Kacdhenpa dnekrpoxmmuu
XumMmuueckoro pakynbrteTa
MI'Y um. M.B. JlomoHOCOBa
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«0e3 3Hanusn IIEKMPOXUMUU HEIb3A NPpUCMYRUMDb K DEUICHUIO MHO2UX 60NPDOCO6 HE
mMoJ1bKO 6 obnacmu MUHepaJleOﬁ, HO U 0p2£lHllll€CK011 XUMUU, HA 3AdKOHAX
IIEKmMpPoxXumuu OCHO6AHbBL Memoobl UCC/1e006AHUA Pa3ludHblX 60NPOCO6 XUMUYeCcKou

MEXAHUKU...)



AJgekcanap HaymoBu4y @pyMKHH
(1895-1976)

3aB. naboparopuel TeXHu4eckom rekTpoxumMun ¢ 1930 roga
ocHosamenv Kageopwl snexmpoxumuu (1933)
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B 1933 roay A.H.®pyMKMH COBEepPUHIHJ MPOPHIB B
ICEKTPOXUMHUYECCKON KHHETHUKE - CO31aJI TCOPUIO 3aMEAJICHHOI0
pa3psaaa, CBA3LIBAOIIYI0 CKOPOCTH JJICKTPOAHOU Ppeakuuud |
CTPOECHUE 3APAKEHHOU Mex(asHOU IpaHMIIBI. JTO ONpPeaenI0
JIBA OCHOBHBbIX B3aMMOCBSI3AHHBIX HANIPaBJeHUsI PadoThI
Kadeapsl JJIEKTPOXUMHUM.

B 1957 roany A.H.®pymMKuHYy OblJIa BpY4YeHa IJaBHas
MEKJAYHAPOAHAsT HAay4YHas HAarpajaa 1o JJeKTPOXHMHUH —
HannaagueBas MeaaJb.
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NPHBETUTENE TNPOTETAPRATY AHIIHH
B MECTH MIBHJIERS SAPATEAN,
BRIXOJIA H2 PHLOE AHPAROCKOTO
PARBDMETO KAAUCA

Rpawams  mopwerseoinee  sredorene  sapuens 0 00aemme i nss s
eprmaianpudl Boswesd 33 cammmips 131 0,

TopurcTaoNHDe BRCaTAMNE WRYYHEN W 0800 oToemN W
opranEsayeil MocHms & gone CTORDTHEA o omugee.u
OTHPWTHE  DABKTPOMErENTHOR  Rigdibide  waet $peEar
mHrANACHOMY NPORGTEDHATY, WA PAJOY KITORSTO  DLAWIGE
OOROBDINDNDAUNHK o ad ane HTpNNOCTTan, nj!nl!lhlﬂﬂﬂ-f‘
WilH CORpANSHHoR Rapszanol Teihdand Mezann Oapaged.

Yuiurean mespgysapogsorn  ppopsTApaaTa  Mapeo W
Ouranks rOMMANLHO DAGTALENN O3 SAEDUMOHIYID ik
DESHTIVYOCTAA 0 NOPILN ONMTAK NPSHTHYBGNOND MRS
HOHAR YHOHHN, COBARNNOTD MapRZoaM

Basuuwd posge paSouss ncero supa flouns panocpags
CTHSHNND PYNOUOANA COoOTHEIOHMNGN MODEOro MOCYRROCT:
BEHHOID AARER BABTRHRER A Crpans Coastoa. MMpo-
natnpuat Conartoiors Coman noj pyHosoAoTooM ABRIN-
CHOM KOMMYRHOTHUSSHOR NEDTHH, CHANERWEN ALK BI0i-

dimicalyur  caoel  aTopod - ARO Mol KENTHYOCHN
FORANMAN AOCW HEYSHO-TREWHY SRR OfT, HRLGNABAFHRR
HOAGEBYOCTIOM, YONOWND CTPONT ooyManuas i paijios

CTAYWRYOT X0aARCTAO CTRANW WA G438 NOpAJO00A HHAY-
CTpHanEHD N TotkMbe,

Caeays Yilmaauas Topspeuyn Craskun, pafouss CCCP
OUMASORRIOT TOXHHIKOHA, B APCOHAAS HOTODOR WRoW MApaga
AOATD GyAYT CAFIRATE MOFy-HS (80 N0 Cr b Oy g
TESHAYBOEOID ﬂﬂll'l’rll.

