
CTAHOBI,IIIIE

rto KoHKypc 3a 3aeMaHe Ha aKaAeMI4qHara AJIbxHocr ,,,(oqeHT" rlo HayrrHa cneuuanHocr: .5.10

Xuu uq nu rexHoJro rura ( Texnono tkrfl. Ha ene KTpoxr4M HqH r4Te npous no4crna),

c KaHAlrAar rJr.ac. A-p Karlr Huxo,rona llnraroea

I4gro:rsr.{r craHoBr4ulero: Aorr. .a-p Paumo Paurxoe

1. XaparreplrcrrrKa Ha HayqHHTe lrHTepeclr Ha KaHAITp.ilTL.

llolyuanauero u oxapaKTepr43r.rpaHero Ha MeraJrHr4 [paxoBe HaMprpar rrpr4noxeHr4e B peAl4ua

o6racru Ha r4KoHoMr4Kara Karo Marrll4HocrpoeHe, eneKTporexHr,rKa v eJIeKTpoHI,{Ka.

flolyuanauero Ha re3u rrpaxoBe ocHoBHo ce lr3BbprrrBa qpe3 flp]rJraraHero Ha eneKTpoxr,rMkrr{Hr4

MeroAr4 B qacrHocr r4MnyJrcHrr, fiopaAu Bt3MoxHocrru la ce KoHTponupa $opua'ra, pa3Mepa Ha

qacrr4rllrre KaKTo r,r rexHr,rre csoficrsa. Elno or ocHoBHHTe HanpaBneHnfl. o't HayqHara Aefiuocr

Ha KaHAlrAara rn.ac.A-p Karr Hurorosa Zinaroea e cBbp3aHo c lr3cneABaHtflTa orHocHo

lonyqaBaHero r{ oxapaKTepr43r4paHero Ha MeraJIHu npaxoBe. Hefisara AoKTopcKa Alrcepralpl Ha

TeMa: ,,flpraroxenue Ha crarluoHaprara v LrMnyncHa rroreHrlr,rocrar[r\{Ha eneKTpoiII,I3a 3a

[onf{aBaHe Ha crrJraBen Ag-Pd [pax" crroMara sa npu4o6uBaHe Ha orrr4T LI pa3[I]IprBaHe Ha

rmcneABaHr4qra e o6racrra Ha qr4crr,rre 14 cnJIaBHI4 MeraJIHr4 rrpaxoBe.

2. Ilper;reg rr aHaJrr{3 Ha MoHorpaQuvnun rpyA (aKo KaHAlrAarr,T e npeAcrasur rarcrn)

rrJrrr Ha HayqHrrre ny6lurcaqu[, npeAcraBeHlr or KaHAuAara, Korrro ca paBHocrofinn na

uouorpaQrrreH TpyA.

Tpyloaere Kacaexllr orJraraHero Haqvcrt4 H crrJraBHlr MeraJrH[r flpaxoBe orAg [1], Ag-Cu [3],

Ni-Co [6] u Ag-Ni [ 1] xanro v B:lvtflHvtero Ha pa3nr,rrrHr,r Ao6anru r pexI4MI{, ca orrleqaraHr B

cilvcaHvrfl, c r4MrraKT ipaxrop n tro Moe MHeHI,Ie ca paBHocrofiulr sa nronorpa$uqeH TpyA.

3axapr4H B crarlrfl [1] ra nurprarHr,rre fioHn e craru$. [3], rouro BoAqr 4o $opurapaHe Ha rro-cprrHo

Ar4crrepcHrl [paxoBe, a or Apyra crpaHa - ycnoBr,rqra Ha orJraraHe. EQexra Ha rroHrrxeHr,re

piBMepa Ha rracTHuuTe e rrocTr,rrHaT qpe3 IIpHnaraHeTo Ha Br,rcoKr4 KaToAHr4 [oTeHrlr,ranu vt

qecrorr4 Ha raMnyncr4Te B r.rMrryJrceH noreHrlr4ocrarrrqeH pexr,rM B TpyAoBe [6] u [11] rarro n

npr,r Bapr4paHe Ha cborHomeHnrra Ha Ni2*/Co2* n Ag*lcu2* fioHra s eneKTponr4Ta, cborBerHo

crarvtv [3] u [6].



