
m)pxy JJJ-fCeprmuwHHIHI rpy.n: Ha MH:>K. BacmieHa J1saHosa Kapa6mi<MKOBa - pe,n:oseH 
)lOKTOpaHr B CCKUH51 «<l>a3006pa3ysaHe, KpHCra.ITHM M aMopqmM MarepMa.rrM» npM J1<l>X­
oAH - Ha reMa <( OTJIAfAHE HA CPEBPO B CJIOEBE OT TIOJIJ1(3,4-ETJ1JIEH­
nHOKCJ1THO<DEH) H EJIEKTPOKATAJIHTJ1qHJ1 CBOMCTBA HA 
TIOJIHMEPHJ1TE TIOKPHT.IDI 3A OKHCJIEHHE HA KA<DEEHA KHCEJIHHA», 
rrpe,llcraBeHa 3a rrpHC'b)I<tJ:aHe Ha o6pa30BarenHara M HayqHa CTerreH "nOKTOP" B 
Hay,mo HarrpasneHHe 4.2. XMMM'ICCKH HayKH, ,n:oKropcKa rrporpaMa ,cDM3HKOXHMM51". 

PcueH3eHr: rrpo<}J. )lXH Hff)I<. nnMHThp c. CroliLieB, HHCTMTYT no cpM3HKO-XMMH51- BAH 

l.KpamKu 6uozpaifJurmu oannu u xapaKmepucmma! �:a Hayr.mume u1tmepecu na 

oownopaHma 
r-ua B. Kapa60)J(HI<OBa e po,n:eHa rrpe3 1989 r. Cne.n: 3aBnprnBaHe Ha cpe,n:Horo H 

o6pa3oBaHHe e rrpMeTa 3a pe,n:oseH cryneHr B XTMY-Co<}JH51. ,[(HrrnoMnpa ce I<aro 
6ai<a.rraB'1p IIO CIICUMa.ITHOCr "J1mKeHCpHa XMMH51" rrpe3 2012 r, a KaTO MarHCThp - cne,n: 
3aTUHra Ha )J;HIIJIOMHa pa6ora, CB'1p3aHa C npoeKTHpaHe Ha TOITJ10- H MaC006MeHHH 
anapar11 H rrpeHOCHH npouecH B HeHlOrOHOBH reLIHOCTH - rrpe3 M.HoeMBpH 2013 r. Or 
01.01.2014 f e pe,n:OBCH ,l:J;OKropaHr B CCKUH51 ,<l>a3006pa3yBaHe, KpMCTa.ITHII M aMop<}JHM 
MarepHa.rrM" B H<DX-EAH. Or 01.06.2017 r e Ha3HaqeHa Ha .D:JI'1)J(HOcr ,XHMHK'' B 
C'bi.UaTa CCKUH51. 

HayqHo-mcne,n:osarencKara li pa6ora H rrpo<}JecHoHanHHre li HHTepecM ea 
OpHCHTMpaHII rrpeHMYIIJ.CCrBeHO B o6nacrra Ha IIOJiyqaBaHeTO H eJieKrpOXMMHqHoro 
oxapar<repM3MpaHe Ha KOMII03HrHH MarepManM Ha 6a3ara Ha eneKrpOHHO-IIpOBO.IJ:51IlJ,M 
opraHHqHH IIOJ1HMepH, IIpiiJIO)l<HMM 3a KaTanHrHqHH, eneKTpOKara.rrHHqHM H 
CJll.!KTpOaHa.ITMTHqHH UeJIH. 

HayqHara rrpo,n:yKUH51, B'13 OCHOBa Ha K051TO e HafUiCaH )l,HCepraUMOHHM51 rpy,l:l;, 
BKJ1IOqsa 6 ny6JIMKaUMM B CIIeUMaJ1M3MpaHM HayqHH Cl1HCaHH51 C J1 <I> (Electrochim. Acta 
- 2 6p., Bulg.Chem.Commun.- 3 6p. M Chem. Papers - 1 6p.). EKcnepMMeHTaJJHHTe 
pa1ynrarM or ,n:HceprauMOHHH51 rpy.IJ. ea .IJ.OKJia,l:J;BaHM (ycrHo H no.IJ, <}JopMara Ha rrocrepM) 
rrpe.IJ, 06IIJ.O 8 Me)l\.IJ:yHapO.IJ.HM M HaUMOHaJJHM <}JopyMM. 

2. flpe2lleO Ita oucepmaU,UOilHWl mpyo U KpamoK amUlU3 Ita peJyllmamume 
nMcepTaUHOHHM51r rpy,n: Ha B. Kapa6mKMKOBa ce orHaC51 ,l:J;O aKryanHII H 

