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oQuqnarbHoro o[[oHeHTa MaficrpeHKo Ba.nepun Hnrco.rraeBrrrra

Ha Aricceprarlr,rrc Maprunona Jleonu4a lOpseBnqa <<flepenoc [oHoB rrepe3

MrrlqpocKorlruecKylo rpaHurly pa3AeJra Sas srerrpoJrr{T-oJreKTpoJrLrr 14 ero

nplIMeHeHlIe B allanllTrrrrrecrcoft xlIMI4tD), npeAcTaBJIeHHyIo Ha coLtcKaHrfre yreHofi

CTeneHIiI KaHAIIAaTa XIIMLIIIOCKIID( HayK nO CUOIII{aJIbHOCTI,I

02.00.02 - AnannrnqecK€ur xtrlr,nfl

Slempoxuuus, orHocl,rrcr K TeM pa3AeJraM xuMr,rqecKofi nayrra, Koropbre Ha

nporDKeHLII{ rIocJIeAHrD( Aec.f,Tr{JrerufipaznuBaJr}rcb oco6enno 6rrcrpo Lr Aocrrrrnrr

*" ypoBrrt, tBJrflrolqerocf, HaAexnoft ocnonofi coBpeMeHHbD( MeroAoB eneKTpoxr{Mrfr-

rlecKoro aHanl43a. Cpe4u nrx 6onr[ofi LIHTepec Bbr3bIB€tK)T AlrHaMrfrrrecK[re gJreK-

TpoXuMIfFIecKI{e npoqeccbl, IIpoTeKaIOque Ha noBepXHoCTI4 pa3AeJIa XI,IA-

rcocrr/xzAKocrb, [ocKonbKy oH]r orKpbrBaror nepeA gJreKTpoaHalLrrurrecrcofi xz-

uneft HoBbIe Bo3Mo)KHocrrr. B .racrHocrr4, LrcnoJlb3oBaHr.[e tBJreHr{f, rrepeHoca rao-

HoB qepe3 qpaHwly pa3AeJIa AB]/x HecMelunBaloqlfrxct pacTBopoB sneKTponuroB

rro3BoJrreT B ycJroBvrflx BoJrbTaMrrepoMeTpLtu onpeAemTb BerqecTBa, KoTopbre He

MoryT o6Naennsarbct oneKTpoHaMLr c oJreKTpoAorra. flpu groM rroBepxHocrb pa3Ae-

na )KlaAKocrr/xnArocrb rro cBolrM csoficrnaM Bo MHon{x orHorrreHusx noAo6ua

qpaHlrrle pa3Aena MeTalrr/rrrecrnfi enerrpo4/pacTBop gJreKTpoJrrrTa, xoTr Mexa-

Hrr3M orKJrI4Ka 3Aecb znofi. AHarurnqecrufi curnarr B groM cJrfrae 3aBrrcr4T or

cKopocrr4 rrepeHoca rfroHoB ng o6reua oAnofi xnArofi Saarr K rpaHlrrle pa3Aena

$as " 
or Hee s o6reld Apyrofi Sa:u. C nonaoqbro raKrrx eJreKrpoAoB Mo)r(Ho orrpe-

AeJItrb gJIeKTpoxI{MI{rIecKrr HeaKTnBHbre B o6rr.rHux ycnoBI{D( I{oHbr rqenorrHbrx Lr

rlerotlHo3eMeJlbHbrx Mera[IIoB, aHrIoHbI MI{HeparIbHbIx KlrcJror, anru6llorrlKlr, JIe-

KapcrBeHHbre BerrlecrBa, HeKoropbre BrrAbr MLrKpoopraHr{3MoB ra Ap. (Ey4Hurcon

,1,

f.K., MaficrpeHro 8.H., Brcelea M.P. Ocnosrr coBpeMeHHoro oJreKTpoxr{M}rqe-



cKoro aHaJIII3a. M.: Mzp: Eunou JI3. 2003; Vanysek P' Electrochemistry on liq-

uid/liquid interfaces. Berlin: Springer-Verlag, 1 985)'