3. XapaxrepucrlrKa v oIIeHKa Ha rlpl.IHoclrre B nronorpaQrrqHrrfl TpyA lrJrlr Ha

pannocrofiHuTe My HayrrH[ ny6lunaqnu

OcHosHu're npLIHocI,I B clloMeHarvre crutvtvt Morar Aa ce rpyfir4par B ABe HanpaBJreHufl:

-YcraHoeeHil ca ycnoButta (yrrutHr4e Ha 4o6arru, ctorHorrreHne Ha fiosure B eJreKTponr4Ta,

Blal,a Ha eneKTponl4Ta I4 ycnoBnflTa Ha ouaraHe), trprz Kor,rro ce orJratar Suno-lzcnepcHr4

eAHoKoMnoHeHTHI4 I,I cnJraBHr,r [paxoBe c [oAxoAflula ruop$oJrorilr, KoMrroHeHTeu ra $asoe

cbcTaB.

-Ouenenu ca [peAl4McrBara Ha r,rMrryncHara eneKTpoJrr43a npeA crarluoHapHarav ca ycraHoBeHr,r

oTITI4MaJIHI4Te IpaHI,IIIH Ha BapHpaHe Ha qecToTaTa Ha UMrryncr4Te 3a noJryqaBaHeTo Ha

eAHOKOMTTOHeHTHT4 V Crl.nABHM [paXOBe.

4. Ifperneg [I aHaJI[I3 Ha HayqH[Te rpyAoBe,Ha KaHAlrAara, Kor.rro ca [r3BbH reeu uo r. 2.

forqN,Ia qacr or HayqHI4Te rpyAoBe Ha rJLac.A-p Karx Hlmoroga I,IrHa:roea ca nocBereHa Ha

[onyqaBaHero 14 oxapaKTepr,r3lrpaHero Ha ABy v rpr4 KoMrroHeHTHr4 crrJraBLr Ha ocHoBara Ha Ni,

Co n Cu. Or csos crpaHa re 6uxa ce pa3AeJII4 ilv e 2 fpynu B 3aBr4cktMocr or rBnoJr3BaHr{Te

eneKrponLrrr4re: auunocyl$arHu Cu-Co 14,12,201 v qr,rrparHr4 Ni-Co 19,10,13-15,17-

19,21,22,241, Cu-Co 19,12,201 u Ni-Co-Cu [9, 1 0].

lltpnara rpyna orHacrula ce Ao avl,rnocynQarHr4Te eneKTponr4Tu 3a flonyqaBaHe na Cu-Co

oTIJIaBHI4 rIoKpI4TI4, pa3rnexAa ycnoBr4rra Ha orJraraHe Ha cniraBTa Karo tpynrqur or

KoHqeHTpaII[qra Ha orAenHr4Te KoMrroHeuru. OupeAeneHlr ca naop$onotvflTa, eJreMeHTHH, Lr

([a:on c6craB. Ycrasoneuo e, qe yBenr4qaBaHe cbAbpxaHr4ero ua Co BoAH Ao orJraraHe Ha

(f unorpucr:anHr4 crrJraBr4.

Bropara rpyla pa3rnelr(Aa eJreKTpoxr4Mr4r{Horo flonyqaBaHe na Ni-Co, Cu-Co ra Ni-Co-Cu

c[JIaBI,I or III4TparH[I eneKTponuru. B rrx 4eraftrHo e pa3rneAaHa Kr4Herr,rKara Ha ornaraHe Ha

KoMTIoHeHTI,ITe [oorAeJIHo Lr B crrJraB, BJrr,rrHr4ero Ha: rroAJroxrara [14], 6opuara Kr4ceJrlrHa 14

KoMnJleKcoo6pasynaull4fl areHT [15] rarro u ua golanrn (saxap]rH, yporpotrvtH vt xelaruu)

117,20,241. Oco6eno BHIIMaHHe e o6rpuaro Ha aHoMaJrHoro orJraraHe Ha ro6alra B Te3r4 crrJraBr4

[13]. I4snol3BaHero Ha eneKTpoxrIMVqHLI MeroArr e rro3BoJrrlJro Ha rn.ac.A-p Kau I4rnaroea 4a

o[peAenl4 HaqaJIHI,ITe eralru Ha 3apoAl4lrroo6pasynane, Ha Kpr.rcraneH pacrex 14 eneKTpoorJraraHe

na Ni n Co. YcraHoseHo e, ue orJlaraHero na Ni u Co uporwla c 4urpysuoueH KoHTpon.