MHreH3MBHO M3CJIC,l:J;BaHM KaKrO B TeoperHqeH, raKa li B TeXHOJIOfMqeH aCITCKT, npo6neMH 
OT o6nacrra Ha eJteKmpoxuAtU5lma, xu.rvtu5tma u cjJu3uKama. Te ea CB'1p3aHM c 
ycTaHOB51BaHero Ha ycnOBH51 3a B'13IIpOM3BOL(MMO li ,n:e<}JMHMpaHO nonyqasaHe Ha 
BMCOKO.IJ:MCITCprHpaHa <}Ja3a or cpe6po Ha ITOB'bpXHOCTTa Ha I10KpMTH51 Or ITOJ1H(3,4-
enmeH,n:MOKCMrMO<}JeH (PEDOT), HaHeCeHM Bnpxy ITOL(JIO)J(Ka or CThKJIOBH.IJ,eH Bnrnepo,n:. 
3a UCJITa ea npMJ10)l(CHM KaKTO eJieKrpOXMJ\fMqeH, raKa M XMMHqeH (rrprr KOHTO 
rroBnpxHocrra Ha PEDOT' a M3IT'1J1H51Ba poAAra Ha pe,n:yKTop) Mero,n:rr Ha ornaraHe Ha 
cpe6npHara <}.>a3a. HHoBaTMBeH eneMeHT M no,n:xo,n: IIJ.m re3M H3CJie,n:BaHII51 e H 
sr<moqsaHeTo B pa6orHH5l pa3rsop 3a eneKrpoxMMMqeH CHHTC3 Ha PE DOT' a H Ha ,n:sa 
TMITa HOHH, xapaKTepM3HpaiiJ.H ce C XH,n:po<}JrrneH (IIOJIMCTIIpeHcyn<}JoHarHH) M 
xn.upo<!Jo6eH (,l:J;O,l:J;euMncyn<}.>oHarHM) xapai<Tep. Do raK'1B HaqHH nprr II3cne,n:sammra B 
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.lUICepTaiUUITa e M3yqeHO BJIM51HMeTO Ha Te3M .LJ:OTMpamM HOHM KaTO MO.LJ:MqmKaTOpM Ha 
rroBbpXHOCTHMTe cpM3MKO-XMMMqHM M cpM3MKO-MexaHMqHM CBOHCTBa Ha PEDOT. 
IJpe3JMIIUM51Ta IIpM TOBa e 6HJia JCTaHOB51BaHeTO Ha Bb3MO)l<H0 6narorrpmiTHO 
Bb3.LJ:eHCTBMe BbpXy 3apO.LJ:Miil006pa3yBaTeJIHMj£ M paCTC)I<HMj£ CTa.LJ:MM Ha 
e.TleKTpOXMMMqHOTO IIJIII XIIMMqHOTO cpOpMMpaHe Ha cpa3a OT MeTaJIHO cpe6po C 
pa3niiqHa cTerreH Ha .LJ:IICrrepcHOCT. ECTeCTBeHo rrpo.LJ:bmi<eHIIe Ha Te3II cpyH.LJ:aMeHTaJIHO 
HacoqeHII II3CJie,nBaHMH (o60CHOBaHM M IIO,nKperreHM C B'b3MO)KHO Haii:-rrpeUII3HII51 
TeopeTMqeH MHCTpJMeHTapMJM 3a II3yqaBaHeTO Ha BJIM51HMeTO Ha YCJIOBMj�Ta Ha 
rronyqaBaHe Ha PEDOT Bopxy 3apo.LJ:IIrnoo6pa3yBaHeTO M pacTe:>Ka Ha 
MeTanHaTalcpe6opHaTa cpa3a) e rrpoBe.LJ:eHoTo 3ai<moqiiTenHo oxapai<TepM3IIpaHe Ha 
eJieKTpOKaTaJIIITII'IHOTO .LJ:eHCTBMe Ha IIOJiyqeHMTe CMCTeMM. To e CBbp3aHO C 
pemaBaHeTO Ha C.LJ:Ha IIpMJIO:>KHa 3a.LJ:aqa M3yqaBaHCTO Ha peaKUlfj{Ta Ha 
CJICKTpOOKMCJieHIIe Ha KacpeeHaTa KIICCJIIIHU, peen. Cb3.LJ:aBaHeTO Ha C'bOTBCTHM51 
eneKTpOXIIMH:qeH aHaJIMTMqeH MeTO.LJ: ( ecpeKTMBHO, BMCOKoqyBCTBMTeJIHO ,necpiiHMpaHe Ha 
ener<TpoaHaniiTIIqHII51 ciiman) 3a neHHOTO orrpe.LJ:emme. KaKTO ce Bmrc.LJ:a OT M3JIO)r<eHMTe 
B ,nMcepTaUMOHHMj£ TPY.LJ: ,naHHII M apryMeHTM, TOM IIMa ocHoBaTeJIHII rrpeTeHUIIII .LJ:a 
rrpeononee no cera rronyqasaHIITe Hee.LJ:H03HaqHII pe3ynTaTII no OTHomeHIIe Ha 
JIMMMTMpamiij£ cpaKTOp B M3yqaBaHaTa OKMCJIMTeJIHa pear<UM51 KaKTO li .LJ:a XBbpJIII 
.LJ:OII'bJIHIITeJIHa CBeTJIMHa Bbpxy eJieKTpOKaTaJIIITMqHaTa pOJij£ Ha cpe6pOTO IIpM 
IIJ10TMqaHe Ha Ta3M peaKUMj£. 

