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HTSCs

OTKkpbiTHE BTCII

097X From Hg to Hg-based HTSCs
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P33-0apueBble KynpaThbl

MarHutHasa nesutauusa (ISTEC)



®HM
NTHM x/dp
MOHX PAH

MaTepunanoBegyeckme MMHUPEBOOLUNUN

PeanbHas cTpykTypa TBepgoro tena — ¢ 70x rogos (B.A.Jleracos, H.H.OnenHukos)
Kpnoxumunyeckas texHonorna — ¢ 70x rogos (K.I.Xomsikos, ...., O.A.LLUNAXTWH)
MarHeTtoananekTpukn (oepputbl) — ¢ 70x rogos (C.PJIn, E.A.EpemuHa, ..., JIHM)
CuHepreTtuka Bosgencteum — nocrie 2005 ropa (B.K.MBaHoB, B.P.Yyparynos, ...)
Mpoueccel camoopraHmnsaumn — nocne 2000 roga (B.K.MBaHos, ..., A.A.Enncees)
ObpasoBaHue matepunanosenos — nocne 90x rogos (+ www.nanometer.ru, HOP )
AHanuTtnka matepuanos — Bcerga (LUKIM dHM MIY)

BTCI (kynpaTbi) — ¢ 90x rogos
pacrinasHble mexHomnoauu (H.H.OnetHukos, .E.Ka3uH)
moHkue rneHku (A.P.Kayrib)
KMC (MaHraHunTbl) — C «HyneBbIX» rogos
cmpykmypa, ceoticmea, ghazosbie duazpammbl (O.A.LLUnssxmuH)
moHkKue rineHku (A.P.Kayrb)
DOTOHMKA — C «KHYNEBbLIX» rOO0B
onarnosbie cmpykmypsbl (C.O.KnumoHckul)
uHeepmuposaHHbie onarbl (K.C.Harnonbckuu)
HaHomaTtepuansl — nocne 2005 roga
crioucmsie 080UHbIe 2udpoKcudbl (A.B.JlykawuH)
me3oropucmele cucmemsi (A.A.Enucees)
yarnepoOHble HaHoMamepuarsbl (A.A.Enucees)
HeopezaHu4Yeckue HaHompybku (A.B.[puzopbesa)
aspoeernu, ZnO, TiO,, ZrO, (A.H.bapaHos, b.P.Yypazyrnos)
Buomatepuansbl — nocne 2005 roga
buokepamuka (B.U.lNymnses)
ouokcud uepus (B.K.NeaHos, ...)
MeduuyuHckas duazHocmuka (A.E.onb0m, A.A.CemeHosa, H.A.bpaxe)
XuMunyeckme NCToHYHUKM ToKa — nocne 2010 roga
kamoOdHble mamepuarbl (O.A.bpbines, O.A.LLUnsxmuH, .M.Vmkuc)
numud — 8030yuwHble akkymynsamopb! (L.M.Vimkuc)
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YebapKyrnbCKUN MeTeopuT

= B ero nccnegoBaHuu NpuHUManm yyactume cotpyaHmku PHM




1 HM
10 Hm PA3MEP
100 Hm

KBaHTOBbIE

adeKTbl

HaHOCTPYKTYpbI

HaHO- n MUKpo-
CTPYKTYpUpPOBaHHbIE
dyHKLUMOHaNbHbIE
MaTepuanbl

ynopsgo4yeHue

IJIEKTPO(XUMMUA)
JIIOMHHeCHeHIIUs

MAarHeTu3m

AomeHbl «TeKCTYypbI»

2D PASMEPHOCTb
3D

¢dpakTansi

«HaHoypoBeHb» cTpYyKTYypbl (1 - 100 HM) cywecTBYeT Bcerga, U ecriv oH
npegonpenenseT CBOMCTBa MaTepuara, To FroBOPAT O HaHOMaTepuane.
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- 3aBHCHMOCTDb
OT IIYTH Iepexoa
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Pasubie popmbl
MaTepHAIOB






OKucnutenbHoe KOHCTPynpoBaHue

Ozone oxidized, %
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CDyHKLI,VIOHa.H bHbl€ HAHOMaTepualbl

