
OT3I,IB OaⅢIIHAJIbHOrO OⅡIIOHEHTA

Ha HIICCePTa岬OHHyIO Pa6oTy AHTHⅡOBa AHaTOJI耽I EBreHI,eBHtIa

くくME抑ATOPHI)I疏PEHOKC-ABTOKATAJII43 B OCCTAHOBJIEH聯

MHO「OOJIEKTPOHHOrO OKHCJIHTEJIH HJI刃B O月OPO肝IO-BPOMATHI,IX

ⅡPOTOtIⅢ)IX PE月OKC-BATAPE疏〉〉,

ⅡPeHCTaBJIeHHyro Ha COHCI(aHKe yqeHO宜cTeIIeHK JIOI{TOPa XHMKtIeCKIIX HayI(

IIO CⅡeIIIIaJII,HOCTH O2・00.05 - aneKTPOXHMHjI

AKTyaJIbHOCTb TeMbI HHCCePTa叩II

XHMKtIeCKHe HCTOtIHHKH TOKa (XHT) jIBJI脚TCfl OCHOBO姉JIH PaCIIPeHeⅧeH-

HO宜MO捕Jm enePreTIIqeCKO宜cHCTeMI,I, IIOCI(OJmKy IIO3BOJIfIIOT PeⅢHTb 3a桝H I(aK

IIPOH3BO月CTBa’TaK H aI(KyMyJIHPOBaH財力3HePrHH B HeIIOCPeHCTBeHHO宜6JIH3OCTH OT

IIOxpe6IITeJIjI. HpoTOqHI,Ie Pe月OKC-6aTapeK (IIPB) BeCI,Ma IIePCIIeKTHBHI,. KaK 。,a_

叩OHaPHbIe eneI(TPOXHMKtIeCKIIe yCTPO玩cTBa即jI XPaHeH耽I‥ 3HePrI糊, TaI(∴KaI( Xa-

PaI(TePH3yIOTC鬼TaI(HMH Ba氷HI}IMH IIPeHMy叫eCTBaMH CPe月II HHbIX BTOPHtIHbIX XHT,

I(aK BO3MO氷HOCTb He3aBHCHMOrO MaCⅢTa6IIPOBaHHH MO叫HOCTII I4 3HePrOeMI(OCTII, a

TaK)Ke OTHOCHTeJII,HajI JIeⅢeBK3Ha oueKTPOJIHBIX MaTePHaJIOB H 3KOJIOrIItIHOCTb. Pe_

aJIH3a岬H HeMaJIOrO HPaKTHtIeCKOrO IIOTeHI叩aJIa HPB B HaCTO別IIee BPeM刃IIPeⅡFT-

CTByroT CPaBHHTeJIBHO He6oJII,IIIHe 3HaqeH撤y捕JIBHO弟MO叫HOCTII∴H HJIOTHOCTH

3HePrHII, O6ecIIetIeHHe 3HatIKTeJIbHOrO yBeJIHqeHH月‥ I(OTOPbIX BO3MO氷HO Ha OCHOBe

TIIIaTeJIbHOrO TeOPeTHtIeCKOrO aHaJIH3a TPaHCIIOPTHO-I(HHeTHtIeCKIIX 3aI(OHOMePHO-

CTe産卵eKTPOXHMIIqeCI(KX IIPOIIeCCOB B PeHOKC-6aTape双H HayqHOrO O6ocHOBaHHjI

OIITHMaJII}HbIX Pe)糊MOB IIX dyHK叩OHHPOBaHH掴O6jI3aTeJIbHO弟aIIPO6a叩e玩pae-

Pa6aTI,IBaeMHX MOHeJIe弟IIPB Ha IIPaKTHKe・ 3TO OIIPe脚neT aI(TyaJIbHOCTb TeMI,I

抑CCePTa叩K AHTHⅡOBa A"E., HaIIPaBJIeHHO宜Ha Pa3Pa6oTKy TeOPeTHqeCKHX OCHOB

H CO3HaHIIe KOMIIJIeKCHO宜MeTOHCurOrKH即jI yCTaHOBJIeHHjI CBjI3H Me糊y IIPOIIeCCa-

MH MaCCOⅡePeHOCa PeareHTOB H OCHOBHbIMH XaPaKTePIICTHKaMH二KaTO抑OrO IIPO-

IIeCCa即狙H6p抑HbIX ITPB Ha IIPHMePe 3JIeKTPOBOCCTaHOBneHELH 6poMaT-aHHOHOB,

B OCHOBe KOTOPOrO JIe糊T Me卿aTOPHbI宜pe月OKC-aBTOKaTa-JIHTHqeCK蕗(EC一一) MeXa-

HH3M. Pa6oTa Ba畑a H C IIPaKTIItIeCKO前oqKH 3PeHHH, nOCKOJIbKy OⅡbITHa叩eanⅢ-

3a叩jI aBTOPOM JIa6opaTOPHOrO O6pa3IIa IIPOTOtIHOrO Pe月OKC℃JIeMeHTa IIO3BOJIneT

rIO月TBeP抑Tb IIePCIIeKTHBHOCTb HCIIOJIb3OBaHHjI 6poMaT-aHHOHa B KatIeCTBe OKHC-

JIHTeJIjI B HPB, Pa6oTaIO叫IIX Ha BO即PO抑OMくくTOIIJIIIBe〉〉.

