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Hacrosiee nocobue npeaHasHayeHo JJisl BCEX, KTO MHTEPECYETCS] HOBBIMU
HAaHOMATEPUAJaMA W HAHOTEXHOJOTHSMH, a TakKe€ BO3MOXKHOCTIMU
IIPAKTUYECKOTO UCIIOJIb30BaHU COBPEMEHHBIX (YyHKIMOHAIBHBIX
MarepuanoB. Ilyonukyembie wmukpodororpaguu mnomyuenol B Llentpe
KonnekrtuBuoro Ilonp3oBanusa MI'Y um. M.B.JlomoHOCOBa B pe3yibTare
BBIIIOJIHEHHUSI HAYYHBIX HCCIIENOBAaHUM CTYyJAEHTaMU W  acllUpaHTaMu
®daxkynsreta Hayk o Martepuanax n Xumudeckoro dakynbrera MI'Y u nipu
pa3pabOTKEe MEAMANpPE3CHTALMOHHBIX MATEPUAIOB [0  HAMNPABJICHUIO
noArotoBku OakanaBpoB u maructpoB 020900 «Xumust, huzuka u MeXaHHKa
marepuainoB».  M3maHue  OCyIIECTBIEHO B paMKax  IIPOrpaMMBbI
«HHOBanoHHbIM Y HUBEpcuTeT MI'Y nm. M.B.JloMmoHOCOBa

Vuebnoe nocobue (unntocmpamueuvie mamepuaivl) noo peod. axao. PAH
10.J]]. Tpemvsikosa, gomoecpaghusa obnrodxcku: rx.H. FO.I .Memnun, uoes,
noobop mamepuana, ogpopmiernue, pomoepagus gopszaya: ui.-kopp. PAH
E.A.I'younun.
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O/BamaeMme yurareiu!

Ilepen Bamu opHa ®W3 cepuM KHUT, TMOBECTBYIOIIMX 00 YBIEKATEIbHOM MHUpPE
COBPEMEHHBIX (DYHKIIMOHAIBHBIX MAaTEPUATIOB, @ UMEHHO — UX «IIOPTPETE» HA MUKPO- U
HaHOypoBHe. CO3/1aHHe TAKUX MATE€pPUaJIOB — HECOMHEHHBIN MPUOPUTET JIJII MUPOBOTO
coobmiecTBa, Tak Kak pabOThl B 3TOM HaINpaBIE€HUU BCErJa HMMEIOT OOJIBIION
OKOHOMMYECKUH, ITOJUTUYECKUM W COLMAJIBHBIA PE30HAHC, IPUHOCA OrPOMHBIE
JTUBHUJICH/IBl TJIO0AJTBHOMY HAy4YHO - TE€XHUYECKOMY mporpeccy. HoBbie OTKpbITHSA B
HAHO- W OWOTEXHOJOTHSIX, MEIUIIUHE, DJJICKTPOHHKE, (OTOHHKE, CEHCOPHUKE U
CIIMHTPOHUKE MPUBEIN K CBOETO POJa PEHECCAHCY B PAa3BUTUM HAYK O MaTepualiax,
HaOmonaemoMy B nociegnue 10 — 15 ner. 3HaumMocTh pa3pabOTKU COBPEMEHHBIX
TEXHOJIOTUM HOBBIX MATEPHUAJIOB, SBIAIOIIUXCS KPUTUYECKUMHU I HaTbHEUIIEro
pasButus Poccuiickonn ®depepanuu, MNOATBEPKAACTCS MPUHATUEM HAUOHAIBHOU
nporpamMmbl  «O6pazoBanne» u DenepanpHoit lleneBoit Hayuno - Texuuueckoit
[Iporpammsl, (pUHAHCHPYIOIIUX TMEpPEIOBbIE HAYYHO-UCCIEAOBATEIbCKUE pPadOThl U
oOpa3zoBarenbHble HWHHOBAIlMM B O0JIACTM  COBPEMEHHOTO  (PYHJIaMEHTaIBLHOTO
MaTtepuasioBenieHus. [IpencraBnennsie B JaHHOW KHUTE (PoTorpaduu yHUKAIBHBI TEM,
YTO Ha HUX H300pakeHbl HanOOJIee TEPCIEKTUBHBIE HA CETOMHSIIHUN J€Hb THIIBI
HAHOCTPYKTYPUPOBAHHBIX MAaTEpPUANIOB, KOTOPBIE TMOJYYEHBI C HCIOJIb30BAHUEM
OpPUTMHAJIBHBIX WHHOBAIIMOHHBIX TEXHOJIOTMH, pa3BUBaeMbIX BOT Yyxke 15 et Ha
dakynpTeTe Hayk o marepuanax MI'Y. Mbl paccuuThiBaeM, 4TO 3Ta KHHUTa HaWJET
CBOMX YMTATEJIEN KaK CPEJIU CTYJCHTOB, BIIEPBbIC 3HAKOMSILHNXCS C HAHOMATEPHUAIAMH,
TaK W CpeId NpErnojaBaTese, >KENarluX HAUTU SPKUE WLIIOCTPALMMU I CBOUX
JIEKIIMH U CEMUHAPOB.

Jlexan ®HM MI'Y,

3aB. Kad. HEOpr. XUMHUHU /}{(/‘

XUMHUYECKOTo (pakyabTeTa
MI'VY, akag. PAH FO.J1.TpeTrsakoB
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1. BBEOEHME

B nocnennee Bpems Bce Oosiee MpUCTabHOE
BHUMAaHME  INPUBJIEKAIOT  HCCIEAOBAaHUS B
00J1acTH HaHOMAaTEpUaloB M HAHOTEXHOJIOTHUH,
rre paboTaloT C O0BEKTaMH, pa3Mep KOTOPBIX
XOTs1 Obl B OJHOM H3MEpPEHHH [OJDKEH OBITh
COU3MEPHM C KOPPEISLMOHHBIM PaJHyCOM TOTO
WM MHOTO (DM3HUYECKOro sIBJICHUs (Hampumep,
JUTMHBI ~ CBOOOJHOTO  MpoOera  3JIEKTPOHOB,
(OHOHOB, JUIAHBI KOT'€pPEHTHOCTH B
CBEPXIPOBOJAHMUKE,  pa3MEpPOM  MAarHUTHOTO
JOMEHa WM 3apopblmia TBepaod ¢aser). Ilo
pexomengauuu  MexayHapogHoro  Coroza
Yucrori u I[lpuknagHoil XuMHUH (IUPAC3 3a
«HAaHOKpUTEpHi» nmpuHUMatoT Bearmunay 100 Hm
CBoiicTBa HaHOMaTepUW OTJIIMYHBI OT CBOWCTB
00BEeMHOM (ha3bl, TTOATOMY HHOTJA TOBOPAT 00
0c000M, HGHOCOCTOSTHIH, BEIIECTBA.

Hcnonb3oBanue HaHOMAaTEepHaJOB
npuoOpeTaeT TIpaHAMO3HbIE MEPCIEKTUBBl HE
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HaHO- 1 MUK
(PyHKLMOHa

[domeHbl

TOJIbKO B CHJIy YHUKQJIbHOW, HEBUJIAHHON paHee
BO3MO)KHOCTH MHUHHATIOPU3AIMU YCTPOHCTB, HO
U u3-32 X (yHIAMEHTAIBHOTO OTIHYHUS OT
OOBIYHBIX MaTEPHAJIOB U NMPHOOPETCHUSI HOBBIX
CBOWCTB, B TOM 4YHCI€ BO3HHUKHOBCHHSA
KBAaHTOBBIX M TYHHENbHBIX 3(P(EKTOB, a TaKxke
u3-3a BBICOUAMILEN IUIOMaAd MOBEPXHOCTH,

M30BITOYHOM  TOBEPXHOCTHOM  DHEPrUU |
PEaKIMOHHON CIIOCOOHOCTH HaHOYACTHII.
Baxnenmmmu rapamMeTpamu HaHOCHUCTEM

SABJIIFOTCA pa3sMEp, pasMCpPHOCTDL, YIIOPAAOYCHUC
n (I)YHKI_U(IOHEUIBHOCTL. Yuer BCEX 9TUX
XapPaKTCPUCTUK IIOPOKAACT HOBOC IIOKOJICHUC

HaHO- H MHKPOCTPYKTYPHUPOBAHHBIX
MaTepHuasoB, 0013 70X HaUBBICIITUM
MHHOBAI[OHHBLIM MMOTCHIIHATIOM i

ONPEIEAOIUX BECh NAIBHEHIINKM MPOrpecc B
HAaHOTEXHOJIOTUSX.

e
=t

L

e
/" HaHOCTPYKTYPbI

/!

CTPYKTYPUpPOBaHHbIe
Hble MaTepuarnbl

ynopsaoyeHne
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«I/Iepapxml» OCHOBHBIX HOHﬂTl/Iﬁ, CBA3AHHBIX C CYIIECTBOBAHUEM HAHOCUCTEM.

Eme opgna BaxHas dYepra COBPEMEHHBIX
(yHKIIMOHATBHBIX MaTEepUajoB "
HaHOMAaTepHAIOB — HEPAPXUYHOCTb CTPYKTYPHI,
TO €CTh HaJIMYME TE€X WM HHBIX CTPYKTYPHBIX
OCOOCHHOCTEM  HAa  pa3IMYHbIX  YPOBHSX
MPOCTPAHCTBEHHOM OpraHU3aLUu. Tak,
BBICOKOTEMITICPATYPHBIC CBEPXIPOBOAHUKH (CM.

pazzen «BpIcokoTemnepaTypHble CBEpX-
NPOBOJHUKU») SIBISIIOTCS  Hawboyiee  SIPKUM
MIPUMEPOM B3alMOCBS3HU HepapxuuecKoi

opramu3alvii MaTtc€puaia UM C€ro IMpakKTUYCCKU

IMOJIE3HBIX, (GYHKIIMOHATBHBIX CBOICTB.
MUKpOHHBIE IO TOJIIUHE «IEKOPHUPOBAHHBIE
MaHTaHUTHBIE  BUCKEPbI C  HMCKYCCTBEHHO
BBIPANICHHBIMU Ha 150:¢ MMOBEPXHOCTHU
HAaHOPA3MEPHBIMH  KPUCTALIUTAMU  THUIIpATH-
POBAaHHOTO  AMOKCHJA  MapraHia  HMEIOT
3HAYUTENbHO OOJBIIYIO TUIONIA/lb TTOBEPXHOCTH,
YTO CyIIECTBEHHO MOBHIMIAET UX YPPEKTUBHOCTD
KaK KATQIUTHYECKH U  AJICKTPOXUMHUYECKH
aKTUBHOTO MaTepuaia. HakoHel, MHOTOCTEHHBIE
HAHOTPYOKM Ha OCHOBE IICHTOKCHJA BaHAIHS



(pa3nen «HaHOTpYOKM») SIBISIFOTCS THOPHIHBIM
HEOPraHoO - OpPraHWYEeCKUM MaTepuajoM, B
KOTOpOM TyOyJISIpHOE CTPOEHHE peanu3yeTcs 3a
CUET  HAIMYUS  MOJIEKYJ]  ITOBEpXHOCTHO-
aKTHBHBIX OPraHWYECKUX MOJIEKYN «IIadjaoHa»,
pacroyio)keHue u Jake KOH(opMarus KOTOPBIX

TECHO CBsi3aHa ¢ (QopMoil u  pa3mMepoM
HAaHOTPYOOK, a TaKXke CO CpeaHel CTENeHbIO
OKHMCIICHMS BaHaAMsA, 4YTO Mpeaonpeaesser

OOJBIIMHCTBO YHUKAJIbHBIX CBOIICTB
HaHOTYOynspHBIX  (opm  okcugoB 3d —
a1eMeHTOB. KpoMe TOro, Takie HaHOTPYOKH He
CYLIECTBYIOT B HW30JIMPOBaHHON Qopme u3-3a

BBICOKOM MMOBEPXHOCTHOM SHEPIuH, a
bopMHUpYIOT CBOEOOpa3HbIC «KTYTBD»,
COCTOSIIIINE u3 OTPOMHOTO qucia
HaHOTYOYJICHOB.
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HepapXu4HOCTh CTPYKTYPbI JIUCTA ApeBa (IPOKUIKK 00pa3yroT JCHIIPHT).

CTpyKTypHpOBaHHOCTh M0/Ipa3yMeBaeT
HAJIMYAE  OMNPEIECICHHOW  MPOCTPAHCTBEHHOMU
OpraHv3ali MaTepud KAk MHUHUMYM Ha

YPOBHSIX HAaHOPAa3MEPOB U B MUKpomaciiTade. B
CHITY YPE3BBIYAHON CIIOKHOCTH UEPAPXUUCCKUX
B3aUMOJICHICTBUI B OTKPBITBIX CHCTEMaX OJHUM
13 HEMHOTUX d(PPEKTUBHBIX CIIOCOOOB CO3TaHMS
NIEPpCAOBBIX MaTcpuraioB SABJIACTCSA
HUCITIOJIB30BAHUEC TEMILIATOB. HO)I TeEMIJIaTaMUu
CJICAyCT IIOHHUMATb TaKUC YaCTU CUCTCMBbI,
KOTOPbIC HHULIUUPYIOT (POPMHUPOBAHUE CTPYKTYP
c 3aJJaHHBIM TUIIOM YIOPSITOYCHHUSI
COCTABIIIIONIMX  OTH  CHUCTEMBI  DJIEMECHTOB.
TemmnaTel MOTYT MMETh Pa3iIMYHYK IPHUPOAY:
Takx, MN3BCCTHHI MOJICKYJISIPHBIC TEMILJIATHI,
MO3BOJISIOIINE (POPMUPOBATH CTPYKTYPHBIE CIIOH
U TyHHenH pasmepoM a0 30 A, MHIICIUIIPHBIC
TEMILIAThI, TAIOIIHE CUCTEMY TOP AUAMETPOM JI0

30 HM, a TaKXe T€OMETPUUECKHE

MHUKpPOILIA0JIOHBI, TEHEPUPYIOLINE TEKCTYPHI.
[Ipn HCIIOJIb30BaHUU MOJIEKYJIAPHBIX

TEMILIIATOB (TO CCThb HOHOB, AHNOHHBIX

KOMIUICKCOB W HWOHOTeHHBIX I[IAB) BrepBbie
MIOJTyYEeHbI NePCIEKTUBHbIE MarHuTHbIE

HAHOKOMIIO3UTHI u JTFOMUHECIICHTHBIC
MaTepuaibl Ha OCHOBE CIIOMCTHIX JIBOMHBIX
THIPOKCUIOB, HAHOCTPYKTYPHUPOBaHHBIE HOH-
MIPOBOJIAIINE TyHHEJIbHbIE MaHTaHUTHI,
KCEporeNM M HAaHOTPYOKM Ha OCHOBE OKCHIA
BaHa¥st. MUIEIUIIPHBIE TEMIUIAThl MO3BOJISIOT
noixydaTb  (OTOKATaIM3aTOPsl HA  OCHOBE
IWOKCHAA TUTaHAa JUIA JUalu3a BOABI H
doronmerpasauy OTXOJOB, a TaK)K€ MAarHUTHBIC
HaHOYACTHUIBI (eppuTOB At OMOMEIMIIMHCKUX

npuMeHeHui.  Mcrosb30BaHME — TEMIUIATHBIX
KHUJIKOKPUCTAIIMYECKUX MAaTPULl MPHUBEIO K
CO3JIJaHMI0 HOBOIO  KJlacca  ME30NOPUCTBIX
MarHMTHbIX ~ HAHOKOMIO3UTOB. [IpumeHeHue
r€OMETPUUYECKUX TEMIUIATOB  MOJpa3yMeBaeT
IIPOBEJIEHUE  IPOCTPAHCTBEHHO-OI'PaHUYEHHBIX
IPOLIECCOB dbopmupoBaHus BEILIECTBA.

Hanpumep, nuponusoM a3po30ieil IOoJydYeHBI
MarHuTHbIE HAaHOYACTHIBl B COJSHOM 000JI04YKe
Uis OMOMEIUIIMHCKUX NPUMEHEHUH, a TaKxke
BBICOKOAKTHBHbIE HaHOCTPYKTYPUPOBAaHHbBIE
IIPEKYypCOpbl Il CHUHTE3a MAaHTaHUTOB C
KOJIOCCAJIbHBIM MarHeTOCOIPOTUBIICHUEM.
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HOJ'IMCIDYHI{LITOHaJ'IbHOCTb

MaTtepuan

MeomeTpUveckmnm
TemnnaTt

2D u 3D TekcTypbl
0.1-100 MKM
MuuennapHbIn
Temnnar
nopbl 5-30 HM

MonekynsapHbIn
TeMmnnar

HaHo

TYHHenu n cnou 5-30 A

Hcnonb3oBaHne TEMILIATOB KAK MeTOJ HAHOCTPYKTYPHPOBAHHUSA.

DOTOHHLIE
KpHUCTANNbI

H#ArO
npexypcophl
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OcHOBHBbIE THIIBI HAHO- U MUKPOCTPYKTYPHPOBAHHBIX MATEPHAJIOB,
PacCMOTPEHHBIX B HACTOSAILEM MOCOOHH.



[Tonumepuzanuss B MHKPOIMYJBCUSAX C
nocjenyromeil KOHBEKIIMOHHOH —caMOcOOpKOii
MOJIyYeHHBIX ~ MOHOAMCIIEPCHBIX  MHKpochep
WCIOJIb30BajIach ISl GOPMUPOBAHUS TPEXMEPHO
- YHOpSAJOYEHHOIO0 TEeMIUIaTa M CO3JIaHUsA
NOJIM(QYHKIMOHAJIBHBIX (POTOHHBIX KpPUCTAIJIOB.
BriepBrie pa3paboTaH yHHMBEPCAJIbHBIH MOIXOX
rpa£0TeKCTypHpOBaHnﬂ, B KOTOPOM IIJIaHAPHBIN
TEMIIAT — HWCKYCCTBEHHBIH IOBEPXHOCTHBII
penbed - TO3BOJWI JOOUTHCS YIpaBIsIEMON
OPHUEHTHUPOBAHHON KPHUCTAJUIM3ALMH PA3TUYHBIX
BBICOKOTEMIIEPATYPHBIX CBEPXIPOBOJHUKOB, a
TaKke OWOKPUCTAJUIMYECKHX IUICHOK. Takum
o0pa3oM, MpPUMEHEHHE TEMIUIATOB SBISCTCS
OJHOU u3 HaunoOoJee NEeHUCTBEHHBIX,
YHUBEPCAIbHBIX M MEPCIEKTUBHBIX CTpPATEruil
MOJIy4€HUSI COBPEMEHHBIX (PYHKIIMOHAJIbHBIX
HaHO- U MUKPOCTPYKTYPHPOBaHHBIX MaTEpHUajIOB
C MHHOBAllMOHHBIMU CBOMCTBAaMHU.

WccnenoBanme  MUKpo- M HAaHOMHMpa
COBPEMEHHBIX MaTE€pUalIOB HE TOJIbKO MPUHOCHUT
IIIyOOKO€ ACTETUYECKOE YIOBJIETBOPEHUE OT

CO3epIllaHusl €ro MPUOTKPBIBIIUXCS TalH, HO U
Ja€T BO3MOXXHOCTb CYIIECTBEHHO YIPOCTHUTH
NyTh WX CO3/[aHHfA, KOTOPHIH, B MPOTHBHOM
cllyyae, 4YacTO  OKa3bIBaeTcsi  JIOJTUM H
TEPHUCTHIM.  37ech coOpaHa  (ororamepes
M30paHHBIX MHUKPOCTPYKTYP TEPCIEKTHUBHBIX
KJIaCCOB COBPEMEHHBIX HEOPraHUYECKUX
MaTEepHajoB u HaHOMAaTEpHAaJIOB. Bcee
dotorpadun - TIOJ MHOTOJETHHUX HAy4HBIX
WCCIEOBaHWI, TIPEICTAaBICHHBIH B  (dopme
cyry00 «HEHay4yHOro» OT4YeTa 3a IOCIEIHIO
HAyyHO — MCCIEAOBATENbCKYIO IISITUIIETKY.
Crnemmduxa Pakynpreta Hayk o Matepuanax
MI'Y 3aknrouaercss B TOM, 4YTO Ja)Xe camble
«MaJieHbKHE»  CTYICHTHl  HAUMWHAIOT  CBOIO
Hay4YHO-UCCIIEA0BATEIbCKY0 paboTy ¢ 1 kypca.
NmMenno Ha  Takux  JHOOOIBITCTBYIOLIUX
SHTY3HACTOB, Ha MOJI0/10€ MIOKOJIEHUE
HCCIEA0BATENICH, JACNAIIUX CBOM HAay4YHBII
BBIOOp, U paccuuTaHa 3Ta HeOObIIas OpoIIopa.

. MaTeplaibl
aHa.l'[H'il

— - ——

MEemoonl

Ma
Buckepsi
Kepaymka
KoMImosnmsi

susyauzaquu  _

e mm -

| cTpoenus
l h
) H CBOHCTB

KommiekcHbIN moaxoa K UCCJICA0OBAHUIO COBPEMECHHLIX MaTE€pUuaJIOB. OM -

onTuYeckass MUKpockonus, POM - pacrpoBasi djieKTpoHHas mukpockonus, [19M
- MNPOCBEeYHBAKINAS JJIeKTPOHHass MHUKpockonusi, ACM - aTroMHO-CHJIOBasi
Mukpockonusi, PCMA - peHTreHOCHeKTpaJIbHbIH MHUKpoaHaau3, PDA -
pernTreHoga3zoBplii anaan3, PCTA - peHTreHOCTpPYKTYpHbIH aHaam3, I -
auppaknua 31ekTpoHoB, UK — cnexkrpockonusi B muH(ppakpacHoi odaactu, YO —
CIIEKTPOCKONHUA B BUAMMOI U yiabTpaduosaeroBoii odiactax, TT'A — repmuyecknii
aHaimu3, BAX - omnpexgesenue BoJbT-amnepHbixxapakrepuctuk, CKBHUJ -
U3MepeHHue MArHUTHBIX CBOMCTB, BT — onpenesieHne njiomaad NnOBEPXHOCTH.