B .LJ:OII'bJIHeHIIe 6IIx MCKan .ua oT6eJie)r<a ome, qe rrpoBe,neHMTe B HacToj{maTa 
.LJ:IICepTaUIIj£ II3CJie.[(BaHII51, CBbp3aHM C eneKTpOaHaJIIITlfqHOTO Orrpe,neMHe Ha aHaJIIITM, 
naneq He II3qeprrBa miipOKII51 crrer<np OT aKTyarrHM rrpMJIO:>KeHMH Ha rronyqeHIITe 
rroKpiiTM51 oT PEDOT II CIICTeMaTa Ag/PEDOT. KaKTO e M3BeCTHO eneKTpMqHIITe, 
cpOTOeJieKTpMqHH:Te li CJICKTpOXIIMMqHMTe CBOHCTBa Ha Ta3M CMCTeMa MO)Ke ,na HaMep51T 
llliipOKO rrpiiJIO)KeHMe li rrpii II3pa60TKaTa Ha: eneKTpOXpOMHII ycTpOHCTBa, pa3JJHqHlf 
BM.IJ:OBe CCH30pM 3a HY:>K.UIITe Ha MIIKpOeJieKTpOHIIKaTa M C Me):{MUIIHCKO IIpiiJIO:>KeHIIe (B 
T.'I. rrpM HeBpOIIHrrnaHTII II aHTIIMMKpo6Ho ,ne.HcTBIIe ), cpoTOBOJITaMqHII KJieTKII M ,np. B 
T03II CMMCbJI KOHKpeTHMTe M3CJie.LJ:BaHIIH, II3BbpllleHII B pe[(eH3MpaHaTa .LJ:MCepTaUII51, 
6e3yCJIOBHO ea M3KJIIQqMTeJIHO aiCTYaJIHM KaKTO OT cpyH.LJ:aMeHTaJIHa, TaKa M OT HayqHo­
npiiJimi<Ha rne,nHa ToqKa. 

�IICepTa[(MOHHMj!T Tpy.U ce C'bCTOM OT: KpaTKO "Bb6eaeHue "; "JlumepamypeH 
063op", xapaKTepM3Hpam CHHTeTMqHo, 5ICHO M TQqHQ MOMeHTHOTO CbCTQj{HMe Ha 
npo6neMa, B T.q.: CbiUeCTByBaiUHTe ,UaHHM 3a OCHOBHIITe cpH3flqHf1 li cpH3HKO-XMMMqHM 
xapaKTepHCTHKM M npMno:>KeHIIj£ Ha PEDOT; MeTO.UHTe 3a eneKTpoxiiMH�o M XIIMHqHo 
oTJiaraHe Ha MeTaJIHM qacTM[(II B PEDOT; ecpeKTMBHIITe MeTo,nii 3a oTnaraHe Ha Ag B 
PEDOT KaKTO II ccpepiiTe Ha (B'b3MmKHO) npMnmr<eHMe Ha Ta3II ciicTeMa; j�CHO 
(lJOpMyJIIIpaHII "r(ellU U 3aaa'-lU Ha aucepmaz{UOHHUfl mpyo ''; fnaBM 4."EKnepUiWeHJnamta 
nocmmtoaKa "u 5. "Teopemu'-lHU ypaaHeHUfl, U3non3aaHu 3a uHmepnpemalJUfl Ha 
e!l":cnepUiHeHmaJIHUme aam-tu; fnaBa 6 ,Pe3yilnzamu U o6Cb:JicC)aHe ", Cb.Ubp)Kama 
IIOJiyqeHIITe OT .[(OKTOpaHTa HOBII pe3yJITaTII, TSIXHOTO 06Cb)l(JiaHe M MHTeprrpeTa[(lfjl, 
HallHCaHM Ha 50 CTp. ( + 18 CTp., om:ICBaiUH II3IIOJI3BaHIITe J1MTepaTypHH M3TOqHM[(M), 
IWCTO rrpe.LICTaBmiBa ;:::::: 61% OT [(eJilfj£ TeKCT Ha .liMCepTaUMHeH T.py.U; fnaBa 7 
"]aKJllO'-leT-tue"; fJiaBa 8 "flpUJIOCU Ha aucepmal{UOHHUfl mpyo"; "CnUCbK Ha 
11umupauama !lumepamypa ", llpuno:JFCeHue 1 "CnuCbK TW ny6!lUKCllfZIUme, 6KlllO'-leHu e 

oucepmaz{Uflma", llpU!lO:J/Cemte 2 "CnucbK Ha OOKJlClOUme, U3HeCeHU npeo Hay'-lHU 
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popyuu, BKflTO!.ieHU e OUCepmalJWlma". ,lJ)1CepTaUIUITa e HaiTHeaHa Ha 06II(O 108 
CTaH.n:apnni CTpaHIIUII, IIJUOCTpiipaHa e e 35 exeMM M cpMrypH. lJ,HTMpaHII ea 217 
JUITepaTypHII M3TOtfHIIKa. 

KaKTO 6e oT6eml3aHO no-rope, n e M3rpa.n:eHa Ha 6a3aTa Ha 6 rry6JIMKaUMM B 
eneUH<UIM3MpaHII Ha)'tiHM errMeaHIDI e I1<l>, a OeHOBHMTe tJ:aCTM OT .l{MCepTauHOHHM5I TPY.D: 
ea .IJ:OI<Jia.UBaHM (yCTHO M IIO.ll <lJopMaTa Ha IIOeTepM) rrpe.ll 061Il.O 8 Me)I<.ll)'HapO.llHII M 
HaUHOHaJIHII qJopyMM. HIITO e):(Ha OT Te3M rry6JIMKaUMM He e l13IIOJI3BaHa B .llpyra 
;:urcepTaUIIH 3a rronyqanaHe Ha Hay'-IHaTa M o6pa3osaTeJIHa ereneH ".llOKTop". T.e., 
Hayi<oMeTpiitiHMTe rroKa3aTemr Ha IIH)K. B. Kapa6mKMKosa y.uonrreTBopJIBaT Han'hJIHO M 
.n;opii Ha.UXBbpmiT KpMTepMIITe Ha 3P ACPB II ITpaBMJIHIIKa 3a npRnaraHe Ha 3P ACPE, 

peen. ITpaBIIJIHHKa 3a npM.uo6MsaHe Ha HayqHaTa CTerreH ".uoKTop" Ha H<DX- BAH. 
Ha TOBa M5IeTO 6HX MCKaJI mpiitiHO .lla OT6eJie)£(a, tie Ha"t.IHHbT Ha IIO.llHaC5IHe li 