AKTyaJIbHOCTb TeMI,I RTCCePTaI叩OHHOrO IICCJIe即BaH耽IIO即BeP糊aeTC刃

xpaHTOBO宜IIO朋eP狐O酋・ OKa3aHHO漬pa6oTe PoccHfroKIIM HaytIHbIM加H即M (ⅡPO-

eKT N江5-13-20038) H MIIHO6pHayKK P⑪ B PaMKaX ①e揮paJII,HO蕗岬eBO弟IIPO-

IPaMMI,IくくHccJIe即BaHHH H Pa3Pa6oTKH IIO IIPHOPIITeTHbIM HaIIPaBJIeHHjIM Pa3BHTHH

HayqHO‾TeXHOJIOrHtIeCI(OrO KOMIIJIeKCa PoccHⅢ Ha 20 1 4 - 2020 ro脚〉〉 (coⅢaⅢeHHe

博14・574.2l.0150).
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06叫afl XaPaKTe患ⅢCTIIKa Pa6oTbI

CTPyKTyPa叩CCePTaI叩I. HHCCePTa叩月A.E. AHTImOBa COCTOIIT II3 BBe捕-

HH札IIIeCTH rJIaB, OCHOBHbIX BbIBO月OB, CIIHCI(a HCIIOJII)30BaHHbIX JIHTePaTyPHbIX HC-

TOtIHIIKOB H3 335 HaHMeHOBaHHH. MaTePHaJI JIIICCePTaI岬H H3JIO鵜H Ha 430 cTPaHH-

IJ‘aX MaIIIHHOIIHCHOrO TeI(CTa, CO月eP)I(I4T 89 pIICyHKOB H 4 Ta6JmI]bI. B IIPI4JIO氷eHHH

I( Pa6oTe HPHBe捕HO 3I(CIIePTHOe 3aKJIIOqeHI4e O6 ocy叫eCTBJIeHH朋[ 3JIeKTPOBOCCTa-

HOBJIeHHH 6poMaT-aHHOHa Ha KaTO月e HCIIbITaTeJII,HO酋Hqe疏I(H.

Bo BBe揮HIIH O6ocHOBaHa aKTyaJII,HOCTb prCCePTa叩OHHOrO IICCJIe即BaH均

OⅡPeZIeJIeHI)I peJIb H 3a月aqH Pa60TbI, IIOKa3aHI}I HaytIHa兄HOBH3Ha IIOJIyqeHHBIX Pe-

3yJIbTaTOB’TeOPeTHtIeCKan II IIPaKTHtIeCKajI 3HaqHMOCTもPa6oTbI’a TaK氷e rIPHBe捕-

HbI CBeHeH聯O JIHqHOM BI(JIa捕aBTOPa Pa6oTI)I, O即CTOBePHOCTH IIOJIytIeHHbIX Pe-

3yJIbTaTOB, O6 aIIPO6aI叩H Pa6oTbI, ee CTPyI(TyPe I4 O6T)eMe.

B 「JIaBe l rIPOBe捕H KPHTHtIeCKHH aHaJIH3 Pa3JIHqHbIX aneKTPHtIeCKHX, MeXa-

HHtIeCKHX H 3JIeKTPOXHMIItIeCKIIX CHCTeM HaKOIIJIeHI4jI二I4 CTa叩OHaPHOrO XPaHeHHH

3HePrI4H, OIIIICaHbI OCHOBI)I HX Pa6oTI)I, nPeHMy叫eCTBa H He即CTaTKH, B TOM qI4CJIe

OTMetIeHI)I BbICOI(a兄CTOIIMOCTb MaCⅢTa6HPOBaHHfl IIPH HeO6xozIHMOCTH yBeJIHtIe-

HHjI MOIIIHOCTH二田[ 3HePrOeMKOCTH -卯月BTOPHtIHI)IX XHT, H HCⅡOJIb3OBaHHe即PO-

rocTOjIIIIIIX I(aTaJIH3aTOPOB I43 6JIa「OPO月HI,IX MeTaJIJIOB H TeXHHtIeCI(ajI CJIO)I(HOCTb

KOHCTPyI(IJIIII ‾月JIjI TOIIJIIIBHBIX aneMeHTOB. I|pHBeHeHI)I IIPHH叩III)I q)yHK叩OHI4PO-

BaHHjI IIPOTOqHI)IX Pe月OKC-6aTaPe漬, aKIIeHTHPOBaHO BHKMaHHe Ha HX aHaJIOrH朝「 KaK

C raJIbBaHHtIeCI(IIMH, TaI( II C TOⅡJIHBHI,IMH aneMeHTaMII. BbIjIBJIeHbI HaI46oJIee IIeP-

CⅡeKTI4BHbIe TeXHOJIOrHH HaKOⅡJIeHHjI 3HePrHI口IJI鬼Hy棚PaCIIPe捕JIeHHO克3HePre-

THKI4. IIoI(a3aHO, qTO B HHTePBaJIe OT COTeH KBT即COTeH MBT IIPOTOtIHI)Ie 6aTapeH

XaPaKTePH3yIOTC兄OTHOCI4TeJIbHO 6oJIee JIOJIrHM CPOKOM CJIy氷6bI, JIytIIIIe酋[ HKJIHPy-

eMOCTbIO, BO3MO氷HOCTbI○ ○JIy6oKOrO Pa3P糊a・ He3aBHCHMOCTbIO MaCIIITa6HPOBaHHf1

3HeP「OeMKOCTH H MO叫HOCTH, OTCyTCTBHeM CaMOPa3P糊a, XHMHqeCI(O疏cTa6I4JⅡ,HO_

CTI)IO Pea「eHTOB. B TO鵜BPeM鬼rIOKa3aHO, tITO HePeIIIeHHO疏rmneTC月IIPO6JIeMa

MaJIO宜3HePrOeMI(OCTH二IICIIOJII,3yeMEIX PeareHTOB H, I(aK CJIeHCTBHe’HII3I(0玩3HeP-

ro3仕)匂eI(TI4BHOCTK I]PB.

B rJIaBe 2 0ⅡIICaH 「H6p抑HbIH IIPHHHI4rI KOHCTPyHPOBaHHH HCTOqHHKOB TOI(a,

BbIjIBJIeHbI HPeHMy叫eCTBa KOM6HHa叩H Pa3JIIIqHI)IX 3JIeI(TPOXHMHtIeCI(I4X rIOHXO即B,

O6o3HatIeHI,I CJIO氷HOCTH BbI6opa oKI4CJIHTeJIjI’TPaHCIIOPTHPyeMOrO B IIPB BMeCTe C

areKTPOJIHTOM, 06ycJIOBJIeHHI,Ie HeO6xo抑MOCTbIO IIO朋eP氷aHHjI BI)ICOI(0玩IIJIOTHO-

CT財3HePrHII, BbICOKO宜cKOPOCTII PeaI(IIHH Ha IIOJIO糊TeJII,HOM班eKTPO捕II BO3-

MO氷HOCTbIO PereHePaI叩H. C捕JIaH BbIBO凡, tITO 6JIarOHapjI BbICOKHM CKOPOCTjIM

3JIeKTPO月HI)IX IIPOIIeCCOB BOJIOPO乱丁aJIO「eHOBbIe rH6p瑚HbIe I丁PB jIBJIjIIOTCjI HaH6o-