Bonbiiyto  4acte uHpOpMAaMU O MHUPE
YEJIOBEK MOJIyYaeT BU3yasibHO. JIaBHO yKe YIILIH
B MPONUIOC  OPTraHOJCNTUYCCKHE  METOJIBI
WCCIIeZIOBAaHMsI BEIIeCTB anxumukamu. OHAKO B
HACTOSsIIIee BpeMs B CBSI3U ¢ OypHBIM pa3BUTHEM
TEXHHYECKHX BO3MOXKHOCTEH, KOTOPBIC eIle
COBCeM HEIaBHO ObUIH HEe OoJyiee, YeM MEUTOM
MHOTHX YYEHBIX, BCE OOJIbIIICC 3HAUCHUC
npuoOpeTaroT pas3uyHbIe METOJIbI
BU3YQJIN3allMd MUKPOCTPYKTYPBl MaTepUAIIOB —
KaKk Ha YpOBHE COTBIX M TBICSYHBIX JOJICH
muuumerpa (OM, POM), tak 1 Ha HaHOYpOBHE
— TO €CTh Ha IIKaJie pa3MepOB BCETO JECSATKOB
uiu coteH aromoB (ACM, TIOM).

MarHuTHbIC U CBEPXIIPOBOISIIIEC
MaTepHualbl, MaTepHasbl s POTOHUKH, HOHUKH

Hnnosannonnbic
npHMCcHCHHA

o Apredaeing

e

TBCPAOTO TCJa, 6HOHOFI/II/I U MCIUIUHbI, a TAK¥XKEC
HAaHOMAaTEPHUAIIbI bopmMupyIOT «SIAPO»
COBPEMEHHBIX MaTEepHaJIOB, KOTOpOE
MIPUTSATUBAET K ceOe, BOBJIEKAECT B CBOIO OpOUTY
YVYEHBIX, 3aHHUMAIONIUXCS MHUKPOCTPYKTYPHBIMHU

WCCIICIOBAaHUSIMA M HauOoJiee  MEPEIOBBIMH
METOJIaMU aHAJTU3a.

Kpacora, kak wu3BecTHO, OOMaHYMBA,
MO3TOMY B HWHCTPYMEHTAJIbHOM  IIJIaHE
UCCIICIOBAaHUS. ~ MHKPOCTPYKTYphI ~ MaTtepuaia
JOJDKHBI HEMPEMEHHO JOMOJIHSATHCS MOIIHBIM
KOMIUIEKCOM  JPYTUX  METOJOB  (DU3HKO-
XUMUYecKoro aHammsa. coctaBa (PCMA),

ctpykrypel (PDA, PCrA, DJI, UKC, YOC) u
couictB (TI'A, BAX, CKBU/I, BOT u mip.).

TauHcTBeHHELIH
CBeT JAJIeKoll HaeH

Cunres

TAJILILIC

Oynknu-
OHA/IbHBIe CBOHCTBA

CBOINICTBA

IlyTh co3nanust MaTepuaaoB (aJuieropus).

MUKpOCTPYKTYpHBIE HCCIIEAOBaHUSA, CKOIb
Obl 2(GEKTHBIMH OHU HU OBLIH, JOJDKHBI OBITH
WH(QOPMATUBHBIMU B LIEJIOM JIJISI UCCIICIOBAHHUS
TOTO WJIA WHOTO THIIA MaTepUalioB, a He
ABJISATHCS caMoleNblo. «KpacuBbIi» MaTepuan He

NOJDKEH OBITh  «ITYCTBIIIKON», 3a BHEUIHEH
KpacoToll  €ro  MHKpPOCTPYKTYpPBhl  JIOJKHBI
IIPOCIIEKUBATHCS HOBBIE MIEPCIIEKTUBBI
IIPAKTHYECKOT O UCIIOJIb30BaHUS. Ananus
MUKPOCTPYKTYpBI, IIOMHMO BCEro IpPOYEro,

MOXKET HIpaTh TaKkKe KIIOYEBYI0 pOJb B
MTOHUMAaHUHU MEXAHU3MOB U KOHTPOJIE MPOLIECCOB
(GbopMHpOBaHMS MaTEpHAIOB C  HKEJIAEMBIMU
XapaKTepUCTUKaMU B CUJIYy CYILIECTBOBAHHUS
(yHIaMEHTAJIbHBIX KOPPENsLUil TUIIa «COCTaB -
CTPYKTYypa-MHUKPOCTPYKTypa -  CBOWCTBa».
[lonmupyHKUMOHATIBHBIE ~ MaTepuanbl —  3TO
MaTepuagbl C HEIMHEWHBIMH JJIEKTPUUYECKUMH,
MarHUTHBIMHM, ONTHUYECKMMHU CBOMCTBAMHM, YTO
JieJlaeT MX OJHHMMH M3 CaMbIX HHTEPECHBIX C
TOYKU 3peHMs Kak (u3MKa, Tak MU XUMHKA, U

obermaer pagy>KHbIE MEePCIEKTUBBI
MPAKTUYECKOTO NPUMCHCHUSI. Tak,
paccMaTpuBaeMble HHKE MAaHTAaHUTHBIC BUCKEPHI
HE TOJIBKO SIBJISIFOTCS MOHHBIMHU MPOBOJHUKAMH,
HO M MOTYT BBICTYIIaTh B KAYECTBE YPE3BBIYAIHO
MEXaHHUYECKA  MPOYHBIX  OOBEKTOB,  4TO
NPUHIUIHATIBHO OTIHYAaeT HX OT OOBEMHBIX
kpuctauioB (pasgen «Buckepbi»). YHUKaIbHOE
COYeTaHUEC (bYHKIIMOHATBHBIX (nouHast
POBOAUMOCTD) M KOHCTPYKIIMOHHBIX CBOWCTB
(BBICOKAss TMPOYHOCTH H THOKOCTH) JeaaeT
BO3MOXKHBIM B TEPCIEKTUBE  CO3/IaHUC
JIOJITOKUBYIITUX TKAHEBBIX JIEKTPOIOB.
BricokoTeMmiepaTypHbie  CBEPXIPOBOIHUKH
C KPYIMHOKPUCTAUIMYECKOH MHUKPOCTPYKTYpPOH,
MOJTYYCHHBIC C HWCIOJIB30BAHUEM «PaCILIAaBHBIX
METOJIOB», COJEPKAaT OTPOMHOE KOJIUYECTBO
pa3uYHbBIX 1e(PEKTOB, HO KMEHHO B 3TOM CITydyae
nedeKkThl  SBISIIOTCA  OJaroM W BBOJSITCS
CMEUUANIBHO JUIS TOrO, YTOOBI CYIICCTBEHHO
MOBBICHTh YPOBEHb CBEPXIPOBOMSAIINX TOKOB



(pa3men «BpIcokoTemMnepaTypHbie CBEpX-
MIPOBOTHUKUY).

AxypHas MHUKpPOCTPYKTYypa KyIpo-
MaHTaHUTOB €  KOJIOCCAILHBIM  MAarHeTo-

COTIPOTUBJICHHWEM, BpeaHas Il OOJIbIIMHCTBA
«OOBIYHBIX» THUIIOB KEPAMUYECKUX MaTEpPHUAJIOB,
CIOCOOCTBYET JIOCTHIKEHHUIO HOBOTO  YPOBHS

CBOﬁCTB, MTOCKOJIBKY JJIA JAaHHOT'O
CrenU(pUIECKOro THIIA MATEPUATIOB XapaKTepeH
00JIBIION BKJIQ] TYHHEIIBHOTO
MarHeTOCONPOTUBICHUS, B  KOTOPOM, IO
OMpeeIICHHIO, y4acTBYIOT HE camu
KPUCTAJUIMTBI, a TPAHUIBI pa3Jeia M1y HUMU
(«mepemieliku»,  (GOpPMHUpYIOIIUME  AKYPHYIO
MHKPOCTPYKTYpY, pasmen «MaHraHuthl s
CITUHTPOHUKHY).

Crporas KpacoTa (OTOHHBIX KPHUCTAUIOB
«BBIHYKJICHHASA»: ecnu MUKpochepsI
pa3ymopsiioYeHbl, TO TaKOW MaTepual H

HeKpacuB (Kak BHEIIHE, TaK U HA MUKPOYPOBHE),
u Oecrone3ed. Y TOIBKO YETKO YMOPSIIOUYEHHBIE
MUKpocepbl TPUBOASIT M K HUIPEe CBETa B
oranax, U K CO3JaHHI0 HOBBIX YCTPOMCTB OBICTPO
pa3BUBAONICHCS 00JacCTH  MCCIIEIOBaHUMA
¢doronuku (paznen «DOTOHHBIC KPUCTAILIBI»).

OCHOBY HACTOSIIIETO TIOCOOWSI COCTaBUIIU
Hay4HbIE (gOTorpa(bI/m, npenactaBieHHsle Ha |V
Bcepoccuiickom koHkypce «Hayxka-oOmiecTBy-
2005». Bce dotorpaduu coOpanbl B OTIAEIBHBIC
IUKITBI, KOTOPBIM TPEIIICCTBYIOT KOPOTKHE
NnosicHEHUA. B psje ciiyyaeB B KOHILIE MTOSICHEHUI
NpUBOIATCS  (pamMHIMU ~ aBTOPOB  JTAHHOTO
paznena, a Takke 1-2 myOnukanuu TpymIbl, Tae
MOKHO HaWTH OCHOBHBIE JETaJM MHPOBEACHHON

pabotel. ABTOpHI 00pasuoB, ¢doTtorpaduii u
KOMMeHTapueB K pasznenam: A.I.Bepecos,
A.B.T'apiues, B.A.IlyTnses, E.A.I'yaunus,
A.BJlykamun, A.A.Enucee, W.B.KonecHuk,

A.C.Cunuukwuii, B.B.A6pamoBa, A.E.UekaHnona,
.M. Utkuc, A.B.I'puropnesa, JI.B.CemeHneHko,
M.T".Kosnosa, 11.E.Ka3uu, J.J1.3aiines,
b.P.Uyparynos, A.H.bapanos, P.b.Bacuinbes.
CuHTe3 W aHanmu3 00pa3lloB MPOBEACH Ha

OHM MIY u Xumpaxe MI'Y c
HUCHOJIb30BaHUEM o0opyaoBaHus entpa
KommektuBnoro Ilonp3oBanua «TexHosornu

MOJIyYEHUsI HOBBIX HAHOCTPYKTYPHUPOBAHHBIX
MaTepHUaJIOB U UX KOMIUIEKCHOE MCCIIEIOBAHUEY,
a TaKKe B COTPYJHHUYECTBE C HUCCIEN0BATEISIMU
SRL ISTEC (Smonms), ACCESS eV,
INNOVENT e.V. (I'epmanus), YHuBepcurera
boxyma (I'epmanmust).

ABTOpPbI BBIPA:KAKOT 0JIATOJAPHOCTH 32
(¢punancoByro mnoagep:xkky HaunuonanbHoM
nporpamme «O0pa3oBaHue»
(«<MHHOBaIMOHHBIIT YHHUBepcuteT», MI'Y),
denepanbHOi Henesoi Hayuno-
Texunueckoii IIporpamme P® (PIHTII),
Poccuiickomy @onay DyHAaMeHTAJIbLHBIX
HccaenoBannii (PODN), IIporpamme
MesxkaucuunJIMHaApPHbIX IIpoexToB MI'Y
um.M.B.JlomoHocoBa u auuHo Pexkropy MI'Y
akan. B.A.Cagopanuemy.

a.x.H. EA.TI'ynunun,
rpynna ()yHKumoHaJIbHbIX MAaTEPHAJIOB
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Ilepemonus Harpa)<ieHus
KoHKypca «Hayka-o0mectBy-2005»  (cBepxy
BHU3). MHUHUCTp 00pa3oBaHUSi U  HAyKHU
A.A.®ypcerko W ac. OHM  MI'Y
A.B.I'puropreBa—cnennpu3 MUHOOPHAYKH; TJIaB.
pen. k. «Xumus u JXKuznp» JI.H.CtpenpHukosa u
acn. ®HM MI'Y A.C.Cununkuil - creunpus
kommannu Epson, E.A.I'ynunua — oOmuit coop
OCTaJbHBIX IMPHU30B OTMEYEHHBIX >KIOpU PpadoT
CTyZ1eHTOB u actiupanToB @HM MI'Y.

NIPU3EpOB



PHM B nnUAX

Pexrop MI'Y um. M.B.JlomonocoBa B.A.Cagosunuuii u akaa. PAH B.A.Jleracos —
OCHOBATEJIM CIICHAJTU3UPOBAHHOM yueOHo# rpynnsbl «IlepcneKTHBHBIE NPOLECCHI
1 MaTepuaab (xumudeckuii pakyiabrer MI'Y), craBmieii npoo6pa3zom Bricmiero

Konnemxa Hayk o Marepuagax (B HacTrosimee Bpems ®@akyiabTer Hayk o
Marepuanax MI'Y).
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CryaenTsl, acnupantel @®HM MI'Y u cOTpyAHUKH J1a00PATOPUN HEOPTaHMYECKHUX
MaTepuaIoB Kadeapbl HEOPraHMYECKON XUMUM XUMUYeCKOro pakyabrera MI'Y

Cryaentsl u acnupantst ®HM MI'Y B cnenmpakTHKymMe M HA €KeroaHoi
HAYYHO — NPAKTUYECKON KOHpepeHMU «JIOMOHOCOBY.
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CoBpeMeHHass cUCTEMa YHUBEPCUTETCKOIO

o0Opa3oBaHUs TpeOyeT pa3BUTHUS
MEKIMCIUIUTMHAPHBIX  €CTECTBEHHO-HAYYHBIX
CBsi3eH, B TEPBYIO oOuepenb, pa3padOTKH

WHHOBAIMOHHBIX MOJXOA0B MpenoaaBanus B PO
HAayKd O MaTepuanax, KOTopas Ype3BbIYAHHO
IIONYJIAPHA B CHJIy BBICOKOM WHHOBAaLlMOHHOM
OTIa4YH UCCIIENOBAHUN B JAHHOM 00JIacTH.

«Hayka o wmaTepuasiax» NPUHIUIHAAIEHO
OTJINYACTCS oT TPaAUIIIOHHOTO
«MaTepUATIOBEICHUS», SIBJISIIOIIIETOCS
nparMaTH4ecKu OPUEHTUPOBAHHOMN
THACIIUTUIMHOM, KOTOPYIO MPEnoaaT
HCKIIIOYUTENHHO B TEXHUYECKUX 51
TEXHOJIOTHYECKUX BYy3aX C IEJIbIO0 TMOJATOTOBKH
Y3KUX CIICIIUAJINCTOB, HaICJICHHBIX Ha

pa3paboTKy W SKCIUTyaTalldi0 OMNpPEIeICHHOTO
COpTa TEXHHUKHU W MPOMBIIUICHHBIX TEXHOJOTHH.
OcHoBHast uaesd HOBOM  00Opa3oBaTenbHOM
CUCTEMBI, KOTOpas CTaHOBHUTCS eme Oosee
BOKHOM B TEpUOJ Pa3BUTHS COBPEMEHHBIX
HAHOTEXHOJIOTHH, 3aKII0YaeTCsI B TOM, 4YTOOBI

obecrieunTh  (YHIAMEHTAIBHYIO ITOATOTOBKY
Oyaymux wuccienoBareneid B 001acTH XUMUH,
bu3uKy, MaTeMaTuKu " MEXaHUKH,

OOIHOBPEMCHHO JaBasA BO3MOXKHOCTL TBOPYCCKU

http://lwww.hsms.msu.ru/ckp.html

JneKTpOXAMHYECKUWA
aHann3avap
Solartron
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BOIJIOTUTh
MPAaKTUKY
MOy YEHHUIO
MaTepHalIoB.

TEOPETUYECKYI0 TOATOTOBKY B
SKCHEPUMEHTANbHON  paboThl MO
u HCCIIEZIOBAaHUIO HOBBIX

CTyACHTHI yXKe Ha IMEePBOM Kypce MOJydaroT
TeMbl Oyaymiend paboThl, Bce OOJbILIEE YHUCIIO
KOTOpPBIX B TIOCIEAHEE BpEeMsS OKa3bIBaeTCA
3aKOHOMEPHO CBSI3aHHO C HAHOTEXHOJIOTHUSIMU, U
Jajiee HaYMHAIIM TMOCEIaTh T€ KYPChl, KOTOPBIE,
M0 MHEHHWIO WX TIEPCOHAIBHBIX KYypaTOpOB,
HEOOXOIUMBI JIJISI TIOJTHOTO M IEITFHOTO Pa3BUTHS
CTYIEeHTa, ero 3GEeKTUBHOTO HAYYHOT'O POCTa U
YCHEIIHOTO BBHITIOJHEHHs JMUIJIOMHON PaOOTHI.
[Ipu »TOoM HEOOXOOUMO MOMYEPKHYTH, UTO
CTYJEHTBI-MaTepHaIOBE bl B YCIIOBUSAX
WHAVNBUIYATBHOH  TIOATOTOBKH  IPEYCIICBAOT
TaK)Ke B UCKYCCTBE MPUHSATHUS PEIICHUH, KOTOPOE
SIBIIIETCS BaOXKHEHLIEH KOMIIOHEHTOH
CaMOCTOSITENIFHOM ¥ TJIOJOTBOPHOW  paboThI
T000T0 COBPEMEHHOTO CIEIUAINCTa B 00JIaCTH
HAaHOMAaTEPHAaJIOB.

B ocnoBe mporpammbl 0o0ydenuss Ha @HM
MOJIOKEH MEXKIUCUUIUIMHAPHBIA  MOAXOA, H
UMEHHO OH JIeNaeT CTYJIEHTOB YHHUBEpCallaMH,
criocoOHbMU 3¢ (heKTUBHO paboTaTh B 00JacTH



HaHotexHosorui. Crtynentst ®HM npoxoast
(yHIaMEHTAIbHYI0 TIOATOTOBKY TIO BBICIICH
MatemaThke, (pu3MKe, XUMUHM U MEXaHUKe, a
TaKKe M3y4aroT PsJ CHEIUaIbHBIX KYpCOB IO
MAaTEepHUANOBEACHUIO U HAHOMATEepHAJIaM.

Kaxnapiii Beimycknuk @®HM B mpouecce
00yYeHUs OBJIA/ICBACT:

1.  OOumpHoii  daxkruyeckoir  Oa3zoi
(yHIAMEHTAIBHOTO  MaTEpUANIOBEICHUS |
HAHOTEXHOJIOTHH, C aKLUEHTOM Ha XUMHUYECKHUE
acIIeKThbl CO3JaHUs U 3KCILTyaTallud MaTepHalloB,
4TO M0JIpa3yMeBaeT (byHIaMEHTaJIbHYIO
MOJATOTOBKY IO  OCHOBHBIM  XHUMHYECKHM
JUCLUUIUIMHAM U CHEIHMAJIbHBIM pa3/ieiaM XUMHUH
TBEPJOTO Tena,

2. Teopueii puznueckux sBIECHUI Ha MaKpo,
MHUKPO- ¥  HAHOYPOBHSAX,  ONpEAEISAIOIINX
CBOMCTBA MAaTEpHalOB, YTO MpEArojaraer
(GyHIAMEHTAIBHYI0 TIOATOTOBKY 10 (husmke
TBEPJOTO Tela,

3. HeoOxomumbIMU 3HAHUSMU B 00JacTH

MaTeMaTH4eCKOTo MOJICTTUPOBAHUS,
JOCTaTOYHBIMU TUIS CO3HATENBHOTO
KOHCTPYUPOBaHUS MaTepuajoB u ux

HAMpaBJIEHHOIO CUHTE3A;

4, MeTomonorued CHUCTEMHOIO IIOAXOJa K
CO3[IaHUIO, HCCIECIOBAaHUIO W  [PUMEHEHUIO
MaTepuaios, HaBBIKAMH COBPEMEHHOTO
XUMHYECKOTO U (PU3NYECKOTO IKCIIEPUMEHTA.

