe ea ebepeAOT04eHH BbpXy OnTIIIMI-131!1paHe Ill 

yCbBbpUJeHcrBaHe Ha eneKTp011H3bOp11Te 11 ropHBHI1Te eneMeHTI1, a 11MeHHO Bl1eOKa eneu,lllcf>1!14Ha 

eHeprliiR, peeneKTIIIBHO MOLll,HOCT, OTHOei!ITe/lHO HlileKa U,eHa Ill BlileOKa ecfleKTI1BHOCT. li13nOI13BaHeTO 

Ha eneKTPOAIII c Pt Ill Pd KaTa/11113aTOplil BbB BOAOPOAHI1Te reHepaTOplil ei111HO OCKbmlBa npou,eea Ha 

eneKTponH3HO pa3naraHe Ha BOAaTa, a raKa Cblll,O 11 Ha rop��tBHI1Te eneMeHTI1. Toaa Hanara 

eb3AaBaHeTO Ha HOBIII KaTa/lHTI14HI-1 eneKTPOAHI1 MaTep�ota/11-1, HeebAbp>l<alll,l1 611aropoAHI1 MeTa/11'1. 

li1311eKBaHeTO KbM TRX e Aa np��tTe>l<aBaT BHeOKa npOBOAHMOCT, e��t/lHO pa3BI1Ta eneLJ,I!Icfli14Ha 

nOBbpXHOCT 11 HHeKO eBpbXHanpe>l<eH��te enpRMO peaKU,IIIRTa Ha OTAe/lRHeTO Ha BOAOPOA 11 KHellOpOA. 

Toaa onpeAellR u,ema Ha HaCTORLll,11R A11eeprau,HoHeH TPYA· noeraaeH11re 3aAa411 ea T04HO 

noA6paHI1 3a 1!13nbi1HeHIIIeTo Ha nocraaeHara u,en. ,ll,11eeprau,��toHHIIIRT TPYA e HanY�caH Ha 94 

erpaHI!IU,Iil cflopMaT A4 Ill CbAbp>l<a 39 cfl��trypYI (noBe4eTO e noAcfllilryp��t), 15 Ta6/li!IU,Iil Ill 42 XIIIMY14Hiil 

ypaBHeHIIIR. l.J,IIITI!IpaHYI ea 108 11111TeparypH11 1113T04HIIIKa KaTO 28 OT TRX ea 113nOI13BaHH B pa3Ae11 

pe3ynrar11 111 o6eb»<AaHe. J111reparypHara enpaaKa noKa3aa 3aAbi1604eHoro 3ano3HaaaHe e 

n po6neMaTI1 KaT a. 

B reopeTI14HaTa Yaer ea pa3rneAaH��t repMOAIIIHaMIIIYHI!ITe np11HU,Iilnl!l 3a eneKTPOXI1MI14HO 

ebOTJlaraHe Ha Mera11111 Karo RB/leHI-!e. noKa3aH��t ea 1-1 KI-!HeT��tYHIIITe yenoBI1.R 3a eneKrpoi11-13HOTO 

ornaraHe Ha cnnaa��t. HanpaaeHo e 3aAbf16o4eHo npoyYBaHe Ha yenOBI-IRTa 3a eneKrpon��t3HO 

nonyYaBaHe Ha pa3HOPOAHIII MeTa/lHIII ennaBI-1, KaKTO 11 TRXHOTO nplilllO>I<eHI!Ie B pa3/llii4Hiil 06JlaCTI-1 Ill 

no-eneu,HallHO 3a eneKrpoxi-!Miii4HOTO pa3!1araHe Ha BOAa. HanpaaeH e nperneA Ha nplilllO»<eH��tero 

Ha eJleKTpOXIIIMI!I4HO OT/lO>I<eHI-1 enJlaBI-1 KaTO eneKTPOAHIII MaTep��ta/1111 B M111Kp0611a/1Hiil Ill ropi1BHI1 

eJleMeHTIII. noKa3aH e 1-1 npeA11UJHI-1RT on11T a WI>X 3a eneKrpoxi1MIIIYHOTO no11y4aaaHe Ha MeTallHI!I 

ennaa��t. 