JIee rIePCrIeKTIIBHI,IMII’O月HaKO IIO凪Pa3yMeBaIOT I4CIIOJIb3OBaHI4e CHJIbHOTOKCHtIHI,IX

H∴KOPPO3HOHHO-arPeCCIIBHI)IX MaTePHaJIOB. Ocy叫eCTBJIeHa IIOCTaHOBKa 3aHaqH IIO

H3ytIeHI4IO HPOIIeCCa 3JIeKTPOBOCCTaHOBJIeHHjI aJII)TePHaTHBHOrO raJIOreHaM OI(HCJIH-



TeJIjI - 6poMaT-aHHOHa - C ytIeTOM BJIH柵H兄I(OHBeKI叩K, HeOIIPeHeJIeHHOCTH B BI,I-

6ope I(O3曲Ⅲ叩eHTa HI4抽y3HII, HaJIHtIHfl aHOMaJIbHO酋3aBHCHMOCTH OT IIHTeHCHB_

HOCTI4: KOHBeKTHBHO「O IIePeMeⅢHBaHHH, POJIH COCTaBa PaCTBOPa, reOMeTPHⅢ CIICTe-

MI}I. O6ocHOBaHa HeO6xoJ叩MOCTb IIPOBe捕HHH HeTaJIbHOrO yCTaHOBJIeH聯3aKOHO-

MePHOCTe酋3ureKTPOBOCCTaHOBJIeHHjI BrO3一〇aHI4OHa B KHCJIO弟cpe捕B IIPHCyTCTBH㍍

MOJIeI(yJIxpHOrO 6poMa. 3I(CIIePI4MeHTaJIbHO IIO即BeP湖eHO CyIIIeCTBOBaHHe aHO-

MaJIbHO宜3aBI4CHMOCTH MaKCI4MaJIbHOii HJIOTHOCTH TOKa BOCCTaHOBJIeHHJH 6poMaT-

aHI4OHa OT CI(OPOCTH BPa叫eHII月J叩CKOBOrO 3JIeKTPOJIa H HOKa3aHa BO3MO氷HOCTb

BOCCTaHOBJIeHHjI BrO3‾-I4OHa B I(IICJIO宜cpeHe C BI)ICOKO玩cKOPOCTI,IO.

B TPeTI}e弟rJIaBe IIOI(a3aHO’qTO MaKCHMaJII,HbIH TOK aneKTPOBOCCTaHOBJIeHHH

MHO「O3JIeKTPOHHI,IX aHHOHOB BeCbMa HeBeJIHK, eCJm MaJIO I(OJIHqeCTBO KaTaJIHTHtIe_

CKOrO Pea「eHTa rIPOIIeCCa, IIPOTeKaIOIIIe「O IIO Me抑aTOPHOMy EC’-MeXaHI43My C

ytIaCTI4eM OKHCJII4TeJIbHO-BOCCTaHOBI4TeJII)HI)IX即6aBOI(, a HOTOMy IIOHXO肺I, 6a3H-

PyIO叫HeCH Ha erO OCHOBe, BP珊JIH rIPI4eMJIeMI)I小町aneI(TPOXHMHtIeCKOrO BOCCTa-

HOBJIeHHjI raJIOreHOBbIX OI(COKIICJIOT B BO月HbIX PaCTBOPaX. JIJIjI KHHeTIItIeCKOrO

OIIHCaHHH rIPOIIeCCa eneKTPOBOCCTaHOBJIeHH兄　6poMaT-aHHOHa O6ocHOBaHHO IIC_

IIOJIb3OBaH EC’’-MeXaHH3M PeJIOKC-Me抑aTOPHO「O aBTOI(aTaJIH3a, B KOTOPOM B OT-

JII4tIHe OT EC ’一MeXaHI43Ma OCHOBHO酋IIPOnyI(T XHMHtIeCKO前TaJIHH (Br2) 3ureI(TPOaK-

THBeH II BbICTyIIaeT I(aI( B POJIH OJIHOrO I43 KOMIIOHeHTOB PeHOKC-ⅡaPもI, TaK I4 B POJIH

ⅡPO月yI(Ta XHMI4qeCKO「O HPeBPaIIIeHHH, IIPHtIeM erO CJIeHOBI,Ie KOJIHqeCTBa B O6T,eMe

PaCTBOPa IIO3BOJI脚T O6ecIIeqHTb OtIeHb 6oJIbIIIHe TOKH (6oJIee l A.cM-2) B MOJmP-

HbIX PaCTBOPaX BrO3‾-HOHa.

AHaJIHTHtIeCI(HM H二一「LmCJIeHHbIM PeIIIeHHeM CHCTeMI)I TPaHCIIOPTHO-

KHHeTIItIeCKHX yPaBHeH蕗B CTa叩OHaPHbIX yCJIOBHjIX Ha軸eHbI KO叫eHTPa叩OHHI)Ie

ⅡPOdyHJIH yqaCTHHI(OB HCCJIeHyeMO産peaKⅡHH IIPH HX Pa3JIHtIHOM COOTHOⅢeHI4H, B

TOM tIHCJIe B CJIytIae H36I)ITKa 6poMaT-aHHOHa rIO CPaBHeHHIO C IIPOTOHaMH. BbI朋-

JIeH 3帥eI(T HaPaCTaHH刃‥ KOHIreHTPa叫Ⅲ 6poMa Br2 H 6poM瑚a Br- B6JIH3H rIOBePX-

HOCTH aneKTPOJIa H HPeHCKa3aH脚的y3IIOHHbI漬IIePeHOC MOJIeKyJIxpHOrO 6poMa

O畑OBPeMeHHO I(aK∴I( IIOBePXHOCTK 3JIeKTPO柳, Ha I(OTOPO酋IIPOHCXOJIHT 3JIeI(TPO-

BOCCTaHOBJIeHI4e 6poM抑-HOHa’TaI( H CTOPOHy O6T)eMa PaCTBOPa・ PactIeTHI,IM IIy-

TeM Ha軸eHO’tITO aBTOKaTaJmTHtIeCI(蕗MeXaHH3M IIPOIIeCCa O6ecIIetIHBaeT OtIeHb

BbICOKHe MaKCIIMaJIbHI}Ie TOKH, I(OTOPI,Ie aHOMaJII)HO 3aBIIC肛OT qaCTOTI)I BPa叫eHHjI