Hanstaasak Becchias ooyljpcTentes wWios oapagan
o ARYrME  BarRMeE  YyUiHuE 0 EHTEpeCAR *I'p]l'dul.l.l;hm
Ayulks NORTOGRMAGHHGM Sara ARanaTom Fay Mlﬁl.ld-rﬂ
MEPONOR HPHAHES, OHEATHNWHA ACD HENHTRANGTHHOCHOO
XOBAACTOO, .

Tonkss TORHIRCTHO MHpoTGH APOAATRRCKOR PazOMICwN
PRIOIET |eRn, CHOBWEEOUNE TEXINYECILR  Dporpooce
HOAOOBRSGCTER, L OTHAET HeOFpEHNTARNLIS Hams AHM BT
A ABas ALAKHGHUWIEND HOADILIOARNIN, SUBHTPHIBCTRE,
HAMBAD YEMY DonoEen sssdanad e el

«Mbl ... DOMKHbI NPON3BECTH
kakon-to casur. Cen4yac nabo-
paTopuK YYEHbIX... KYIOT
MOLLIHO€E opyaune, KoTopoe
NO3BOJSIUT HAM OBMnaaeThb
cunamu npupoabl B 6onbLuemn
CTEMEHU, YEM A0 CUX NOP 3TO
ObINIO BO3MOXHO. ...

....9TUM OpyaueM [OKHa

NOJIHOCTbIO OBJ1al€ETb Ta CTPaHa,

KOTOpad .... CTponT HOBYIO

XM3Hb HEBUOAHHbLIX MacLUTaboB.»

A.H.OpymMKuH,
u3 ebicmyrinieHuUs Ha | Bcecoros-
HoU KOHgbepeHyuu ro rnriaHupo-
8aHUI0 HayKuU.



B 1999 rony MexayHapoaHoe 3JeKTPOXUuMHYECKOe 0011eCTBO
(ISE) yupeauiio namMaTHy0 Meaaab A.H.@pymkuHa 3a
BbIIAIOIINICH BKJIAA B QYHIAMEHTAJIBHYIO JJICKTPOXUMMUIO.

IIpogeccopa b.b.lamackun u O.A.lleTpuin - jJgaypearnl Meaaam
A.H. ®pymkuna 2005 um 2009 rr., 3aBeaywinume kadeapoi
IeKTPpOoXuMuM B mepuoa 1976 — 1998 u 1998 — 2008 rr.



CtpaHuubl uCcTOpUM Kaheapsl

OcHOBHbIe HanpaBneHUA:

1)  KuHeTuka anektpoaHbix npoueccos (3.A. Uoda, B.H. KabaHoB)
2) WccneposaHue noBepxHOCTM BnaropogHbiX METannoB — Hayano padot no

anektpokaranuay (A.A. lWnbirvd, B.U. MeaBesoBCKUNA)
3) WccnegosaHue agcopbuuu MNAB

B roabi BOMHbLI:

anexmpoxumuyeckasn aavopamopua npu Hapoonom kxomuccapuame agmomoouibHozo
mpancnopma CCCP 6 Awixabade (3asedyrowuil rabopamopueii — npogh. 3.A. Hogha):
paspaboman cnocob npouzs00cmea C6UHUOBIX AKKYMYIAAMOPOS U3 MECINHOZ0 CblPbA