B o0meii ciokHOCTH mporpaMma 00ydeHuUst
IpeayCMaTpUBAET U3yUYCHUE CBBINIE MATHICCATH
pa3nmuuHBIX  guctHIiniH.  [IpermonaBaTensmu
®OHM Obutn co37aHbl OpUTHHAIBHbBIE yUeOHbIC
Kypebl: «HaHoMaTepualibl 1 HAaHOTEXHOJOTHU»,
“XUMHS IIEMEHTOB ¢ OCHOBaMH KayeCTBEHHOTO

agammmza’, “Meronsl  aHaiM3a BEINECTB U
marepuaioB”’,  “da3oBeiec  paBHOBECHS U
TEPMOAMHAMMKA  TBEpAO(DA3HBIX  peaxiuil’,

“@OU3UKO-XUMHUSA M TEXHOJOTHUS MaTepHayoB”,
“IlepcrieKTUBHBIE HEOPraHUYECKHE MaTepuabl
CO CHenManbHbIMU QYHKIUAMEU», “‘Marepuansl:
MPOIILIOE, HACTOSIIIEE, Oynmymee”,
“OKcnepruMeHTAIbHbBIC METO/IbI (71320871
KOHJICHCUPOBAHHOTO COCTOSIHUST UM JpyTHe.
[MoaroroBka CTYJICHTOB BEJIETCS o
oOpazoBaTenpHOMY  HampasieHuto 511700
“Xumus, W3MKa, MEXaHWKa BELUIECTB U
matepuano” (020900 mo OKCO). Baxnoii
ocobenHocteio HM sBisieTcsi orpaHUYCHHBINA
Ha0Op CTYJIEHTOB — 25 YeNoBEK, YTO MO3BOJISET
peanM3oBaTh  JOCTATOYHO  WHAWBUAYATbHBIN
MOAXOJ TMpU OOYYCHHH U UMETh CHUCTEMY
MEPCOHANBHBIX KypaTOPOB W3 YHKCIA OIBITHBIX
MpernojaBaTeiel 1 Hay4YHbIX COTPYAHUKOB. [[ns
OLICHKM pabOThl  CTYJIEHTOB  HCIOJIb3yeTCs
CUCTeMa pEUTHHTra, pe3yJabTaThl  KOTOPOTO
MOIBOJATCS KaXk/ible 12 Henenb.

['maBHOE oOTIMYME CHCTEMBI TOJITOTOBKHU
ctyaeHToB Ha ®HM — pexxuM MaKCUMaJIbHOTO
0JIarOMPUSTCTBOBAHUS JUISl 3aHATHA HAyYHOU
pabotoil. CTyIeHThl BOBJIEKAIOTCSI B HAy4YHYIO
paboTy yXke ¢ TmepBOro JHsS OOy4YeHHs Ha
(bakynbrere, Korjaa UM BBIJICIISIETCS
WHAUBUAYAIbHBI KypaTop, MOJ PYKOBOJICTBOM
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KOTOPOro OHHU BBIIIOJHAKOT CBOIK HAYYHYIO
paboty. CTymeHTBI HMEIOT  BO3MOXHOCTH
pabotath B  JabopaTopusx  XHUMHYECKOTO,
(bHU3MYECKOro, MEXaHUKO-MaTeMaThdeckoro (a
MOTEHLIUAIBHO re0JOrH4eCcKOro u
Ouonoruyeckoro) (aKyabTETOB, aKaJIeMHICCKUX
HHCTHUTYTOB n COBMCCTHBIX HAay4YHO-
o0Opa3zoBaTeNnbHBIX IIEHTPOB. Kaxaplii cemectp
3aBepuIaeTcs HAy4YHO-TIPAKTUYECKOU
CTyJICHUeCKOW KOH(eEepeHIuel, Ha KOTOpOH
CTYIEHTBI JOKJIaJIbIBAIOT 0 TEKYIINX
pe3ynbTarax cBoel Hay4yHOU paOoThI.

OOpa3zoBarenbHble NPUOPHUTETHl  CpelHe-
CPOYHOM NEPCHEKTUBBI 0 MOATOTOBKE MOJIOJABIX
BBICOKOKBAJIM()UIIUPOBAHHBIX HCCIIE0Ba-
TENbCKUX  KaJpoB HOBOH  ¢opmanuu 10
HaNpaBICHUIO «XWUMUs, (U3UKA U MEXaHHKa
MarepuaioB» B paMkax peamusauuu B MIY
nM.M.B.JIomoHocoBa HannonanpHOM
ITporpammbr  «O0pazoBaHHE» YUYHUTHIBAIOTCS B

paMKax (YyHKIIMOHUPOBAHUS Ilentpa
KOJUIEKTUBHOTO noip3oBanug MIY  um.
M.B.JlomoHOCOBa  «TEeXHOJOTMM  MOJy4YECHHS

HOBBIX HAaHOCTPYKTYPUPOBAHHBIX MAaTEPHUAIOB U
X KOMIUJIGKCHOE uccieoBanue». Paszpaborka
KOHLENIUU MIOATOTOBKH MarucTpoB u
aCIMpPaHTOB, o0nafaromux HE TOJIBKO
(GyHIAMEHTAIBHBIMA  MEXIUCLUIUIMHAPHBIMU
3HAHUSAMU B obnactu COBPEMEHHOTO
MaTepUalOBEeICHUsI Y HAHOMATEpUAJIOB, HO
TaKXKe CIOCOOHBIX K O3KCIEPHUMEHTAILHOMY
UCCJIEIOBAaHUIO HOBBIX MaTEpUAJIOB «C HYJS» B
1060M HAy4YHOM KOJUIEKTHUBE, cTasa
BO3MOKHBIM 0J1arofapsi OpUrnHaJILHOW CHCTEME
MIOATOTOBKH crnienaincToB Ha Makynerere Hayk
0 Marepuanax MI'V.

boabmoe BHHUMaHUeE OHM  ynenser
Pa3BUTHIO MEXKIUCIUTIIIMHAPHOTO
MaTepuaIoBeIueCKOro oOpa3oBaHUs HE TOJIBKO B
MIY, HOo m B nenomM B Poccum, SBISICH
CBOCOOpa3HBIM JUACPOM U OJHOBPEMEHHO —
€CTECTBEHHBIM LEHTPOM MPUTSHKEHUS
€MHOMBIIUICHHUKOB W3 JPYTUX MPECTUKHBIX

BY3oB. ®akynpreTOM HayK O Marepuaiax
MIPOBOSTCS COBpPEMEHHBIE
MCKIUCHUIITIMHAPHBIC HUCCIICOJOBaHUA,

HaHpaBHeHHBIQ Ha nonyquHe HOBBIX KJIACCOB
(YHKIIMOHATBHBIX MaTEpHANIOB, CBS3aHHBIX C
pa3BUTHEM MPHOPHUTETHBIX HAIMPABICHUN HAYKU
B Poccumiickont ®enepanmu. Ocoboe BHHUMaHHUE
yAeIsieTcsl HaHoMaTepuajiaM, OuomaTepualiam,

JIEKTPOKEPAMUKE, (YHKIIMOHAITEHBIM
KOMIIO3UTaM, TOHKUM IJIEHKaM u
rerepocTpykrypaMm. 3a mociennue 10 n;er

yAQJIOCh JOCTUYb MEPCIEKTUBHBIX PE3YJIbTATOB B
pa3IMYHBIX O00JACTSIX NEPEeNOBBIX HAYKOEMKHX
HCCIEAOBaHUM, CONOCTABUMBIX IO CBOEMY
HAyYHOMY VYPOBHIO C JYYIIUMH MHUPOBBIMHU
JTOCTHKEHUSIMU.



Otnenenne @HM llentpa KOMIEKTUBHOTO
nosib3oBanug MIY  “TexHonornn mnonydeHus
HOBBIX HAHOCTPYKTYpPUPOBAaHHBIX MaTE€pHajOB U
X KOMIUIEKCHOE wuccienoBanue’”. OrnereHne

OCHAlllEHO CaMbIM COBPEMEHHBIM, B psae
Cly4aeB - YHUKAIBHBIM  O0OpYJIOBaHUEM,
MpeAHa3HAYEHHbIM ISl pEUIeHUsl  CcaMmoro

IIUPOKOTO CIICKTpaA UCCIICAOBATCILCKUX 3a/1a4.

MEKPOCTPYKTYPHBIE HCCJIEIOBAHMS

MPOCBEUUBAIOIIMNI AJIEKTPOHHBIA MUKPOCKOT
JEM-2000 FXII  (JEOL); ckanupyrommit
AIIEKTPOHHBIN MHKPOCKOTI BBICOKOT'O
paspemieauss Supra 50VP (LEO) ¢ cucremoit
mukpoananmmsza INCA  Energy+  (Oxford);
MeTautorpadguueckuii - mukpockorn  Eclipse
600pol (Nikon); MuBepCHOHHBINH ONTHYCCKHIA
mukpockorn METAM PB-21 (JIOMO), AtoMHO -
CuutoBoit Mukpockomn «HMuterpa» (NT MDT).

PeHTreHOBCKIE MCCIeTOBAHMUS :

nopomkoBeii  gudpakromerp STADI P
STOE; monokpucrtanshblii qudpakromerp CAD-
4 (ENRAF); TIOPOIITKOBAS Kamepa-
monoxpomatop FR-552 (ENRAF - NONIUS).

MarsuuTHble, yaeKkTpodnuzndeckue ) |
YJIEKTPOXMMHUYECKHE H3MEPEHN .
YCTAaHOBKA JJI1 U3MEPEHHS] TEMIIEPATypPHOU

3aBHCUMOCTH  CONPOTHUBJCHHUS  MaTEpPHAJIOB;
yCTaHOBKA Ui  W3MEPEHUS  KOMIUICKCHOM
MarHuTtHOM  BocnpuumumBoctu  SCC  (APD
Cryogenics); BECHI dapaes;
NEKTPOXMMUYECKAass CHCTEMa  IOTCHIMOCTAT

Solartron 1287/ amanmszarop wuacror Solartron
1255B (Solartron).

TepMoaHAIUTHYECKHE UCCIETOBAHNS

KOMIUTIEKCHBIN nuddepeHnnaibHo-
TEPMMYECKMH M TEPMOTPaBUMETPHYECKUI
aHamm3 - tepmoanaim3aropel  (Perkin-Elmer

TG7, DSC STA-409, Pyris Diamond).

CreKkTpocKONNYecKne HCCIeTOBAHNS:

Y®-Bun. cnekrpodoromerp Lambda 35
(Perkin-Elmer); UK-cmiektpodoromerp Spectrum
One (Perkin-Elmer); JIFOMUHECIIEHTHBIN
ciektpometp LS 55 (Perkin-Elmer), ananuzarop
XMMHYECKOTO COCTaBa MpO0 C HCHOJIb30BAaHHEM
WHIIyKTUBHO-CBSI3aHHOW IUIa3Mbl C JIa3epHOM

Aopec OHM.

119992, Mockaa,

Jlenunckue 1 opsl,

Mockosckuit ['ocy1apCTBEHHBIN
Ynusepcutetr uM. M.B. JIomoHOCOBa,
Kopiyc «b»,

®akynprer Hayk 0 Marepuanax
WWWwW.hsms.msu.ru
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MPUCTABKOW JIJISl aHAJIM3a COCTaBa MOBEPXHOCTH
TBEPJIbIX BEIIECTB ().

Macc — cnieKTpaabHbIi AHAIN3!

Macc - aHAJM3aTOp MOHOB M HEHTPaIbHBIX
JaCTHI] INA-3 (LEYBOLD-HERAUS);
na3epHblii  Macc-criekrpomerep LAMMA-1000
(LEYBOLD-HERAUS)I.)

AHaIW3  NJIOMIAAW  NOBEPXHOCTH U
MOPHCTOCTH:
NOVA 4200e (QUANTACHROME

INSTR., USA, MeTon xanwuissipHON ancopOIun
a3oTa).

DJIeMEHTHBI aHAJIN3.
ATOMHO-IMHCCHOHHBIM _ CIIEKTPOMETP
AES Perkin Elmer Optima 5300

ICP

IIpouee 000pyIOBaAHHE:

YCTaHOBKM U TPOrpaMMHOE 0OecredeHue
TUIA 30HIOBOH Meccbay3poBckoi
CIIEKTPOCKOIINH, JIA3€PHBIA aHaIU3aTOpP YaCTHII

Analyzitte 22 (FRITCH);  cy6mumaropsl
(USIFROID SMH-15); yCTaHOBKA JUTSL
pacIbUIMTENEHON CYUIIKH (BUCHI-190);
[IAPOBBIC  MEIBHHIBI  IIAHETAPHOTO  THIIA
(FRITCH Pulverizette Series); mpeccsl s
XOJIOJTHOTO/TEIIIOTO (mo 250-500 °C)
npeccoBanuss  (CARVER);  tpyOuateie u

KaMepHble NE€4YM pPa3IMYHBIX KOHCTPYKLHUH [0
1200-1650°C, ananmutuuyeckue Becol Sartorius.

Lentp oOJazmaer HEO0OXOIUMBIMHA
CpeACTBaMHU  BBIUMCIUTENbHOW TexHuku (19
HOZIOBBIM  kiactep “Beowulf” wa ocHoBe
nsyxmpoiieccopubix 2,2 [T Intel Xeon Hox) u
COBPEMEHHBIM ITPOTPAMMHBIM 00ECTICUCHUEM.

Ilnan nmocraBku obopynoBanus Ha 2006-
2007 r. BKJIIO4YaeT:

PEHTTEHOBCKUI TUQPPAKTOMETP c
MPUCTaBKOW  JUIS  BBICOKO-TEMIIEPATypPHOTO,
HU3KO-TEMIIEPATYPHOTO U TEKCTYPHOTO aHAJIM3a
Rigaku D/MAX 2500, SQUIYS-MarHeTOMeTp

Cryogenic S-700, HOHHO-3JIEKTPOHHBIN

mukpockon FEI Quanta 200 3D, coBpemeHHBII
macc-ananmszatop Perkin-Elmer DRC2, Paman-
criektpometp Renishaw InVia




119992, Mockga, Jlennnckue ropsi, ®DHM MI'Y
fmg.inorg.chem.msu.ru, www.hsms.msu.ru
ten. (495)-939-47-29  ¢axc (495)-939-09-98
goodilin@inorg.chem.msu.ru

M3naHue oCyImeCTBICHO MPHU NOJICPKKE
HaIMOHAJILHOM MporpaMMbl «O0Opa3zoBaHHE»
n Poccurickon Akagemnun Hayk



MHUKPOCTPYKTYPbI HOBbBIX
OYHKIINOHAJIBHBIX MATEPHUAJIOB
Boinyck 1.

OAKYJIIBTET HAYK O MATEPUAJIAX
MockBa
2006



NOBEPXHOCTh -,

BUOMATEPUATDI

PUCYHOK N3 «MOneKyn XXU3Hu»

Oprano - HEOpPraHWYECKUE THOPHUIHBIC
MaTepHanbl 0071a/1al0T HEOOBIYHBIM COYETAHHEM

XUMHYECKUX " buznuecKux CBOICTB,
MPUHITUIHATIBHO BOKHBIX JUISI KOHCTPYUPOBAHHS
OMOMMILIAHTAHTOB, OMOCEHCOPOB u
JICKApCTBEHHBIX mpernapaToB

MPOJIOHTUPOBAHHOTO JECHCTBUS.

Onruyeckue HM30Mepbl - XHMpPAJbHbIE,
JIEBO- M NIPABOBPALIAIOIINE MOJIEKYJIbI,
SABJAOIINECH 3ePKAJIbHBIM  OTpaxKe-
HHMEM JApYT Apyra.

OcoOsrit UHTEpEC yeNsIeTCs
HAaHOCTPYKTYPUPOBAHUIO H TPEIIOYTHTEIHHOM
MMMOOHIN3allUA  OWOJIOTHYECKUX MOJICKYJl Ha
paBJ’II/I‘-IHI)IX HOBCpXHOCTﬂX JIA CO34aHUA HOBBIX
«yMHBIX» YCTPOHCTB, KOTOpbIE MOTYT OBITH
HCITIOJIB30BAaHBI JUIA KIIMHHUYCCKOT'O

2D-3apoasl
[lnockas 4

[N - P
Y

CnupaJbHBIA
POCT

TECTUPOBaHUA, CKpUHUHTA, CO37aHus
XUpAJIBHBIX ~METOK M  CIHEHU(PHUECKUX K
aHTUTENAM  pELenTopoB, a  TaKkkKe  JJid

YCTaHOBJICHUS CBSI3U «CTPYKTYypa — QYHKITUSI».
bonbuas ouonoruyeckas BaYKHOCTb,
XUPATBHOCTh ¥ aM(PUPUIHLHOCTh B COUYETAHUU C
HU3KAM MOJIEKYJISIPHBIM BECOM "
OTHOCHUTEIIBHOM  IPOCTOTOM  MOJEKYJISPHOU
CTPYKTYpPBI JENalOT aMUHOKHCIOTHI OJHHM U3
Haubosee MOIXOIAIINX MOJEIbHBIX OOBEKTOB,
SBIIAIOIINXCS TUINUYHBIMU  TPEACTABUTEISIMU
MPUPOJIHBIX OMOIOTMYECKU-aKTUBHBIX BEIIECTB,
ctpykrypubiMu  eauHunamu  JIHK u  Oenkos.
Takum oOpa3oMm, u3ydYeHHE KpHUCTaU3AIN-
OHHBIX CBOWCTB aMHHOKHCIOT MOXET JaTh
3HAYUTENbHYI0O  HMHQOpMAMIO O  B3aUMO-
JEUCTBUAX 00JIee KPYITHBIX OMOMOJIEKYI.

Cpenu MHOECTBA (hakTOpoB,
YOPaBISAIOLUX KpUCTAIUIM3ALUE OMOMOeKy, -
TaKMX KakK TeMIiepaTypa, THI PAaCTBOPHTEIS,
MIEPECHILICHUE PACTBOPA M MPUCYTCTBHE JOOABOK
— HUCKYCCTBEHHBIN penbed) MOXKET UTpaTh OYCHb
BaXXHYIO POJIb, BHOCS W3MEHEHHUS B KUHETHUKY
KpUCTAJITM3alud, MOP(OJIOTHIO KPHUCTAIUIOB H
MOTUMOP(H3M, OJHAKO 3TH (P(PEKTHI OCTAIOTCA

MaJOU3Y4YCHHBIMU. OJIEMEHTHl MUKpopenbeda
CYUIECTBEHHO BJIUAKOT HAa KPUCTAILIA3ALUIO
aMUHOKUCIOT. CHMMETPUYHBIM  MOJIOCYATHINA

penbed BBICTpAaUBAET KPUCTALIBI aMUHOKHCIIOT
BJIOJIb CTCHOK KaHaBOK, TOrga  Kak
ACUMMETPUYECKUI CIUPAJIbHBIN penbed
BBI3BIBAET U3MEHEHUS B rabUTyce KPHCTAILJIOB.

BuMHTORAA
oucIoKaumA

OcTpoBKOBBIii (c1€Ba) M cnupajeBUIHBINH (CMpaBa) MeXaHU3MbI POCTAa rpaHei
Kpuctasia. Jlng peanusanum BTOPOro, 6oJiee ObICTPOro, MexaHu3ma Tpedyercs
Hajnyue 1edeKToB (BUHTOBBIX ANCIOKANMIL), KOTOPbIE, B YaCTHOCTH, 00pa3yl0TCs
NPy MeXaHUYecKod aedopManMy KPHUCTA/LUIA, B TOM YHCJe, WU INPH BCTpede

PACTYLIEro KPUCTAJNIA € NPEeNnsSITCTBHEM.



AMHUHOKHUCJIOT,

Pazaiuuuss B Mopdosornm  KpUCTAIUTOB pacTylmuimx Ha
KPEMHHEBBIX MOMJIOKKAX ¢ CHMMETPHYHBIM  (MOJIOCYATBHIM, CJieBa) H
ACHMMETPMYHBIM  (CHHpPaJeBUAHBIM,  XHPAJbHBLIM, CcHpaBa)  pejbedom

noBepxHocTH. ToJIbKO BO BTOPOM ciiyuae 00pa3yeTcsi pOCTOBasi CIMPAJIb.

TUmUYHBIM  JUIE  aMUHOKHUCIIOT — SIBIISICTCS
pocToBOM MEXaHHU3M «3apOIbIII-HaI-
3apOIbIIIIEM» (ocTpOBKOBBII  POCT). B
NPUCYTCTBUU CIHPAILHOTO peibeda MeXxaHHu3M
pOCTa MOXET HM3MEHAThCS W TPaHH PacTyT IO
MEXaHHM3MY CIUPATBHOTO POCTa, IPUBOISIIETO K
0oJsiee ObICTPOMY OOPA30BAHUIO KPHUCTAIIOB.

Ilonumanue  803MOJMCHBIX — MEXAHUIMOB
dopmuposanus Habawoaemvix Gopm pocma
Modcem  Oblmb  OOCMUSHYMO — C  YUemoM
cneyughuieckux u3MeHeHull, BbI36AHHBIX
npucymcemeuem UCKyCCmeeHHo20 penvedha u e2o
BMUAHUA HA DNEeMEHMApHble aKmuvl 3apoovlule-
obpa3zoeanus, pocma UHOUBUOYATILHBIX

Kpucmaiiios u 63aUMO0elCmeust Kpucmajiiumaoe,
pacmywux 68 aHCCZM6Jl€, UCKYCCMBEHHO
OCPAHUHYEHHOM 6 C60€eEM pocme.

A.x.H. EA.I'ynniaun,
acn. A.B.I'puropnesa,
rpynna ()yHKumoHaJbHbIX MAaTEePHAJIOB

A.V.Grigorieva, E.A.Goodilin,
E.l.Givargizov, Y.D.Tretyakov, Crystallization
of aminoacids on substrates with superficial
chiral reliefs, Mend. Commun., n.4, 2004, pp.
150-153.