Haupaneu e v3BoAa, qe sa Co e xapaKTepeH crroHTaHeH MexaHr43bM Ha 3apoArruoo6pasyrane u

pacrex Ha Kpl4cranlzre, AoKaro sa Ni - no-6asHu, [porpecr4BeH MexaHu3BM, Koero e eAHo

Brb3MoxHo o6scueune sa Ha6rloAaBaHoro aHoMaJrHo orJrataHe upu ro6alra [18]. 3a paslurca or



caMocroflTeJlHoro orJlaraHe Ha Ni vt Co, To rflxHoro cbBMecrHo orJraraHe nporuqa B

Au(fysuonno-Kl4HerugeH KoHTpon c rl4nplqeH MexaHr,r3bM Ha rpr,r-ArrMeHcr4oHilnHo

3apoA[Ixoo6pasynaue, no-6rusrx Ao ro3l4, xapaKTepeH 3a qvrcryrfl, robalr - MexaHu36M Ha

crIoHTaHHo 3apoAlllxoo6pasynane u pacrex [19]. YcraHoBeHo e cbrrlo rarca, qe flpr,rJraraHero Ha

uMrrynceH pexprM B onrr.rMurJrHr4 rpaHlrqr{ 3a orJraraHe Ha Cu-Co, Ni-Co u Ni-Co-Cu crrJraBu

3HarrprreJrHo rroHrn)KaBa pa3Mepa Ha Kplrcranlrrlrre B cpaBHeHHe c6c crarlr4oHapHu, [9,10].

Krvr ragpt qacr or rpyAoBere Kacaeulu orJraraHe Ha rpr4KoM[oHeHTHLr crrJraBr,r 6u uorlo 4a ce

npLIcteAI{Hu u pa6otara, orHacf,rqa ce Ao orJlaraHe na NiCoP rroKpr4Tr4r. B nes ca onpeAeneHlr

ycnoBl,Iqra 3a eneKTpoorJraraHeTo Ha crrJraBTa B 3aBr4cr4MocT oT c6AspxaHr,reTo Ha HaTpr{eB

xrano(poc$rar NaH2PO2 [23]. YcraHoseHz ca pexl4Mnre (uecrotr4re Ha r4Mrryncprre), npu Kor4ro

ce ronyr{aBar NiCoP crrJraBlr c nafi-sucoKo caAbpxaHvrc Ha Qocr[op - Ao 6 rern.%o

EAna se MUIJIKa qacr or rpyAoBere Ha rn.ac.A-p Karq ZrHaroBa r4Mar orHorxeHrae KbM orruBBaHe

Ha oKoJIHa cpeAa. Ktru rsx crraAar LrccneABaHuflTaHa eneKTpoeKcrpaKrrr,rxra Ha MeA or orrraAHr4

BoAI4 [2], ano4noro rIoBeAeHVe Ha cpe6po or HeuvaHoBr,r eneKTpotmrn f7l, paspa6ornaHe Ha

eKoJIorHqHa rexHoJlorl4, 3a eneKTpoxnMIaqHoro nonyqaBaHe Ha poAaHr4AHr4 cpe6rpnn

KoHueHTparI{ 3a HyxAHTe Ha faJrBaHorexHr4Kara [8] " pa:pa6ornaHe rr onrlrMr43[rpaHe Ha

uerra6panuu eneKTpoxr,IMr4qHr4 TexHoJrorr4ra 3a [onyqaBane Ha rpuuonut[oc(faren HerIr4aHr,rAeH

eneKTponlrr 3a noMeAHflnaue [16].

5. Xaparcreprrcrlrrca u orIeHKa Ha fipr{Hoc[rre Ha Ha5..rHlrre rpyAoBe uo r. 4

Ocsonsure [pr.rHocu Ha Ha) {Hr,rre rpyAoBe no r.4 6ux o6o6rqr4Jr KaKTo cneABa:

-flolyueuz ca crrJraBr4 Ha ocHoBara ua Ni, Co n Cu c noAqepraHa ([nnoxpucraJrHocr B

3aBI4cI4Mocr or Lr3noJr3BaHure eneKTponprrr,r u pexlrMr4 Ha orJraraHe KaKTo vt Bla4a ua 4o6anrzte,

c Koero ce o6orarsBa cJroxHara Marepr4f, Ha clraBoo6pasyeauero Ha re3u Meraru qpe3

I43IIOJI3BaHeTO Ha eneKTpOXUMr4qHr4 MeTOAH.

-Onpe4eleHu ca HaqiIJIHI4Te eranr4 Ha 3apoAr.ruoo6pasynaHe, Ha Kpr4craneH pacrex v

eneKTpoornaraHe na Ni u Co cauocroflTeJrHo r,r cbBMecrHo B crrJraB, c Koero ce AaBa e,{Ho

BB3MoxHo o6qcHeHlre sa na6mo4aBaHoro aHoMaJrHo orJraraHe upu ro6alra.

