
CTaHOBHrn;e 

no 3aIIJ,1na Ha LUiceprnu,HoHeH Tpy,n: Ha TeMa ,,IIoJiyqasaue u oxapa1nepmupaue ua 
eJieKTpOJJ;HH MaTepuaJiu 3a JIHTneso uouuu 6aTepuu BbB BOJJ;eH eJieKTpOJIHT" 3a 

rrpHcb)K,n:aHe Ha o6pa3oBaTeJrnaTa H HayqHa cTerreH ,,,n:oKTop" ua uum. ToJJ;op BeJIKOB 
IIeTKOB, peJJ;oseu JJ;OKTopauT OT XTMY - CocI>nH. 

qJ1eu ua uayquo Jtcypu: JJ;OU. n-p Karn HHKonoBa Hrna:roBa 

J3J1aro,n:apeHHe Ha BHCOKaTa CH eHeprHHHa IIJibTHOCT, ,IJ:bJibr )KHBOT, y,n:o6Ha 3a 

TpaHcrropTHpaHe KOHCTPYKllH5I, JIHTHeBo-iioHHHTe 6aTepHH ce cqHTaT 3a ,n:oMHHHpam 

H3TOqHHK Ha eHeprn5I 3a rrpeHOCHMH eneKTpOHHH ycTpOHCTBa H XH6pH,IJ:HH aBTOM06HJIH . 

IJ,51nocTHaTa 011,eHKa Ha LIB no OTHOllleHHe Ha 6e3orracHOCT, u,eHa, rrnbTHOCT Ha MOlll,Hocrra 

H eHeprHHHa IIJibTHOCT OCHOBHO 3aBHCH OT MaTepHana Ha eneKTpo,n:a. Cne,n:oBaTeJIHO, 

pa3pa6ornaHeTo Ha BHCOKoecpeKTHBHH MaTep11anH, H3rromBamr Karn eneKTpo,n:H 3a LIB e OT 

3HaqeHHe B MOMeHTa. EKonorHqHaTa 6e3orracHOCT Ha LIB ce cqHTa 3a no-roJI5IMa B cnyqaif 

Ha BO,IJ:eH eneKTpOJIHT. 

Tipe,n:OCTaBeHH5IT MH 3a CTaHOBHlll,e ,IJ:HCepTaU,HOHeH Tpyn HMa 3a u,en rronyqaBaHe H 

oxapaKTepH3HpaHe IIOBe,n:eHHeTO Ha aKTHBHH MaTepHanH, 6a3HpaHH Ha OKCH,IJ:H Ha rrpexo,n:HH 

Menurn 3a JIHTHeBO-HOHHH eneKTpOXHMHqHH CHCTeMH c BO,IJ:eH eneKTpOJIHT (pa3TBOpH Ha 

JUlTlfeB HHTpaT H JIHTHeB cympaT). 

,Il;HcepTa11,H5ITa e HaIIHCaHa Ha 135 CTp. H Cb,IJ:bp)Ka 56 cpHrypH (13 OT rnx B 

TeopeTHqHaTa qaCT) H 8 Ta6nHu,H. IJ,HTHpaHH ca 129 JIHTepaTypHH H3TOqHHUH. Pa6ornrn e 

µ:o6pe 6anaHCHpana KaTO CbOTHOllleHHe TeopeTHqHa qacT-eKcrrepHMeHTanHa qacT-pe3yJITaTH 

H o6Cb)K,IJ:aHe. TionyqeHHTe pe3yJITaTH ca ,IJ:OKJia,n:BaHH Ha o6IIJ,O 2 HaU,HOHanHH H Ha 5 

Me)K,n:yHapo,n:HH CHMII03HYMH, KaTO e rrpHeTa 3a rreqaT e,n:Ha CTaTH5I B CIIHCaHHe c HMITaKT 

cj:>aKTop (BCC). l1 B TOBa OTHOlllemi:e ,n:HcepTa11,H5ITa 0Tf0Bap5I Ha H3HCKBaHH5ITa. 

TionyqeHH ca BaHa,n:HeBH OKCH,IJ:H, JIHTHeBO-MaHraHOOKCH,IJ:eH lllIIHHen, TpHOJIOBeH 

TeTpaOKCH,IJ: H JIHTHeB K06anTaT qpe3 opHrHHanHH rro,n:o6peHH MeTO,IJ:H Ha CHHTe3. 