HarrpaBeHIITe KOMeHTapH li II3BO.llli Ha Cbll(eCTB)'Ball(HTe .llO MOMeHTa 3HaHH5I no 
rrpo6JieMa 3a eJieKTpOXIIMWTHOTO li XIIMHtfHOTO qJ0!)�-�HpaHe M OXapaKTepH3MpaHe Ha 
eneKTporrpoBO.llMMM noJIMMepH, peen. Ha PEDOT M Ag/PEDOT, B "JlHTepaTypHHJI 
o63op", rosop5IT 3a e.uHo cepii03HO H 3a.llbJI6otJ:eHo HaBJIII3aHe, IT03HaBaHe, TBopqecKa II 
KpHTMtJ:Ha OUeHKa Ha JIIITepaTypHH5I MaTepHM OT CTpaHa Ha .L(OKTOpaHTKaTa. 

3. XapaKmepucmuKa u Ol{eHKa na ocnoanume ttayltHU u nay'lno-nptUZOJJCnu npunocu 

tw oucepmal{zwnnUR mpyo 

HaytJ:HIITe H HaytJ:Ho-npMJIO)£(HIITe npMHOCM Ha JJ:HeepTaUHOHHIIH Tpy.u, 
crrope.u MeR, ce OTHaCJIT KbM ccpepaTa Ha ".llOKa3BaHe II pernasaHe c HOBH epe.ucTBa Ha 
CbiiieCTBeHII CTpaHII B Cbll(eCTByBall(M Ha)'tJ:HH rrpo6nervm" C UeJI "Cb3.llaBaHe Ha HOBH 
Ma:repMMII M TexHonorHM". HaKpaTKO cpopMyJIIIpaHII M rrorne.n:Harn OT MaJIKO no­
pa3JIMtJ:eH 'bfbJI OT T03H Ha .llOI<TOpaHTKaTa, npMHOCHTe Ha pa6oTaTa MO)£(e .lla 6b)l;aT 
rrpe.n;cTaseHH TaKa: 

1) CIIJIHO snetJ:aTmiBall( e T03M nnpBM, npM TOBa ycrrelliHO H y6e,n;IITeJIHO 
OCbll(eCTBeH B )l;IICepTaUH5ITa, OTIMT 3a II3CJie.UBaHe H OUeHKa Ha KHHeTMI<aTa Ha 
3ap01lMill006pa3yBaHe M pacTe)IC Ha HOBa ( cpe6bpHa) r)H1�a BbpXy e,n:Ha MHOfO CJIO)KHa H 

TPYJIHa 3a oxapai<TepH3IIpaHe (noJIIIMepHa) IIO.D:JIO)£(I<a. B OTJIHtJ:He oT KpiiCTaJIHHTe 
IIOBbpXHOCTM, KOMTO npHTe)KaBaT ,n;ecpiiHMpaHH MeCTa 3a 3apOJJ:HIII006pa3yBaHe, IIpH 
PEDOT, xapaKTepmMparu: ce Cbc CJIO)£(Ha M He.uecpiiHIIpaHa cTpyKTypa, rropb03HOCT II 
MOHHa rrpOHMUaeMOCT TIO OTHOIIIeHHe Ha OTeJieKTpH3Mpall(IITe ce MeTaJIHH MOHH, 
rnyqasaHeTo Ha rrpouecHTe Ha 3apo.n;nrnoo6pa3ysaHe H pacTe)K Ha MeTaJIHH/cpe6npHH 
KpHCTaJIM e H3I<JIJOtiiiTeJIHO CJIO)£(Ha 3a.uatJ:a. Ta3II 3a.n;a'-Ja B peueH3MpaHII5I 
,L(IIeepTaUHOHHM5I Tpy.n; e peiiieHa yerrelliHO. 