Kar cnpaneAJr[Bo OTMeqaeTcf, B ALICCepTaq[u' AOJITOe BpeMfl npaKTllqecKoe

ucnoJrb3oBaHlre BoJrbraMrrepoMerpr{u Ha rpaHulle pa:}AeJIa AByX HecMerluBarc-

rlLrxcfl 1g4AKI,IX Qas 6uno 3aTpyAHeHo II3-3a npo6neu c alllapaTypnofi pealnsa-

unefi cra6unrnofi rpanuq'pa3AeJra Qas enerrporur/enerrpoJrlrr rr HeAocraroq-

nofi nocnpo1l3BoAllMocTblo LI3MepeHlIfi. flpeano1eHHble paHee KoHcTpyKTlIBHbIe

perueHr4fl TpyAHO BOIIJIOTLITb B gJIeKTpOXIftMI',IqecKI{x AaTquKax AJI' pyTllHHbIX LI3-

uepenufi, [ocKoJIbKy oH]I LIMSI3T AoBoJIbI{o cnox(Hoe ycrpoficrno' OpzrIIH€UIb-

H6IM pelueHllerr,r npo6neMbl' pe€IJII{3yeMbIM aBTOpOM AI{CCepTaIryM' tBflf,eTcfl VrC'

rroJIb3OBaIilIe rvreru6paH C MlIKpooTBepcTlItMII' qepe3 KoTopble ocyIIecTBJIf,eTcf,

nepeHoc tIoHoB II KoTopble cra6IIJII{3IIpyIoT rpaHLII{y pa3AeJIa HecMeI[uBaIoIq]IXcf,

paCTBopoB SJIeKTpOJILITOB. 3tO uogsoJlteT CyIqecTBeHHo IIoBbIcLITb ltyBCTBLITenb-

HOCTb MeToAa u BoclpolI3BOALIMOCTb I,I3MepeHLrtrI, cHLI3LITb HTDKHrcIO IpaHIIIy oII-

peAenreMbrx KoHrleHTpaqufi. oAnaro AJI' 6olee IulrpoKor.o npr4MeHeHlrt TaKprx

MeM6paH rreo6xoAr{Mo Lr3rII,ITb BlT]1tr{:f{-r1e CBOfiCTB MaTepI{EuIOB Ha cTa6[IbHocTb ]I

BOClpoLr3BOArrMocTb II3MepeHIIft, nne4p[Tb coBpeMeHHbIe TexHoJIOnruI 14X [3ro-

TOBJreHr4t, pa3pa6oTaTb Lr cTaIIAapTlI3OBaTb MeTOAI',IKn oIIpeAeJIeHI{',I pa3nI{rIHbIX

lroHoB. floerorvry TeMa AIICGepTaIITOHIIOfi pa6oTbl Maprrrnona JleonnAa

IOpsenuqa flBJrfleTCfl aKTyaJIbHofi IiI IIMeeT Ba)KHOe 3HarleHne KaK An-f, sneKTpo-

aHa,rlrr[rrecKofi xlrMr/tra, TaK ril AJrfl perueHfir,pflAa IIpaKT[tIecKltx 3aAarl rIpLI pa3pa-

6ouce gneKTpoxI{MIfFIecKux AarqnKoB'

IIe.[r paooTbr - lr3yIIeHUe 3aKoHoMepnocrefi npoqeccoB llepeHoca 3apflAa B

ycJroBllf,xBoJIbTaMnepoMeTpI'IUMexAyAByI\{tHeoMeIIUBaIOUIIIM]IC')KI4AKOCTSMI',I'

rpaHurla pa3Aena sa: roropblx cra6uJILI3lIpoB€lHa MrKporepQopupoBaHHoft MeM-

6panoil, u co3AaHlre Ha ocHoBe AarrHofi cucreMbr gJreKTpoxl{Ml{tlecKrrx AartILrKoB

AJrtLI3MepeilvacoAepxaHl4fl}IOHOBB[p[poAHbIXIITexHoJIOrUrIecKuxlpaKTI'Iqe-

CKIIT BTDKHbIX O65EKT€lx'