«Menyza». Kamjisi BOOZHOr0 pacTBopa aMHMHOKHCJIOTHI L-BaauHa, odjanawmiasi
AHM30TPONMHON (POPMOH, MOCJIEe HANIBLICHUS «POCHI» HA KPEMHHEBYIO MOJJI0KKY €
XHPAJbHBIM (ACHMMETPHYHBIM) pejibe()OM MOBEPXHOCTH (pa3Mep MOBEPXHOCTHBIX
crMpaliel, MolydeHHBIX (POTOIUTOTpaduell U CO3MAIOIINX KHIKOCTHBIC NIyMaJIbIa
«MEJY3bI», COCTaBISIET 5 MHKPOH B IIMPHHY M OKOJIO 1 MHKpPOHa B BBICOTY).
(onmuueckas muxkpockonus 6 Kouueypayuu <Ha ompadcenue»). HaOmoaeHue
AHM30TPOITHONH CMAYMBAEMOCTH TIOBEPXHOCTH TPU CYIIECTBOBAHUHM IOBEPXHOCTHOTO
penbeda.

— - :-"

«Konpibens  HOBOPOMKICHHOTO — KpucTaiia». B3ammogeiicTBHe  pacTylIero
3apoAbIIIEBOr0  KPHCTANJAa AMHHOKHMCJIOTHI L-BajimHa ¢ XMpaJbHBIM
(HeCMMMETPHYHBLIM, CHHPAJEBHIHBIM) MOBEPXHOCTHBIM peiabedoM (onmuueckas
MUKPOCKONUSL 6 KOHuaypayuu <HA Ompajxycenue» 6 NOJAPU308AHHOM —ceeme).
Ou3nuecKuil KOHTAKT KpHCTalla C BETBAMH JBYX peIbeHBIX CIHpaCH,
COCTABIIAIONIMX YacTh MMOBEPXHOCTHOTO penibeda KPEMHHEBOMH IUIACTHHKH-IIONIOKKH,
OPUBOAUT K JehOpMaldi «3a)KaToro KpHUCTalia», BO3HUKHOBEHHIO MEXAaHHUYECKUX
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HaINpsHKEHU U, Kak CIEJCTBUE, K T€HEepallii HOBOTO POCTOBOIO CIOSI, KOTOPbIA BUJICH
CIIpaBa Ha MOBEPXHOCTU KPUCTAJIa OKOJIO TOYKH €ro KOHTaKTa co crnupalibio. OTKpbITa
BO3MO)XHOCTh HOBOTO TIOJXOJa MO YIPABJICHUIO MPOIECCAMH OMOKPUCTAIIM3AIUN —
B3aUMOJICUCTBUE PACTYLIUX KPUCTAUNIUTOB C HECUMMETPUYHBIM IOBEPXHOCTHBIM
penbeoM TPUBOIUT K M3MEHEHHIO pexnMa (MEXaHHW3Ma) pOCTa OTICNIbHBIX
KPUCTAJUIUTOB, CKOPOCTU MX pOCTa U MOP(OJIOTUH, YTO MOXKET MO3BOJIUTH Pa3NEsATh
ONTHYECKHE U30MEPHI OMOJIOTUYECKH AKTUBHBIX BEIIECTB.

«AHU3O0TPONHBII MHKPOPEAKTOP C <MEePBHYHBIM OYyJIbOHOM». AHH30TPONMHOE
CMaYuBaHHeE MOMJIOKKH C MCKYCCTBEHHBIM peiibe)OM NMPUBOIUT K 00PA30BaAHUIO
Kanejb pacTBOpPa aMHHOKHCJIOT (<MEPBUYHOIO OyJILOHA») AHU30TPONHOI GopMBI
(onmuueckas mukpockonusi 6 Kongueypayuu <ma ompagicenue»). I[logoOHbIE Karum
BBICTYIAIOT B Ka4€CTBE CBOEOOPA3HOTO «KMUKPOPEAKTOpPa» ¢ MAaTOYHBIM PacTBOPOM, B
KOTOPOM MPOUCXOAUT KPUCTAJUIM3ALMSA OPraHUYECKOro BemecTBa. VICKyCCTBEHHO
JNOCTUTaeMasi aCHMMETPUYHOCTh KAIUIM MPUBOJUT K POCTY KPUCTAIJIOB aMHUHOKHCIOT
aCMMMETPUYHON (opMbI (B JTAHHOM Ciydae Ha MOBEPXHOCTH KpucCTaiia GopMuUpyeTcs
POCTOBOH CJIOH, 3aKpy4EHHBIH BIIPABO), YTO MOXET OBITh MCIOJH30BAHO HA MPAKTHUKE




JUISL pa3/ieNieHus] «ONTUYEeCKUX AaHTUIOAOB» (M30MepoB). PamykHble MOJOCHI TMPH
ChEMKE BO3ZHHUKAIOT U3-32 HHTEP(PEPEHIINH CBETa B TOHKOM CJIO€ KHIKOCTH.

«Avnnosgsezibi». (O0pa3oBaHHe KpPHCTANJIOB AMHHOKHCJIOTHI L-1M3uHa Ha
JJIeMEeHTaX  HMCKYCCTBEHHOro  peabeda  MOBePXHOCTH  (CHHpaiH)  mpH
KPHCTA/UIM3AIMH W3 HCKYCCTBEHHO OCAKIEHHBIX Kamejb «pockl» (onmuueckas
MUKPOCKORUSL 8 KOHGpueypayuu <na ompasicernue»). JIloO0H NepeKT uaeaibHO TIaKon
MMOBEPXHOCTH OJIATOMPUATCTBYET MPOTEKAHUIO TETEPOTCHHOTO 3apOIbIIIeo00pa3oBaHuUs
M3-32 CHIDKCHHS DHEPreTHYECKOTO Oapbepa 00pa3oBaHMS 3apOJBIINICBBIX KPHUCTAJIIOB.
[ToBepxHOCTHBIN penbed MpeACTaBIsIeT COOO0M TEPHOIUYECKH PACTIOI0KCHHBIC
penbedHbIe cipany, HATMYUEe KOTOPBIX BBI3BIBAET (POPMUPOBAHUE MIEPBBIX KPUCTAIIIOB
MMEHHO Ha DJJIEMEHTaXx HWCKyccTBeHHOro penbeda. OOpa3oBaHHE KpUCTAIIIOB
MIPOUCXO/IUT, TEM HE MEHEe, ITPH T0CTATOUHO OOJIBIINX MEPECHIIICHUIX B CUCTEME HU3-3a
OpraHUYECKON NPUPOJbl KPUCTAJUIM3YEMOrO0 BEHIECTBA. B Cuily 3TOro pocT yke
00pa30BaBIIUXCS KPUCTAJUIOB MPOUCXOJUT C OOJBIIOW CKOPOCTHIO W MPUBOAUT K
00pa30BaHMI0 HEPABHOBECHBIX (POPM KPHUCTAILIOB, UMEIOIINX OOJIBIIIOE YUCIIO TpaHEH
(«3Be3apI»). IlokazaHa BO3MOXKHOCTH KOHTPOJIMPYEMOW KPUCTA/UIM3ALMU BEIIECTB
OpraHUYEeCKON WM OHOJIOTMYECKOW TMPHUPOJBI HEMOCPEACTBEHHO Ha d3JIEMEHTax
HCKYCCTBEHHOTO penbeda.
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EHT = 5.00 kv Signal A = InLens  Date 4 Oct 2003
Wo= 3mm Photo Mo, =252  Time :16:19:37

HN3MeHeHne HanpaBjeHUHl opHeHTAlUH 3MOpuokpuctamwiosr PbJ,, dopmupywmmuxes Ha
MOBEPXHOCTH MEPBUYHBIX IUIACTUHYATHIX KPHUCTANJIOB HOAWAA CBHHLIA B MPHUCYTCTBHH
agcopOMpoBaHHBIX HA MoBepXHOcTH D niu L- usomepoB aMuHOKMCIOT.




Younnubl rpsasum

ITpoGnembl 3K0NMOrHYecKoi 0€30MacHOCTH B
MIOCJIEHEE BpEMs IPHUBJICKAIOT 3HAYUTEIBHOE
BHHMaHue ooOmecrsa. B camoM neme, eciu
OKpy’Karomiass Hac cpema OyneT MaJonmpUroiHa
Ui oOuTaHMsA, Ha  OOECIEYeHHE  CaMbIX
HEOOXOTUMBIX MOTPEeOHOCTEH dYenmoBeka OyayT
pacxo0BaThbCs  OIPOMHbIE  (PUHAHCOBBIE U
IIPOU3BOJCTBEHHBIE  pecypebl.  Tak,  ecnu
pacxo/Ibl Ha KU3HEOOECTIEUeHNE KaXI0TO U3 HAC
OyqyT cONOCTaBUMBI C  pacxoJaMHU  Ha
o0ecreyeHne COBPEMEHHBIX KOCMOHABTOB, KHTb
Ha 3emie Oyner SKOHOMHYECKHU
HerenecooOpas3Ho. IloaTomy naxe ckpomHas 1o
MaciuTabaM SKOHOMHSI Ha OXpaHe OKPY Karolei
CpeJibl P COBPEMEHHOM YpPOBHE MPOU3BOJICTBA
B Oynyiem MOXKET 00epHYThCS
MHOTOMWIJIUAPIHBIMUA PACXOJAMH.

CamMbIM  HEOOXOOUMBIM  pecypcoMm  JUis
YeJioBeyecTBa sABJseTCs Boja. B camom nene, 6e3
BOABI HE TOJIBKO IPOU3BOJACTBO, HO H C€aMmo
CYyIIIECTBOBAHUE YEJIOBEKA IIPOCTO HEBO3MOXKHO.
Ha mporsokennn mocneganx 20 et Ha 3emiie
HaOII0AaeTCsl HEAOCTaTOK IMpecHOW Boabl. B
NIEPBYIO OYEpPEIb ATO CBA3AHO C YBEINYCHHEM
YHUCJICHHOCTH HACEJEHUs, BEIb NOMHUMO pOCTa
OpsMOTO  MOTpeOJIeHHs  BOABI  pacTeT M|
noTpeOHOCT, B TOBapax, a 3HAYUT W UX
MPOU3BOJCTBO, @ IPOMBIIUIEHHBIE  CTOKH,
coJiepKallie OTXOMbI, JEJIal0T HENPUIOJIHBIMU
NI OIIaCHBIMU TUISL yHOTpeOaeHUs
CYLIECTBEHHbIE ~ OOBEMBI ~ NPECHOH  BOABIL.
bonplryro OmacHOCT MOXKET MNPEACTABIATH H
OMOJIOTHYECKOE 3arpsi3HEHHE BOJBI, CIIOCOOHOE
BBI3BAaTh MACIITA0HBIE OSIUAEMHU U THOENb
OOJIBIIIOr0 KOJMYecTBa JroAch. s O4YuCTKH
BOIBI OT 3arps3HEHH (B TEpBYIO oOuepens
OpraHUYECKHUX) cenyac UCIOJIB3YIOTCS
O30HHPOBAHMUE, XJIODHUPOBAHHE,
JJEKTPOXUMHUUYECKOE OKHCJIEHUE, OKHCIICHHE C
MIOMOUIBIO0 TE€pMaHraHaTa Kajlusg M HEPEeKUCH
Bogopoaa. OHAKO BCE 3TU METOJbI JOCTATOUYHO
JOPOTM B DKCIULyaTallMM, a HEKOTOpbIE M3 HUX
(mampumep, XJIOPUPOBaHHUE) " BOBCE
HeOe3onacHbl. [loaToMy B mocnenHee Bpewms
3HAYUTEJIbHOE BHUMAaHHME YYEHBIX YJEseTcs
HCCJIEIOBAHUIO BO3MOKHOCTEN
(OTOKATATUTUYECKON OYMCTKU BOJIBL.

dorokaTan3 — NPOLECC OKUCICHUS WIIU
BOCCTAHOBJICHHMSI OpPraHUYECKHX COEIUHEHMMU
WIM  HEOPraHWYECKHX  HMOHOB,  KOTOPBIH
MPOUCXOOUT MPHU YYacTHH (OoTOKaTanIuzaropa
noj neiictBueM cBeta. [lpu 3TOM OKHCIEHUE
MO>KET IPOUCXOAUTH KaK IPSIMO Ha MIOBEPXHOCTH
(doTokaranuzaropa (PUCYHOK CIIpaBa — MPUMECh
A camuTcs Ha TOBEPXHOCTb KaTalau3aTopa,
OKHCIISIeTCd W TpeBpalaercs B Oe3BpeAHBIH
nponykr II), Tak U B pacTBope (B 3TOM ciydae
CHayaJla Ha TIOBEPXHOCTH (HOTOKATAIM3ATOPA
OKHUCJIAETCS IPOMEKYTOUHOE COCIUHEHUE —
unrepmenuar (M) — Hanpumep, TUAPOKCHI HOH
N0 TUAPOKCH] pajuKala, — KOTOPBIM 3aTeM B
pacTBOpe OKHCISAET MpuMech A 10 06€301macHOro
npoxykra I1 — pucyHOK ciieBa).
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IMpunuun geiicreusa Gporokaraausaropa

doTOoKaTAIU3aTOPOM MOXKET OBITH TOJIBKO
MIOJIYIIPOBOJHUK € I[IMPUHOM  3alpelICHHOMN
30HBI, OOJBIICH, YeM DSHEPrUsl OKUCICHUS WIH
BOCCTAaHOBJICHUSI NPOJAYKTa WJIM HWHTEpMEuaTa.
OKHCIIUTENBHO-BOCCTAHOBUTENIBHBIE PEAKIIMM HA
€ro IMOBEPXHOCTH MPOUCXOIAT IMPU YYACTUH
CBOOOJIHBIX HOCUTEJIEH 3aps/ia — AJIEKTPOHOB U
IBIPOK, TEHEPUPYEMBIX TpPU  MOTJIOIMICHUHU
KBAaHTOB CB€Ta C OJHEPrueu, MNpeBOCXOAAIICH
IIMpUHY  3ampemieHHo  30HBL.  Haumbonee
W3BECTHBIMHU (%OTOKaTaJ'II/IBaTOpaMI/I SBIISIFOTCS
TiO, wu ZnO. W3sBectHO TaKxke, UTO
(hOTOKATATUTHYECKY IO AKTUBHOCTD MOTYT
nposiBisAThE SNO,, CeO; u npyrue coeAMHEHUS.

BcenenctBue  TOro, 4YTO  OKUCIHUTENBHO-
BOCCTAHOBUTEJIbHBIE PEAKLMH MPOUCXOAAT Ha
MTOBEPXHOCTH MaTepuasa, OJHHM M3 OCHOBHBIX
TpeOoBaHuUH, MPEABSIBISEMBIX K
dboTokaraar3aTopam, SIBJISICTCS HaJTAIne
pa3BUTOM  MOBEpXHOCTU. Takum  o0Opasom,
MMEHHO HaHOAMCIEPCHBIE MOTYNPOBOJIHUKOBBIC
MOPOIIKH  TMPEACTaBISAIOT co0oil  Hambojee
IIEPCIEKTUBHBIC KaTaJIn3aTOpPHI
(OTOXMMHUYECKOTO PA3I0KEHHUsS] OPraHUYeCKUX
npumeced B Boje. Tak, oauH U3 Hauboiee
M3BECTHBIX B Hacrosee BpeMs
dorokanuzaropoB, Degussa P25, momyuaembrii
MAPOJIU30M a3pO30JIE COEOUHEHUN TUTAHWJIA,
SIBJISIETCS HAHOKPUCTAINIMYECKAM MaTepUaioM C

BEJTMUNHOI YICTBHON TIOBEPXHOCTH, PABHOM 30-
40 m/r.

Hpyrum CYyILIECTBEHHBIM (bakxTopom,
OKa3bIBAIOIIUM BIIUSIHUE Ha
(bOoTOKATATUTUYECKYIO aKTUBHOCTD
MIOJIyIIPOBOJHHUKOBBIX ~ MAaTE€pHasioB,  SABIIAETCS

CTENEHb UX KPUCTAUIMYHOCTU. M3BECTHO, 4TO
HAJIMYHE CTPYKTYPHBIX NEPEKTOB CIIOCOOCTBYET
3HAQUYUTEIIBHOMY CHIDKEHUIO BPEMEHU JKU3HHU
CBOOOJHBIX HOCHUTEJICH 3apsaa U, KaK CIEeICTBUE,
¢dotoakTuBHOCTH. Hannume BBICOKON yAeNnbHOM
MIOBEPXHOCTH M XOPOUIEW KPUCTAIUIMYHOCTH
MaTepuanga SBISIOTCA 0 HEKOTOPOM CTECIECHH
MIPOTUBOPEUAIIUMHU JIpYT APYTYy TpeOOBaHUIMH,
TakuM 00pa3oM, mpolieMa CHHTE3a MaTEepUaoB,



YAOBIIETBOPSIIOIIUX ~ BCEM  NEPEUUCICHHBIM
YCJIOBHSIM, BECbMa aKTyaJlbHA.

s BO3MOYXHOCTH MIPAKTUIECKOTO
WCIOJIb30BaHus (OTOKATATN3ATOPBl JOJIKHBI HE
TOJILKO ~ OBICTPO  pasjaratb  OpraHHYecKHe
MmpuMecd, HO W CaMH HE  3arps3HsITh

OKpyxarollyo cpeny. Hanouactuns! pasmepom
10-5,0 HM HUMEIOT OrPOMHYI  YJIEIbHYIO
MOBEPXHOCTh, HO C  BOJOH  0Opas3yloT
YCTOWYMBYIO CYCIICH3HUIO, U U3BJIEYb UX U3 BOJBI
OYCHb CIIOKHO JIK€ C  HCIOJIb30BAHUEM
HEHTPUPYTHPOBAHUSI.
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Hanocrepxuu TiO;, mnogy4yeHHbIe
THAPOTEPMAIBLHBIM METOI0M

B mHacrosmee Bpemss Haubojee IIHUPOKOE
NpUMEHEHHE TUOKCUJ TUTaHa (HAHOIIOPOILIKH U

a’pore’n) HaXOJIUT B Ka4ecTBe
(dhoTOoKaTANM3aTOPOB B TaKWX O0O0JIACTAX, Kak
OYHCTKA CTOYHBIX  BOJ; Je3UHDEKITHST
(omeparOHHBIC KOMHATHI); CaMOOYHINAIOIIHECS
HNOKpBITUSL  (MalllMHHBICE BETPOBBIC  CTEKJIA);
3allUTHBIC TOKPBITUSA JUII MpaMmopa U JIp.
HaHokpucTainuecKue 1D-HaHOCTPYKTYPbI

TiO, SIBIAIOTCS MEPCICKTUBHBIMU MaTepHaIaMH
JUIsL CO3JaHUsl HAaHOPA3MEPHBIX AJIEKTPOHHBIX,
ONTUYCCKUX M MEXAHWYCCKUX YCTPOUCTB C
TaKUMH OOJACTSIMHU MPUMEHEHHsI, KaK CO3JIaHUE
ra3oBBIX CEHCOPOB, IMPO3PAYHBIX MATHUTHBIX
MOKPBITUHM, JUTHA -  HOHHBIX  Oartapeif,
AIIEKTPOXPOMHBIX IPHUOOPOB H JIP.

a.x.H. b.P.YUypary.Jios,

rpynna ruipoTepMaJibHOr0 CHHTE3a
k.X.H. A.H.bapaHnos,

ct. O. A JIanuna

Yu.V.Kolen’ko, A.V.Garshev,
B.R.Churagulov.Photocatalytic activity of sol-gel
derived titania converted into nanocrystalline
powders by  supercritical  drying.  //
J.Photochem.Photobiol. A: Chemistry. 2005. V.
172. P. 19-26.

Yury V. Kolen’ko, Anton 1. Gavrilov,
Alexei V. Garshev, Oleg I. Lebedev, Bulat R.

Churagulov, Kirill A. Kovnir,  Structural,
Electronic, and Photocatalytic Properties of
Nanosized Mesoporous Zny xTixO2  Solid

Solution Prepared by Supercritical Drg/ing. I J.
Phys. Chem. B. 2005. V. 109. P. 20303-20309.

Yury V. Kolen’ko, Kirill A. Kovnir, Anton |I.
Gavrilov, Alexei V. Garshev, Oleg I. Lebedev,
Bulat R. Churagulov, Hydrothermal Synthesis
and Characterization of Nanorods of Various
Titanates and Titanium Dioxide. // J. Phys.
Chem. B. 2006. V. 110. P. 4030-4038.



«Hamnoonysanankn». HaHOCTPYKTYpHPOBAHHbIE KPHCTAJUIMTHI OKCHAAQ IAHKA,
MOJyYeHHbIE  THAPOTEPMAJIBHBIM  METOAOM.  (CKanupyiowas  21eKmpoHHAS
MUKDPOCKONUSL).

Mag= 2000 KX 1pm EHT =10.00 kv Signal A = InLens MU HSMS
WD= 5mm Photo No. = 7682 Date :5 Apr 2005

OTH «HAHOOMYBAaHYMKHU» MEHbIIE CBOMX MpUpoAHbIX coOpartbeB B 50000 pa3, u
HE pacTyT B IOJIe, & CHHTE3UPYIOTCS TUAPOTEPMaIbHBIM METOJOM U3 HUTpaTa LMHKA U
reKcaMeTHJIeHTeTpaaMuHa. Jla U COCTOSAT OHU HE M3 yTIepoja, BOIOPOAa, KUCIOpoAa U
a30Ta, Kak OOBIYHBIC pACTEHUs, a W3 OKCHAA LWHKA. TOJIIMHA BOJIOCKOB 3THUX
«OAyBaHYMKOB» cocTaBisieT okojo 10-20 HaHOMETpPOB, MOITOMY MaTepHall, COCTOSIIHIMA
W3 HHX, HMEET BBICOKYIO Y/ETbHYIO MOBepXHOCTh (>50 m°/r). MMeHHO modTOMY,
HECMOTpS Ha HaJM4Ke OOJIBIIOTO KOJMYECTBA 1e(PEKTOB CTPYKTYPHI, U, CIEOBATEIBHO,
MaJioe BpeMs JKU3HU CBOOOJHBIX HOCHUTENEW 3apsia, MaTrepuai, COCTOSAIIMNA M3 TaKuX
gacTul] 00JazaeT BBICOKON (POTOKATATIMTUYECKON aKTUBHOCTBIO. Takum oOpazom,
HU3Kas CTENEeHb KPUCTAIUIMYHOCTH KOMIIGHCHUPYETCS OYEHb BBICOKOH BEIMYHHOM
YAEIbHOW TOBEPXHOCTH.