' Journal of

Materials Chemistry

UneH — kopp., Lou., K.X.H. B.H.c., K.X.H.
0.x.H. A.B.JlykawuH A.A.Enucees K.C.Hanonbsckui
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- paspaboTka HeopraHn4ecknx n rubpmuaHbix membpaH ans

dopakuMoOHNpPOBaHUSA ra3zoobpasHbIX U XUOKUX cpes,

- NonyYyeHne OgHOMEPHbIX HAHOCTPYKTYP HA OCHOBE HAHOHUTEN

N yrnepogHblX HAHOTPYDOK ANs 3N1IEMEHTOB HAHOINMEKTPOHUKN,

- paspaboTka nnaHapHbIX ra3oBbIX CEHCOPOB,

- CMHTE3 BbICOKO3((EKTMBHbLIX KaTann3aTopos,

- co3gaHne POTOHHbIX KpUCTaros,

- oyHOaMeHTarnbHbIE NCCrefoBaHUs NMPOLIECCOB CaMoopraHmM3aumu,

- pa3BUTUE HOBbLIX METOA0B aTTecTauum NPOCTPaHCTBEHHO-YNOPA40YEHHBIX HAHOMAaTEPHNarnos.
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MembpaHbl NOPUCTOro oKkcuaa aloMUHUA

Mukpowepoxosamocmu L ,=5-10 Mkm
PaccmosiHue mexdy nopamu L,= 300-500
HM, Ouamemp riop 100-250 HMm
+pasgeneHne HepTenpoayKkToB
+onpecHeHne Boabl
+TepmoKaTanuTuyeckne CeHcopbl




NHOopMaLUMOHHBbIE TEXHOJIOTUN U
HAHOJJNEKTPOHUKA
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nature
ma’terlals PUBLISHED ONLINE: 10 NOVEMBER 2014 | DOI: 10.1038/NMAT4135

(umnakt-chakTop B 2016 r. — 38.9)

Layered memristive and memcapacitive switches
for printable electronics

LETTERS

Alexander A. Bessonov'*, Marina N. Kirikova', Dmitrii . Petukhov'?, Mark Allen‘ Tapani Ryhanen
and Marc J. A. Bailey’ : B

BrnepBble nofsiydyeHbl CTPYKTYypbl CO CBOWUCTBamMu
rmbkoro mempucrtopa Kn3 mMaTepuasia Ha OCHOBe
cnouctoro agucynbdunga monubgeHa M CNoucToro
oucynobdunaga Bonbdpama (MeMpucTtop — 3TO ocoboe
YCTPOMUCTBO C 3(PdPEeKToM namMaTu, CNoCOOHOE XpaHUTb
MHpopMaunl O MNPUITOXKEHHOM HaNPSAXeHUn u
NpoTeKalLeM Yepes3 Hero Toke, N3MeHAS dNneKTpudeckoe
CONPOTUBNEHNE).



Coopka nepuoguueckoi

CTPYKTYPHI
CamocOopka Camoopranmzauus Ilada0H
XUMHUIECKHE (I)‘dK‘TO PLI Buermme 1o

Camocbopka — npouecc obpasoBaHUa ynopagodeHHOW HagMONeKynapHOA CTPYKTYpbI
UNnU cpedbl, B KOTOPOM B NPakTUYECKN HEUSMEHHOM BWAE NMPUHUMAKT ydyacTUe TONbKO
KOMNOHEHTbl (3NEeMeHTbl) WCXOAHOW CTPYKTYpbl, ajAUTUBHO COCTaBnAwWME WUNU
«cobuparowme», KaKk YacTu Lenoro, pesynbTUP YIOLW YO CNOXKHYIO CTPYKTYPY.

Camoopearusatiug MoOXeT BbiTb UCNoONb3oBaHa Kak MEXaHWU3M co3gaHua CNOXHbIX
«wabnoHoB», npoueccoB W CTPYKTYp Ha 6Honee BbICOKOM WEPapXUYECcKOM YPOBHE
opraHusaunu, Yem ToT, YTo Habnwgancs B UCXOAHOW CUCTEME, 33 CUYET MHOMOUNCNEHHBIX W
MHOroBapUaHTHbIX B3aUMOAEWCTBUA KOMMOHEHT Ha HU3SKUX YPOBHAX, Ha KOTOPbIX
CYLWECTBYIOT CBOW, NOKamnbHble, 3aKOHbl B3aUMOAEWCTBUA, OTNUYHbIE OT KOMMEKTUBHbIX
3aKOHOB NOBEAEHUs caMoW  ynopsjouuMBarowenca cucTtembl.  [Ana npouyeccos
CaMoOpraHu3ayun XapakTepHbl pasnuuHble no MacwTaby sHeprur B3auMoaeWcTBUA, a
TakKke CywecTBoBaHWE OrpaHUdYeHUW cTteneHed cBoboAbl CACTEMbl Ha HECKONbKUX
pPasnUUHbIX YPOBHAX €€ opraHusayun.