Hayvnan HoBrrgna rlccJleAoBaHkrfl, 3aKJlloqaerc.fl B pagBurun MeroAa BoJrbr-

aMnepoMeTprlu Ha rpaHl,rrle pa3AeJra AByx HecMeruuBurrouluxc{ pacrBopoB eJreK-

TpoJII4ToB LI [ccneAoBaHLIn rpoqeccoB rrepeHoca 3apfr,Aa qepe3 Ml,IKpo[epSopupo-

BaHHbIe noJl[MepHbre MeM6panrr n 6opocnmaKarHbre creKJra AJrr onpeAeneHr4t

coAeplKaHl{t I{oHoB B MoAeJrbHbrx r{ [paKTurrecKr{ Ba)KHbrx pacrBopilL Aeroporvr

oIIeHeHo BJIIrf,Hlre csoficrs ueu6pan Ha rrpoqeccbr nepeHoca 3ap{Aa Ha lpaHr4rle

pa3Aena Qa: enerrpoJll{ToB, paspa6orarrbr opun{HaJrbHbre gneKTpoxr.rMr{qecKr,re

AaTqnKI,I AJI' OlpeAeJreHr{r aH}roHoB rrepxJropaTa, [eppeHaTa, TrroqvroEaTa, TeTpa-

grLrJIaMMoHLrfl., a rarcKe I,IoHoB Kanrrf, lr KaJIbIII{r[ B BI{Ae KoMnJIeKcoB c }IoHo$opa-

MI4, t43) tensr oco6enHocrt4 MexaHlr3Ma naexQa^:Horo flepeHoca sapflAa, o[peAeJre-

HbI TepMOAraHaMUrIeCKUe II aHarrrrTrrrrecKr{e xapaKTepvrcTprKu,4peAJro)KeHbr MeTo-

ALIKTT BOJIbTaMIIepOMeTpTeCKOTO OnpeAeJreHr4q r,rOHOB B rrpnpoAHbrx Ir 4poMbrrrr-

JreHHbrx o6rerra><.

HeconaseHHa I{ [parcrnqecKafl srraqxMocrr pa6orbr, rrocKonbKy n Hefi pas-

pa6oranrr u aupo6upoBaHbr Ha peaJrbHrrx o6rerrtlx HoBbre BoJrbraMnepoMerpuqe-

cKI4e AaTqIIKLI, OCHOBaHHbIe Ha rrepeHoce ITOHOB qepe3 rpaHurly pa3AeJra AByx He-

cMelrruBalorll{xctr pacrBopoB gJreKTpoJrr{ToB, cradutugrrpoBaHHyro rranrcpouepSo-

p4poBaHHbrMLI rIOJIUMepHbrMr{ rr 6OpOCUnUKaTHbrMrr lreu6panaMz, [peAiro)KeHbr

MOTOAI4KI/I OlpeAeJIeHIru aHIIOHOB IIepxJIopaTa LI neppeHaTa B BoAHbIx pacTBopax IlI

pyAax, noJll4reKcaMerlaJleHryaHlrAlrHa B Ae3lrH(braqnpyroqux cpeAcrBax. Anroporra

noJrfreH flarenr P@ Ha MoAeJrb raKoro AarqlrKa.

[uccepralll{f, cocrol{T I43 BBeAeHr4r, o6:opa Jr}rreparypbr, gKcneplrMeHTaJrb-

nofi .ractu, AByx man o6cyx4eHufl, pe3ynbraroB, BbrBoAoB r{ crrr{cKa Jrr{Teparypbr

us 159 HaLrMeHonaunfi, r{3Jro)r(eHa va I75 crpaHrrrtr€lx, coAep)Kr4T 44 pncyurca n 19

ra6nraq, 3 uplrnoxeHlas. flo reue Arrcceprarlnu orry6ruKoBaHbr 3 craun B )KypHa-

JI€x, BKJIToqeHHbIX BAK n flepe.reHb HafrHbD( r,r3AaHnfi, perorr,reHAoBaHHbrx AJrt

orry6nzroBaHufl. HayrlHbx pe3yJrbraroB Alrccepra\uit Ha colrcKaHlre yrenofi cre-

rIeHrI KaHArIAara HayK, a raK)Ke 1 flarenr P@ u 7 resNcos AoKJraAoB na Poccufi-



cKlrx LI Me)KAyHapoAHbIX KoHQepeHIII4nx. Anrope$epar Aucceprarlvrr B ocHoBHoM

oTpar(aeT ee coAep)KaEue.