E,n:HH OT rrpHHOCHTe Ha ,n:HcepTaU,H5ITa e, qe 3a rropBH IIbT aMOHHeBH5IT TpHBaHa,n:aT 

(NH4 v 30s) H TpHOJIOBeH TeTpaoKCH,IJ: (Pb3Q4) ca H3CJie,n:BaHH KaTO OTpHU,aTeJIHH aKTHBHH 

MaTepHanH 3a JIHTHeBo-iioHHa 6aTepH5I c Bo,n:eH eneKTpOJIHT. KoMepcHanHHTe MaTepHanH 

KalO JIHTHeB K06anTaT H JIHTHeBO- MaHraHOOKCH,IJ:eH lllIIHHeJI Cblll,O ca H3CJie,lJ,BaHH, HO B 

HORJf ycJTOBlUI. 



I13BbpIIIeHO e erreKTpOXI1MJ1qHOTO oxapaKTepI13HpaHe Ha rrorryqeHHTe MaTep11an11 KaTO 

OTp11uaTeJIHI111/ 11rr11 IIOJ10)l(I1TeJIHI1 aKTHBHH MaTep11an11 BbB BOL(HH erreKTp01IHTI1 B ycrrOBI15ITa 

Ha peaneH erreMeHT. Tip11rrO)l(eH11 ca MeTO,IJ,a Ha UHKJJJ1qHJ1Te I10JI5IpI13aUHOHHI1 3aBHCI1MOCTH, 

KaKTO 11 ranBaHocrnT11qHa MeTO.IJ.HKa. CTpyKTYPHHTe 11 cp113ttKox11rvrnqH11Te csoticrna Ha 

eneKTPO.IJ.HHTe MaTep11an11 ca oxapaKTep11311paH11 qpe3 pa3Hoo6pa3HH, a,IJ,eKBaTHH H 

C'hBpeMeHHH MeTO,IJ,11: SEM, EDS, X-Ray, E.E.T., TepMorpaB11MeTpw1eH 11 

TepMo,IJ,11cpepemi;11aneH aHanI13 (TGA-DTA). 

Q5IJIOCTHOTO BrreqanieHHe OT I13BbpIIIeHaTa pa6oTa e , qe e I13BbpIIIeHa fOJ15IMa ITO o6eM I1 

3HaqJ1MOCT I13CJie,IJ,OBaTeJICKa pa6oTa, KaTO eKcrrep11MeHTbT e MHOro TOqHO IIOCTaBCH, a 

1136paH11Te MeTO.IJ.H ca a,IJ,eKBaTHO rro,IJ,6paH11. Pe3yrrTaT11Te ca 06Cb,IJ,eH11 B Heo6xo,IJ,11MaTa 

IIbJIHOTa, KOpeKTHO H o6CTOHHO c TbpCeHe Ha B3aHMOBpb3KaTa Me)l(,IJ,y CTPYKTypaTa I1 

eneKTpOXHMJ1qHOTO IIOBe,IJ,eHHe Ha I13CJie,IJ,BaHHTe MaTep11antt. 

HarrpaBeHoTo MaTeMaT11qHo MO,IJ,en11paHe 11 Bep11cp11Kau1151 Ha cTOHHOCTTa Ha Karrau11TeTa 

cne,IJ, I1HTerp11paHeTO Ha BOJITaMorpaMHTe, yBep5IBaT L(OIIbJIHHTeJIHO B KOpeKTHOCTTa Ha 

pe3yJITaTHTe OT rrp11rraraH11Te erreKTpOXI1MJ1qHJ1 TeCTOBe Ha MaTep11an11Te. 

BLrrpeKH MHOro ,IJ,06poTo MM BrreqaTJieHHe OT I13pa6oTKaTa I1 OT o6Cb)l(L(aHeTO Ha 

rrorrrreHHTe pe3yJITaTI1, KbM L(HCepTaHTa HMaM H5IKOJIKO Bbrrpoca I1 rrpe,IJ,JIO)l(eHH5I : 

(1 )ErreKTpOXI1MJ1qHaTa TepMI1HOJIOrI15I He BI1Har11 e rrpeUI13HO I13IIOJI3BaHa. 06bpKBaHeTO Ha 

,,ITOTeHu11an" c ,,II01I5Ip113au1151" HJIH ,,HHCbK IIOTeHu11an" 6e3 11,a ce rrocoq11 3a KaKbB 3HaK 

crnBa Bbrrpoc BHaC5I H3BeCTHH TPY.IJ.HOCTH rrp11 pa3611paHeTo. 

ETo rrp11Mep11: 

(l. l)Ha cTp.73 rrmne: ,,<I>11rypa 23 a) rroKa3Ba CV xapaKTep11cT11Karn Ha LiV30s , 

CI1HTe311paH rrp11 550°C (SG55). QqeBH,IJ,HO e, qe IIHKOBeTe Ha IIbpBO JIHTHpaHe ca c no­

HHCKH DOTCHUHaJIU B cpaBHeHHe CbC crre,IJ,BaIUOTO, T.e. IIbpBOHaqaJIHOTO JIHTHpaHe e 

3aTpy11,HeHo." 