XMMUNYECKNUN CUHTE3 KBAHTOBbLIX TOYeK

Tepmonapa
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DOTOHHBLIN KPUCTAJLI

Keapuepnie
“cihepnl

EHT = 15.00 kV Signal A=VPSE MSUHSMS
WD= 14mm Photo No. = 1212 Date :10 Oct 2005
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,ﬂo., K.X.H.

B.U.lNymnsees u dp.

bnomaTtepuansbl

Buomartepuansl: HeopraHmyeckas xummnsa okeuaos n docdatoB ((Cay(PO,4)s(OH),,
Ca,(PO,),, CaHPO,(+2H,0), Cag(HPO,),(PO,), 5H,0, Ca,P,0,, non1docdartsl
Kanbums),

MaTepuanoBedeHne KepaMmnku, LEMEHTA, CTEKNA, KOMMO3UTOB A9 BMOMEaNLMHCKNX
NPUMEHEHUI,

pa3paboTka HOBbIX METOAOB CUHTE3a U MOANMULNPOBAHUS HEOPraHNYEeCKNX
NOPOLLKOBLIX MaTepmanoB, BbICOKOTEXHONOIMMYHOIo gM3anHa U MexaHuKu
KOMMAKTHbIX HEOPraHNYEeCKMX KOMMO3ULIMOHHBIX MaTtepmnanos 6MomMeanLmMHCKOro
NPUMEHEHNS,

OLEeHKa MeMKO-61Monornyeckmx CBOMCTB anmnonfactuyecknx buomartepmanos,
dopmMpoBaHNE OCTEOKOHOYKTUBHOM BUOKEPAMUKN HA OCHOBE CMELLIAHHbIX
optodocartos Tuna Ca; M, (PO,), (M=Na, K) c peHaHuTONOAOGHON CTPYKTYPON
meTtogamun 3D-nevatun

Mogudukauma apMmmpyrowmx HanosIHUTeNen B KOMNO3nMTax CTPOUTESIbLHOro
Ha3Ha4yeHus: PopMMPOBaAHNE KOHTAKTHOM 30HbI HEOPraHNYeCKNUX KOMMO3NLMOHHbIX
KOHCTPYKLUMOHHbLIX MaTepmnanoB C UCMOfb30BaHNEM HanpasieHHOoM Moandukaumnm
NPUNOBEPXHOCTHOrO Crnos apmupylowen gasbl (basanstoBble, KBapLEBbIE,
acbecToBble, BOMNACTOHUTOBLIE M AP. BOMOKHA),

NccnepoBaHne matepmanoB MeTogaMun 3aNeKTPOHHOM MUKPOCKONUMK:
nccrnegoBaHMe Kak Matepuanos, NOMyYeHHbIX B paMKax COBCTBEHHbIX MPOEKTOB
rpynnel, Tak n matepunanos JIHM, kadeap MI'Y, ®HM, cCTOpOHHUX nogpasaeneHnin u
opraHmsauumn, MeTogamMmm pacTpoBOU 1 NMPOCBEYNBaAOLLEN 3MEKTPOHHON MUKPOCKOMNK
(Libra 200 (Carl Zeiss) n JEM-2000FXII (JEOL), pacTpoBOro asieKTpOHHOro
mMukpockona LEO Supra 50VP.
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3D-ne4vyaTtb OCTEOKOHAYKTUBHOU ODUMOKEepaMUKU
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«HaHoouo»

Cancer Ressach Center
SIEMENS 17.15.39 27.02.02

TI5 0.4 .
CTER.0.4) » Maunblii pazmep
\ Thyrete => MOT'YT IIPOHUKATh B KaITWJUISAPBHI,
P T \ ol ase TKaHU U KJIETKH
. AL ; \ \ » Pa3BuTasg noBEPXHOCTD
"‘ R => KOHTEHHEDPBD» I
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g R : | => YaCTHUI[bl HEOPTraHUUYCCKHUX
R % MaTepualoB MOXHO cJAeJiaTh
. HETOKCUYHBIMU

= . => CBOMCTBA YaCTHUI[ 3aBUCAT OT
COCTOSIHMSI TIOBEPXHOCTH
3JJ0KayeCTBEHHAA .