2) Bn3 OCHOBa Ha rrpOBe.lleHII CMCTeMHH M3CJie.UBaHH.SI B pa3TBOp Ha JIHTIIeB 
rrepXJIOpaT M MOHOMep Ha 3,4-eTHJieH)l;HOI<eHTHO<jJeH, K'bM KOMTO e a  .n;o6aBeHII .llBa THna 
opraHHtiHM HOHII, xapai<TepH3Hparu:H ce c xii.n;poc}mneH (rronHeTMpeHcyncpoHaTHII) II 
xH.n;pocpo6eH (.n;o.ueuHneyn<jJoHaTHII) xapaKTep, ea nonytJ:eHII H aHaJIII3HpaHH 
ITOTeHUHOCTaTHtfHII TOI<OBII TpaH3MeHTH, xapaKTepH3IIaW:H I<OJIMtJ:eeTBeHO 
c:�eKTponoJIHMepH3aUIIOHHII.SI npor�ee Ha <jJopMHpaHe Ha enoese OT PEDOT Bnpxy 
CThKJIOBbrJiepo,n;Ha IIO)l;Jl0)£(I<a. I1pii TOBa e IIOI<a3aHO H )l;OI<a3aHO, tie Te BJIM.SI5IT 
CbllleCTBeHO BbpXy HeroBaTa KMHeTHKa KaKTO T.f BbpXy eJieKTpOXHMMtfHHTe M 
eneKTpoKaTaJIJ.iTHl.IHMTe csoH:crsa Ha cpopMMpaHIITe cnoese or PEDOT. ApryMeHTHpaHa 
e Bb3M0)£(HOCTTa 3a 6naronpM5ITHO Bb3)l;eMCTBHe Ha Te3H <jJaKTOpH H Bbpxy 6p05I, BII)l;a li 
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pa:mpe.n:enemrero Ha cpe6npHnTe qacrnu:n npn enerpoxHMHlfHO mm xnMHlfHO 
rpeTHpaHe Ha nonnpxHocrra Ha PEDOT; 

3) Y CTaHOBeHO e, qe nOph03HOCTTa H BHCKOeJiaCTHqHQCTTa Ha XH.ZJ:pOcpllJIHHTe 
(PEDOT/PSS) cnoene BO.ZJ:H .n:o ycKopeHo rrpn.n:BmKBaHe Ha cpe6npHnTe ii:OHH B'hB 
BbTpeiiiHOCTTa Ha IIOJIHMepT�IUI CJIOH, pe3yJTTllp3m') n, Sb3,!J;aBaHe Ha rpa.n:HeHT Ha 
npecHrn:aHe Ha MeTaJIHHTe ii:OHH, peen. pacTe)J(a Ha cpe6npHa <l,la3a. ,D:oKaro Bnpxy 
nJI'hTIUI51, xn.n:pocpo6eH nOJIHMepeH CJIOH (PEDOT/SDS) ce peanll3Hpa CTaH.n:apTHH5IT 
rrpou:ec Ha enei<rponH3HO cpa3oo6pa3yBaHe, npn I<oero npoM51HaTa Ha KOHU:eHTpaU:H51Ta 
Ha MeTaJIHHTe HOHH BbpXy IIOBbpXHOCTTa MY ce npOMeH51 CTpbMHO-JIHHCHHO H 3aBHCll OT 
KOHU:eHTpaumna HM B o6eMa Ha eneKTpOJUITa. Te3H ecpeKTll o6ycnaBSIT 
ei\CIIepHMeHTaJIHO .ZJ:OKa3aHOTO C'hiUeCTBeHO pa3JIHqne B KHHeTHKaTa Ha cpopMnpaHe Ha 
cpe6npHa <lJa3a B'bpxy .n:nara BH.n:a PEDOT. 

4) llpe3 npnnaraHe Ha II03HaHH51 ll B'h3MQ)KHOCTH OT HaH-BllCIII IIOp51.ZJ:'hK, 
HaTpynnami rrpe3 fO.ZJ:HHHTe OT B'h3nHTaHHU:HTe Ha ,illKOJiaTa IIO KpllCTaJieH pacTe)l<" Ha 
M<I>X- EAH, B .n:Hceprau;II51Ta e ocnw:ecTneH aHanH3 Ha nonyqeHHTe TOKOBH rpaH3HeHTH 
Ha enei<TpoKpHCTaJIH3aU:H51 Ha cpe6po rrpH .n:nara THna PEDOT (HaJIHlfHe Ha PSS HJIH 
SDS) c oTqHraHe Ha KOTpenoBH51 .ZJ:Hcpy3HOHeH TOK Ha cpe6npHHTe ii:oHn. Bn3 ocHona Ha 
pe3ynraTHTe or KOMmonpHo HanacBaHe (nporpaMa ,best fit") Ha eKcnepnMeHTaJIHHTe 
TOKOBH TpaH3HeHTH C TeopenilfHaTa 3aBHCHMOCT ea OXapaKTepH3HpaHH TPHTe OCHOBHH 
napaMenpa Ha B'h3IIpHeTH5! reoperHqeH MO.JJ;en/y;-�:"'�"eP.t.-!"e ( C'hLJ:bp)KaJUH B ce6e en 
CKOpOCTTa Ha 3apO.ZJ:HIII006pa3yBaHe A, 6p05IT Ha aKTHBHHTe MeCTa BbpXy eLJ:HHHU:a IIJIOIU 
N0 I1 KOHUeHrpaU:H5!Ta Ha cpe6bpHHTe HOHH B pa3TBOpa C, I1 KOecpHUHeHThT MM Ha 
.n:mpy3H51 D). Tona e n03BOJIHJIO onpe.n:en51Hero Ha 6po5! Ha aKTMBHHTe Mecra Bnpxy 
.n:nam THna PEDOT H cKopocrra Ha 3apo.UHIIIoo6pa3ynaHe Ha cpe6opHH KpncTanH, peen 
C'hiiOCTaB51HeTO ll nepncpHU:HpaHeTO MM qpe3 IIpOBe)I(.ZJ:aHeTO Ha eneKTpOHHO­
J\HII<pOCKOnCKH H BOJITaMnepOMeTpllqHH H3CJie.ZJ:BaHH5I; 