KoMeHrnp:Mo)l(e 611 Tp5I6Ba ,IJ,a ce roBop11 3a rro- rorr5IMa rrorr51p113au1151 3a rropBOTo rr11T11paHe 

HJIH Tp5I6Ba ,IJ,a ce HaIIHIIIe qe IIOTeHUHaJibT e H3MeCTeH rrpH Hero B IIO- OTp11uaTerrHa IIOCOKa. 

(1.2.) Ha CTp.74: ,,KpHBaTa Ha pa3rrpe,IJ,erreHHe Ha KarrauHTeTa Ha JIHTHeBH5I TpHBaHa,IJ,aT, 

CI1HTe311paH Ha 500°C, rrorryqeH qpe3 TBbp.IJ.Ocpa3eH CHHTe3 ( <l>Hr. 24 ) , e 6rrtt3Ka L(O 

xapaKTepHaTa 3a BaHaD,aTa, HO IIHKOBeTe He ca TaKa CHJIHO I13pa3eHH KaTO Te3H rrp11 CI1HTe3a 

Ha 550° C I1 CbIUO TaKa ca JICKO H3MCCTCHH B DOCOKa KbM DOTCHUHaJia ua cpaBHHTCJIHHH 

eJie1npoL1. 

KoMeHrnp:Tio,IJ,qeprnHH5IT I13pa3 He e KOpeKTeH I1 OTHOBO ce BHaC5I He5ICHOTa B pa3fo1paHeTO 

Ha TeKCTa 3a IIOCOKaTa Ha I13MeCTBaHe Ha IIOTeHu11ana: IIO- IIOJIO)l(HTeJIHa MITH no­

OTpHuaTerrHa. CpaBHHTerrHH5IT erreKTPO.IJ. H5IMO o6mo c rnsa H3MecrnaHe. MmI<e 6tt ce ttMa 

rrpe,IJ,BHL( KbM CTaUHOHapHI15I IIOTeHUHaJI HJIH KbM HaqaJIHI15I B OTCbCTBHe Ha TOK, rrptt KOHTO 

3arroqBa rro1I5Ip11311paHeTo? 

(1.3.) Ha CTp.105 HaMHpaMe IIO,IJ,o6eH H3pa3: ,,Bc11qK11 IIHKOBe ca I13MeCTeHH CbC 100 mV 

KbM DOTCHUUaJia Ha cpaBHHTCJIHHH CJICKTPO]l rrp11 CbOTHaC5IHe KbM Te3H B LiN03" 



(1.4.) Ha CTp. 95 mune:,,CTOHHOCTTa Ha IJOTeHUHaJJa Ha ITHKa Ha .uerrHTHpaHe rrpH BTopm1 
UHK'hJI e 00-HHCKa B cpaBHeHHe c T33H Ha IlbpBH.sI, a T33H Ha JIHTHpaHe e IJO-BHCOKa." 
KoMeHTap:TioTeHUHaJJbT MO)l<e .ua e rro-rrorro)l(HTerreH HJIH rro-oTpHUaTerreH. HHcbK H BHCOK 
He C'hIUeCTByBa KaTo TepMHH KOraTO ce o6C'h)l(,lla e.uHa CJIO)l(Ha Ul1KJil11rna BOJITaMrreporpaMa? 
Mu)Ke fa1 11 TYK CTaHa .uyMa 3a noJrnpHJau,uH. 

(1.5.) CTp.95 B TeKCTa: ,,HaMaJIHBaueTO ua UOJIHpH33UHOHHaTa pa3JIHKa ua BTOpH 

UHKbJI Hai1-Bepo.si:THO ce .ll'hJI)l(H Ha rrperro.upe)l(naHe Ha CTPYKTyparn crre.u rrnpBOTO 
rr11T11paHe, T.e. eHepnrnrn 3a 06paT11MoTO Brpa)l(.uaHe Ha Li+ e rro-ManKa". 
KoMenTap: TepMHHbT noJIHpu1auu01-ma pa3JIHKa e HeKopeKTeH. He.si:cH11Te TepM11H11 
rrpeqaT Ha p3.3611paHeTo Ha Cb,llbp)l(aH11eTO Ha TOJIKOBa .uo6pe rro.upe.ueHl1Te 11 o6CTOHHl1 
113CJie,llBaHl1.sI. 