B ob6viunou mpybuamou neuu npu memnepamypax 600-800°C & moke apeona u
Kkuciopooa no peaxyuu: Zn + O, = ZnO moorcem nabaooamovcs pocm u3 2azo80u ¢asvl
Opy2ux UHMeEpPeCcHvlX HAHOCMpYKmypuposaunvix udacmuy ZnO — max Ha3vleaemulx
HaHomempanoooa.
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«Haunorerpanoasr». HaHOCTPYKTYpPUPOBAHHBIE KPHCTA/LUIMTBI OKCHAA IHMHKA,
NMoJIy4eHHbIe NpPH pocTe W3 Tra30Boil  (da3wbl. (ckanupyrowas 21eKmpoHHas
MUKPOCKONUSL).

= 2um EHT = 10.00 kV Signal A = InLens  MSU HSMS
Mag = 20.00 K X .
a9 ] WD= 6mm Photo No. = 6289  Date :29 Apr 2006

HaHoTeTpamonel ~ paccMaTpuBarOTCS  KaKk  MEPCIEKTUBHBIE ~ MaTepHallbl B
MHOTOKAHAJIbHBIX ONTOA3JEKTPOHHBIX YCTPOMCTBAaX, B KA4YECTBE IIYHNOB BBICOKOTO
pazpemieHusi. OHU O00JaAIOT MUCKIIOYUTEIBHO BBICOKMMHU 3HAUYEHHUSIMH TOJIEBOU
SMHUCCUU M JEMOHCTPUPYIOT AHOMAJIbHO BBICOKYIO AMHUCCHUIO B 3€J€HON 00sactu
CIEKTpa.
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Mukpodororpaduu (IIDMBP) 1D —
HAHOCTPYKTYp Ha ocHOBe Ti0,:
HaHOTPYOKHU U HaHocTepkHu H,Tiz05.
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Hdenaem knbopra

OcHOBHasg 4epTa HOBOTO THICSAYETICTUS —
BO3PAaCTAlOIIMI  HHTEPEC K  YBEJIUYCHUIO
Ka4yecTBa u MPOAOJIKUTEIIBHOCTH
YeII0BEYEeCKON KU3HU. JloCTHKEHHE TOJ00HOM
LEeIu Tpeanoiaraet, B 4YacTHOCTH, CO3/IaHUE
MaTepuaioB I HMCKYCCTBEHHBIX OPraHoB H
TKaHEH.
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Hepapxuyeckue ypoBHH
OpPraHU3aluu KOCTHON TKAHU

Kpucraaanueckas CTpyKkTypa
THAPOKCHJIATIATHTA

Hambonee MacmrabHOE TPOM3BOJICTBO
CBj3aHO C TMOJYUYCHHUCM MATCPUAJIOB  JId
opToncauu. Koctras TKaHb ABJISACTCSA
KOMIIO3UTOM Ha OCHOBE
HaHOKpHUcTaummueckoro (ocdara kampuust u
Oenka koiotareHa. [losTomy Kepamuka W

[EMEHTH Ha OCHOBE (ocdaToB KambIHs
HaxoAAT Bce Oofbllee MPUMEHEHHE B
MEIMLIMHE B  KAauecTBE  MaTepuajoB  —
MMILJIaHTaTOB KOCTH. Baxneitmmvun
mapamMeTrpamMu  OMOMaTepHaioB  SIBIISIOTCS

COCTaB, MUKPOMOP(OJIOTHIECKHE OCOOCHHOCTH
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MTOPOIIIKOBBIX TMPEKYyPCOPOB, MHUKPOCTPYKTYpa
KEpaMHKU U LIEMEHTOB.

Cunre3 T'AIl mpoBoauics 1O cXeMe:
10C3.(N03)2+6(N H4)2HPO4+8NH4OH =
Calo(PO4)6(OH)zl+20N H4sNO3+6H,0. Bruio

MIOKa3aHO HacJe10BaHUE KEpaMHKOMI
arperaTHoi CTPYKTYpPBbI MIOPOLIKOBOIO
MpeKypcopa,  HCCIENOBaHbl  KMHETHKAa U

MEXaHU3M POCTa 3€pPeH B KepaMUKE HA OCHOBE
rugpokcwianatura ([CAIT). 3amemienue manoit
gact Qocharueix rpynn (o 4 wmacc.%)
THAPOKCHJIANIATUTA HA CUJIMKATHBIC IPHBOIHT
K HW3MCHCHUIO MOPQOJIOTHH  MONYyYSHHBIX
KPUCTAJJIOB, TPH TMOJTYyYCHHH KCPAMHUKH POJIb
KPEMHHUS CBOAUTCS K MOJABICHHIO POCTa 3CPCH
HA PaHHUX CTaJIUSIX CIICKAHHS.

MertogoM  OCaxaeHHs] U3 BOJHBIX
pPacTBOPOB C HCIHOJIB30BAHHEM Pa3IHYHBIX

KaJIbIMEBBIX ~ coleld  (Xiopuia, HUTpaTa,
arlerara) OBUTM CHHTC3UPOBAHBI  MOPOIIKH
THIpOKCHIIANIaTUTa C pa3Iu4HON
MUKpoMopdonorueii  (Mriibl,  IUIACTHHKH,

PaBHOOCHBIE YacTHIbI). Paszauums B pasmepax
u ¢GopMe KPUCTAUIOB CBSI3aHBI C PA3TUIHOU
CIIOCOOHOCTBIO AHMOHOB K aJcOpOIMM Ha
MMOBEPXHOCTH WJIM K aHHOHHOMY 3aMEIICHUIO B
ctpykrype 'AlL

Oo0pa3sen 6OmouemeHTa nocJjie
MeXaHUYeCKHX UCTbITAHUI

CuHTE3  WMCXOAHOTO  TOPOIIKA ISt
MOJYYEHHs] I[EMEHTa TMPOBOIWIM IO CXEMeE:
CaCOj3; + CaP,07 = C&3(PO4)2 + CO, i
(1100-1300 °C), peakuus IEMEHTHPOBAHHUS
3aKioyYagach BO  B3aUMOJICHCTBUHUH.  30d-
Caz(POy), + H,O = Cag(HPO4)(PO,)sOH.
IMpeaBapuTenbHOE TMPECCOBAHUE LIEMEHTHOM
mactel (200 MIla 1 MuHH) MO3BOJHIIO
YBEJMYHUTh MPOYHOCTh IIEMCHTOB Ha CXKAaTHE B
5 pa3 o 120 MITa.

K.X.H. A.I'.Bepecos,
K.X.H. B.U.IlyTtases,
rpynmna 0MoKepaMu4ecKuX MaTepHuaJioB



((KI/Ile/I‘II/IKI/I ckejiera». BHemrHHH B/ KPHCTAVIHTOB TIHIAPOKCHUJIAINIATUTA,
HCIMOJB3YEMBIX JIA IMMOJYYCHHUSA 6n0KepaMmm H UHMIVIAHTAQHTOB. (HPOCGQUMGCZIOWCI}Z
JJIEKNIPOHHAA MMKPOCKOI’ZM}Z).

EHT = 500 kY
W= Ame |

.

Mopdoiorust mopomikoB ['All, mosydeHHBIX U3 Pa3HBIX COJICH: HUTpaTa (CieBa) u
xjopua (cripasa) Kanblius mociie omkura npu 700 °C
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EHT = 5.00 kv Signal A = SE2 MSU HEMS
WD = 14 mm Photo Mo. = 8671 Date 115 May 2008

MukpocTpykTypa oOpa3iia OMolieMeHTa Mocjae MEXaHUUECKUX UCTIBITAHUM.
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MHUKPOCTPYKTYPbI HOBbBIX
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HAHOKEPAMUKA

MaHraHuTbl Ansi CAUHTPOHUKN*
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Kannsa

A} !
O6pasosaHue nonsix

OxkcuaHo -conesbIx
MUKpocpep

Ucnaperue

pacTsoputens

Cxema nojiy4yeHusi OKCHIHbIX HAHOCTPYKTYPHPOBAHHBIX IPEKYPCOPOB METOAOM
NMHMPOJIH32a YJIbTPA3BYKOBBIX a3P030Jiei

OTkpbITHE s dexra KOJIOCCAJIbHOT'O
marueroconporusienuss  (KMC), T10 ecth
CYIIECTBEHHOTO HW3MCHEHHS  3JCKTPHYECKOTO

COIIPOTHBIICHUS] B MArHUTHOM I10JI€, TTOBJIEKJIO 32
cOOOH CTpEeMUTENbHBIH TIOUCK M H3y4YeHHe
o0najalomux KM MaTepuajoB B CBA3M C

BO3MOXXHOCTBIO MX TPUMCHEHHUS B YCTPOHCTBAX
HOBOTO TIOKOJICHHSI TSI CYUTHIBAHUS U XPAHCHHUS
uH(poOpMallii, B CEHCOpaX MArHUTHOTO IIOJS.
OoOHapy>XeH B

KMC ceMelicTBe

O dexr

MaHTaHUTOB ¢ obOmed (opmymnoi LniAMnO;
(Ln — P32, A — MIEIOYHON WM MIEIOYHO-
3eMEJIbHBIN JIIEMEHT) co CTPYKTYpO#
nepoBckuTa. g 3TOro Kiacca MaTepuasoB
OCHOBHBIM ~ MCXaHH3MOM  TIEpeHOCa  33psiia
SIBIICTCS. MEXaHM3M JBOHHOTO oOmeHa an -O-
Mn™. OOHapyxeHsl H JApyrHe CeMeucTBa
MatepuaioB, oOmamaronmx 3pdexrom KMC:
La;-xAxC003, XanpKOTeHUBI HA OCHOBE XpOMa,
cemeiictBo mupoxsopa T1,Mn,07 u ap.

CtpykTypa MmaHranutoB cemeiicrea Ca(Mn,Cu);O,

OnHuM W3 HEJaBHHX YCHEXOB B 00JacTh
nzyuenuss KMC wMatepuasioB OBUIO OTKPBITHE
HOBOro cemeiictBa mMaHranutoB CaCuxMnzO1,

o0Jamaromero  psaoM — IPEHMYIIECTB IO
CpPaBHEHHUIO C paHee HM3yYCHHBIMU CHUCTEMaMHU:
JUIS 3TOTO CEMEWCTBAa XapaKTepHa OOJbIas



YyBCTBUTEIBHOCTh K CTA0BIM MAarHUTHBIM TIOJISIM
W JIydmias — TeMIepaTypHas — CTaOMJIbHOCTB
a¢dekTa, 4TO, HECOMHEHHO, YXH3HCHHO Ba)KHO
Ui OyAyIIuX MPaKTHYCCKUX IPUMCHEHUI.
Teepapiii pactBop CaCuxMn7.xO1, oTHOCHTCS K

COCIMHEHMSIM  CO  CTPYKTYpOM  JBOMHOIO
HCKa)XEHHOTO0  MEPOBCKHUTA A'3B4O1p.  DOra
WHTEpeCHast CTpyKTypa MOKET OBITE

MPEJCTaBIICHa B BUJE KapKaca, COCTOSIICTO W3
HUCKaOKEHHBIX OKTadapoB BOs, B  KoTOpOM
pasmemrarorcss katmonel A u A’ 12-tm
KOOPIMHMPOBaHHas — nosumms A 3aHATa
katmoHaMu Ca“, a B mosummu A' ¢
KOOpAMHAILNEH 4+4+4 HAXOIATCA Slu-
+ 2+
TemnepoBckue katuoHsl Mn™ u  Cu”. 2 B
OKTAd/Ipax BOg pacmosioskeHbl KaTHOHBI MN™" u
Mn™",

OmHUM U3 yAaYyHBIX METOJOB MOJYUYCHHUS
TAKUX MAHTAHUTHBIX MAaTEPUAIOB  SIBIIACTCS
MUPOJN3  YIABTPAa3BYKOBOTO  a’po3oyii  —
pa3oKeHUE  «TyMaHa»,  MOJYYEeHHOTO  C
MTOMOIIBIO YJIBTPa3ByKa M3 COJICBOTO PacTBOPA, B
ropsyed  30He Tedd ¢ oOpa3oBaHHEM
CYOMHKPOHHBIX YacCTHI[ CJIO)KHBIX OKCHJIOB.
[locne wcmapeHuWss pacTBOPHUTENS W THUPOJIH3A
HUTPATOB B OrpaHUYCHHOM o0BeMe
yIBTPAIUCIIEPCHBIX  Kamelb  YJIbTPa3BYKOBOTO
a’p0o30JIs pacTBopa coneit METAJJIOB
hopMupyIOTCS HAHOCTPYKTYPUPOBAaHHBIC
MPEeKypcopbl B BHIC TMOJIBIX MHKpochep ¢
000JIOYKONM M3 HAHOYACTHUI[ CJIOKHBIX OKCHIOB
pazmepom  30-100 BM. Dror  cyrybo
HEPaBHOBECHBII TPOIECC NPOTEKaeT BCEro 3a
HECKOJIBKO ~ CEKYHJI, I03TOMY  IOJyYCeHHBIC
MIPEKYPCOPHI HCKITIOYUTEIEHO XUMHYECKH
AKTUBHBI, pearupys C oOpa3oBaHUEM
onHO(a3HBIX 00pa3lOB MHOTOKOMITOHEHTHBIX
(GYHKIIMOHATBHBIX ~ MaTepUaJioB B TaKUX
KMATKUX» YCIOBHUSAX, KOTOPBIC HEIOCTHKUMBI
I IpyTMX METOAOB CHUHTE3a. BaxkHelmmm
CIICJICTBUEM HCIOJIB30BAaHUS HAHOIPEKPCOPOB
SIBJISIETCS dbopMupoBaHue
HAHOCTPYKTYPHUPOBAHHOW KEPAMHUKH, B JIaHHOM

a.x.H. E. A TI'ynunun,

acn. A.E.Yexkanosa,

K.¢.-Mm.H. O.C.BosikoBa

rpynna (pyHKumoHaJIbHbIX MATEPHAJIOB

Z. Zeng, M.Greenblatt, J.E. Sunstrom,
M.Croft, S.Khalid // J. Sold State Chem. v.147,
pp. 185-198 (1999).

Clly4yae — JJI1 KyIPOMaHIaHUTOB CO CTPYKTYpOU
JBOMHOTIO MCKa)XEHHOTO IIEPOBCKUTA, KOTOpHIE
JIEMOHCTPUPYIOT TUTaHTCKOE
Mar"eTOCONPOTUBIIEHUE, TO €CTh CYIIECTBEHHOE
MaJCHUE DJIEKTPOCONPOTUBICHUSI B MAarHUTHOM
nosie. VIMEHHO JU1s1 TaHHOW CUCTEMBI «a)KypHas»
MUKpPOCTPYKTypa KEpaMHUKU IPEANOYTUTEIbHA,
IIOCKOJIbKY OPMHUDPYIOTCS ~ MHOXECTBEHHbIE
NEepeleiKn  MEXIy 3€pHaMH, B  KOTOPBIX
IIPOUCXOUT TYHHEJIMPOBAaHUE CIIMH-
MOJSIPU30BAaHHBIX ~ HOCUTeNeW  3apsama. B
pe3ynbTaTe ONTUMH3ALUU MUKPOCTPYKTYpPbl HaM
yAaJOCh JIOOUTBHCS PEKOPAHOTO JUIsl JTAaHHOM
CHCTEMBbI 3HAaYECHUSI MarHETOCONIPOTHBIICHUS, B 2-

25 pasa mpeBBILIAIONIETO  JUTEpaTypHBIC
JIaHHBIE, YTO TMPHUONIKAET TMPOTHOZUPYEMOe
HUCIOJIL30BaHUE KMC- MaHTaHUTOB B
CIIMHTPOHHUKE.

HanocTpyKTypHMpPOBaHHBINA OKCHAHBIN
MPeKypCcop, NOJTYYeHHbIH METOI0M
NMHUPOJIH3Aa OKCHAHBIX a3po30J1ei

E.A.Pomerantseva, D.M.ltkis, E.A.Goodilin,
J.G.Noudem, M.V.Lobanov, M.Greenblatt,
Y.D.Tretyakov, = Homogeneity  field and
magnetoresistance of the Ca(Mn, Cu);O;, solid
solution frepared in oxygen, J.Mater.Chem.,

2004, v.14, pp.1150 — 1156
0.S.Volkova, E.A.Goodilin,
A.E.Chekanova, A.G.Veresov, A.V.Knot’ko,

A.N.Vasiliev, Y.D.Tretyakov, Magnetoresistive
“necked-grain” CaCuMngO1, ceramics prepared
by ultrasonic  aerosol spray  pyrolysis,
Mend.Commun., 2005, n.5, pp.131-133.



«Ajpo3osbHble  rpudoukmn».  Iloable  gedpopmupoBanHbie  MuUKpocdepsl,
SBJSIFOIMECS  TPOJYKTOM  MHUPOJHM3a  YIBTPA3ByKOBOro  a’po3oyiss  («TymaHa»),
COCTOSIBILIETO W3 MMKpOKAmNelb pacTBOpa HUTPATOB KalbLus, MapraHiua U MeEIH C
pa3mepamu 1-5 mukpon. Mukpochepsr 06pa3zyroTcs 3a CUeT UCTIapeHUs BOJBI U3 Karelb
TIPU IPOXOXKICHHH «TyMaHa» depes ropsayio 30uy (850-950°C) B Teuenue 2-5 cexyn.
(yugpposaa pacmposas snexmponnas muxkpockonus). MeTox TpUBEN K IMOIYYCHUIO
BBICOKOJIUCIIEPCHBIX, PEAKIIMOHHOCIIOCOOHBIX MOPOIIKOB [JIsl TMOJYYEHHUS CIOXKHBIX
MEPOBCKUTOMOOOHBIX ~ MAHTaHUTOB, oOOJamarnMX APPeKToM  OTPUIATEIHLHOIO
KOJIOCCAJIbHOTO MarHeTOCONPOTUBIICHUS.

EHT = 5.00 kV Signal A= InLens  MSU HSMS
e Photo No. = 7091  Date 4 Mar 2005

«HepBHbBIE y3JIb1 CIUHTPOHUKH. Oopa3oBanne MPOTSZKEHHBIX
NMPOCTPAHCTBEHHBIX  MepelIelikoB  Mexay  MHKpocdepaMu  coOeTHHEHHS
CaCuMngO;;, moJlyYyeHHbIMM THMPOJIM30M YJbTPA3BYKOBOIO «TyMaHa» MNpH
Temneparype ropstaeii 3ombl meun 950°C. (yughposas pacmposas snexmponnas
muxrpockonust). OrpaHka 3epeH-«KiIyOHeln» u (HopMHpPOBaHHE IJIOCKHX KPUCTALIUTOB
0OyCIIOBJICHBI ydYaCTHEM B IIpolieccax pe-KPUCTAUIM3AMK CIICI0B KHAKHX (a3,
HEOOJNbIIINE 3aTBEPJAEBIINEC KAIUTM KOTOPHIX BHIHBI HA KPHUCTAJUIMTE-KIIOJACTaBKE»
cieBa.  Mukpocdepbl NP PEKPHUCTAUIM3ANMKA  Pa3pylIarOTCs,  IMOCKOJIBKY
BBICOKOWMCIICPCHBIC CHUCTEMBl HCYCTOWYMBBI W  CTApPAIOTCAd YMEHBIIUTH CBOIO
MOBEPXHOCTHYIO DJHEPTHIO 3a CYET COKpAIICHUS IUIONIAJA IOBEPXHOCTH ITyTEM
arperanmui. ®DopMmHpOBaHUE IEPEIICHKOB MPUBOJUT K YCHICHHUIO TYHHEIHHOTO




MaraerocornpotupieHus. [logo6HbIe CUCTEMBI MOXKHO HCIIOJIB30BAaTh B MEPCIIEKTHBE
JUIsL TU3aiiHa YCTPOMCTB CHUMHTPOHHMKM — MOTEHLMAIBHOIO aHaiora 3J€KTPOHUKH, B
KOTOPOM B KadeCcTBE OCHOBHOIO (pakTopa paccMaTpUBAETCi HE 3apsj, a CIUH
JIEKTPOHA.

M\

Mag= 5000 KX 1pm EHT = £.00 kW Signal A = InLens MSUHSMS
WD= 3mm Photo Mo. = 7115 Date 4 Mar 2005

i e § PN = THTE Do 4 s 2088 o= oRoaKR T o Sem Powhe T3 Dwe 't et 2008
IMonasi mukpocdepa («anebCHHOBasi KOPKa»), COCTOSIIAS U3 HAHOYACTHI OKCHAOB KaJbIMS,
MeIH H MapraHia, moJy4eHHass U3 HUTPATHOTO PacTBOPa B pe3yJibTaTe MUPOJIH3a a3PO30JIs MPH
750°C (cseBa). «AsKypHasi» MHKPOCTPYKTYPA KePAMHKH, MOJYYEHHAsI NMOC/Te CHEKAHHS MOJIbIX
yactui-Mmukpocgep (cnpasa).