凪I4CKOBO「0 3JIeKTPO凪a, Pe3KO yBeJIHqIIBaacI) IIPH ee yMeHI}IIIeHHⅢ B OⅡPe]工eJIeHHOM

HHTePBaJIe tIaCTOT.

qeTBePTa組rJIaBa IIOCB別田eHa PeIIIeHHIO TPaHCIIOPTHO-I{HHeTHtIeCKO弟3a月押H

B PaMKaXくく06o6HIeHHO首MO月eJm HepHCTa〉〉, rIPe抑OJIa「aIO叫e玩[ JIjI Ka棚OrO KOMIIO-

HeHTa MHOrOI(OMⅡOHeHTHOrO PaCTBOPa HCIIOJII)3OBaHHe HH凪IIBHnyaJII,HO玩TO田町HbI

脚的y3HOHHO「O CJIO札3HatIeHHe I(OTOPOji oIIPeHeJIneTCH∴KO3抽HI岬eHTOM脚的y-

3KH HaHHOrO PeareHTa・ Pa3Pa6oTaHa aHaJIHTHtIeCI(ajI TeOPI4月∴∴KOHBeKTIIBHO一



脚的y3HOHHOrO TPaHCIIOPTa, HO3BOJIjIrouajI PaCC皿aTb CTaI叩OHaPHOe IIPOCTPaH-

CTBeHHOe PaCⅡPeZIeJIeHIIe KO叫eHTPaI岬産ocHOBHbIX PeareHTOB, HX脚的y3HOHHEIX

IIOTOI(OB, a TaK氷e OCHOBHI)IX aneKTPOXI4MHtIeCKIIX XaPaKTePIICTHK CHCTeMI)I卯月

CJIyqa兄H36bITKa KaK OCHOBHO「O OKHCJIHTeJIH’TaI( H rIPOTOHOB.

B IIⅢO緒「JIaBe TPaHCIIOPTHO-KI4HeTIItIeCI(ajI 3a脚a CTa岬OHaPHOrO MaCCO-

IIePeHOCa HPK eneKTPOBOCCTaHOBJIeHHH 6poMaT-aHIIOHOB B KHCJIO宜cpe捕B HPHCyT-

CTBIIH CJIe即BI,IX I(OJIHqeCTB 6poMa PeⅢeHa aHaJIIITHtIeCI(H H II3ytIeHa 3KCIIePHMeH-

TaJII,HO Ha J叩CKOBbIX MIIKPOaneI(TPOHaX Pa3JIHqHOrO Pa抑yCa・ yCTaHOBJIeHO Cy叫e-

CTBOBaHIIe KPHTIItIeCKO「0 3HatIeHHH Pa抑yCa MHKPOaneKTPOJ噌. Ha萌eHO, tITO HJI兄

eneKTPO即B OTHOCHTeJII)HO MaJIOrO Pa抑yCa PeHOKC-Me抑aTOPHbI産KaTaJIII3 OTCyT-

CTByeT HⅡH CJIa6, IIO3TOMy IIJIOTHOCTb TOKa OCTaeTCfl OtIeHb HH3I(Ofi, TaK KaK OIIPe-

捕JI姉TC虹JIaBHI,IM O6pa30M PaeP糊OM CJIe即BI,IX KOJII4tIeCTB MOJIeI(yJIxpHOrO 6poMa・

HaⅡPOTIIB’卯月3JIeKTPO即B OTHOCHTeJIbHO 6oJIbⅢOrO Pa抑yCa IIPOIIeCC jIBJIneTC兄

aBTOKaTaJIHTIItIeCKHM, a IIOTOMy HJIOTHOCTb TOKa MO氷eT HOCTIIraTb OqeHb BbICOKIIX

3HatIeH繭, CPaBHHMbIX HJIH樹鵜rIPeBbIIIIaIOI岬X IIPe月f}JII,HI,I串H抽y3HOHHbIii T。K

IIO 6poMaT-aHHOHy.

ⅢecTaH rJIaBa IIOCB叫eHa CO3HaHIIIO JIa6opaTOPHO「O O6pa3岬3JIeI(TPOXH-

MI4tIeCKO宜rIPOTOtIHO玩BO即PO即-6poMaTHO弟HtIe産KH C IIPOTOHIIPOBO朋IIIe漬MeM-

6paHO盈, KaTO柵IM HPOIJ'eCCOM B I(OTOPO漬jIBJIneTC刃aneI(TPOBOCCTaHOBJreHHe 6po-

MaT-aHI40Ha HO aBTOKaTaLJIHTIIqeCI(OMy EC一一〇MeXaHH3My. IIoKa3aHO, qTO TeOPeTHtIe-

CKa月: 3HePrOeMKOCTb CIICTeMI)I Ha rIOP朋OK IIPeBbIⅢaeT 6JIH)Ka玩ⅢIIe aHaJIOrH CPe抑

ⅡPOTOqHbIX PeHOKC-6aTapeii, a CTeIIeHb KOHBePCHH BrO3〇一HOHa B Br--HOH CTPeMHTCjI

K l OO% IIPH CHH鵜HIIH CI(OPOCTI4 IIPOI(aqI(I4 PaCTBOPa・ 3KCⅡePHMeHTanI,HO即Ka3aH

POCT IIJIOTHOCTH TOKa B CHCTeMe IIPH yBeJ皿eHHH TeMⅡePaTyPbI’KO叫eHTPaIII4II

KHCJIOTbI I4 6poMaT-aHHOHa, a TaK鵜IIOCJIe IIPe耶apIITeJIbHO産06pa6oTI(H yrJIePOH-

CO月eP)KaHIerO KaTO月a B a30THO弟I(HCJIOTe.