> HeoObluHBIE IS CBOMCTBA —

muMdoma j*:t MArHUTHbBIE U ONITUYECKHE
CpPEIOCTEHUS

—

B e stonoucs | CO3JIAHHE HOBBIX OMOCOBMECTHMBIX HAaHOMATEPUATIOB C

§ onacrieckan HETOKCUYHON 3alIUTHOU OOOJIOUKON I MEIUIUHCKOMI
L. membpana CPe€, o
%‘ MbiweuHwitobonouka | JTUATHOCTUKH, MPOTrPAMMHUPYEMOK JOCTABKU JIEKAPCTB U

o JICUEHUSI OHKOJIOT'MYECKUX 3a00JIEBAHUIM].

HapyxHas obonovxa
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SPION = Iron-oxide nanoparticles coated with oleic acid

NHS, EDC
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senior research scientist
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junior research scientist
ekataev@fmlab.ru
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Dr. Lada Yashina = Dr. Olesya Kapitanova
leading research scientist junior research scientist
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Dr. Victor Krivchenko

senior research scientist
victiBl@mail.ru

PhD students

Alina Belova Anna Kozmenkova
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Research: Advanced in situ tools for electrochemical Research: Lithium-ion battery materials,
interfaces, Oxygen redox in aprotic media : Oxygen redox in aprotic media
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IANEeKTPOXUMUYECKasa IHepreTuka

- Npobnembl co3gaHus nepesapsikaeMblX NUTUIA-BO3AYLLIHbIX
aKKyMYnsITOpPOB,

- pa3paboTka BbICOKOEMKMX SMNEKTPOAHbIX MaTepmManos ang
NHTEpPKansALUun NuTmus,

- pa3paboTka HOBbIX TBEPAbIX NMUTUN-NPOBOASLLMX 3NEKTPONUTOB,
- pa3B1UTME METOAOB MHCTPYMEHTArNbHOIo aHanm3a maTepuarnos U
MEXaHM3MOB MPOLIECCOB B 3MTIEKTPOXUMNYECKNX NCTOYHNKAX TOKa
(B TOM 4ucne in situ) Npyn ncnonb3oBaHUM COBPEMEHHbIX NOAX0A0B
CoH.C... KXH. B 9NEKTPOXUMUN, SNEKTPOHHOM MUKPOCKOMUKN, CMEKTPOCKOMUM
AM.Umkuc udp.  KOMOMHALMOHHOIO pacCesHnsl, CUHXPOTPOHHOIO U3NYyYeHus,

- MHOromMacLiTabHoe KOMMbLITEPHOE MOAENMPOBaHMNE NPOLECCOB
B 9NEKTPOXMMUYECKNX UCTOYHMKAX TOKa.

electrochemical reduction

Li* O, + e + Li* - Liy0, _
-
S e —
-, "'.g
e @5
disproportionation
2Li* 0, - Liy0, + 0,

electrochemical reduction

I I I I I I T I 1 I I I I 1 I I I 1
290 288 286 284 Binding energy, eV 290 288 286 284

organic
carbonate

LiRCO,

side reactions with electrolyte



[ opeHne Ha BO3ayXxe
4Li + O, =2 Li,0

JInTnn — BO3AYLLUHbIV
aKKyMYIAaTop:

Li + O, = {LiO,}

2 LiO, = Li,0O, + O,




MonopaexxHasa nabopatopus

HoBbix MaTtepuanoB gna CofIHEYHOU JHEPreTuKun
— |

HTM

¥ 8 TIO,/CH,NH,PD,

FTO
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o Kpacurens

l l l Apospa s
j————p snexrponom

NPO3payHBIM
3NEKTPOAOM

Adenku [ peTuenst CoOCTOAT U3
ANEKTPOH-MPOBOALALLErO MaTeprana
(TiO2), opraHMYecKoro Kpacuresns u

ObIPOYHO-MPOBOAALLETO XKXNOKOrO
aNeKTponTa. Bce KOMMOHEHTBI
AUYEVIKU NMEKOT HUBKYHO CTOUMOCTb.
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Muxaasib [ peTuesib OePXUT B PyKax naHesb 13
CEHCNONITUBNPOBAaHHbIX KPaCUTENEM A4eeK

Auenkun ['peTuens YCTaHOBJIEHbI Ha BCEX OKHAX
B YHVBepcuTeTe J1o3aHHb! (LLIBenuapus)
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HaHeceHune kpacutena
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NcTopua pa3BuTtma NepoBCKUTHBIX AYEEK
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~~
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AnoHckmn yyeHbin TcyTomy Musicaka
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MNEPOBCKUT B siuelike [ peTueas

~~
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[1epOBCKUT - 3TO

CoenVHeHVe ¢ oBLLEeN A B X
dhopmysion ABXs v MA Pb |5
XapaKTePHOU !
KPUCTaJI/INYECKOW
CTOYKTYPON MA+ - CHaNH3*

FA* - NH2-CH-NH2*
Cs*w ap.