5) IIonylfeH e 6orar Ha6op or eKcnepnMeHTanHH pe3yJITaTH, CB'hp3aHH c 
npenH3HpaHero Ha eneKrpoKaTanHrnqHHTe cnoii:cTBa Ha PEDOT H Ag/PEDOT 3a 
OKHCJieHHe Ha KacpeeHa KHCeJIHHa (KK). Bb3 OCHOBa Ha T51X e ycTaHOBeHO, lfe 
KHHeTHKaTa Ha peaKU:ll51Ta Ha OKHCJICHHC ce JIHMHTHpa OT rrpou;ec Ha a.n:cop6UH51 (rrpll 
ThHI<H rronHMepHn noKpllTHH (IIII)) H or .ZJ:Hcpy3H51 (rrpH .n:e6enH IIII). Tona, HanpaneHo 
3a npbB n'hT, 3aKmoqeHHe .n:ana OTfOBOp ll 065ICHeHHe Ha npOTHBOpeqHBHTe pe3yJITaTH 
ITa pe.ZJ:HU:a ,llpyrH aBTOpH, KOHTO He ea OP'IHTaJIH BJII151HHeTO Ha <iJaKTOpa ,.n:e6eJIHHa" Ha 
nn Bbpxy KHHeTMKaTa Ha eneKTpOOKHCJIHTeJIHH51 rrpou:ec Ha KK; 

6) ,rJ:OKa3aHa e HeCTa6HJIHOCT I1 HeHHD;e)KL!HOCT ( CJIC.ZJ: BOpH -TpCTH 
BOJITaMnepoMeTpHqH CKeH) Ha cpe6opHaTa cpa3a B Ag/PEDQT rrpH erreKTpOOKHCJieHne 
Ha KK KaKTO H OTC'hCTBHe Ha 6naronpH5ITHO B'h3)leii:crnHe Ha .n:orHpaw:Hre ii:oHH. 
ColL(eBpeMeHHO, B'h3 OCHOBa Ha npeUH3HO ycTaHOBeHaTa KOHUeHTpauHOHHa 3aBHCHMOCT 
Ha TOKa Ha IIllKOBeTe npH .ZJ:HcpepeHU:HaJIHHTe llMIIYJICHH BOJITaMnepoMeTpHl.!Hll 
H1CJie.ZJ:BaHH51 (n03BOJI51BalL(H ll3MepBaHH51 nplllVIHOfO HHCKH KOHUeHTpaUHH Ha aHaJIHTa) 
oT .n:e6enHHaTa Ha HeC'h.llbp)l<aw: cpe6po PEDOT H CB'hp3aHH51 c T.SIX 3a)lon6ol.!eH aHa.JIH3 
Ha H3orepMaTa Ha JiarrrMronp H ypanHeHnero Ha MHxaenHc-MeHTeH, e rrpe.n:nmr<eHo 
C.ZJ:HHHO OnHCaHHe Ha KaJIH6paUHOHHaTa KpllBa B npe.ZJ:CTaBJI51BalL(aTa HHTepec 06JiaCT OT 
KOHueHrpauHH Ha KK. IIpone.n:eHnTe cncreMHH eKcnepHMeHTa.JIHH H3cne.unaHH51 c 
PEDOT e.n:H03HalfHO .UOKa3BaT B'h3MO)KHocrra 3a BHCOKoroqHo onpe.n:emme Ha 
KoHueHrpauH51Ta Ha KK n HeH3BecrHa npo6a. 

4 



T.K. TyK e M5ICTOTO ,Ua M3pa35I OTHOIIIeHMeTO CH KhM BI>npoca KaKI>B e JIWIHM5IT 
11])liHOC Ha L{OKTOpaHTa 3a OT6emr3aHMTe no-rope npMHOCM, 6MX MCKaJI L{a OT6eJie)I<a 
C.llC.UHOTO. Ee3 BC5IKaKBO CI>MHeHMe, sneqaTJI5IBarn:miT o6eM OT M3B'hpiiieHM M3CJie.usaHM5I, 
CB'bp3aHM C OBJia,USIBaHeTO Ha pe,UHI.�a HenpOCTM, HaH-CbBpeMeHHM TeXHHI<H, e HeMHO 
JIWIHO ,UeJIO. ,[(oKa3aTeJICTBO 3a TOBa, KaKTO rn:e OT6eJie)Ka M nO-L{OJiy, e M  KaqecTBOTO Ha 
Herrrune .uoKna.unaHM5I. EcTeCTBeHo, 6e3yCJIOBHa e so.rr.ern:aTa poJI5� (M s opraHM3MparreTo 
Ha eKcnepMMeHTMTe, M B o6CI>)l<L{aHeTO Ha IlOJiyqeHMTe pe3yJITaTM) Ha HeHHI15I HayqeH 
pbKOBO.lJ.MTeJI - npo<}>.l(aKOBa - Cb3L{aTeJI M OCHOBOnOJIO)l<HMK Ha TOBa HOBO HayqHo 
rmnpaBJieHMe B l1<l>X- EAH M B HaiiiaTa CTpaHa. me Ka)l<a CaMO, qe r-ua Kapa60)l(lll(0Ba 
e HMaJia M3KJIIQqMTeJIHH5I IIIaHC L{a MO)Ke ,Ua pa60TH no,U pnKOBOL{CTBOTO Ha TaKbB yqeH H 
npmiBeHOTO M OTHOIIIeHMe Kl>M Cl>BMeCTHaTa MM TBOpqecKH YCMJIM51 ea .lJ.OBeJIH L{O 
nneqaTJI51Barn:M pe3yJITaTM. 