Pa3Hoo6pa3HII!Te 113e11eAoBaTelleKIII MeTOA��t, 113nomaaHI!I 3a nolly4aBaHe 111 aHal1111311paHe Ha 

1!13elleABaH11Te KOMn03111THI!I MaTeplilaJll-1 Ill TRXHOTO np11!10>I<eH��te, noKa3BaT OB/laARBaHeTO I!IM OT 

AOKTOpaHTa, T.e. 4e OeBeH 3aAbfl>KI-1Tei1HI!ITe Kypeoae e Ha/l�otU,e 11 AOnb/lHI!ITellHO IHnbi1HeH11e Ha 

o6y411TeJ1HaTa YaeT OT nporpaMaTa. li13nOI13BaH��t ea pa3Jllill.lHI!I eneKTpOXIIIM1114Hiil MeTOAI!I KaTO 

ranaaHocraTIII4Hiil, noreHU,I10CTaTIII4HH, IIIMnyneHH, CVA 1-1 EIS. CpaBHHTellHI!ITe eneKTPOAH ea 

nOA6paHI!I T04HO B ebOTBeTCTBI1e e 113nOI13BaHI1Te e/leKTpOilliiTI-1. roJlRMO e Ill pa3H006pa311eTO Ha 

113nomaaHI1Te cfl11131!14Hiil MeTOA11- SEM, EDS, XRF, XRD 11 XPS. 

li13e/leABaHO e no/ly4aBaHeTO Ha enJlaBH OT rpynaTa Ha >l<e/1R30 OT pa3Jllii4HLI1 ebeTaBIII 

e11eKrpo1111n1 11 yenoBIIIR Ha ornaraHe 4pe3 CVA. HanpaaeHo e T04HO Lit ReHo TbllKyBaHe Ha 



nonyYeH!-ne pe3ynrant. VI3ReHeHo e Aei:icrslileTO Ha ABere A06asKii1 111 Ha Q>oc<t;>opa 3a nony4aBaHero 

Ha ennas111 e pa3/11!1YeH ebeTaB. noKa3aHo e, ye Q>oe<j>opbT MO>t<e Aa ee srpa>t<Aa no AlilpeKTeH 111 

liiHAIIIPeKreH MexaHII13bM. VI3ReHeHo e np111 KOI-1 yCilOBIIIR Ha ornaraHe Koi:i oT MexaHI!13Mii1Te Aei:ieraa. 

nonyYeHI!ITe noKpli!TiiiR ea oxapaKTep1113111paHii1 <j>I!13111KOXII1Mii1YHO - MOp<j>OilOfHR, KplileTallHI-1 <j>a31!1 111 

B3ali1MOAei:1CTBI!IeTO Ha <j>oe<j>opa e MeTamne. nonyYeHI!ITe KOMn03111TH ea 1!13elleABaHI!1 KaTO 

KaTallli13aTOp"' 3a OTAellRHe Ha BOAOPOA (POB) Ill KlilellOpOA (POK) B anKalleH e/1eKTp0111i1T. 

Vl3n0/13BaHa e 111 eneKTpOXIi1Mii14Ha ji!MneAaeHa eneKTpOeKOnli!R 3a aHaJlH3 Ha KaTa/11!1Tii1YHaTa 

aKTIIIBHOCT Ha KOMn03111Tii1Te. AaAeHo e pa3yMHO o6ReHeHI!Ie 3a A06para "'M K aTan�t�n1YHa aKTIIIBHoer. 

Pa3pa6oreHii1 ea eneKTpOilliiTI-1 111 yenOBI-IR 3a ornaraHe Ha KOMn03111Tii1 e BKJliOYeHI-1 W 111111-1 Mo. Te 

CbW,O ea l-13elleABaHI-1 <j>II13111KOXII1Mii1YHO 111 Karo KaTa/1!-13aropl-1 3a POB 111 POK. ,LJ.o6po sneYarneHI!Ie 

npaBI-1 o6oW,eHI!IeTO Ha KOMn031!1TI-!Te e Hai:1-A06pa KaTa/11!1Tii1YHa aKTjiiBHOeT. Vl3nOil3BaH e 

oplilrli!HalleH nOAXOA 3a nonyYaBaHe Ha HOBI-1 eneKTPOAI-1 e HaHOCTpyKTypl-!paH"' KOMn031-1Tii1 Bbpxy 

BbrnepOAHO KeYe H/lltl xapTIIIR. noKa3aHO e, Ye B M1-1Kp06111a/1Hii1 KlleTKI-1 elleKTPOAI-1 e HaHoerpyKTypl-1 

or Y"'CT Ni AaBaT no-Ao6p�t� pe3ynrar111 or Te3"' e NiFeP. 