A.H. ®pymkun u 3.A. Hoda (1944 rox) paboTel 110 KHHETHKE BBIIEIEHUS BOIOpO/A
Ha PTYTHOM 2JIEKTPOJEC U3 KOHIICHTPUPOBAHHBIX pacTBOpoB. [lo3anee paboThl
B.C. baroukoro o BIMgHMH COCTaBa pacTBOPa Ha BOAOPOAHOE NEPEHAIIPSKEHUE

3.A.Uoha E.H. KabaHoB B.C. Baroukui
(1895 - 1989) (1903 - 1988) (1920 - 2012)



CtpaHuubl ucTopum Kaeapsl

1952 rop - nepBas B MMpe MOHOrpagus no 3fneKTPOXMMUYECcKon KUHEeTUKe
«KnHeTnka anekTpoaHbix npoueccoBy. ABTopbl: A.H. ®DpyMKuUH,
B.C. baroukun, 3.A. Moda n B.H. KabaHos

KUHETUKA o
ANEKTPOJIHbIX
_MPOLIECCOB
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CTpaHuubl ucTopuu Kadeapsol

1957 rop - Bpawawwmnca OQUCKOBbIA 3MNEKTPod C KOMbLoM Bbin
peanu3oBaH J1.H. HekpacoBbiM (QokTopckas ancceptauma 1973 roaa) no
npeanoxeHuto A.H. ®pymkuHa. Teopusa atoro anektpoaa beina passuta
B.l. leBnuem un KO.b. UBaHOBLIM, a 3aa4y U3roTOBMNEHUsA arnekTpoaa
pewmnn mactep H.A. AnekceeHKoOB.

1958 roa - obpasosaH VHcTuTyT anektpoxumun AH CCCP

1965 rop - gokropckaa gucceptauns b.b. [lamackuHa no n3y4eHuio
rpaHuubl pasgena pTyTb/pacTBop anekTponura, B KOTopoun bbina passuta
KONU4YecTBeHHas (heHoMeHonorndeckasa teopusa obpatnmon agcopobumm
MOHOB U OPraHnu4Yeckux CoeauHEHNN Ha AneKkTpoaax.

1969 roa - goktopckaa gucceptaumnsa H.B. @egopoBu4 no nccnegoBaHUK
KWHETUKM BOCCTAHOBNEHUS pa3HOOOpa3sHbIX aHMOHOB Ha XXUAKUX U TBEPAbLIX

anekTpoaax.



CTpaHuubl uctopuu Kadeapsol

1964 roa — oTkpbiTHe O.A. lMeTpuem cnnaBa nnaTtTUHa—pPYTEHUN AN OKUCTIEHUS
MeTaHona.

1968 rog — kHura «Agcopouus opraHuYeCcKUxX coeMHEeHUN Ha IneKTpoaax».
AsTopbl b.b. lamackuH, O.A. MNetpuin u B.B. batpakos

1970 roa - poktopckasa aucceptauns O.A. MeTpus, B KOTopon BObina paseuTa u
3KCNEPUMEHTANbHO NOATBEPXAEHA TEPMOAUHAMUYECKAA TEOPUA MOBEPXHOCTHbIX
ABMEHMN Ha obpaTUMBbIX aNeKkTpoaax .

1976 rog — poktopckme ancceptauun. B.W. NoanoBYeHKO NO UCCNEOOBaHUID
afICOPOLMOHHBIX K 3NEKTPOKaTaNnUTUYECKUX CBOMUCTB NNaTUHOBbLIX METASNOB U
B.B. BarpakoBa no uccnegoBaHuo KOPPO3UOHHBLIX MPOLECCOB

1979 rog — kHura A.H. ®pymkuHa «lloTeHumanbl HyneBOro sapapa», Kotopas
nocne cmeptn A.H. ®pymkuHa 6bina noarotosrnieHa k nedatu 6.6. [lamackuHbim u
O.A. lNeTpuem

1985 roa - pokropckasa gucceptaumsa B.H. KopwyHoBa no nccnegoBaHuio
amaneramHeiM cuctem, B 1990 roay Bbilwna mMoHorpadua «AmMansramHble CUCTEMBbIY



JoKTopCcKMne gucceprauuu:
E.B. CteHuHa (1986) no nccnegosaHuto AByMepHOW KOHAeHcCaUumn
OpraHN4YecKUx CoOeaANHEHNN Ha PTYTHOM 3fEKTpoaeE.