(2)Tipe.urro)l(eH11e: Ha cTp.73-75 11 noKpa.si: BMecTO H3p33a ,,cpemy Ag/AgCl", rro-.uo6pe 611 
3Byqan 113p33nT: ,,cnpHMO Ag/ AgCl". 

(3)Ha CTp.72 rrmue: (3.l.),,P33Jil1KaTa e OKOJIO (Me)l(.uy ITHKOBeTe) 25-30 mV, KOeTO e 
rrp113HaK 3a KB33H paBHOBeceu rrpouec Ha BHe.up.srnaHe/eKCTpaKU11.sI Ha Li+ B Kp11CTaJJHaTa 
peweTKa Ha BaHa,llaTa". l13BO,ll'hT e rrpaB11rreH, HO MO)l(e .ua ce .llOKa)l(e 11 no .upyr11 Kp11Tep1111. 

KoMeHTap: Tio-Ha.uorry B TeKCTa C'hIUaTa p33JIHKa OT 25-30 m v ce .uaBa KaTO .llOK33aTeJICTBO 
3a paBHOBeceH (06paT11M) rrpouec. MeTO.UbT Ha u11KJI11qHaTa BOJITaMrrepoMeTp11.si: Ha11cT11Ha 
MO)l(e .ua rrocoq11 11 qeCTO c l\1HOro rorr.si:Ma c11rypHOCT KaK'hB e KOHTpOJibT Ha rrpoueca -
06paT11M, KB3.31106paT11M 11rr11 Heo6paT11M. KoraTo 11Ma rroBeqe OT e.n:11H rr11K 11 cTaBaT 
rrocrrenoBaTerrH11 rrpouec11 ce rrpoue.u11pa 3a BCeK11 rr11K 11 B e.uHaTa 11 B .upyraTa rrocoKa. TipH 
IlOBeqe Ill1KOBe e B'h3MO)l(H0 .ua CTaBaT 11 a.ucop6u110HHl1 rrpouec11. 

3a p3.3rpaH11qaBaHe Ha Bl1,lla Ha KOHTporr cnruecTByBaT p33pa6oTeHl1 TOqH11 KOJI11qecTBeH11 
Kp11Tep1111, a p33JI11KaTa Me)l(.uy IlOTeHU11aJJl1Te, CbOTBeTCTBaru11 Ha aHO,llHl1.sI 11 KaTO.llHl1.sI 
Il11KOBe e caMO e.u11H OT Te311 Kp11Tep1111 11 He MO)l(e caMOCTO.sITeJIHO .ua ce rrp11rrara KaTO 
KaTerop11Y.HO .llOK33aTeJICTBO. <l>opMaTa ua BOJITaMnepoMeTpuquaTa 33BHCHMOCT o6aqe 

qecTO UbpBa UOJ).CK33Ba BHJJ,a ua KOHTpOJI. Oco6eHO KaTerop11qHo TOBa ce OTHac.si: 3a 
LiMm04, o6C'b,lleH Ha CTp.104, Y.11.sITO Kp11Ba C'h,llbp)l(a CbBCeM Cl1MeTp11qH11 KaTO)J.H11 11 
::mO,LIJIH MaKC11MYMl1, KaTO Han11ue e 11 Heo6xo.u11MaTa p33Jil1Ka B IlOTeHU11aJJHTe. l1 B T0311 
crryqaH: C'hBCeM rrpaB11rrHo 11 KaTerop11qtto rrpouecnT e KaTerop11311paH 11 Tp.si:6Ba .ua ce orr11we 
KaTO o6paTl1M. 
(3.2.)B TeKCTa ITO ropH11.sI IlOBO.ll Ha CTp. 104 ce qeTe (3a LiMm04 ): 

,,Brnp11.si:T Ill1K Ha eKCTpaKUH.sITa e npu 1.0SV H UHKbT ua BHeJlPHBaue e 1.0SV (TyK H.sIMa 
ITH rreqaTHa rpeuIKa?). Ha6monaBaHaTa p33rr11Ka Me)l(.uy .UBarn rr11Ka e caMo 20-30 mV, Koern 
03HaqaBa, qe npouecuTe ca B noqyu paBHOBecuu (<l>Hr. 47 a)". BTop11.si:T rro.uqeprnH 113p33 
Cb,llbp)l(a CMl1CJIOBa HeToqHOCT. 