VI3BOA111Te aAeKBaTHO OTpa3RBaT nonyYeHI!ITe pe3yf1TaTI!1. OeHOBHji!Te HayYHI-1 Ill Hay4HO 

nplMO>t<HI-1 npliiHOel-1 Morar Aa ee ei!ICTeMaTI!13111par enopeA MeH KaKTO ClleABa: 

HanpaBeHO e WlilpOK006XBaTHO MeTOA1114HO li13e/leABaHe Ha B/11-!RHI-!eTO Ha ebeTaBa Ha 

efleKTpOilli!Ta 111 yellOBI-IRTa Ha ebOT/1araHeTO Ha MeTa/1111 OT nOAfpynara Ha >t<ef1R30TO 6e3 1-1 e A06asKa 

Ha P, W 1-1 Mo. KoMn031i1Tii1Te ea recrsaHI-1 Karo Karanli13arop!-1 3a nonyYaBaHe Ha BOAOPOA 111 Kj11Cf10pOA 

KaTO Ha HRKOI-1 OT TRX aKTHBHOCTTa e nO-A06pa OT K/laei-!YeeKI-!Te KaTa/11!13aTOpl-1. Pa3pa6oreHii1 ea 

Opl-1ri!1Ha/1Hii1 eneKTPOAI-1 3a Mli1Kp06Ha/1Hii1 KlleTKI-1 1-1 3a nEM e/1eKTp0111!13a. 

Asrope<j>epaTbT orpa3RBa oeHOBHI-!Te pe3ymaTI!1 or AHeepra41-10HHIIIR TPYA· OeHOBHaTa Yaer 

or pe3ynrar1-1re B Al-!eepTa41110HHHR TPYA ea o<j>opMeHI-1 111 orpa3eHI!1 B 4 ny6n1-1Ka41-1111, rp111, or KOIIITO e 

IF. Tpl-1 OT ny6J11!1Ka4111111Te li!MaT 06LU,O 38 4111TaTa, KOeTO fOBOpl-1 3a TRXHaTa CTOi:iHOeT. TpyAOBeTe e 

yyaeTI!IeTO Ha AOKTOpaHTa HMaT 06LU,O 77 4111TiilpaHii1R. 

KbM Al!leepTa4111RTa li!MaM eneAHI!ITe 3a6ene>t<Kii1 or o6w, xapaKrep: 

- np111 Hanl-!eBaHeTO Ha TeKCTa ea AOnyeHaTI-1 AOCTa rpeWKI-1 - fllaBHO li13nyeHaTIIf 111/1111 eMeHeHI-1 6yKBii1, 
TlilpeTa (Hanp. , crp. 13, peA 5, ,HapaeTRBaHeTO", CTp. 14 ,o6eeHRBaT", ,Hail!- BHeOKa", CTp. 15, p. 
,e"'MTe3111paH�t�re" H Ap.; 

- rpaMaTHYHH- nOAJ10rbT B HenblleH 4/leH (Hanp. crp.15, p. 3, ,KaTafl!-13aropa" e noAJ1or); 

- eMIIIe/108111 -,Ni-W /OKIIIelleHIII BbrllepOAHIII BllaKHa e/leKTPOAIII", ,Ni-W /o6111KHOBeHIII BbrllepOAHI-1 

B/laKHa eneKTPOAIII" (crp. 15, peAS H7 OTAOilY Harope). 

no ebLU,eeTBOTO Ha pa6oTaTa HMaM ClleAHIIITe 3a6ene>t<KH: 

- reXHI!IYeeKIII- r. 5 e SEM 111 EDS, a r. 6 e EDS; 1113no/13sar ee pa3/1HYHIII MepHI-1 eAIIIHH4H- Hanp. 0,5 V, 

0.06 V, HO 200 MV (erp. 33); He Ha Be1114KH SEM eHIIIMKH ea AaAeHIII yBellli!YeHIIIRTa. 

- Ha crp. 10 e Han111eaHo ,KaTOAHOTO OTAeflRHe Ha BOAOPOA e AByeneKTPOAeH npo4ee ... ", Koero 

3BVYIII erpaHHO. 