B nepnofi r.rrase paccMorpeHbr JruTeparypHbre AarrHbre no gJreKTpoxlrMrrrr

npOqeCCOB, IIpOTeKaIOIq[X Ha IIOBepXHoCTIft pa3AeJIa Xll,4KocTb/Xz4roctb t4 SJreK-

TpoxrIMruecKI{M cl{creMaM co cra6ranrr3r4poBaHHofi rpanzqeft pa3AeJra Qas sler-

tporur/sneKTpoJll,It. Aarop orMeqaer, qro rpe6yercr paspa6orKa HoBbrx rexHo-

lornfi, Koropbre [o3Borsr co3Aarb 6onee lpocrbre n cta6unbHbre AarquKu co

cra6unugupoBaHHofi rpanlqefi pa:gena (bas. Cle4yer 3aMerlrrb, rrro B nocJre.qHee

BpeMf, rlpoqeccbl, [poTeKuuoqlre Ha M]rKpo- r4 HaHopa3MepHoM ypoBHe npr4 rrepe-

Hoce I{oHoB qepes uerra6panbr, lrcnoJrb3yrorcs B raJrbBaHocraruqecrofi rroreHrluo-

Merpuu AJrfl co3AaHras. LroHoceJreKTrrBHbD( 3JreKTpoAoB c Hr{3Kr4Mr{ npeAenarraz o6-

Hapyx(eHur. B eroM cJrf{ae qepes I4C3 rporrycKaror ne6onrurofi uo BeJr}rquHe

ToK LI KoMrleHclapylor rpaHcMervr6pannufi noror uoHoB Ir: oneKTpo,qa (MaficrpeH-

ro B.H. 3lerrpoxllMl,IqecKrle MeroAbr - HoBbre Aocrlrx(eHus I Anattr.rrr.rrrecK€lf,

xrlMltf,: AonoJIHrITeJIbHbIe rJraBbr. Onrcr: HsA-so Oucroro Ty,2018). Orurarco, no-

ra I,ICS gToro rlrlra, KaK Ia BoJrbraMnepoMerplrqecKr,re AarqI4Kr4, ocHoBaHHbre Ha

nepeHoce [oHoB qepe3 lpaH]rqy pa3AeJra AByx HecMerrrr4B€lroqr4xcr pacTBopoB

9JIeKTpOJILITOB, LIHTepeCHbI, CKOpee, NI[. AeMOHCTpAI\UU nOTeHItrII€lJIbHbIX BO3MOIK-

noctefi SneKTpoxuMlrlr, qeM Arr perueHr.rf, peaJlbHblx anaJrhrruqecKlrD( 3a,Aarr.

Bo nropofi r.rrane nprrBeAeHbr cBeAeHus, o6 gKcneplrMeHT€urbHbrx MeroAilq

Irc[oJIb3oBarrHbIX n pa6ore. B gzcceprarlulr ucnonrcyrorcr xoporro r43BecrHbre B

gJIeKTpoXuMr4u n MaTepLIuuIOBeAeHlIlI MeTOAsI LICCJIeAOBAHUn, u Ll3Mepenuft, rlqa-

TeJIbHOe BHlrMaHlIe yAeJIeHO MeTOAr,rKe IIpHrOTOBJreIJiUs. gJreKTpOnr{TOB rr Cr{CTeM CO

cra6unnsprpoBaHHofi rpanuqefi pae4era Qag. flosror"ry AocroBepHocrb rpr,rBeAeH-

HIIX B pa6ote gKcnepLIMeHTarrbHbD( AaHHbrx He Bbr3brBaer coMHenufi.

B rperreft n .rerneprofi rJraBax o6cyx4arorcr pe3yJrbrarbr LrccJreAoBanuit.

Anropou rr3)rureHbr peaKrlnu r{oHHoro nepeHoca Ha Mr,rKpo-rpaHrlrle pa^:4ena @as

gJleKTpoJlut/elertpoJlrrr, BJIIaf,Hlre napaMerpon rvrerr,r6paH Ha gJreKTpoxrlMr4qecKr.re

u aHafll{TaqecKl{e cnofictsa cl{creM. YcranoueHo, qro IrMpr{Ha oKHa o6nacru pa-



6oqrlx TIoTeHIILI€IIoB 3aBI,Icur or csoficrB opraHraqecrofi Saeu rr gHepndmlu66ca