4. OmpaJICenue na nayrmume ny6JZUKat{Ull na Kauouoama 6 6oJZzapcKama u 

'lYJJCoecmpanuama JZumepamypa 

,Uo MOMeHTa Ha npe,UCTaB5IHeTO Ha L{HCepTaUHOHHH5I Tpy.n: 3a peueH3H51, Bnpxy 
.LI.Ba OT Tpy.LI.OBeTe Ha .lJ.OKTOpaHTKaTa ea 3a6eJI513aHH .LI.Ba UHTaTa OT qy)K.lJ.eCTpaHHM 
aBTOpM. 

5 .. Kpumwmu 6eJZeJJCKU u KO.Menmapu 
HHMaM 3a6eJie)KKM no cnrn:ecTBO KI>M ,UHcepTaUHOHHMSI Tpy.rr.. Cnrn:espeMeHHO, 

L{OKOJIKOTO aKa.LI.eMMqHaTa CTeneH, 3a KOSITO npeTeH,UMpa .lJ.OKTOpaHTKaTa e ,HayqHa H 
o6pa30BaTeJIHa", 6MX CH n03BOJIHJI L{a M 06bpHa BHHMaHHe L{a ce 3a.MHCJIH no OTHOIIIeHHe 
Ha YTOqHSIBaHeTO H npeUH3MpaHeTO Ha TO'-IHMSI H KOpeKTeH (Ha 6nJirapCKH e3HK) 
c:rCKTpOXHMHqeH peqHHK H <}>pa3eOJIOfH51 B M3Ka3a M HaiiHCBaHeTO. 0THOCHO 
H3nOJI3BaHeTO Ha HSIKOH TepMHHH H nOH5ITH51, HaiipHMep: 
} ) ... ,IIOJIHMepH3auHOHHH51T 3Clp5I.U"? ... (,l1HL{Hl(�UMJ1 �.-. "')Jir�,��STBOTO OTJIO)KeH nOJIHMep 
e nOJIHMepH3aUHOHHHSIT �? (Qpoly), npoTeKbJI no BpeMe Ha CMHTe3a"), CTp.30 Ha,[( 
( <noJIHMepH3aUMOHHHSIT ( eJieKTpHqeH) TO Bap" HJIM , TOK Ha nOJIHMepH3aUH51", HO He 
,3apsr.rr.>)!, I<OeTO B CJie,UBaiD:OTO H3peqeHHe BHe Cl>BCeM TOqHQ ne<}>HHHpaTe KaTo: 
,fOJieMHHaTa? (<CTOMHOCTTa>!) Ha Q MQ)Ke ,Ua ce onpe,UeJIM KaTO HHTerpana Ha TOKa Ha 
IIOJIHMepH3aUH51 3a BpeMeTO Ha eKcnepHMeHTa"; 
2) ... "KOJIHqecTBO 3apsr,U" • • .  (,I10JIHMepH3auH5ITa e npOBe)I<L{aHa B noTeHUHOCTaTMqHH 
yCJIOBH51, a KOJIMqeCTBOTO 3ap51.U ( <eJiei<TpHqHH5IT TO Bap HJIH KOJIHqeCTBOTO 
e;rei<TpHqecTBO (q) B KYJIOHH>!), rrpeMMHaJIO rrpH noTeHUHOCTaTHqHH51 eKcnepHMeHT e 
H3ITOJI3BaHO KaTO KOCBeHa M51pKa (<ou;eHKa>!) 3a .ue6eJIHHaTa Ha IIOJIHMepHOTO 
noi<pHTHe" Ha CTp.4 OT AP H Ha CTp. 30 B ,[(); 3) ... " CBpbXHarrpe)KeHHeTO 3a MeTaJIHO 
omaraHe , ... (B , ... xH.n:po<}>HJIHaTa cTpyi<Typa Ha IIE,IJ:OT, .UOTHpaH c 
ITOJIHCTMpeHcyJI<}lOHaT, e npOHMUaeMa 3a MeTaTIHMTe MOHH, KOeTO BOL{H .lJ.O rpa.rr.MeHT Ha 
KOHUeHTpal(M51Ta HM B nOJIMMepHOTO noKpHTHe, HaMaJISIBaHe Ha CBpbXHanpe)KeHMeTO 3a 
MCTaJIHO OTJiaraHe ? ( ... < OTeJieKTpH3HpaHe/pe.n:yKUH51 Ha cpe6npHHTe 
HOfiH/KOMnJieKCH>!) M nOTHC!��He ? ( <,UOKOJIICC'T'Q CT"M ";':' �() ?q CKOpOCT Ha rrpouec, IIO­
npaBMJIHO e M3nOJI3BaHeTO Ha <3a6aB5IHe/MHXM6MpaHe>!) Ha eJiei<TpO­
KpHCTaJIM3al(MOHHM51 rrpol(ec" Ha cTp.31 oT AP H B ,[(); M .up. B OTCTpaH51BaHeTo Ha 
ITOL{06HM HeTOqHOCTII C BpeMeTO, pa36Mpa ce, He ce CbMHSIBaM, HO KOJIKOTO IT0-6np30 
CTaHe TOBa, TOJIKOBa ITO-L{06pe. 
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6. Jlur.tnu oJzer.tamnenun om ooxmopt;uma 
Ilo3HaBaM .HH:>K.B. Kapa6o:>K.HKOBa or HeMH.HTe Jl:Ol<TT;::l.n:BaHJui npe.u: KonoKB.HyMa 