PeppunThbl

UcnonwszoBanne (eppuToB —  CIOKHBIX
OKCHJIOB XKelie3a — MHOrooOpasHo. B mocnennee
BpeMH BCC 60J'H>I_Hee BHUMAHHC y,[IeJISIeTCH
HCIIOJIb30BAHUI0 MAarHUTHBIX HAHOYACTHUI[ HA UX
OCHOBE I OMOMEIUIIMHCKUX LIEIEH, I 3TOro
pa3pabaThIBAIOTCS HOBBIE METOJMKH TOJYUYCHUS
MAardmMTHBIX )KHHKOCTCﬁ.

[Ipouecc monyyeHHs: MATHUTHOM UIKOCTH
COCTOHUT U3 I[ByX OCHOBHBIX CTa,Z[Hﬁ: HOJIy‘-IeHI/IH
MarHUTHBIX YacCTHUI] KOJUJIOMJIHBIX pa3MEpoB H
cTadmwIM3anuu UX B KUAKOW cpene. OcHOBHas
O0COOEHHOCTh 3TOTO MPOIECCa COCTOMT B TOM,
9yTO0 00€ CTaiuu COBMEIIEHBI BO BPEMEHHU C
LIETIBIO PEJOTBPAILICHUS arperaly YacTHl.

* Kpucranamueckas cTpykTypa Fe;0,
(mmuHeNb)

MarseTuT, UCHOJNB3yeMBIM B  KadyecTBE
JMCTIEPCHOM (pa3bl B MarHUTHBIX JKHIKOCTSX, B
OTJIMYHE OT MHOTHX JAPYTUX METaUIOB U UX
COCIMHEHUI IS YeJIOBEYECKOr0 OpraHu3Ma
npakTudecku Oe3BpeneH. [loatomy, ecnu ObLIO
OBl BO3MOXKHO TIOJIOOpaTh COOTBETCTBYIOIIYIO
KHJIIKYI0 OCHOBY, KOTOpast He OyJIeT OTTOPraThCs
OpPraHU3MOM, TO, [0 BCEH BEPOSITHOCTH, YAAIOCH
ObI MOJTYYHTh MarHUTHYIO KHJIKOCTb,
MPUTOAHYIO JJIs Pa3HOTO poJa METUIIMHCKUX
mpouenyp. K HacTosmemy BpeMeHH ObUIH
MPOBEJEHbl  JOCTATOYHO  IIUPOKHE  CEpHUH
1a00paTOPHBIX UCCJIETOBaHUM B 3TOM
HaTpaBJICHUU.

Tak, MeToJx THUIEPTEPMHUU OCHOBAH Ha
MarHUTOYMpaBIsieMON JIOKaJIH3alMl B 30HE
OMyXOJM MArHUTHBIX HAHOYACTHIl C 3aJlaHHOM
TEeMIepaTypoi MarHMuTHOTO nepexoja
(remmniepatypoit Kropu) u mocieayoem Harpese
3THX YacTHll (M TKaHW OIyXOJIH) C ITOMOIIBIO
NEPEMCHHOI0 ~ MAarHUTHOTO IO 10 CTPOTo
3anmporpaMMupoBaHHoi Temmeparypbl (~45°C).
Harpes MIPOUCXOTUT 3a cuer
MarHeToKajgopudeckoro 3¢gdexkra — U3MECHECHHs
TEMIIepaTypbl MarHeTHKa MpHU aauadaTHIecKOM

U3MCHCHUU HaprDKéHHOCTI/I MargsuTHOI'O IIOJIA,
B KOTOPOM HAXOAUTCA MAaruCTHK.

IHononbiTHAs Oesiast MbIIIb AJIA
UCHbITAHUM 3¢ deKTa JedeHus
PaKoOBBIX 3200/IeBaHUSA C
HCNO0Jb30BAHMEM THIIEPTePMHUH

JloctaBka  J€KapCTBEHHBIX  BEHIECTB K
MOopaxEHHOMY Y4acTKy TaKkKe MOJXKET
OCYIIECTBISATECA € TOMOINBI0  MarHUTHOM

KHUAKOCTU. TpaHCHOPT JIEKAPCTBEHHBIX BELIECTB
II0 COCYIHMCTOMY pYyCIly MOXET INPOXOIUTH C

MTOMOIIBIO BBICOKOJUCTIEPCHBIX
dbochoMMMUAHBIX ~ BE3UKYII - JIUTIOCOM.
KonnenrpupoBanue JIUTIOCOM co
CTa6I/IJ'II/ISI/IpOBaHHI)IMI/I KOJIJIOMAHBIMHN

MAarHUTHBIMH YacTUIIAMU B 3JI0KaYECTBEHHBIX
KJIETKaX TOJ JEHCTBHEM BHEIIHETO MAarHUTHOTO
oJIs MOJKET o0ecneunThb JIOCTaBKY
MIPOTUBOOITYXOJIEBBIX JEKAPCTB K MOPaKEHHOMY
Oprasy.

I CHEPITOT MATRINITIEGTO NOJA

MMArHITHRE TR
@
0%

Pakonas
TR

Joponas
HI

Hcnoab3oBaHue runeprepMun
JICYeHHUS] PAKOBBIX OIyXO0JIei

IS

[Ipumenenue KOHIIEHTPUPOBAHHOM
MAarHUTHOM JKAJIKOCTH B Ka4yeCcTBE
PEHTT€HOKOHTPACTHOTO MpernapaTta OCHOBAHO Ha
MOTJIOIIEHUN PEHTT€HOBCKUX JIydedl TBEPIBIMHU
MAarHUTHBIMHU YaCTHUIIAMHU.



Emé onHo HampaBlieHHME HCIIOJIb30BAaHUS

BBICOKOAUCTICPCHBIX MAarHuToOMAI'Kux
MaTepHuasoB — pa3paboTka MarHUTOCOPOEHTOB,
MO3BOJISIIOIIMX ~ TOBBICUTE  3(PHEKTHBHOCTH
pazgeneHus cMmeced 3a CU4€T  MarHUTHOWU

cenaparuu.
CrnoxHple OKCHABI JKEJI€3a MOTYT TaKkKe
BBICTYIIaTh B POJM XMMHYECKHUX CEHCOPOB.
MeronoMm muponusa adpososns Ha OHM MI'Y
COBMECTHO C JjabopaTopueld JMarHOCTHKH
HEOPraHWYECKUX  MaTepHaioB  XHUMHUYECKOTO
dakynprera MI'Y (mpod. A.M.I'acbkoB) ObLI
noimyyeH  oOpasen epputa  IMHKAa  C
MHUKPOCTPYKTYPOH, AQHAJIOTUYHOU
npuBoauBiieiics Bbime. Ilopomok  ¢eppura
OUHKAa  CMEIIMBAIM C  TEPIECHHOIOM W
IIOJIyYE€HHYIO 11aCTy HAaHOCHJIU TOHKUM CJIOEM Ha
YUl — TOHKYIO KEPaMHUYECKYIO IIOJIOCKY,
KOTOPYIO C TIPOTHUBOIIOJIOKHOW CTOPOHBI OBLI
HaHECEH MpoBOAsAIIMI ciiol HarpeBatens. K
MOJIOCKE ~ OBbUIM  MpUMasHbl  IUIATUHOBBIC
IIPOBOJIOYKM — JJISL DJIEKTPOHArpeBa IOJOCKH U
[IOIaY¥ M3MEPUTEIIBHOTO TOKa Ha HAHOCHUMYIO
IJIeHKy ceHcopa. llociie BBICBIXaHMSA IACThI

4YCpe3 YUIl MPOITyCTUIIN BHGKTpI/I‘ICCKI/If/'I TOK, AJId
TOr'0 4TOOBI MMPOU30LICIT HArp€B MU IMPUIICKAHHC
IIaCThI C O6p830BaHI/IeM CIIJIOLITHOM TIJICHKH.

YBenueHHOe U300pakeHue YUIA-

ceHcopa
IIpUrOTOBJICHHBIA TakKMM 00pa3oM CEHCOp
MOMECTHJIM B pPEaKTop, 4Yepe3 KOTOPBIM

MPOIYCKAIHN MePUOANUECKHU (KaKIpie 3 MUHYTHI)
7100 TOK YHUCTOTO BO3/yXa, TUHOO CMECh BO3/IyXa
M WHEPTHOrO Ta3a, COJCPXKAIIero IPUMECh
cepoBosopona. Ilpu temneparype mo 200°C ne

Ha0JI01a7I0Ch HUKAKOI'O OTKIMKAa OT CEHCOopa.
ITpu Temneparype 300°C mpu BBeieHUM B ras-
HOCHUTENb IPHMECH CEpPOBOAOpONA TaJCHUE
HaNpsDKCHUST HA W3MEPUTEIBHBIX KOHTAKTax
PE3KO  YBEIMYMBAJIOCH, TOCIE IPEKPaILICHUS]
BBeJIeHUs TpuMecu HyS manenuwe HanmpsoKeHHS
OBICTPO YMEHBIIIAIOCH.
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IloBenenune peppura NMHKA B
aTtMocgepax ¢ pa3JIH4HbIM
co/iepKaHUEM CepoBOI0POaA

[TomydeHHBI CEeHCOp 00amaeT BBICOKOH
YYBCTBUTCIIbHOCTBIO 110 OTHOIICHUIO K
CEpOBOJIOPOAY U MOXKET OIpenesTh €ro B
KOHIeHTpauuu  Hmwke 1 ppm.  Yetko
MPOCJIEKNBAETCS KOHIEHTPALlMOHHAS
3aBUCHUMOCTh CHUTHaJIa CEHcopa, 4YTO TMOcCie
MPOBE/ICHUSI  COOTBETCTBYIONICH  KaTMOPOBKH
IIO3BOJIACT KOJIMYECTBCHHO ONpCaACIIATh
KOHIIEHTPAIMIO CEPOBOOPOIA B BO3AYXE.

acn. E.A.Yekanosa,

ct. O.C.IleTpoBa,

k.X.H. E.A Epemuna,

A.x.H. EA.TI'ynniaun,

rpynna (yHKIHOHAJbHbIX MaTEePHAJIOB

A.P.Kayas,

0.10.I'op6enko,

M.H.Ilonoga,

O.B.MeJIbHHUKOB,

J1a0. XMMHH KOOPAMHALMOHHBIX COeIMHEHUIt



«Cousinble Kamncyabl». [losble nedopMupoBaHHble MHUKPOc(hepbI, SBISIONIHECT
IPOYKTOM PA3JI0KEHUS BOJIHO-XJIOPUTHO-HUTPATHOTO a3P030JIsl COJIEH B ropsiueii 30He
peakTopa M CoJepIKalue B MaTPHUIIE XJIOPHUIAa HATPUSI MAarHUTHBIE HAHOYACTHUIIBI OKCH/IA
xenesa (ckanupyrowas d1eKmpoHHas MUKDOCKONUSL).

Mag= 2000 KX 1pm EHT = 5.00 kV Signal A =InLens MSUHSMS
WD= 3Imm Photo No. = 1704 Date (27 Oct 2005

Hanouactuiipl okcHuja xejesa,
U3BJICUYCHHBIC W3  COJITHOM
KarcyJjbl NPpU PACTBOPEHUHU B
BOJIC




EHT = 10.00 kV Signal A=SE2  MSUHSMS
WD= 16 mm Photo No. = 4023  Date :15 Feb 2006
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Coepuueckne muxpouactuibl LaggAgo,1sMNO3, modydeHHble MHPOIU30M a3po30Jiei pa30aBIeHHOIO
BOJIHOT'O pacTBOpPA COJIECH.
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Bpems, cek

CHUMOK TOJIOBHOTO MO3Ta MBIIKA C BBEACHHBIMH dYacTuilaMu LaggAgo1sMnO3;  (MarauTHO-
pe3oHaHCHass Tomorpadus, cjeBa), H3MEPEHHE MAarHUTOKAJIOPUYEeCKOro 3ddekra (MOBBIIICHUE
TeMIepaTypbl 00pa3iioB B nepemeHHOM MaruutHoMm mose H=0,8Tm, wacrora-100kI't) mist gacTwuin
da3zer LaggAgo1sMnOs; nns cpaBHEHHS T[OKa3aHO TIOBEACHHE HAHOYACTHUI[ OKCHAA Kele3a B
aHAJIOTHYHBIX YCIIOBUX (CrpaBa).
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N3manne OCyIEeCTBIEHO TTPU TTOIIEPKKE
HaIMOHAJILHOM MporpaMMbl «O0Opa3zoBaHUE»
n Poccuiickon Akanemun Hayk




MHUKPOCTPYKTYPbI HOBbBIX
OYHKIINOHAJIBHBIX MATEPHUAJIOB
Boinyck 1.

OAKYJIIBTET HAYK O MATEPUAJIAX
MockBa
2006



TOHKUE NNEHKK

B mocnegnee Bpemsi B CBSI3U C pa3BUTHEM
BOJIOPOIHOM SHEPTETHKH, a TaKKe
TMOBCEMECTHBIM PACIPOCTPAHCHUEM TOIUTHBHBIX
SIY€eK,  HEMOCPEACTBEHHO  IMpeoOpa3yromux
XUMUYECKYIO SHEPrHI0 CropaHusi peareHTOB
(HampuMmep, MeTaHa WIM ~ METaHONa) B
ANEKTPUYECKYI0 DHEPIrHi0, OrPOMHYIO pOJb
HAaYMHAIOT WrpaTh MaTepuaibl CO CMENIAaHHOMN
HWOHHO-3JIEKTPOHHOW MPOBOAUMOCTHI0. OHa M3
BKHBIX TIPOOJIEM, PEIIeHUE KOTOPOU CBSI3aHO C
pPa3BUTHEM  HOBBIX  HCTOYHHMKOB  JHEpPIUH,
3aKJII0YAeTCSl B CO3JAaHUU  ACUMMETPUYHBIX
KHCIIOPOJ - TPOBOAAIIMX MeMOpaH Ha OCHOBE
KOOaJabTUTOB, Tra/uiatoB W J1p. KoHmemnmwus
CO3JaHUsl TaKoW MeMOpaHBI 3aKJIOYaeTcs B
HAaHECEHWH Ha Ta30MPOHUIIAEMYI0 MEXaHHYECKH
MPOYHYI0 TOPUCTYIO MOJJIOXKKY Ta30ILIOTHOTO
IUICHOYHOI'O MOKPBITHS, KXAMHAYECKI»
pa3aenoNIero NOTOK ra3oB M JArOIIer0 YHCThII
KHCJIOPOI.

o 0,

N, 0,

Cxema acuMMeTpHYeCKO MeMOpaHbI

Jis  co3maHWsl W OKCIUTyaTallil  TaKOU
MeMOpaHbI TPeOyIOTCSI BRICOKUE YPOBHU HOHHOM
U DJIEKTPOHHOW (IBIPOYHOM) MPOBOJAUMOCTH B
MaTepuaie, XUMHYECKast YCTOMYUBOCTh
CMEIIAaHHOTO TPOBOJHHKA B PabOYMX Tra30BBIX

atMocepax wu rTpamgmente PO, BhICOKaA
IUIOTHOCTH HMOH-IIPOBOAAIICTO CJIOSA, BBICOKAsA
ra3oMpoHUIIAEMOCTh  MOPHCTOM  MOJJIOXKKH,

ommskue KTP ruieHKH ¥ MOUIOKKH, OTCYTCTBHE
XMUMHYECKUX  B3aUMOJICUCTBMI Ha TpaHHIE
TUIeHKa / TIOJJIOXKKA, BHICOKAsI CKOPOCTh PeaKInu
oOMEHAa Ha  HHU3KOKUCIOPOIHOW  TpaHHUIC
CMEIIAaHHOT'O MPOBOJHUKA U TOIJIOXKKH
KiroueByro posnb B CO3AaHUU MEMOpPaHBI
UTPaeT TEXHOJOTUS OCAXKACHHS TOHKHX IJICHOK
U3 Ta30BOM (a3bl ¢ HCIOJB30BAHUEM JIETYUHX
MeTaur-opranndeckux coeaunenunii (MOCVD).
Tak, HanpuMep, B YCIOBUAX OCAKICHUS T peamco =
500-750°C, P = 2-10 mbap, p(O,) = 1-5mbap, T =
0.5-2yaca yaeTcs MOy YUTh TUICHKY
MEPCIEKTUBHOIO CMEIIAHHOTO TMPOBOJHHUKA B
cucreme Ba-Sr-Co-Fe-O: [2Sr tﬁd o]-Hthd  +
Ba(thd),-2Phen + Fe(thd); + Co(thd); + O, —
Bag 5Sro5C0gsFeg 203« + CO/CO, + H,0. Jns
3TOTO Maphl MPEABAPUTEIBHO CHHTE3UPOBAHHBIX
METAJUT-OPTaHUYEeCKUX  COCJIMHCHUH, B TOM
YHCJIe CMENIAHHO-TUTaHIHbIX KOMIUIEKCOB, WU
UX AJIYKTOB C PACTBOPHUTEISAMH CMEIIUBAIOT C

WHEPTHBIM Ta30M — HOCHTEIEM, COJEpKaliM
HEOOXO0IMMOE KOJIMIECTBO KHCIIOpOJIa
(oxucnutens). Ilpu HarpeBaHHK TTAPOB B paHOHE
PACIIOIOKEHHST O TOXKKH MIPOHMCXOIUT
pa3loKeHHe CMecH C OOpa30BaHHEM TOHKOTO
OKCHJIHOTO CJIOSI TIPOYKTA.

M(thd), j

CTpyKTypa THIIMYHOT0 METAJLII-

OPraHuvY€¢CKoOro COCANMHCHUA
fr 0

|

HEECETOMH

MRS,
-]

TR L WU IAETTE T
e

HILTy KTHEHH
HATPCERITC

BRI BRI
peakTop
OIrEin THEHE

TunnyHasi cxeMa yCTAHOBKH AJIs1
MOJIyYeHHs] TOHKHUX IJICHOK METOA0M
MOCVD.

ATNBTEepHATUBHBIM ~ CIIOCOOOM
aCUMMETPUYECKOU MeMOpaHBI
VIUIOTHEHHE TOPUCTOM  OKCHIIHOM  TpYyOKH,
HOJ'Iy‘-IGHHOfI IUIMKCPHBIM  JIMTBEM, 3a CYHCT
00pabOTKH TOBEPXHOCTH JIA3E€PHBIM ITyYKOM.

MOJIY4YCHUA
SABJIICTCA

IIpo¢., n.x.H. A.P.Kayus,

a.x.H. O.F0.T'op6enko,

acn. I''A.JlocoBULIKMIA,

Kk.X.H. P.}JO.MyT1uHOB,

acn. A.B.bJiennos,

K.X.H. M.A.HoB0:X1J10B,

Jald. XMMHMH KOOPAMHAUMOHHBIX COeIMHEHUI



«Bosmeduniii puiabTp». CTpoeHHEe aCHMMETPUYECKOl MeMOpPaHbl HA MUKPOYPOBHE
Ha npumepe ocaxaenus (La,Sr)(Ga,Fe)O; meronom MOCVD, mnonepedyHoe ceucHue
MeMOpaHbl. BujHa mnopucTas Kepamuueckas IOJUIOXKKa (BHHM3Y) M KOJIOHYATas
MHUKPOCTPYKTYpa  IUICHKH  (BepXHHMH  cioi).  (ckaunupyrowas — 21eKmpoHHAs
MUKDPOCKONUSL).
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AnbpTepHaTUBHAS TEXHOJIOTUS -
TOHKOCTEHHYIO KEPaMUYECKYI0 TPYOKYy
(«marmupocHass Oymara»), MOJYYCHHYIO
INUIMKEPHBIM ~ JIMTBEM U MAarHUTHO-

UMITYJIbCHBIM PECCOBAHUEM C
MOCIIeAYIONIEH TepMooOpaboTKOH (cieBa)
OJIBEPraroT MIOBEPXHOCTHOMY

IJIABJICHUIO M KPHUCTAJUIM3AIMKU ITYyYKOM
Jazepa I TOJNYYEHHS XUMHUYECKH U
(hU3UYECKH COBMECTUMOTO C MaTepHaioM
TpyOKM  MOBEPXHOCTHOIO  CJIOSL  —
ra3oruIoTHOM TJICHKU (BepxHsis

dororpadus).




Hcnonvzosanue mexnonoeuu MOCVD onsn cozdanus mennozawummuvix (6apvepHulx) nokpolmuil Ha
Jonamxax mypoun mypoopeakxmusHulx ogueameriell.

epcmaas| coed | MOKPRTEE | PR =i ]
B IMCIAIY|  YSZ | oo sezya
100 w0’ 100-400 socut | |

[Toniepeunslit cpe3 oOpasiia U3 HUKEJICBOTO CyIePCIliaBa ¢ TEIIO3AIIUTHBIM ITOKPHITHEM
Zr0,,  crabunmmsmpoBanHoro  Y;0;. Ha  wu3o0OpaxkeHun  BUIHA  KOJIOHYATAS
MHUKPOMOP(]OJIOTHS TOKPBHITHS, O00ECICUMBAOIIAs €ro BBICOKHE JKCIUTyaTallMOHHBIC
XapaKTePUCTHKHU.