BI,IBO柵I, CZIeJIaHHbIe aBTOPOM IIO MaTePHaJIaM prCCePTaIII4II, jIBJI那OTC刃∴JIO-

「IItIHI,IMI4, TeOPeTHqeCI(H O6ocHOBaHbI I4二3I(CIIePHMeHTaJIbHO IIO即BeP湖eHbI, IIOJI-

HOCTbIO PaCKPI,IBaIOT CO捕P刀(aHHe Pa60TI)I, He IIPOTHBOPeqaT H3BeCTHbIM B HaCTO升

IIIee BPeM刃HayqHbIM 4)aKTaM IIO I(HHeTHI(e aneKTPOXHMIIqeCKHX IIPOI時CCOB.

TaI(HM O6pa3OM, B XO捕BI,IIIOJIHeHHH RTCCePTa叩OHHOrO IICCJIe即BaHHjI CO-

IICKaTeJII,即CTHr IIOCTaBJIeHHO宜IIeJm H PeⅢHJI COOTBeTCTByIO叫He e酋3aJIatIH.

HayHHafl HOBII3Ha IICCJIe抑BaHIIfl II nOJIytIeIIHbIX Pe3y皿TaTOB

l ・ Pa3Pa6oTaH KOMIIJIeI(CHI)Iii IIOZIXO即叩TeOPeTHI(0-3I(CIIePHMeHTaJII,HOrO

HCCJIeIIOBaHHjI OPIIrI4HaJII)HOrO Me柵aTOPHOrO PeHOI(C-aBTOKaTaJIHTHtIeCKOrO MeXa_

HH3Ma oueKTPOBOCCTaHOBJIeHHjI MHO「O3JIeI(TPOHHOrO OKHCJIHTeJIfl, IIO3BOJI兄IOⅡJ]商

OIIPeJIenHTb OCHOBHI)Ie 3HePI‘eTIⅢeCI(IIe XaPaI(TePHCTHKK HPOTOqHI’IX BO即POZIHO-

6poMaTHI)IX PeHOI(C-6aTaPe沌



2・ BIIePBbIe卯月HeCKOJIbKHX MO捕ⅧI,HI,IX 3JIeKTPO抑IX CHCTeM C I(OHTPOⅢ-

PyeMO漬I II抽y3IIOHHO軸ocTyⅡHOCTbIO IIOBePXHOCTH OⅡPe捕JIeH O6ecrIeqHBaIO叫蕗

BI,ICOKHe IIJIOTHOCTH二KaTO抑OrO TOKa (IIOP糊Ka A.cM‾2) pe氷I4M aneKTPOBOCCTaHOB-

JIeHHH∴KOHpeHTPIIPOBaHHI,IX (MOJIxpHbIX) pacTBOPOB 6poMaT-aHIIOHOB B IIPHCyT-

CTBHH CJIeZIOBbIX (MIIⅢHMOJIxpHI,IX) KOJIHtIeCTB MOJIeKyJIxpHOrO 6poMa, BbICTyIIaI○○

IIIerO B POJm PeJIOI(C-MeF叩aTOPa.

3. 3I(CIIePIIMeHTaJIbHO IIO抑BeP棚eHbI aHaJIHTHqeCKHe H tIHCJIeHHI)Ie PeⅢeHHH

TPaHCrIOPTHO-I(HHeTHtIeCI(O産3a月aqI4 CTa叩OHaPHOrO MaCCOIIePeHOCa IIPH aneKTPO-

BOCCTaHOBJIeHKH 6poMaT-aHHOHa, IIOJIytIeHHbIe B PaMKaX TeOPIm HeⅡOJIBH)KHOrO

CJIOjI HepHCTa・ C IIPIIMeHeHIIeM aBTOPCI(O珪くくO6o6叩きHHO疏MO脚H HepHCTa〉〉 yqTe-

Ha HeOIIPe捕JIeHHOCTI) B BbI6ope KO3中(担叩eHTa J叩抽y3HH B加pMyJIe JIeBIItIa即,.

BPa叫aIO叫erOC兄J叩CI(OBOrO aneI(TPO月a B MHOrOI(OMIIOHeHTHO漬cHCTeMe, aHaJⅢTI埋e-

CKH PaCCqIITaHBI I(O叩eHTPaHIIOHHbIe rIPOdyJm PeareHTOB H 3aBHCHMOCTb BeJIIⅢH_

HbI IIJIOTHOCTII KaTOHHO「O TOI(a OT I4HTeHCIIBHOCTII KOHBeI(THBHOrO IIePeMeIImBaHHjI

PaCTBOPa.

4. ycTaHOBJIeHa POJIb I(O叩eHTPa叩Ⅲ 6poMaT-aHHOHa H I(IICJIOTbI B 3HatIeHHⅢ

OCHOBHI,IX 3JIeKTPOXHMHtIeCKI4X XaPaKTePI4CTHK aBTOKaTa-JIIITHtIeCKOrO IIPOIJ,eCCa

3ureI(TPOBOCCTaHOBJIeH聯BrO3‾-aHHOHOB B BOJIHbIX PaCTBOPaX.

5. 3I(CIIePIIMeHTaJII,HO rIO町BeP棚eHa aHOMaJII)HajI 3aBI4CHMOCTb KaTO抑O疏

ⅡJIOTHOCTH TOI(a Ha則rCKOBOM MHKPO3JIeI(TPO」工e OT KJ]roqeBOrO 「HHPO月I4HaMHtIeCKO-

rO IIaPaMeTPa CIICTeMI,I - PaHI4yCa 3JIeI(TPO月a.

6. BIIePBbIe CO3HaH JIa6opaTOPHI,IH o6pa3eⅡ∴HCIIbITaTeJIbHO酋IIPOTOtIHO疏

Pe月OI(C-jIqe玩KH C BI)ICOKHMI4 IIIIKOBI,IMH MOIIIHOCTjIM周【 H OTBetIaIO叩MH HM HaI`Py-

3OtIHbIMII TOKaMH aneKTPOBOCCTaHOBJIeHH;【 ∴6poMaT-aHIIOHa IIO EC一一〇

3JIeKTPOXHMHtIeCI(OMy MeXaHII3My.