-He CMRTaM e BIIIAHO, Ye OT AaHHI-!Te Ha Ta6Jl. 4 ,Fe ee BKiliOYBa B noKpi-ITIIIRTa 3a eMeTKa Ha Ni". 



- cnopeA MeH Ham1YI-1ero 1-lfll-1 n!-1ncara Ha <floc<flop He sn1-1Re Ha Karanlo1TI-14Hara aKTI-1BHOCT Ha 

OTAeflRHeTO Ha KI-KllOpOA (<fl1-1r. 24, 6). 

- <l>1-1r. 39, a - A06pe 61-1 61-1no Aa ce 1-!JltoCTpl-lpa TOYHocna Ha MeTOAa nopaAI-1 Hafli-1YI-1ero Ha 

<t>nyKroa41-11-1. 

- Ha <P1-1r. 14 3aBI-1CI-1Mocna np1-1 10A/dm2 l-13rfle>t<Aa MO>I<e Aa ce pa3nO>I<I-1 Ha ABe npae1-1?; 

- KaK e OCbUJ,eCTBeHa Bpb3KaTa BbrllepOAHO KeYe/TOKOBOA?; 

- eJleKTPOAbT KeYe/Ni AaBa ABa nbTI-1 no-rOJlRMa MOW,HOCT OT KeYe/Ni/Fe/P. C41o1TaTe Jll-1, Ye no­

A06poro noeeAeHI-Ie ce Abfl>l<l-1 Ha Karani-1TI-1YHa aKTI-1BHocr?; 

- or6enR3eare, Ye KOMn031-1TbT a6cop61-1pa BOAOPOA 1-1 c�-1 noAo6pRea Karani-1TI-14Hara aKTI'IBHOCT. 

VIMaTe 111-1 npecACTasa KaKBO e K0/11-!Yecrsoro Ha a6cop61-1paH1-1R BOAOPOA? 

He3aBI-1CI-1MO or 3a6ene>I<KI-1Te, no-cKopo rpaMaTI-1YHI-1 1-1 rexHI-1YeCKI-1, AII1Cepra41-1RTa e eAHO 

MeTOA1-1YHO 1-13CileABaHe Ha npo4eCI-1Te Ha CbOTilaraHe Ha MeTa/11-1 OT nONpynaTa Ha >!<e/1R30TO, KaKTO 

1-1 8 CbBMeCTHO C BOll<flpaM, MOili-16AeH 1-1 <floc<flop B pa3/11-1YHI-1 eneKTpOlli-ITI-1 1-1 YC/1081-!R Ha OTilaraHe. 

nocTI1rHaTa e nO-A06pa KaTalli-1TI-1YHa aKT11BHOCT OT nollyYeHI1Te KOMn03HTH 3a peaKI..\111-!Te Ha 

OTAellRHe Ha BOAOPOA 11 Kl1cnopoA B cpaeHeHHe c Knaci-1YeCKI1Te KaTalll-13aropl-1 or nnaTI-1HOBara 

rpyna. Toea M11 AaBa ocHoeaHI-fe c y6eAeHocr 11 YAOBOI1CTBI-1e Aa npenopb4aM Ha yea>�<aeMI-1Te 

YlleHoee Ha HayYHOTO >1<yp11 Aa rnacyear 3a npi-1Cb>t<AaHero Ha o6pa3osarenHaTa 1-1 HayYHa creneH 

,AOKTop" no npo<flecl-1oHallHO HanpasneHI-!e 4.2. X11MI-1YeCKI-1 HayKI-1, HayYHa cne41-1a11HOCT 

EneKrpoxi-1MII1R (sKn. XI-1MI1YHI-1 I-13T04HI-1411 Ha TOKa) Ha 1-!H>I<. Bac1111 AI-1MI1rpos 6b4Bapos. 