KoopAanHauMoHHble coeaAnHEeHUA —
MaTepuarnbl Ans co3gaHus
OpraHny4yeckmnx
3NEeKTPONMHOMUHECLEHTHbIX
yctpouctB (OLED)

Passurne u YCOBEPILIEHCTBOBAHUE
COBPEMEHHBIX OCBETHUTEIIHLHBIX YCTPOWCTB
CBSI3aHO C CO3JaHUEM HOBBIX, COBPEMEHHBIX
MaTepHaioB M TEXHOJOTrui. B mociegnue romabl
3aMETHBIN Mporpecc ObLI JTOCTHTHYT B OOJACTH

Diode, OLED), mockonbky OHH 00Ja1afoT
pSIOM TMPEUMYIIECTB IO CPAaBHEHHIO C YKe
UCTIONB3YIONUMHCS ~ JTUCIUICSIMH ~ Ha  OCHOBE
AJIEKTPOHHO-TyueBbIX TpyOok (Cathode Ray
Tube, CRT) u sxwmakux xpucramios (Liquid
Crystal Display, LCD).

OLED mnpeacrasisier co0oil “coHABUYEBYIO
cTpykrypy” TonmuHoi ~100 HM u 0OBIYHO
COCTOUT, IOMHMO DJJIGKTPOJOB, M3  CIIOCB
MaTEepPHAJIOB C 3JEKTPOHHOM ﬁEIectron Transport
Layer, ETL), meipounoii (Hole Transport Layer,
HTL) MIPOBOJIUMOCTHIO "
anekTporomunectieaTHoro (DJ1) marepuana.

OpraHUYECKUX TOHKOIICHOYHBIX CBETO-
smuccuonnbix auonoB (Organic Light Emitting
| Kamoo

T | ETL E HID |

a a -

| HTL IR E,, A
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i 170 —_— Anood w @ h*
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Crpykrypa OLED
Caeuenue OLED BO3HHUKAET IIpM  MOHMUTOPAMH, MCIOIB3YEMBIMH B HACTOsAIIEE

MPOMYCKAHWH  3JEKTPUYECKOTO TOKA CKBO3b  BpPEMs, COCTOMT B TOM, YTO OHH OONamaiQT
CTPYKTYPY yCTpOWCTBA  BBICOKOHM  spkocTthio (100000  Ku/m®),
(onexmponromunecyenyus). Tpauncopr  koutpactHOoCThIO (1:1000), uMeOT IMHUPOKUH
JNICKTPOHOB  TPOUCXOTUT  Yepe3  HIKHIOK  Yroll 0030pa (>170°C), BBICOKYIO

CBOOOHYIO MoOJeKyispHyto opourans (LUMO)
BemectBa JJI Matepumana, KoTopas aHaJOrMYHA
30He npoBoaAUMOCTH (E¢) B MOTyIPOBOIHUKOBBIX
MaTepHuaiaX; TPaHCHIOPT JBIPOK — Yepe3 BBICIIYIO
3aHATYI0O MOJIEKYJIsIpHyI0 opourtans (HOMO),
cXOomHyw ¢ BajeHtHoit 3omoit  (E,) B
MOJYTIPOBOIHUKAX. DPPEKTUBHOCTH TPAHCIIOPTA
3JIEKTPOHOB " JIBIPOK OTIpeNieNsIeTcs
MOJIBUYKHOCTBIO O0OMX 3apsZ0BbIX IOTOKOB B
cinoe DJI marepuana, KoTopas, B CBOIO OYEpeb,
OKa3bIBaCT BIIVSTHHC Ha KBaHTOBYIO
a¢dexkruBHocTh OLED. JlocTarouno dacto
OKa3bIBACTCSl TPYIHBIM I0A00paTh MaTepHalIbI
JNEKTPOOB c pabotamu BBIXOA,
cooTBeTcTBYOmUM 3HaueHussMm HOMO u LUMO
DJI mMarepuana, 4TO HE MO3BOJSET IMOIYy4YaTh
OLED c BbIcOKO¥ KBaHTOBOM 3()()HEKTUBHOCTHIO
JTIOMHHECHCHIIMK H  BPEMEHEM JKU3HH. Y
OOJNBIIMHCTBA K€ MOAXOSIIMX B KauecTBE
aKTUBHOTO CJIOSI BEIIECTB CHUJIBHO OTIMYAIOTCS
MOJBMYKHOCTA ~ JJIGKTPOHOB M JIBIPOK,  4TO
NPUBOAUT K AWcOallaHCy dJCKTPOHHOTO |
JBIPOYHOTO TOKOB, H, KaK CIIJICTBUE, KBAHTOBAS
a¢pexkruBHOCTE OLED oOKa3piBaeTcs HH3KOM.
Jnst ycTpaHeHus: mpoOiieM, BO3HUKAIOUIMX IPH
co3nannu oxHocnoiHeix OLED, crpykTypa
CTPOWCTBA MOXET OBITh JIOMOJHEHA BBEICHUEM
ETII_) n HTL.

[IpenmymiecTBO HMCIOIB30BAHUS MOHHUTOPOB
Ha ocHoBe TexHonorun OLED mo cpaBhenwmio ¢

3P HEKTUBHOCTh 3JICKTPOJIO-MUHECHIeHIIU (>22
JIM/B), Huszkoe pabouee Hampspkenue (<5 B),
Mmasioe BpeMsi oTkinka (<1 Mcek), Kpome Toro,
TaKue MOHHUTOPHI CTa0WIBHO paboTalOT B
IIHPOKOM  HHTepBajie Ttemmeparyp (-20 =+
100°C), ToHkwue, JIETKHE, MPOYHBIC U YIAOOHBIC.
Y CcOBEPILIEHCTBOBAHUIO TEXHUYECKUX
xapakTepuctuk OLED cmocoGcTByeT He TOIBKO
MOJIEpHHU3AIUS TEXHOJOTHI HUX CO3/aHus, HO U

WCMOJb30BaHHEe HOBBIX OJI  MOJEKYJISIpHBIX
MaTepuasos, MIPOSIBIISOLINX BBICOKYIO
3¢ (HEeKTUBHOCTH JIOMHHECIICHITUH,

TEPMUYCCKYI0O M XHMHUYCCKYIO CTaOMIIbHOCTb.
SIBJIEHUE AIEKTPOTIOMHHECIICHIIMY OMMUCAHO JIJIS
COCJMHEHUI  pa3NMYHbIX  KiaccoB.  Jlis
opranndeckux matepuanoB DJI uzBectHa ¢ 1962
roja, KoTJa OHa BIICPBEIC ObLT1a
npojeMoHCcTpupoBaHa B pabore M. Pope Ha
KpUCTa/laX aHTpameHa. OJHAKO HaCTOSIIHIA
“oym” B obmactu co3manus OLED nHa ocHoBe
OpraHMYECKUX coeAMHEeHU Havancs B 1987 roay
¢ momenTa cozmanus C.W. Tang u S.A. VanSlyke
MHOTOCJIOMHOTO  YCTpOMCTBA  Ha  OCHOBE
KOMILIEKCA aIIOMUHHS € 8-THAPOKCHXUHOITMHOM

(AlQs). A KPCTb 9TOr0 yCTPOWCTBA COCTABJIsIA
1000 Kn/M® npu BeauuuHE MPHIIOKEHHOTO
Hanpspkenuss — 10 B, a  kBaHTOBas

apdextuBHOCTE — 1 % doton/snektpon (T. €.
MPOKMCXOJUT HCIYCKaHHE OJHOTO (OTOHA B
pesynbrare uHxeknuu 100 351eKTpOHOB).



B HacTosimiee Bpemsi MeTayuI-OpraHMYECcKHe
koopauHaonusie coequnenus (KC) moxnO
CUMTaTh OJHUM M3 Haubojee MepCHeKTUBHBIX
KJIaCCOB COEAMHEHMH, KOTOpble MOTYT OBITh
I/(I)CIIIé)gBSOBaHH kak OJI maTtepuainsl B CTPyKType

Tb(acac)s;Phen

IIpumepsnl kpucTaindeckux cTpykryp KC -
9JI maTepuajioB

Jst momy4yeHusl TOHKUX TJIEHOK MaTepuasioB
cloeB, BXoAsmmx B cTpykTypy OLED,
WCIONB3YIOT METOJbl OCaXJIEHUS U3 Ta30BOM
da3er (Chemical Vapor Deposition, CVD) B
ciIyvae JETY4YuX COCTUHEHHH, W
neHTpu(yrupoBaHusl pacTBOpa KOMILJIEKCA Ha
MOMJIOKKY JJI HEJIeTy4uX coequHeHud. OaHoi
n3 BaxHbIX xapaktepuctuk OLED smisercs
BpeMsl KM3HHM, KOTOpPOE 3aBHUCHT OT pabodero
HaINpPSDKCHUS W Ka4eCTBa MOKPBITUS MaTEPHUAJIOB
CJIOEB, BXOISIIUX B CTPYKTYpy ycrpoiictBa. K

KauecTBy  IOBEPXHOCTH  TOHKOILIEHOYHBIX
MaTepuasoB MPEABSIBISIOT ClIelyIOIIHe
TpeOOoBaHUS: CIUIOIIHOCTB, OTCYTCTBHUE

KpUCTAINIIMYCCKUX BKJIIOUCHHI 1 Ir1agKoOCThb.
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Inenka 3JI matepuasa. Mukpodortorpadus
TUICHKY Pa3HOJIMTaHIHOTO KOMILIEKCa TepOus —
Th(Sal)3(TOPO), (HSal — canunmiaoBas Kuciora,
TOPO - tpu(u-oxTIin)pochuHOKCH ),
MOJTYYEHHOH METOIOM HEHTPpU(YTHPOBAHHS HA
nomioxke crexsio/ITO, TonmuHa eHkn ~70
HM, HCTOYHHK 3€JICHOTO CBETA.

acn. ®PHM MI'Y O.B. KoroBa,

acn. Xumdaka MI'Y C.B. Eauceena,
a.x.H. H.II. Ky3bmuHa,
JabopaTopusi XUuMHUH
KOOPANHALMOHHBIX COeINHEHMIt
(Xumuueckuii paxkyabrer MI'Y)
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FeKca(bIeppHTH M-THuna mepcrneKTUBHBI s
MPOM3BOJCTBA  TMOCTOSHHBIX  MAarHUTOB |
MHUKpPOBOJTHOBBIX PE30HATOPOB, a TaKXKe IS
pa3paboTku  HocuTened  mHpOpPMAUM  Cco
CBEPXBBICOKOM IUIOTHOCTBIO 3amucu. Takue
MaTepuanbl  JOJDKHBI  00JalaTh  BBICOKOWM
koopuutuBHOM  cmioit (Hc), a  Takxke
XapaKTepU30BaThCs CcyOMUKPOHHBIM WK
HAaHOMETPOBBIM Pa3MEPOM KPUCTAJIUTOB.

YcranoBka AJIA 3aKAJIKH paciyiaBa

BricokoTeMIiepatypHbie  CBEPXIIPOBOTHUKH
CUCTEMBI Bi-(Pb)-Sr-Ca-Cu-O, SIBIISTFOTCS
MEPCIIEKTUBHBIMUA MaTepuaiaMH Ui CO3AaHHS
KOMITAKTHBIX 3JIEKTPOMOTOPOB, CBEPXCHUIIBHBIX
MAarHuTOB, YCTPOMCTB Ha MAarHUTHOMN ITOJBECKE.
Jnst  momoOHBIX  YCTPOMCTB ~ HEOOXOIUMBI
MaTepHaJbl, XapaKTEPHU3YIOMHUECS BBICOKHMH
BEJIMYMHAMU TUIOTHOCTU KPUTUYIECKOTO TOKa (J¢).

Pemennem  3THxX  mpoOiieM  sSBISETCS
CO3/aHHE  KOMIIO3MIIMOHHBIX  MaTepHasoB,
CTPYKTYpPHUPOBAHHBIX HA CYOMUKPOHHOM YpPOBHE.
deppuUMarHuTHBIN Marepuan JIOJKEH
MIPEACTABIATh coboit COBOKYITHOCTb
BBICOKOJUCTIEPCHBIX ~ YacCTHI[  Tekcadeppura,
HAaXOJAIIMXCA B HEMarHUTHOM matpuue. B cBoro
ouepesib CBEPXMPOBOISAIINI KOMIIO3UT JOJKEH
COCTOSITh M3 CBEPXIPOBOASIIECH MAaTpHULbl, B
KOTOpPOH pachpelieNieHbl YacTHUIlbl JAUCIEPCHOM
(a3l

s cuHTE3a KOMIO3UTOB HAa OCHOBE
rekcad)eppuTOB B JaHHOW paboTe B KadyecTBe
MPOMEXYTOYHOTO  MaTepuaia HUCHOJIb30BaIH
okcuaHble ctekna. [locie u3yyeHus: mporeccoB
KpUCTAIITN3auU CTEKOJ Pa3IMYHOTO
XUMHYECKOTO COCTaBa TPU HMX TCPMUUYCCKOM
oOpaboTke ObuTH UACHTU(DHUIMPOBAHBI
KpucTamu3ytomuecss (a3pl W OMpeJeNICHBI
ycloBusi obOpa3zoBaHusi (a3l Trekcadeppura.
YcTaHoBNIeHa B3aUMOCBSI3b MOP(OIOTHH YaCTHII
MarHuTHOM (a3pl C COCTAaBOM HCXOJHOTO CTEKJa
Y TIapaMeTpaMu TePMUIECKOTO BO3JICHCTBUS, U4TO
Mo3BONIMIO  dPPEKTUBHO  KOHTPOJIHUPOBATH
pasmep, (GopMy M MarHWTHBIE CBOMCTBA YACTHII
reKca(geppnTa CTpoHIMs B kKomno3ute. [lomyueHbl
KOMITIO3UTBHI, COJEpKaliie MOHOKPHCTAJUINYECKUE
YacTHIIbI TekcaeppuTa CTPOHLUS IUIACTUHYATON

MuKPO- U HAHOKOMIMO3UTbI

bopmbI (CO CpeTHUM THAMETPOM HU3MEHSOIIUMCSI

T EO HM 10 f.Z MKM U C OTHOIIIEHHEM JTHaMEeTpa K
tomuae oT 1.4 mo 5.5), wacTtwipl, umeromme
dopMy yCEUEHHBIX MapAUICTHPHO OCHOBAHHIO
T'CKCaroHaJIbHBIX 6I/IHI/IpaMI/III 1 4aCTHUIIBI - CpOCTKI/I
IN1aCTUHYATBIX KpI/ICTaJ]JIOB.

B mpomecce  kpucTtauMzanmue - CTEKIa
cocTaBa SIFFe12019+12 r,B,05 mon neiictBueM
MHUKPOBOJIHOBOTO HarpeBa BIICPBEIC
HaOIO1a7loch  00pa3oBaHWE  KOMIIO3UTA  C
YHOOPSAOYEHHBIM  PACIONOXKEHHEM  YacTHI]
rekcadeppura B 6opaTHOU MaTpHuIIe.
JlanpHenmas ONTUMHU3ALNA YCIOBHI

TepMOOOPAOOTKH TO3BOJIHIIA TTOYYUTh 00pa3Ibl
MaTepuajoB Ha OCHOBE rekcadeppuTa CTPOHIIHS,
JICTUPOBAHHOTO ATFOMUHUEM, C PEKOPIHOU JUIs
depputoB kodpruTHBHOU cuioi 10150 D.
Pa3zpaboransl METO/IBI CHHTE32 KOMIIO3HTOB
Ha ocHOBe BiSr,CaCu,Ogix CBEpXITPOBOIHUKA,
coJieprKalime CyOMUKpPOHHBIE YaCTHILIbI
XUMHUYECKH COBMECTUMBIX OKCHUIHBIX  (ha3.
[TokazaHo, 4YTO HaJIMYUE JUCTEPCHON (a3wl
CIOCOOCTBYET 3pPEeKTUBHOMY MUHHUHTY
MarHUTHBIX BUXpPEW M MPUBOJIUT K YIYUIICHHUIO
CBEPXITPOBOSIINX XapaKTEPUCTHK MaTepuaa.

[Topomiok, cocTosimuii U3 MOHOAOMEHHBIX
yacTuI| recadeppurta CTpOHIMS, JIETUPOBAHHOTO

amomMuHueM.  [lomydeH  pacTBOpeHHMEM B
pa3baBieHHON COJISTHOM KHCIIOTE
CTEKIJIOKEPAaMUYECKOTO KOMIIO3HTA,
XapaKTepU3yIOIIerocs PEKOPIHOM
KO3PLHUTUBHOM CHUJION. [TepcriekTUBHBII
MaTepuana JUis  M3TOTOBJIGHHS  TOCTOSIHHBIX
MarHuToOB.

a.x.H ILE. Ka3un,
k.X.H. JI.J. 3aiines,

cr. JILA. Tpycos,

ct. E.A. I'paBuyukoBa,
cr. C.E. Kyminup,
rpynna MarHeTOXMMHUH

D.D. Zaitsev, P.E. Kazin, Yu.D. Tretyakov, M.
Jansen. Synthesis and magnetic properties of
glass-ceramic  composites  SrFe;2019-SrSiOs.
JMMM. 2005. v. 292, p. 59-64



«3apoasimu». IIpoMeKyTOUHBIE COCTOSIHMSI pacimiaBa B  Xo0Je CHHTe3a
CBEPXNPOBOAAIINX KOMIO3UTOB Ha ocHoBe ¢a3bl Bi,Sr,CaCu,0g. (ckanupyrowas
NEKMPOHHASL MUKDOCKONUSL)




MarHuTHbI CyOMMKPOKOMIIO3UT Ha OCHOBe rexkcaeppurta crponuus. [lonyyen u3
crekima cuctembl  SrO-Fe;03-B,03-Bi,O; mnpum  ero Ttepmudueckoid o0OpaboTKe.
XapakTtepu3yercsi BBICOKUMHU 3HAUYECHUSMHU KOIPUUTHUBHOW CHUJIIbI, MEPCHEKTUBEH A

HU3TrOTOBJICHUA ITIOCTOAHHBIX MAarHuTOB.

MaruuTHBIH
HAaHOKOMITO3HUT Ha
OCHOBE
rekcadeppura
CTPOHIIHS,
MEePCIIEKTUBHBIN 1JIsI
CO3JIaHUs HOCUTEIIeH
uHpOpMaLIUU C
BBICOKOM
IUIOTHOCTBIO 3aIIHCH.
OaHOTOMEHHBIE
YaCTHILBI
rekcadepputa
CTPOHIIHS HAXOJIATCS
B MaTpPHIIC CUIIHKATa
CTPOHIIHSL.




BbICOKOTEMMEPATYPHbIE CBEPXNPOBOOHUKHA

MariuTtHasa neBuTtaumsa

14 oxts6pst 1899 r. repoit pomana I'.Vamica
“IlepBbie moau Ha Jlyne” 1/1306%@1 KEUBOPUT —
BEILIECTBO, HEMPOHHUIIAEMOE ISl TPABUTALIUU. OH
CIUIABMJ HECKOJIPKO PAa3IMYHBIX METAIIOB C
HEKOTOPHIMHU IPYTUMH XUMHAYECKIMU
9JIIEMEHTaMHU W B TEUYEHHUE HEIENN TMOJICPKUBAT
CMeCh B XHJIKOM COCTOSHHM, a 3aTeM Jall ei
MEJUIEHHO OCTBITh. Peakuus 3akaHuMBajach Npu
temneparype 60° mo ®apenreiity (15.6°C).
Uy 10-BeImecTBO y1aBajJoCh NPUTOTOBUTH TOIBKO
¢ mpuMechIo... renus. K coxanenuto, mo ¢adyie
pOMaHa, TOYHBIN pelenT HAaBCeTAa yTEPsH.

B cBoux (paHTa3zusax Ysiuic ymen He Tak yx
nanexo. B 1911 r. I'' Kamepnaunr-OHHec OTKpbLI
CBEPXIIPOBOAUMOCTD PTYTH, OXJIQJUB €€ KHUIKUM
renmem 10 temrepatypsl 4.2 K. Kak BbIsSICHUIIOCH
Mo3Ke, TIOJNIHAS  TOTEPS  AIEKTPHUUECKOTO
COIIPOTHBIICHUS npu nepexojie B
CBEPXIPOBOSIIEE COCTOSIHUE HE €IMHCTBEHHOE
HeOoOBIYHOE CBOMCTBO Takoro Berrectsa. B 1933

T. B.Meiicuep 151 P.Oxcendensa
JKCIIEPUMEHTAIBHO YCTaHOBHJIH, 4TO
CBEPXIPOBOJHUK IIOJIHOCTBIO BBITECHSIET

MarHuTHOE TMoJie W3 CcBoero oObema (eciu
WHAYKIMS TIOJII HE TPEBBINIAET KPUTUYECKOTO
3Ha4YeHus).  “AOCOJIOTHBIN”  JHAMAarHETH3M
CBEPXIIPOBOSIIETO COCTOSHUS O3HAuYaeT, B
YaCTHOCTH, BO3MOXHOCTh CBOOOJIHOTO TapeHHs
MarHuTa HaJ| 9aiieil U3 CBEPXIPOBOAHMUKA. A 3TO
yXK€ M €CThb 'JeBUTAlMs , O KOTOPOW MeuTanl
MHCaTEND, npaB/a, MarHuTHas, a  He
rpasurtanodHas. B 1945 1. Takoil oOmBIT
nectsue ocymectui B.K.Apkaabes.