TeopeTHHeCKaH II IIPaKTIIqeCKaH 3HaHHMOCTb Pa6oTbI

Co3HaHa MeTO即JIO「HjI yCTaHOBJIeHH兄3aI(OHOMePHOCTe宜cTa叩OHaPHO「O MaC-

COIIePeHOCa PeareHTOB eneKTPOBOCCTaHOBJIeHHH 6poMaT-aHHOHa C HPHMeHeHHeM

aHaJIHTHqeCKI4X, qHCJIeHHbIX I4二3I(CⅡePHMeHTaJIbHbIX MeTO凪OB HCCJIeHOBaHHH, I(OTO-

Pafl IIO3BOJI姉T IIPOBeCTH∵3KCⅡPeCC-OIIeHKy OCHOBHI)IX eneKTPOXHMIItIeCKHX H 3HeP○

○eTHqeCKHX rIOI(a3aTeJIe産BO即PO卿O-6poMaTHbIX IIPOTOtIHbIX PeJIOKC-6aTaPe免

H3rOTOBJIeH JIa6opaTOPHI,IH o6pa3e叩CⅡbITaTeJII,HO漬jIqe玩KH, rIPH HCⅡI,ITaHH-

jIX・ KOTOPOrO IIO肛BeP糊eHa IIePCIIeKTIIBHOCTb HCIIOJII)30BaHHjI IIPOIIeCCa 3JIeKTPO-

BOCCTaHOBJIeHHjI 6poMaT-aHHOHa, rIPOTeKaIOIIIerO IIO aBTOKaTaJIHTHqeCI(OMy EC一一〇

aneI(TPOXIIMHtIeCI(OMy MeXaHII3My’B I(aqeCTBe KaTOJIHO「O IIPOIIeCCa B IIPOTOtIHO産

BO即PO抑0-6poMaTHO漬6aTaPee C BHCOKI4MH 3HatIeHPIjIMH rIHKOBO弟MOIIIHOCTH (0.9

BT.CM‾2) H COOTBeTCTByroIIIe首e産cHJII,I TOKa (1.5 A.cM-2).

Pa3Pa6oTaHI)I TeXHOJIO「HtIeCI(He PeⅢeHHjI, IIO3BOJIjII〇四e OⅡTHMII3HPOBaTI)

Pe粗M Pa6oTI)I HCⅡI)ITaTeJIbHO宜rmein BaPI,I4POBaHI4eM OCHOBHI,IX HaPaMeTPOB CH-



CTeMI,I (reoMeTPHH, dypMbI IIPOTOqHbIX IIOJIe首, rHHPO抑HaMIⅢeCKIIX Pe氷HMOB HJI刃

ⅡPOI(atII(H Pear‘eHTOB) H O6ecrIetIHTb ee MaCⅢTa6I4POBaHHe JIJI縞IIOCJIe月yroIIIerO CO-

3HaH耽BO即PO月HO-6poMaTHO預IIPOTOtIHO宜pe月OI(C-6aTaPeH.

CTeIIeHb O6ocHOBaHHOCTH H HOCTOBePHOCTH HayqHbIX HOJIO氷eHH弟, BbIBO-

即B II 3aI(持IIO’IeHI摘coHCKaTeJIfl, C小OPMy皿POBaHHbIX B HIICCePTa叩H

O6ocHOBaHHOCTb Pe3yJII)TaTOB’IIOJIytIeHHbIX COHCKaTeJIeM, OCHOBbIBaeTCH Ha

KOPPeKTHOCTH∴HCIIOJIb3OBaHHbIX B Pa6oTe aHaJIHTHqeCI(HX H -qHCJIeHHI)IX MeTOF【OB

MaTeMaTHtIeCKOrO MOJIeJIHPOBaHII札MeTOHIIK 3KCIIePHMeHTa H HCIII,ITaHI壷oⅡbITHO姦

PeJIOKC-jItIe転KH’COrJIaCOBaHHOCTH 3KCⅡePHMeHTaJIbHI)IX HaHHbIX H CTPOrHX HaytI-

HbIX BbIBO月aX.

月OCTOBePHOCTb Pe3yJIbTaTOB HCCJIeHOBaHHjI O6ecrIeqHBaeTC兄∴HCIIOJII,3OBaHH-

eM KOMⅡJIeKCa COBPeMeHHbIX MaTeMaTHqeCKHX,句II3HKO-XHMHtIeCKHX H aneKTPOXH-

MIItIeCKHX MeTOJIOB HCCJIeHOBaHHjI∴II COrJIaCOBaHHeM Pe3yJII,TaTOB, IIOJIytIeHHI,IX

3THMH MeTOHaMII. B IIeJIOM IIOJIytIeHⅢ)Ie 3KCIIePHMeHTaJIbHI)Ie樹HHI,Ie COrJIaCyIOTC刃

C JIaHHbIMII, I43BeCTHI)IMH H3 JmTePaTyPLI・

3aMeHaHI捌II BOIIPOCbI nO HIICCePTaIIIIOHHO産pa6oTe

l. B rJIaBe l He IIPIIBOJIIITC兄aHaJIH3 JIHTePaTyPHI)IX柵HHI)IX O6 3JIeKTPOXHMH-

tIeCKOM rIOBeHeHHK MHO「O3JIeI(TPOHHI}IX OKIICJIHTeJIeii, B TOM tIHCJIe O KHHeTHtIeCKHX

3aKOHOMePHOCT双eneKTPOBOCCTaHOBJIeHHjI 6poMaT-aHIIOHa, IIO3TOMy OKa3aJIIICI) He

O6o3HaqeHHI,IMH IIPeZIⅡOCbIJIKH K H3ytIeHHIO H IIPI4MeHeHKIO IIMeHHO aneI(TPOXHMH-

tIeCKH MaJIOaKTIIBHbIX raJIOreH-OKCOKHCJIOT B IIPOTOtIHbIX PeJIOKC-6aTapejIX.