rvrexQasnoro repeHoca I{oHon Qononoro oneKrpoJrura. ?Isyrenu raK)r(e repMoAlr-

HaMr4Ka n oco6esHocrlr MacconepeHoca r4oHoB qepe3 lpaHlrqy pruAeJra Qas, cra-

6unnzupoBaHFrylo MlllqponepQopnponarrHbrMrr ueu6panauu. floragaHo, qro B

oroM cJrfrae repeHoc rroHoB rr3 BoAbr B opraHruecKyro (bagy JrLrMrrrrrpyercr c$e-

pnuecrofi alr$rfyeuefi, o6ycnaBJrr4B€rrorlefi ycranoBJreHlre rceBAocrarllroHapnoro

ToKa, B To BpeMf, KaI( ilpt4 o6paurou [epeHoce ]roHoB s 6om[efi crenenu Brrufl-

Hue oK€I3brBaer nIEnefiHrrfi noror lroHoB Brryrpr4 ueu6pann. flpn gToM KDKAoMy

uoHy coorBercrByer cnofi noreHrlr{€ur uexSaanoro nepeHoca.

C zcuorrcoBaHlreM rroJq reHHbD( AaHHbrx paapa6oraHbr cnoco6rr nonrraru-

nepoMeTpl{qecKoro onpeAeneHr4r rrepxJropar- r4 rreppeHar-rroHoB Ha ocHoBe rro-

JII,IMepHofi rvrerra6panbr Ha lpaHr4rle pa3AeJra Sas xugxocm/xnArocrb, a raK)Ke Ka-

TIaoHHoro rIoJII,IoJIeKTpoJIr{Ta IIfMf B npr{poAHbrx u rexHoJron4rrecK}rx o6terru<.

fpa4ynposoqHEnfi rpa$ur ,Urr nepxJropar-r4oHoB Jrr,rHeeH B Alrana3oHe KoHrIeH-

rpaqufi ot 1 naruom/rl Ao 0,1 uuonr/n c HaKJroHou9124 urAAvI. B ycnoausx uH-

BepcraoHHoft somraMrrepoMerprru c HaKorrneHlreM rrepxJropar-LroHoB npe4en o6-

HapyxeHvls. cHn)Kaerct Ha rrop.f,AoK. B ornll.rue or rroreHrlrroMerplrqecKr{x IICS

MeToA IIo3BoJIteT onpeAeJlf,Tb IIepXJIopaT-IIOHbI B npllcyTcTBlllrt HLITpaTOB, CkITIJA'

nbl KoTopblx Ha BoJIbT€lMIIepOrpaMMax oTJII{qaIoTc{ oT c}IrHaJIoB LtOHoB nepxno-

para.PaccuotpeHbr raKlKe Bo3Mo)KHocrr,r nuuo6unra3arllru nono$opoB B IIBX-

rraerr,r6parrbl, coAepxarrll{e MeTaJIJIoKcI{AHbIe HaHorIacTI{IIbI, rro3BoJtf,Iolque yMeHb-

rrrr.rrb BJrr{rHrae anor}yeur4 }roHoB Ha BeJrr{rrr{r{y ToKa r{ M}rHLrMLr3r4poBaTr <eoSer-

TbI rIaMf,TIfD) npu II3MepeHI{f,X B I,IHBOpCIAOHHOM pe)K}IMe.

Pb6om rrailLtca:na xopouLlM r3brKoM, npeKpacHo o@oprr,rreHa, rfrJrJrrocrpr.rpo-

BaHa 6onrurnna KoJrrlrrrecrBoM plrcyHKoB, HaHrrAHo coAeplKarqrlx gKcneplrMeH-

TaJrbHbre AaHHbre n 3aBrrcr{Mocr}r. Anrop BJraAeer coBpeMeHHbrMr{ MeroA€rMkI

gneKTpoxlruvru u Marepr{aJroBeAeH}rr, MareMarra.recrofi o6pa6omu pe3yJrbraroB

r,r3MepeHl{fi n oqenKr,r [orperrrHocr]r, npaBr,rJrbHo o6rscHser rroJrfreHHbre oKc[e-

pr4MeHTaJIbHbIe AaHHbre.



flo pa6ore nMerclrcf, cJreAyrorlrre 3aMeqaHvrs., Koropbre He rBrsrorcr rrpLtH-

qunIIaJIbHbIMlI, a JII{Irrb IIO3BOJTTTOT yTOqHUTb OTAeJrbHbIe SKCneprrMeHT€urbHbre