(4)l1Ma MeCTa B eKcrrep11MeHTaJJHaTa qacT 11 B o6Cb)l(,llaHeTO Ha pe3yJITaTHTe, K'h,lleTO 
HaBpeMeHHO U11T11paHe 611 06rreKq11rro p3.3611paHeTO Ha MaTep11ana. 
TaKa Ha CTp. 71, KOraTO ce rrpaBl1 cpaBHeH11eTo: ,,BC11Y.K11 Ill1KOBe Ha BHe.up.si:BaHe Ha Li+ B 
opraH11Y.eH erreKTpOJil1T ce IlO.sIB.sIBaT 11 B'hB BO,llHl1.sI erreKTpOJil1T, HO IlOTeHU11aJJl1Te Ha 
BbpXOBeTe Ha IlHKOBeTe ca rro-6Jil13Kl1 e.u11H no .upyr, OT KOJIKOTO Te311, B opraH11qeH 
erreKTporr11T". 



C'-IIHaM, 'Ie ce 1rnnara se,n:Hara UHTHpaHe HJIH ITOKa:rnaHe Ha KpHBaTa B oprarmqeH 

eneKTpOJIHT, c K05lTO ce ITpaBH cpaBHeHHe. TaKOBa UHTHpaHe e HaITpaBeHO qaK Ha 75 CTp. 
r, O"] Li .J . 

(5)11Ma H MaJIKH ITeqaTHH rpeIIIKH: (6.1.)Ha CTp.72 H 82 e HaITHCaHO ,,HOHHH" BMeCTO 

,,HOHH"; (6 .2.)Ha CTp.88 JJ:HMeHCHHa Ha CKOpOCTTa Ha CKaHHpaHe e ,n:a,n:eHa KaTO 200 µV 
(BMeCTO 200 µ v s-1

); (6.3.)CTp.107 cl>urypa 50. ,,Tipe,n:CTaBeHHTe BOJITaMOrpaMH ca B 

noTeuuuaJIHHHT Me)l{,n:y H 0.6 -0.2 V cpemy Ag/AgCl cpaBHHTeJieH eneKTpo,n: BbB so,n:eH 
pa:nsop Ha JIHTHeB HHTpaT". l13ITycttaTa e ,n:yMaTa ,,ITpo3opeu" H HMa HeHy)l{eH ITbJieH qnett" . 

(6.4.)0cBeH TOBa 0.6 BCbIUHOCT e -0.6; -0.2 BCbIUHOCT e 0.2 BOJITa. 

3AKJIIOqEHHE 

He3aBHCHMO OT HaITpaBeHHTe 3a6eJie)l{KH, KOHTO ce OTHaC5lT ITpe,n:HMHO ,n:o ITpaBOITHCHH, 

CTHJIOBH H TepMHHOJIOrlfqHlf rpeIIIKH, cqHTaM, qe JJ:HCepTaUHOHHH5lT Tpy,n: ITO CB05lTa 

CTpyKTypa, o6eM, KaqecTBO Ha H3ITbJIHem1eTO H ITpe,n:cTaB5lHeTO Ha pe3yJITaTHTe e 3aBbpIIIeH 

HayqeH Tpy,n:, OTHaC5llU ce ,n:o ITpo6neM c aKTYaJIHO Hay1rno H ITpaKTHqecKo 3HaqeHHe. 

LJ:oKTOpaHThT e OBJia,n:5lJI rDJI5lM CITeKThp OT KJiacHqecKH H MO,n:epHH ¢H3HKO-XHMlfqHH H 

eJieKTpOXHMlfqHlf MeTOJJ:H 3a aHaJIH3, c KOeTo e H3ITbJIHeHa H o6pa30BaTeJIHaTa qacT ITPH 

mpa6ornaHeTO Ha ,n:HcepTaUH5lTa. 

TioKpHTH ca H3HCKBaHH5lTa Ha 3aKoHa H ITpaBHJIHHKa Ha XTMY - Co¢H5l 3a 3aIUHTa Ha 

JJ:OKTOpCKa JJ:HCepTaUH5l. 

ToBa MH ,n:asa ocHoBaHHe c y6e,n:eHOCT ,n:a ITpeITopbqaM Ha ysa)l{aeMHTe qneHoBe Ha 

HayqHoTo )l{YPH ,n:a rnacysaT 3a ITpHCb)l{JJ:aHeTo Ha o6pa3oBaTeJIHarn H HayqHa CTeITeH 

,,,n:OKTop" ITO ITpo¢ecHOHaJIHO HaITpaBneHHe 4.2. XHMHqecKH HayKH, HayqHa cITeUHaJIHOCT 

01.05.14 EneKTpoxHMH5l (BK.TI. XHMHqHH H3TOqHHUH Ha TOK) Ha uu~. ToJJ.op BeJIKOB 

fieTKOB. 

,Zl,aTa: 03.04.2018 r. 