2言叩瑚OIIOJIHHTeJII,HO預apryMeHTaI叩K PaCtIeTHI,IX HaHHI,IX O PaCIIPeHeJIeHHⅡ

KOHIIeHTPaIIHii KOMIIOHeHTOB B PaCTBOPe H OCO6eHHO O 3HatIeHH双TO田町H脚的y-

3I4OHHI)IX CJIOeB, BePO肌HO, IIMeJIO 6I,I CMbICJI IIPOBeCTH 3KCIIePIIMeHTaJII)HOe OIIPe〇

月eJIeHHe KO叩eHTPaI叩OHHI,IX IIPO叫JIe宜ocHOBHbIX ytIaCTHHKOB II3ytIaeMOrO IIPO-

IIeCCa B6JIH3K IIOBePXHOCTH oueKTPOHa, a TaK)Ke HCⅡOJIb3OBaTもBPaIIIaIOIIJ叩前o瑚HC-

KOBI,I# 3JIeKTPOJI C KOJIbIIOM.

3. KaKHM aneKTPOZIHbIM IIOTeHI叩anaM OTBeqaIOT PaCtIeTHbIe jm。Xf

3aBIICIIMOCTH? CoxpaHneTCjI JⅢ　B O6JIaCTH∴3THX HOTeH叩aJIOB KOHBeKTHBHO〇

月I可)中y3HOHHbI預pe氷HM eneKTPOBOCCTaHOBJIeHHjI 6poMaT-aHIIOHa?

4. B IIPe即araeMO産aBTOPOMくく06o6叫eHHO宜MO月eJm HepHCTa〉〉 PaCtIeT HH抑-

BHHyaJII,HbIX TOJI]町HH脚的y3HOHHI,IX CJIOeB IIPOBO抑TC刃6e3 yqeTa BePO肌HOrO

B3aHMOBJIHHHHjI I函囲yy3IIOHHI)IX MaCCOIIOTOKOB KOMⅡOHeHTOB PaCTBOPa.

5. Bo3MO氷HO’CTOHJIO即IIOJIHHTeJII,HO PaCCMOTPeTb aJIbTePHaTIIBHI)I酋IIOHXOZI

くく坤中eKTIIBHOrO KO3抽HI]HeHTa脚的y3HH〉〉月JIjI Pa3PeIIIeHHjI HeOIIPe捕JIeHHOCTH B

BI,I6ope I(03任)申H岬eHTa JIK抽y3HH B句opMyJIe JIeBHqa HJI鬼BPaIIIaIOIIJ,erOC兄畑CKO-

BOrO oneKTPOJIa B CHCTeMe C HeCKOJIbKHMH PeareHTaMH.



6. HJIOTHOCTb TOKa H yJIeJIbHan MO叫HOCTb HCIII,ITaTeJIbHO産jItIe宜KH PaCCqHTa-

HBI Ha e卿HHIIy BI脚MO首(reoMeTPHtIeCKOゆIIOBePXHOCTH I(aTO即B, rIO3TOMy BI,IBOH

O 6oJIee BbICOKHX aneKTPOXHMI4tIeCI(KX XaPaI(TePHCTIII(aX IIPII IIPHMeHeHHH y郎OeH-

HOrO KOJIHtIeCTBa yrJIePOJIHO首6yMarH IIOCJIe ee O6pa60TKH B a3OTHO弟KHCJIOTe IIO

CPaBHeHHIO C 6yMarO産, MO畑中岬POBaHHO酋IIJIaTI4HO預(c. 372), TPe6yeT即IIOJIHH-

TeJII,HOrO IIO抑BeP糊eHH均IIPIItIeM C ytIeTOM COOTHOIIIeHHjI TOJIII叩HbI Z叩句をy3IIOH-

HOrO CJIO刃H CPe畑erO Pa3MePa IIOP 6yMarI4, IIOCKOJIBKy OⅡKCaHHI,Ie OIIePaI叩H MOr-

Jm HPHBO抑Tb∴K POCTy HCTIIHHO酋HOBePXHOCTH aneI(TPO抑, BJIHj[HHe I(OTOPO宜Ha

CKOPOCTI)柵的y3HOHHO-KOHTPOJIHPyeMOrO IIPOIIeCCa neJIneTC兄HeJIHHe産HI,IM.

7・ B J叩CCePTaIJ`HⅡ H aBTOPe4)ePaTe OTCyTCTByeT OrIHCaHIIe aJIrOPHTMOB, yCJIO-

BH五H IIaPaMeTPOB tIHCJIeHHOrO PaCtIeTa B KOMIILIOTePHOM rIaKeTe ComsoI Mul-

tiphysics, tITO 3aTPyJIHneT OIIeHKy a月eI(BaTHOCTH IIOJIytIeHHbIX Pe3yJIbTaTOB.

8. B pa6oTe He IIPe即TaBJIeHbI IIOrPeIⅢOCTH OIIPe月eJIeHHH 3KCIIePIIMeHTaJIB-

HbIX 3HatIeHI露eneKTPOXHMI4tIeCKIIX IIapaMeTPOB.

9. B RTCCePTaI叩II IIMeIOTC刃OⅡetIaTK胴Hey抑HbIe BI,IPa鵜HHjI, HaⅡPHMeP:

くくHCXOJIHbIH BOCCTaHOBHTeJIB - KIICJIOPOか〉 (c. 21),くくBO MHOrO CXO糊〉〉 (c. 25),

くくCJIeBa HaIIPaBO - Pe氷HM 3aP瑚a, CⅡPaBa HaJIeBO - Pa3P抑a〉〉 (JIJI刃CBIIHIIOBOrO aI(-

KyMyJI紬OPa JIOJI)KHO 6I,ITもHaO6opoT, C. 27),くくHeOrPaHKtIeHHI,Ie IIPIIPOHHbIe 3aIIa-

CbI〉〉 (c. 3 1),くく班eKTPOXHMHqeCKH# HOTeH岬aJI〉〉 (Ha C. 32 HMeeTCH B B抑y aneKTPO什

HbIH IIOTeH岬aJI)’くくO6paTIIMO首xHMIItIeCKO撹cB郷H〉〉 (c. 32),くくHOHbI Ni2十〉〉 (c. 34),

くくO6paTIIMO首KHHeTHKe〉〉 (c. 75),くくO.C.tI.〉〉 (BMeCTOくくOC.tI.〉〉, C. 84),くくB O6ちeMe PaCTBO-

Pe〉〉 (c・ 96),くく3Br2〉〉 (c. 1 10),くくHa ocHOBaHHH COIIOCTaBJIeHHjI Pe3yJIbTaTOB aHa。IHTH_

tIeCI(IIX mHCJIeHHI)IX HMeHHO 3TO XOPOIIIee COrJIaCHe BeJIHtIHH‥.〉〉 (c. 129),くく3a CqeT

yBeJmHeHHe〉〉 (c. 196),くくIICTOTIHHKII TOKu〉〉 (c・ 203),くくK Cy叫eCTBeHHOMy II3MeHeHHe〉〉

(c. 224),くくCa2+〉〉 (c. 343),くくTOKOB … 1.5 A.cM2〉〉 (c. 13 H 392).