B.A. CacoHoB (1991) no nccnegosaHmnio aacopOUMOHHbBIX SABNEHNN B
HEBOAHbLIX U BOAHO-OPraHMYEeCKNX cpefax, B TOM Yyncne Ha O6HOBMSIEMbIX

MOBEPXHOCTHAX TBEPAbIX 3NEKTPOAOB

IA. UupnuHa (1996) no nccnegoBaHnio aHOOQHOW 3f1IEKTPOKpUCTann3ayum

HECTEXNOMETPUNYHECKNX OKCUOOB.

LupnuHa I A., Nymunux C.H., lNempud O.A., AHmunos E.B., A.I. lNoHomapos, X.Paxumos.
HuskomemniepamypHbIU 35ieKmpocuHme3s u ceoticmea masnueebix BTCI1-nokpbimud.//
Ceepxrniposodumocmsb. chusuka xumusi, mexHuka. 1991. T.4. C.1580-1586.

C.10. BacunbeB (2010) no nccnegoBaHuio ¢ NOMOLLLH TYHHESTbHOM
MMKPOCKOMNU-CNEKTPOCKOMNUU 3NEKTPOLHbLIX U 3MEKTPOOCaXAEHHbIX

mMaTtepuanos (BKno4as paboTbl N0 MUHEPTHOMY aHoAy)

S.Yu. Vassiliev, V. K. Laurinavichute, A.M. Abakumov, V.A. Govorov, E.B. Bendovskii, S. Turner,
A.Yu. Filatov, V.P. Tarasovskii, A.G. Borzenko, A.M. Alekseeva, and E.V. Antipov

Microstructural Aspects of the Degradation Behavior of SnO,-Based Anodes for Aluminum
Electrolysis // JOURNAL OF THE ELECTROCHEMICAL SOCIETY. 2010. Vol.157, P. 178-186.



MoHorpaduun, y4eoHNKHN

1975 rop - damackunH b.B6., lNetpuin O.A. «BBegeHue B
SNEKTPOXNMUYECKYIO KUHETUKY»

1978 rop - damackunH b.b., MNetpun O.A. «OcHOBbI TEOPETUYECKOM
SNTEKTPOXUMUN»

1985 rop, — «OneKkTpogHble NPOLECCHI B pacTBOpax OpraHN4YeCcKnx
coeanHeHun» / INopg pea. b.b. lamacknHa

1991 rop - damacknH b.b., lNetpuin O.A., Nognos4yeHko b.U., CadoHoB
B.A., CteHnHa E.B., Pegoposuy H.B. «[1pakTukym rno anekTpoxmmmmy

2001 ropg — b.b. damackuH, O.A. Tetpun n I'A. LlnpnnHa « OnNekTpoxmmMmmns»



CTpykTypa Kacpeapbl

INlabopaTtopuu:
1) [BOMHOro cnos u anNekTPOXMMUYeCKON KMHETUKN
2) ONeKTpoXMMUYECKOWN 3HEPreTUKN
3) OrnekTpokaTtanusa n Kopposuu

Laboratory
of materials

4) MaTtepuanoB AnA 3feKTPOXUMUYECKUNX
npoueccos (¢ 2013 roaa)

processes

5) dyHaamMeHTanbHbIX UCCeaoBaHUU nNpobnem
nony4yeHusa anromuHuna (NIOUIMNA) (c 2006 ropa)

6) XnMUU BbICOKUX 3HEPTrnK (pagnaunoHHON XUMKUN)