Pbl> + CH3sNH3l = CH:NH3PDbls

é (Pbl, + CH,NH,l)/DMA

M/ ONE-STEP COATING

] el

A
=

é Pbl,/DMF CH3NH,/IPA

T

TWO-STEP COATING
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MUKPOCTPYKTYPHbIE OCOOEHHOCTI
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KOHTpONuUpyemMmomn mopdonornen gucrnepcHon gasbol
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cnektpbl KP 1 'KP ¢ HAHOCTPYKTypuUpOBaHHOM MOBEPXHOCTU cepebpa, NonyyYeHHON a3po30SbHbIM
OCaXaeHWeM, PasnNnyHbIX aHanMToB ¢ KoHueHTpauven 1 - 104 M B CHCI; (6): 1 — KP-cnektp OBT; 2 — cnekTp
OBT Ha HaHOoCTpyKTypmpoBaHHOU nognoxke; 3 — KP-cnektp 04X, 4 — 0AX Ha KP-nognoxke; 5 — KP-crnekTp
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Bapbupyemas nonoca
N1a3MOHHOr0 pe30HaHca
No3BONSET NOJyYaTbh CUrHaN oT
OonbLUero yucna 06bLEeKToB
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Bo3moXXHble (DYHKLUN

(rasoBblE CEHCOPDbI)

[ lopncToCTb
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Hanotexnoaorun B Oyaymen noBceHEBHON KHU3HHA

ITveaonodcmasku
UcKarYarom
HexeaamenbHvle subpayul

Taz06e0peHHble cycrmasbl,
COenaHHble U3
6UOCOBMECUMBIX
Mamepuaaos

Illnesm HaxoOumcs 8
KOHMAKme ¢ 8aadeablem

YuHas o0exwoa uamepsem
nYAbC U ObIXAHUE

Pama u3 MapKepHLx
mpy6ok npu aceti ceoeii
NPOYHOCMIU ne2He Nepa

Kpacxka ¢ HaHouacmuyamu, Tepmo-XposHoe cmex.o,
1NPeoomBpauiarUUMI KOPPO3U0 pezyaupyouee nomoxk ceema
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c8em 8 2neKmpuyecmao

Ceemoucnyckarougue OUoOb!
(LED) no ceoeli MowHocmu
yaHe MO2YM COPeBHOBAMBCA C
AAMNAMU HAKAAUBAHUS

OKOHHblE CeKAd CO
CHEUUANLHIM NOKPbIMUEH
nPOMUS UapanuH u
agpexmon nomoca

MeHto Ha
2NeKMPOHHOT naame

Harnompy6ku 0as
OUCnAee8 HOBLIX
HoymGyko8

TkaHu co cneyuanbHbIM
ROKpblmuem npomus
namexH

TonausHble Gamapeu cHabxcarom MazHumnbie caou 044
SHepaueli comoabvie meneqhoHb! U KOMNAKMHbIX
MPAHCROPMHbLe CPedcmaa 3ANOMUHARUWUX ycmpolicma
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Haykn B MI'Y:
COIHeYHble baTapen, dpyKToBblE DaTapenKu,
neyartb LLIOKOSIaaoMm 54




BoictaBka PHM Ha PecTmBane Haykm B MI'Y:
NIOMUHECUEHTHas 3aLwmMTa AOKYMEHTOB.
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BbicTaBka PHM Ha PecTmuBane Haykm B MI'Y:
dmneTpoBaHNE KOKa — KOSbl Yepes MUKPOMOPUCTbIE
Kepamuyeckme membpaHbi. 56
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BoictaBka PHM Ha PecTmBane Hayku B MI'Y:

CBepxnpoBoadALLMM noes3q
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HoBoe nokoneHune
COJTHEYHbIX
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NEPOBCKUTDI
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