3aMetIaHHH II BOIIPOCI,I He CHH氷aroT O6IIIe産TeOPeTHtIeCI(O宜H IIPaKTKtIeCI(O産

3HatIHMOCTH∴IICCJIeHOBaHH宜A.E. AHTHIIOBa, BI,IⅡOJIHeHHbIX Ha OqeHb BBICOKOM

HayqHOM yPOBHe, H MOryT PaCCMaTPHBaTI}C刃I(aK IIO)KeJIaHHjI B JIaJIbHe漬IIIe宜pa6oTe.

3aK関田O冒eHHe

Ⅱo TeMe RTCCePTaI叩H OⅡy6JIHKOBaHO 6oJIee 50 rIeqaTHI,IX Pa6oT, B TOM tIHCJIe

22 cTaTI)H - B II3HaH肋x, PeI(OMeHHOBaHHI)IX BAK P① H HHHeKCHPyeMbIX B Me糊y-

HaPOZIHbIX 6a3aX HaHHbIX Web of Science H Scopus’a TaK氷e ytIe6HOe IIOCO6He H

MOHOxpa4)HjI. IToJIytIeHbI 2 IIaTeHTa P⑪・ OcHOBHI,Ie rIOJIO)KeHHH H Pe3yJIbTaTI,I J叩C-

CePTa岬OHHO宜pa6oTbI IImPOKO IIPeHCTaBJIeHI,I H O6cy棚eHI,I Ha Me糊yHaPO月HbIX H

BCePOCCI議cKIIX HayqHbIX I(OH申epeHI岬兄X.

ⅡoJIytIeHHbIe Pe3yJII)TaTbI HOJIHOCTbIO COOTBeTCTByIOT IIOCTaBJIeHHO酋IIeJIH: H

3a刃BJIeHHI,IM 3aJIatIaM, OTJIHqaIOTC鬼HOBH3HOちBI,IBO月bI H 3aKJIIOtIeHHjI O6ocHOBaHI,I.

ABTOPe勺)ePaT H OⅡy6JIHKOBaHHI}Ie aBTOPOM Pa6oTI}I IIOJIHO H KOPPeKTHO OTPa氷aroT
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OCHOBHOe COJIeP氷aHHe HIICCePTaI岬K・

O匂II叩aJIbHI,IE oⅡⅡOHeHT CtIHTaeT, tITO卿CCePTa叩OHHa刃Pa6oTa AHTHIIOBa

AHaTOJIHH EBreHbeBHqa (MeHⅢaTOPHI’I宜　peHOKC-aBTOKaTaJIII3　BOCCTaHOBJIeHHjI

MHOrO3JIeKTPOHHOrO OI(HCJIKTeJIjI即jI BO即PO柵O-6poMaTHI’IX rIPOTOqHI,IX Pe月OKC-

6aTaPeめ〉 BHIIOJIHeHa B PaMKaX IIaCIIOPTa CⅡe叩anbHOCTII BAK O2.00.05一〇JIeI(_

TPOXIIMHjI. Ho aKTyaJIbHOCTH, HaytIHO首HOBK3He, IIPaKTIItIeCKO漬3HatmMOCTH, O6ue-

My HCCJIe即BaHH弟H yPOBHIO O6cy棚eHHfl IIOJIytIeHHI,IX Pe3yJIbTaTOB J叩CCePTa叩一

OHHajI Pa60Ta COOTBeTCTByeT BCeM TPe6oBaHK卿II. 9- 1 4くくⅡoJIO氷eHHjI O HPHCy糊e-

HIIH ytIeHHX CTeⅡeHe盈〉〉, yTBeP)抑eHHOrO rIOCTaHOBJIeHHeM IIpaBHTeJILCTBa PoccI,掻-

CKO酋⑪eHePaIIIIH OT 24 ceHTjI6p刃2013 r. Ni 842 (B PeHaKI叩H IIOCTaHOBJIeHHH IIpa-

BHTeJII}CTBa P⑪ oT 21 aⅡPe朋2016 r.弛335) KaK 3aBePIIIeHHajI HaytIHO-

KBaJIH両町POBaHHa刃Pa6oTa, HaIIPaBJIeHHa組Ha PeⅢeHIIe 3aHatm, HMeIOIIIe宜cyIIIe-

CTBeHHOe 3HaqeHIIe HJIjI PaeBHTHjI 3JIeKTPOXHMHH XIIMHtIeCKHX HCTOqHIIKOB TOKa, a

ee aBTOP AHTIIⅡOB AHaTOJIHH EBreHI,eBHq 3aCJIy糊BaeT IIPHCy糊eHIIjI∴KCKOMO宜

yqeHO転cTeIIeHH HOKTOPa XHMHtIeCKKX HayK IIO CIIeI叩aJIbHOCTH O2.00.05一〇JIeK-

TpOXHMH凡

O句HIIIIaJIbHI,Ifi oIIⅡOHeHT:

JIOKTOP XHMHtIeCI(HX HayK (cIIeI叩aJII,HOCTI, 02.00.04 K⑪H3HqeCKar XIIMHjI)),

月OIIeHT, IIPOPeKTOP IIO HayKe H HHHOBaI叩jIM,

3aBe月yIOII両i Ka句eHPO宜dy3HqeCKO玩xHMHH

図星困星 Ko3明ePOB OJIer AJIeKCaH坤OBHq
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