AaHHbre r{ TeopeTr{rrecK}Ie rroJrox(eHl[f, :

1. B pa6ote npeAJro)KeHbr crroco6rr ngroroBJreHnfl r,r [pr4MeHeH]u Mr,rKpo-

nepQopnpoBaHHbrx noJIrrMepHbD( Lr creKJrrHHrn< ueu6paH rr reoperrqecKlre noA-

xoAbl, no3BoJrtloqne rroAo6paru onrlrManbHbre uapaMerpbr rvrervr6pan u o6rgcnzru

nporeKalorllle Ha lpaHI,IrIe pa3AeJra Qa: npoqeccbr. OAnaro r/rs Jrr{Teparypbr r,r3-

BecrHo, qro rpu an(frpysnu (uurpaqnu) uoHoB qepe3 rr,rerr,r6panrr 6olrnryro poJrb

rrrpaer roJlrrluHa rvreu6panbr, Koropaf, onpeAerser BKJTaA rutrefinofi 4raQQysuu r
BeJruqnny roKa, a He roJrbKo pa3Mep Mr44pouop. K co)K€t"JreHuK), gror Bonpoc aB-

TOpOM rIpaKTUqeCKr{ He paCCMOTpeH.

2. Kar y)Ke orMerrarrocb Bbrrre, BoJrbraMrrepoMerpr.rqecKr{e AarqrrKr4, ocHo-

BaHHbIe Ha [epeHoce rroHoB rrep$ rpaHr,rqy pa3Aena AByx HecMerr[4B€uoul[xcs

pacTBopoB 9JIeKTpoJITITOB, nOKa VHTepeCHbr, CKOpee, Arrfl. AeMOHCTpAT\VLLL rrOTeHrIr{-

€t^JIbHbIx Bo3Mo)Imoctefi oJreKTpoxuuvtn) qeM Arr perreHnf, peaJrbHbrx aH€[Jrr{THqe-

cKlrx 3aAaq. B qacnrocrr{, aHr{oHbI AoBoJIbHo rlpocto, 6srctpo rr orHocrlteJlbHo

IIeAOpOTO MOIKHO OnpeAeJrflTb B BOAHbTX CpeAaX MeTOAOM KanlrJrnrpHofo 9JreK-

rpoQopesa. Xorenocs 6u nMerb cpaBHureJrbHBre AaHHbre AJrr npeAJrox(eHHoro aB-

ropoM MeroAa r{ MeroAa K9@.

3. I4rraerorct HeKoropbre rorperrrHocrLt npu oQoprvrJreHrfrr{ cnIacKa Jrnrepary-

pu. B qacrHocrlt, ABIDKAIT npuBeAeHa ccbrJrKa Ha oAr{y r.r ry )Ke pa6ory (32 u 69),

Her Ha3Barrufi 4nccepra\uir, (100, 158) u ap.

Hecrvrorpx Ha yKa3aHHbre 3aMeqaHr,rfl rIpoBeAeHHoe MaprbrHoBbrM Jleonn-

4orvr lOpreBuqeM vccJleAoBtlrrue uo cnoefi aKTyaJrbHocrLt, nayrnofi uonusue, o6r-

eMy I,I npaKTruecKoll 3HarIrIMocTLI [OJrrIeHHbIX pe3yJIbTaTOB nOJIHOCTbIO COOTBeT-

crByer rpe6onaHr{rrM nn. 9-14 <floJroxeHr.rr o uopf,AKe rrpr4cy)KAenur, freHbrx

creuenefi>>, [peAbf,BJrf,eMbrM K Alrcceprarlr{f,M Ha coltcKarrue yrenofi crerreHr4

KaH,{r4,{aTa x}rMrrrrecKr/x HayK, a aBTop Mapruuos JIeoHuI IOpreeru AocTo}rH



lrpl,rcyx(Aenkrfl, yqeHofi cTeIIeHn KarrA]rAaTa xr{M[qecK]rx HayK no cneqnaJrbHocTt4

02.00.02 * AnalurrrrrrecKas xvrMnfl, (xranan recrue nayrz).

2 (penpans2DI9 roAa.
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