-Paspa6oreHr ca I,IHoBarpIBHa, eKoJloruqHa rexHoJroru.,r 3a eneKTpoxprMr,rqHoro nonyqaBaHe Ha

poAaHI4AHI4 cpe6tpnu KoHUeHTparI,r sa HyxALrre Ha raJrBaHorexHr4Kara il naeu6paHura

eneKTpoxLIMLIqHIz TexHoJlorr4r,r 3a flonyqaBaHe Ha rprauonu$ocSareu Herr]raHr,rAeH eneKTpoJrr,rr 3a

noMeAruIBaHe. TesN pe3ynrarl,I ca cBbp3aHH AI4peKTHo c onaBBaHe Ha oKoJrHara cpeAa.



6. Oqenrca na yuednure [oMafaJra, npeAcraBeHr.r 3a yqacrue B KoHKypca

llpraa'uro cBM r43HeHaAaH or nperneAa sa Yqe6soro rroMaraJro ,,PbKoBoAcrBo rlo reopervr{Ha

eneKTpoxl4Mvtfl - c ocHoBHLr trowflTvrfl) perlleHil 3aqaqv u la6oparopHlr y[paxneHt4r.", Koero

BKJIIoqBa ocHoBHVTe acrreKTu Ha eJreKTpoxr,IMr4rra, ofl]rcaHr,r s 6 uraBu: paBHoBecHr,r yt

HepaBHocBecHH qBreHr,rf B pa3TBopH Ha eneKTpoJrlrTr,r; paBHoBecHH qBreHlrf, Ha fpaHr4rlaTa

enerrpo/pa3TBop; ABoeH ereKTpurleH crofi; ocnoBH Ha eneKTpoxrrMr4qHara KuHeruKa u MeroAr.r

3a eneKTpoxvMuqHplTe I,I3cneABaHLIr. llocrraruaro e Bpb3Ka MexAy reopr4qra r{ flpaKrr.{Kara qpe3

pellraBaHe Ha rIpI4MepHn sa4aqv u c ra6oparopHr{ ynpaxHeHlr, 3a c:sorBerHuTe reoperr.rqHr.r

noHflTl,Ifl I,I 3aKOHOMepHOCTr,r, KOeTO CrroMara 3a Bb3rrppreMaHe 14 ycBoflBaHe Ha rrpelloAaB,alll,,.f,

Marepl,Ian. Bneqauen cbM or rJIaBa 6 -,rMero4}r 3a eneKTpoxKMLIqHI4Te I,I3cJIeABaHH.f,", Kb4ero

HapeA cbc KJlacuqecKr4Te eJleKTpoxr4Mr4qHu MeToAI4, Ca [peACTaBeHI4 t4 AI4a|HOCTpI[{HI,ITe

KpI4TepI,I[ 3a orrpeAenrHe MexaH[3Ma Ha pepKrluilTe. B tasu rJraBa e orAeneHo 14 Mqcro 3a

HMrIeAaHcHara cneKTpocKorrr4fl, eAr,rH MoAepeH cbBpeMeHeH MeroA, xofiro Jrr4ncBarrre B

AoceralxHHre yue6unqra ua 6rmapcrn. Bcuqrl4 Te3I,I [peHMyrrlecrBa Ha yue6uoro noMarano IIIe

crloMorHar sa no-4o6parapaz6upaeMocr Ha r,IHaqe cJroxHara enerTpoxuMr,rqHa Marepfiq.

3arc.nroqenue:

Tpy4oeere Ha KaHAVAara rn.ac.A-p Kars I4rsaroBa ca c [oAqepraH npr{noxeH xapaKTep r.r [o
Moe MHeHI{e, JIlIrtHI4fl npr,rHoc Ha KaHArrAara e 6esnopeu B H3BbprleHr,rre otpoueu 6pofi

saArr6oqeHl,I I,I3JIeABaHHT KaKTo H HarrprcBaHero Ha yue6noro rroMarzlJro. Karo ce r4Ma rrpeABr4A 14

uefinata nperloAaBarencKa,4efisocr (nerre nerulloHHr,r Kypca, Kor4To rfl BoAr,r [pe3 flocJre4uure 3

ro4ranu) I4 pbKoBoAeHero Ha MHoxecrBo rrpoeKTlr, cqlrraM, qe rfl orroBap, HarrbJrHo Ha

r4gvtcnBaHnflTa 3a 3aeMaHe Ha aKaAeMI4r{Hara AnbxHocr r,,{oqeHr" [o Hay.{Ha c[eurlaJlHocr: .5.10

Xuuuqsn rexHoiloruu (Texnonorlrfl Ha eJleKTpoxr4MlrqHr4Te npor43Borcrna). B ra3r4 Bpb3Ka,

MOeTO CTaHOBI,tlue e ITOJIO)I(UTeJIHO.

24.11.2016 r. I4grorerar craHoBr,ruero :
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