CtatuctnyeckKkune gaHHbIe

Yucno craten B top-25

Name Value

1 Kadegpa duan4eckoin xmmmum 813

2 Kadegpa opraHn4eckon xmmmum 710

3 Kadhenpa anekTpoxvmmm 646
CocraB kachenpbi: 53 3/x P/x
NMpenopaBaTenu 4 3 1
Hay4Hble COTPYAHUKN 38 25 13
UHxeHepbl n nabopaHTbl 11 5 6

BbinyckHukun kacpeapoil:
OunnomMHuKun 505 330 175
AcnupaHTbl 232 177 55



JNlaGopaTopua pagnauMoHHOU XUMUM B cocTaBe Kadeapbl
3NIeKTPOXUMUMN

Jlabopamopusi paduayuoHHOU xumuu (Nepeasi B MMpe YHUBEPCUTETCKas
nabopaTtopust 3TOro HanpaeneHusi) co3gaHa B ¢ghespasie 1954 2o00a

« Jlabopamopuro eoszznaensinu: npog. H.A. bax (1954 — 1973);

JlaGoparopus paguaimoHHon xumuu B 1974 rony



Nlabopatopua pagnauMoOHHOU XUMUU —
JTabopaTopusa XuMmumn BbICOKUX IHEPrun CeronHs
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OcCHOBHBIE HANNPABJEHUA UCCJICTOBAHUM:

1.CDyHI[aMCHTaHbeIe ACIICKThI paﬂHaHHOHHOﬁ XUMHH MOJICKYJEIPHBIX CUCTCM:. CCICKTHUBHOCTDb H

3 PEeKTHl «TOHKON HACTPOUKIY
2. PaquaninoHHO-XUMUYECKUE MPEBPAICHUS TTPU TeIMEBBIX TEMIIEPATYpaX; MOJIYUYCHHUE U UCCIIEOBAHNE

2UOPUO08 UHEPMHDIX 2A308

3. PagnaninOHHO-XUMHUYECKUN CUHTE3 METAJI-TTOJTUMEPHBIX HAHOKOMITO3UTOB :

4. PanuaninoHHO-XUMUYECKHUE MPEBPALICHHS KpayH-3(UPOB U KPayH-COAEPKAIIUX CUCTEM
HoBble npuioxenus. hyHKyuoHaibHble HaHoMamepuaivl, KOCMU4YecKkoe MamepuaniosedeHue




NabopaTtopuna ¢pyHAaMEHTANIbHbIX
nccnepoBaHM npobnem nonyvyeHUa antoOMUHUA

MTIY umenu M.B. lomoHocosa u OK “PYCAJ»

OcHoeaHa 6 mapma 2006 2.

rE PYCA/Jl

Hean:

BreimonHeHne (pyHaaMEHTAIBHBIX UCCIICIOBAHUN B 001acTH
MPOM3BOJICTBA AJIIOMHHHSA H CMEKHBIX 0011acTeH /s
(hOpMHPOBAHUS CTPATETHYECKUX HAIIPABICHUH pasBUTHS
AJTIOMHHUEBOH NPOMBIILIEHHOCTH




Ot nadoparopubsix (MI'Y) k npombinieHHbIM (PYCAJI)
UCHBITAHUAM METAJUINYECKHX aHOA0B

MY (100 A) UTLI-PYCAI (go 200 A) KPA3-PYCAI (10.000 A)



M3y‘IeHMe CTPOEHUA KpUosinT-rnmHO3eMHbLIX pacrniiaBoB

aKCHepHMEHT, KBAHTOBO-XHUMHUYE€CKO€ MOAC/IUPOBAHUC
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COJ'IbBaTaLWIﬂ U KWHETUKa IJNIEKTPOAHbLIX npoLeccoB
B MOHHbLIX XXNOKOCTAX [C,mim][BF,]

2,0x10°
1,0x10°

<0,0-

-1,0x10° -

-2,0x10° -
‘ 15 mM (Bu,N),[PW_ 0, ]

127 40
B [C4mim][B F4]

-3,0x10° -

20 -15 -10 -05 00 05 1,0
E, V (Pt QRE)