no Kp.HCTaJieH pacTe)JC .H npc.u; peJJ:.HUa B'bTp:::.:..;..:HI·: -· ··-�· .. __..) •• �pO.ZI.HM Hayl.!H.H <i>OPYMM. 
BMHarM C'bM OCTaBan npmiTHO Bne"tlaTJieH OT MHOfO JJ:06pOTO M npeJJ:CTaBjJHe H 
nocTOjJHHOTO M R3pacrsaHe npM HaBJIR3aHeTo B crro:>KHaTa npo6rreMaTRKa, csop3aHa c 
t�:RcepraUJIOHHH'H M rpy.u:. B YJJ:HBHTerrHo KpanK cpoK TjJ ycnH .u:a Hasne3e s :>KerraHara 
KOHJJ:H'UHH Ha TeopeTHl.JHa nOJJ:fOTOBKa H' HenpeK'bCHaTO pa311IHpjJBalUH ce 
eKcnepMMeHTaJIHM YMeHHH (B T.l.J. 6rraro.uapeH.He M Ha HHKOJIKOTO CM KpaTKOCpOl.!HM 
cneuHaJJH3aUH'M B qy:>K6H'Ha), YCBO.SIBaHeTO Ha KOMTO JJ:eMOHCTpMpa C BCRKO crre.u:saruo 
csoe .uoKrra.u:saHe. Cera, qereMKH HeMHaTa JJ:OKTopcKa JJ:HCepTai.�HjJ, ce y6e.u:Hx orue 
Be,UH'b:>K, qe TR e e,UHH MJIM, 3M'bJI60l.JeH, CMCTeMHO CaM006pa30BaiU ce H aKTH'BHO 
pa6oreru Mrra.u: R3crre.u:osarerr, KOMTO ce e cnpaBHJI ycnelliHO c osrra..ujJsaHeTo Ha CJIO)J(Ha 
M H3HCKBaiUa KOMnJieKCHH 3HaHHR o6rracT OT erreKTpOXHMHl.JHaTa HayKa H npe)J. KOfOTO 
ce pa3KpHBaT cepR03HH' nepcneKTHBH. 

7. OmnouteHue KbM AomopetjJepama 
ABTOpe<PepaT'bT OTpa3RBa KpaTKO, nperJie)J,HO, 5!CHO H TOl.JHO OCHOBHHTe 

pe3yrrraTH H npHHOCH' Ha )J.RceprauHoHHH'R rpy.J:. 

3aKJIIO'IeHHe 

B 3aKmoqeHHe Cl.JHTaM, qe npe.ucraseHHHT MH 3a peueH3RpaHe .u:HceprauHoHeH 
Tpy.ll TIO o6eM, MeTO)J,H'l.JHO HRBO, Kal.JeCTBO Ha norryqeHHTe pe3yJITaTH M Hayl.JHM 
npMHOCH KaKTO M HayKOMeTpMl.JHH ,UaHHH HaTI'bJJHO OTfOBapjJ Ha 3aKOHOBMTe M 
npenop'bl.!HTeJIHH'Te M3MCKBaHMR Ha 3P ACPB H IlpaBHJIHHKa 3a npHnaraHero My, peen. 
Ha IlpaBH'JIHHKa 3a YCJIOBHjJTa M pe)J,a 3a llpML(06HBaHe Ha Hayl.JHH CTeneHH' M 3a 3aeMaHe 
Ha aKa.u:eMMl.!HM L(JI'b:>KHOCTH B H<I>X ,AKa)J..P.KaHllies"- BAH. 

KaTO HMaM npeJJ:BHJJ: BCHl.JKO ropeH3JIO:>KeHO M KaTO H3XO:>KJJ:aM npe,l.(H BCHl.JKO OT 
HaYl.JHHTe H HaYl.JHO-llpHJIO:>KHHTe npHHOCH Ha JJ:HCepTaUMOHHH5I TPY.ll H THXHOTO 
3Hal.JeHMe 3a TIOJiyqasaHeTO, erreKTpOXHMH5JTa M XHMH.siTa Ha KOMTI03HTHM MaTepMaJIM Ha 
6a3aTa Ha eneKTpOHHO npoBOJJ:jJIUH opraHHt.IHM norrHMepH or TMna PEDOT, npHrrO:>KMMH 
3a KaTarrHTH'l.JHH, erreKTpOKaTaJIH'Hl.JHH H' erreKrpOaHaJIH'TH'l.JHH' ueJIH, H TIOCTHfHaTOTO 
HMBO Ha KBarrHqmKaUHH Ha )J,OKTOpaHTa, C y6et�:eHCC.T :: 3a)J,C�OJICTBO npenOp'bl.!BaM Ha 
nol.!RTaeMHTe qrreHose Ha Hayl.!HOTO :>Kypn )J.a rrracysar et�:HHOJJ:YIIIHO 3a npMCBOHBaHe Ha 
o6pa3osarenHaTa H' HayqHa creneH ",D;OKTOP" Ha H'H:>K. BacHrreHa HsaHosa 
Kapa6o:>KHKOBa. 

15.08.2019 r, Co<PHH PeueH3eHT · 
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