NMpopomnxeHne TeMaTUKn

«KuHeTuKa anemMeHTapHOro akra
reTeporeHHOro nepeHoca 3feKTpoHar,
BbIpOCLUEN N3 KNHETUKU BOCCTAHOBJIEHUA aHUOHOB

Kandudamckasi duccepmauusi B.A.HukumuHou, 3awyuma e dekabpe 2013



AneKTpoaHble nNpeBpaLleHns NoNMoKCoMeTannaTroB
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Knaccuyeckas nonsaporpadus u |,t-kpnBble B COBpeMeHHbIX 3aaavax:
pornb NpupoAbl KaTUOHA NpU aacopoOUMOHHOM MoaudULMPOBaHUN
NOBEpPXHOCTU, ABYMEepPHasa KOHAeHCaLna HeopraHn4eCcKMx BelecTB.
BoccTtaHoBneHue nepcynbdarta ocTaeTcs BOCTPeOOBaHHbIM

MoAeJibHbIM npoLeccomMm.

Kanouoamckan ouccepmavusa J1. B.Ilyzonoekuna, 3auuma 6 oexkaope 2013



Center for Electrochemical Energy

Oil and Gas consumption degrades the

environment and exhausts a critical RF resource.

Hydro, Renowable (6%)
[

Nucipa

World Energy Consumption

Electrochemical energy storage provides
efficient use of fossil fuels and

commercial opportunities.

« Grid-level power shaping
and time shifting

* Energy buffering for
intermittent alternative
energy sources

« Transportation and mobile
devices

Current electrochemical energy storage technology can not meet these needs,
but there are known solutions.

Rechargeable metal-air
batteries

Advanced Li and polyvalent
ion batteries

Coll-Levsl Capacity
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Li-ion vs. Li-air:
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Mg** vs. Li*': 4-fold increase 3350id increase.

in capacity and density.
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Fuel and Electrolysis
Cells

Aqueous flow batteries
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Suspension-based
approaches Li-ion; with
low cost, long life, safety,
and flexibility.

Efficiency improvements
for stationary and mobile
applications.




HoBble KaToaHble maTtepuanbl ANA NUTUIA-
WOHHbIX aKKYMYNATOPOB:
Li,CoPO,F u Li,FePO,F

450

D~ 1012101 em?/s

“TeBepabi pacTBOp” MexaHusm &k BbiCOKMIA Anana3oH NoTeHLUnanos

y

KaTtogHbin MaTepuvan AnA BbICOKOIHEepProeMKnx  MOWHbIX aKKyMynATOpPOB

PITT: 2.7-3.7-2.7 V (vs. LVL1"), 0.05 V step

A e



OCHOBHbIe HanpaBneHus

CTpyKTypa 3apsiKkeHHOW rpaHuLbl 1 aacopbumss — 3KCNEPUMEHT,
MoOenMpoBaHue

HoBble anekTpokaTtannsaTopbl U HanpaBneHHas moamndukaLumsi MOBEPXHOCTY
AOCopOLUNOHHbIE N KaTanUTUYECcKne sIBMeHNsa Ha NnaTUHOBbLIX MeTannax

KnHeTrka aneMeHTapHOro akta nepeHoca 3apsiia — 3KCNepuMeHT U NpoBepKa
KBaHTOBO-MeXaHN4eCKon Teopum

Computational Electrochemistry

CKaHVIpyI-OLI.I,aFI TYHHelIbHaA MUKPOCKOMUA U INTEeKTPOXUMnNn4yeckKkune
HaHOTEXHOJIOTr'nMn

«ANeKTPOXMMUsI TBepAOro Tena» (3aNeKTpoKpucTannmsaums,
3MIeKTPOXUMMYECKas UHTepKansuusa, NpuknagHas 3nekTpoxXumMus m 1.4.)

SﬂeKTpOXMMMﬂ B pacriiaBaxXx U NOHHbIX XXUOKOCTAX