N Bce O6w1 XOpoI1110, €ciii OBl HE CIUIITKOM YK
HU3KHE — TEJIHEeBBIE —  TEMIEPATypHI.
[IpakTHdeckoe WCHOIB30BAaHUE BOXKICICHHOM
“ieBUTAlIMM’ HA OCHOBE CBEPXIIPOBOIHHUKOB M3
METAILIOB u 1504 MIPOCTHIX CILUIABOB
(MakcuManbHast Temmeparypa mnepexoma 23 K)
OCTaBaJIOCh JIOJITOE BPEMSI JIUIITH JOPOTOCTOSIIIEH
sk3otukoi. Ho Bor B cenrsOpe 1986 r.
nosiBIisieTcs HaydyHoe coobOmienue ['.begnopua u
A.Mrommepa O TOM, YTO B KEpaMHUYECKUX
oOpasiax Ha OCHOBE Ba—La—Cu—O
BO3MOYKHA BBICOKOTEMIIEpaTypHas
CBEPXIIPOBOAUMOCTh. HecMOTpst Ha OCTOPOXKHBIN

TOH TyOJWKAIMK, Ha YKa3aHWE JIUIIb OOJIbIION
BEPOSITHOCTH nepexojia o0pasIos B
CBEPXITPOBOJISIICE COCTOSIHUE npu

temneparypax 30—35 K, HecMOoTps Ha ckemncuc
OONBIIMHCTBA (DPU3MKOB MO TOBOJLY OTKPBITHS,
OHO BCE JK€ COCTOSJIOCh U OBUIO OTMEYEHO
HoOeneBckoil mpemueir B peKOpAHO KOPOTKHMA
cpok - uepe3 roa! Iowmen oTcuer HOBOM 3pbl —
BBICOKOTEMIIEPATYPHOI CBEPXIIPOBOAMMOCTH
(BTCII).

Bcekope crano sicHo, yro mmenno BTCII-
MaTepuaibl  MOTYT OBITh  NPUHIMIHAIBHO
UCIIOJIb30BaHbI (HasBY, a HE B (PAHTACTHUCCKOM
pomane!) BO MHOXECTBE TEXHOJIOTHUECKHX

HoBiiectB XX| B. — or “neBurupyromux’
MOE3/I0B  Ha  MarHUTHOM  MOAYyIIKE U
MNOJIINIHUKOB 0€3 TpeHHs [0 MEIULHMHCKUX
TOMOrpagoB, MO3BOJSAIOIINX KOHTPOJIHUPOBAThH
OMOTOKH 4EJIOBEUECKOT0 MO3Ta. Y 3IUIC ONepean
cBOUM “OTKphITHEM™ 3MOXy Ha 87 jer, oJHaKo
TOYHOCTh €ro MpeACKa3aHUs IOPa3UTENbHA.
Jlaske caM mpolecc MpUroToBIeHUs ‘KeiiBoputa”
NPAaKTUYECKH  TOJIHOCTBIO  BOCHPOM3BOJIUT
TEXHOJIOTHIO peanbHOU KpPYNHOKpHUCTAI-
JIMYECKOM CBEPXIPOBOISIICH KEePaMUKH,
cocraBistonieil ocHoBy coBpemeHHbix BTCII-
MaTEepHaNIOB. KPUCTATU3AIMIO MPOAYKTA TaKXKe
BEAyT U3 pacilaBa IPUMEPHO B TEUEHUE HEIEIH,
a U1 3aBeplICHUs Mpolecca HCIOJIb3YyeTCs

XHUMHAYECKast  pPeaKIus OKHCJICHHUS  TIpH
OTHOCHUTEIBHO HU3KUX TeMmrepaTrypax. be3 takoit
o0paboTku MaTepHa HE CTaHOBHTCS
CBEPXIPOBOJAHUKOM " HE croco0eH

“neBuTHpOBaTh” B MarHUTHOM Toje. OgHAKO BO
BCEM 3TOM HET HUKAKOW MHCTHKH W OCHOBHAs
3aJlaya uccieaoBaTesielf, B TOM YHCJIe U aBTOPOB
CTaThH, COCTOSJIA B TOM, 4YTOOBI TIOHATH H
HAy4yuThCs OE30TKA3HO YMPABIATh CIOKHBIMU
IpoueccamMy, KOTOpble BEAYT K CO3JAHMIO
MEPCTIEKTUBHBIX TUIS MPAKTHIECKOTO
npuMmeHnenns BTCII-marepuainos.

Haubonee = mHorooOGemaronmii  crnocoo
NPUTOTOBIICHHUS COBPEMEHHBIX “‘KeHBOpUTOB” (a
BTCII-kepaMuK ¢ pa3Iu4HON CTPYKTypoH H
CBOMCTBAMM  CO3JaHO  TENEPb  HECKOJIBKO
JIECATKOB) POIUIICS HA CTHIKC XUMHHU, PU3UKHA U
MatepuanoBeneHus. Cekper 3akio4aercs He
cronbko B mnoiydenun  BTCII-Bemectna,
CKOJIbKO B  CO3JaHMM Ha €ro OCHOBE
OIpPEICTICHHOTO MaTepuaia. JITOT ceKpeT (Kak u
MHOXKECTBO JPYTHX, YTEPSHHBIX TaifH) MOT OBITh
U3BECTEH B riy0okoil npeBHocTH. [lo mpexganuio,
capkoar  JereHmapHOro - MYCYJbMaHCKOTO
npopoka Maromena Bucell B BO3Iyxe, He Majaas
Ha 3emmo. B mamsaTe 00 3TON sereHpe
MAarHuTHas “nesurarus’ MOJTy4HIIa
MpayHOBaTOE Ha3BaHHe “Tpod Maromena”.

B 1996 r. B Tokuo, B MexayHapoaHOM
LEHTpe CBEPXITPOBOANMOCTH ObLTa
MPOJEMOHCTPUPOBaHA MAarHUTHas JIEBUTALIUA
gyenoBeka. “llogoneITHEIM KponukoM™” cTanm 142-
KWJIOTPaMMOBBIN  Ooper; cyMo (HallMOHATBHOTO
STIOHCKOTO BHJa OOPBOBI), a BIOCIEACTBUH — U
BCE JKENAIoIIUe, BKIOYas aBTOPOB HACTOSIICH
dororpaduu. bopery neBuTupoBan, cTos Ha
MarHMUTHOM JIUCKe, KOTopbIi mnaBai Hajg BTCII-
MBEIECTAIIOM, OXJIQKJICHHBIM KUTISIIAM SKUIKHAM
azorom (-196°C). 3asop MexIy OUCKOM W
TymO0ii OBLT cOBCceM He Masl — okoJ1o 1 cMm. D70,
KOHEYHO, moTpsicaromuil ycrnex! Jlaxe peOGeHOK
MOT 3aCTaBUTh BpPAIAThCS JIEBUTHPYIOIIETO
TUraiTa, MW  TOJIBKO  He3aMEeTHOe  rja3y
CONPOTHBIIEHUE BO3JyXa B KOHLE KOHIIOB
TOPMO3HUJIO €ro CBOOOAHOE BpallleHUE.



Kucaopoa-gepnunTHeie
NepoBCKHTONOJ00HbIE (pasbl

¢ IHPORIMH 00JIaCTAMM
KATHOHHOM H AHHOHHOI
TOMOTeHHOCTH H CTPYKTVPHO-
YVBCTBHTEIbHBIMI CBOIICTBAMI

Kpucramnnyeckas crpykrypa P39-6apuesbix BTCII-kynpaTos.

Oo6brunsie BTCII-marepuansl, moixy4aeMbie
METOJIOM TBEpo(a3zHOrO CHHTE3a,
MPEJCTABIAIOT CO000i KepamMHKy, B KOTOPOM
Mukpockonuyeckue Kpuctammutsl BTCII-¢a3zsl
pa3opUEHTUPOBAaHBl B  NIPOCTPAHCTBE  JAPYT
OTHOCHUTEIIBHO JApyra M ciabo CBA3aHbl MEXITY
co6oit (“cBepxmpoBossinee crekio”). [Ipoky ot
Takoro Marepuana s “‘JeBUTaluu~ Malo,
IIOCKOJIBKY B HEM OYEHb HEBBICOKA IJIOTHOCTH
KPUTHYECKOTO TOKa, a 3HA4YUT, Majo H
MarHuTHOE noie, yZAepKUBaroIiee
“nepuTupyomuii’ MarHuT. CBEPXIPOBOISIINE
ONOKHM, HaJ KOTOPBIMH BHCEI B BO3IyXe
YEMIIMOH CTPaHbl BOCXOJSIIETO0 COJHIA, UMENIH
CIIOXKHYIO MHKpPOCTPYKTYpy. Mccnenoarens,
BOOPYXEHHBI ~ MHUKpPOCKONIOM,  MOI' OBl
OOHApyXUThb MHOIO OYE€Hb WHTEPECHBIX H
COBCEM HE CIyYailHBIX OCOOCHHOCTEH TpH
pa3IMYHBIX YBEIMYEHUSX. MaKpo-, Me30- U
MHUKpPOYPOBHHU CTPYKTYPBHI.

Bo-nepBbIx, LIECTUYTOJIbHBIE OJ10KH-
TabneTkd, U3 KOoTopeix Obim caenan BTCII-
IbEAECTall, COCTOSJIM U3  KPYNHOKpPUCTA-
JMYECKUX JOMEHOB, NPUYEM KaXIbli M3 HHUX
npeacTaBisul co0oi mayky rurantckux (0.1—1
CM) TUTACTUHYATHIX KPUCTAJUTUTOB — JINCTOYKOB,
snHTaKcuanbHo (B ONHOW Kpuctamorpadu-
YEeCKONH OpPUEHTALMH) CPOCLIMXCS MapajieibHO
apyr apyry. Bo-BTopblX, Matepuan  ObL1

KOMIIO3UTOM, B CBEPXIPOBOJAIIEH MaTpHIlE
KOTOpOTO PaBHOMEPHO pacnpeeneHbl
HAHOJIMCIIEPCHBIE BKJIIOYEHUS HECBEPXIIPOBO-
JSIUX YacTULl. ['paHUIBl TaKuUX BKIIOUEHHH
CIIy’)KWIM LIEHTpPaMH NHMHHUHIA MarHUTHOTO
[OTOKAa, YaCTHUYHO MPOHMKAIOIIEro B oOpasel
npu TPUOMKEHWH MarHuta. B pesynbrate
CBEPXIIPOBOAMMOCTh MaTepuaja COXpaHsulach, a
3HAYMT, B TOHKOM MTOBEPXHOCTHOM cJio€ oOpasia
OpoTeKal TOK, MAarHUTHOE II0Jie KOTOpPOTo
IKPaHUPOBAIO (COBCEM Kak B (haHTACTHUYCCKOM
KeHBOpUTE) Tmojie BHemHee. VIMeHHO 3TO
no3gosmao  obnmeur  BTCII-matepuan B
MIPOJYMaHHYIO bopmy u MOJIHOCTBIO
peanu3oBaTh MOTEHUUAT (PU3UUYECKOTO SBICHUS,
koTopoe aeMoHcTpupytoT BTCII-¢a3er mnpu
BBICOKMX TeMIeparypax. Takoil marepuan
MOJKET CIIOKOMHO BHCETh HaJl U MOJ MarHUTOM, a
TaKkKe OT MajeHlero ToJg4Ka BpallaTbCcsl B
BO3AyX€ B JIFOOOM IIOJIOKEHHH, TPE3Upasi CUITy
BCEMUPHOI'O TATOTEHUS.

Kakum ke cmnocoOoMm co3maHa Takas
MHOTOYpPOBHEBas, CIOXKHas “‘apXUTEKTOHHUKA”
Marepuana? Ilourm  eAMHCTBEHHBIM  TyTh
MOJTy4EHUs MHUKPOCTPYKTYPBI —
KpUCTAJIZIM3alusl paciulaBa, TaK KaKk B HEM
cKOpocTh U (y3ur KOMIIOHEHTOB TOpa3o
BbIIIE, YeM B TBepaoM Teine. Kpome toro, usz-3a
OTHOCUTENILHO  MaJlol  BA3KOCTH  pacIulaBa



BO3MOXHa  “moacTpoiika”  (HOpMUPYIOIIHUXCS
AHU30TPOIHBIX KPUCTAJIJIUTOB Ipyr
OTHOCHUTEJIBHO JIPYTa, KaK COBIAJAIOIINX YacTeu
Mo3auku. Bce 310 BMecre u  co3maer
MPEANOChUIKM i1 00pa30BaHUS ONTHMAaJbHOM
MukpocTpykTypsl BTCII-marepuana. AncamOiu
IICEBJJOMOHOKPHUCTAININYECKUX JIOMEHOB, pa3Mep
KOTOpBIX MOKeT gocturatsk 0.5 — 5 cwm, sBistoTes
OCHOBHBIM MOTHBOM MMKPOCTPYKTYpPBI B CITy4dae
KPYTTHOKPHUCTAJUTUYECKOU BTCII-xepamuku,
MOJYy4YeHHOM W3 pacruiaBa. Kaxapli JoMeH
sBisieTcss arperatom stamenerd (5-50 uMm) dasbr
RBa,Cuz0;. [InactuHkm OpPUEHTHPOBAHBI
napajuleIbHO  Apyr  JApYry U pa3felieHBI
MaJIOYTJIOBBIMU TIpaHUIAMH, YTO JEJIaeT HuX
MNPOHUIIAEMBIMM  JUIsl  NPOTEKAaHUs  TOKa.
MuxkpocTpykTypa BTCII-xepamuku,
TEKCTYpPHUPOBAHHOMN c HCIOJIb30BaHNEM
pacIuiaBHbIX METO/JI0B, XapaKTepU3yeTcs
CYILIECTBOBaHHEM Ppa3IUYHbIX TUIIOB
MPOTSHKEHHBIX neeKToB, TaKUX KaK
JBOMHUKOBBIE TpaHUIlbl, BBICOKOJNCIIEPCHBIE
BKJIFOYEHUS HECBEPXITPOBOIAIINX ¢as,
JTUCIIOKAllMM, MHKPO- W MaKpOTPEIMHBI,
CBSI3aHHBIE C BBICOKOW XpymHKocThiO (a3
RBa,Cu30,. Takum  oOpazom, peanbHas
ctpykrypa BTCII-kepamuku, mOJIy4eHHOH U3

pacmiaBa, MOXET OBITh pPacCMOTpEHa Kak
cucreMa c SIPKO BBIPQ)KCHHBIMU
KKOJUJICKTUBHBIMU» CBCPXHIPOBOAAIINMU
CBOﬁCTBaMH, ABJIAIOITUMHUCS pPE3yJIbTaTOM

CHeNM(PUIECKIX MEXaHH3MOB KPHUCTAJUTH3AIIH.
[1ceB1OMOHOKPUCTATUTMYECKHE JIOMEHBI
00pa3yloT MaKpOCKOIIMYECKHE arperaThl, depes
KOTOpbIE TOTEHIMAJIbHO MOTYT IPOTEKATh
OONBIINE TOKH, IMOCKOJBKY MHKPOCTPYKTYPHO
OHHU TPEACTABISIOT CO00H CHUCTEMY C YUCTBIMH
CBEPXIIPOBOSIIUMU TPAaHUIAMU H JBYOCHO-
TEKCTYPHPOBAHHBIMU KPUCTAJUTUTAMH. boibinoe
KOJIMYECTBO nedeKToB CIOCOOCTBYET
00pa3zoBaHHi0 CHCTEMBI d(P(HEKTUBHBIX IIEHTPOB
MMUHHUHTA.

[Tpouwo 6oee nsATH €T C MOMEHTA, KOT/a B
CEMEICTBe  KYIpPAaTHBIX  CBEPXIPOBOIHHKOB,
conepsxkanx P33, 3asBun o cebe HOBBIM nuaEp
— Nd123. Ero He oTKpbIBaJid 3aHOBO, MIPOCTO OH
caM  TPHOTKPBUI ~ HOBBIE  TPaHU  CBOUX
Bo3MOKHOCcTe. Kazamoce Obl, HW3MEHEHHE
nonHoro pamuyca P3D Bcero Ha 10% (B
cpaBHeHun ¢ kinaccudeckum BTCIT — Y123) He
CIOCOOHO BHECTH paJUKaJIbHBIX H3MCHCHUU B
xapakTepucTuku. OIHAKO, TOJBKO HE B cllydae
Nd123. TexHuueckn OCHOBHOE MPEHMYIIECTBO
Nd123 — B HayimuuK aHOMAJIBHOTO NHK-3(deKTa,
COCTOALIETO B 3HAYUTENBHOM  YCHICHUH
BHYTPHU3EPEHHBIX TOKOB 3a CUET O0pa3oBaHHSA
3¢ (HEeKTUBHBIX LIEHTPOB MUHHUHTA,
HauYMHAIOMIMX  paboTaTh TPU  TEMIeEpaType
KHJIKOTO a30Ta B TOJISIX MOPsIKA SAMHUI] Tecra.
A WMEHHO 3TOT JHara3oH MOJIEH MpenCcCTaBIIseT

WHTEpPEC I MHOTHX BO3MOXKHBIX TEXHUYECKUX
npumeHennii  BTCIT  (MarieBbl, MaxOBUKH-
AKKYMYJISITOPBI AJICKTPUYECKON SHEPTHU U T.J).
DTO0 00CTOSTENHCTBO OJHOBPEMEHHO C YCIIEXOM
B pa3pabOTKe BOCIPOU3BOJAUMOU 1AOOPAMOPHOL
TexHojoruu mnoaydeHus: Nd123 BCKOJIBIXHYIIO
HOByI0 BojnHy wuHTepeca k BTCII kak
MPAKTUYECKH 3HAYMMOro Matepuana. OTyacTH,
UHTEpEC ObLI MOJIOTPET SATIOHCKUMU
UCCIIEIOBATENsIMH, KOTOPbIE HMEIOT MaTeHT
umenHo Ha 3ToT BTCII coctaB u cmocob ero
nonyuenus (OCMG - Oxygen-Controlled-Melt-
Growth). M3BecTHO, 4TO TpEABIAYIIMNA JTUACP,
Y123, omnyraH aMepUKaHCKUMHU MaTEHTaMH.
Otcroga - crneuuduueckuidi KOMMEPUECKHUN
UHTEpEC AMOHIIEB HMEHHO K HEOJAMMOBOMY
coctaBy. Tem He meHee, (akT octaercst hakToM
— tonbko Ha Nd123 ynanmock K HacTosmemy
BPEMEHU XUMUYECKUMU MemoOoamu JTOOUTHCS

pe3yJabTaTOB, COMOCTaBUMBIX 10 3ddekry c
BO3/ICHICTBUEM  TPOMO3JKHX,  JOPOTHX U
TPYAHOJOCTYIHBIX ~ METOOB  QU3UUECKO20

dbopMupoBaHUs IICHTPOB MUHHUHTA (Hampumep,
nyTeM oOOIy4deHHMsT HEHUTpOHaMM WJIM HOHHOM
O0omOapaupoBkoit). Jlaxke maBHO BHTaBIIas B
BO3AyXE  «XMMHYECKas»  HUACS  CO3TaHHS
nedeKTOB CTPYKTYyphl IyTeM BBeAeHus B Y123
OKCHJIa ypaHa U TNOCJEAYIOUIEr0 BHYTPEHHETO
00Ty4YeHHs CBEPXIIPOBOASIIEH MAaTPUILIBI IIPU €T0
pacmame  okasamach  HeapdektuBHa  Oe3
MIOCJIEAYIOLLETO o0rydeHust HEUTpOHAMHU.
JIOTIOJIHUTENNBHBIMU ~ TIPEUMYIIeCTBAaMU  (pa3bl
Nd123 sBrustoTcst Takke ee Oojiee BBICOKas
XMUMHUYECKass CTaOWJIBHOCTh U 0ojiee BbICOKas
CKOpPOCTh KpUCTAITU3AUN (mpu
HE3HAYUTEIIFHOM - 110 CPaBHEHHIO C UTTPHEM -
yBEIMUYCHUEM cToUMOCTH P3D).

HoBbie nentpel nuaHMHra B Nd123
dbopMuUpyIOTCSI B Tpollecce  pacciiauBaHUA
MIEPECHIIIEHHOT0 TBEPAOT0 pacTBopa. Ha nmepBbix
JTamax ATOro Ipolecca B CBEPXIPOBOJSIICH
MaTpuIle BO3HUKAIOT HAHOQIIYKTYallil COCTaBa,
TaKk  Ha3blBaGMble  XUMUYECKHUE  «BOJHBI»
oTHomeHuss  koHnentpammii  Nd/Ba  0es
oOpa3oBaHHsl  TeTEPOreHHbIX  rpaHul. B
pe3yJibTaT€ B OCHOBHOW CBEpPXIPOBOIALICH
MaTpulie oOpa3yroTcst TOMOT€HHO
pacripenielieHHbIe KOTePEHTHO CPOCIIUECS ¢ Hel
Y4aCTKH  TBEPIBIX  PACTBOPOB C  HMHBIM
XUMHYECKMM  COCTaBOM. lakWe  y4acTKH
00JaaloT JOCTaTOYHOM MPOTSHKEHHOCTBIO H
MOTYT BBICTYIaTh BO BHEIIHEM MarHUTHOM I10JI€
Kak 2 deKTuBHBIE ITEHTPHl TNHUHHMHTA. [Ipn
HEHYJIEBOM MarHUTHOM noJue
CBEPXIPOBOAMMOCTb B HUX PE3KO IOJABIISETCS,
BbI3bIBasi MUK-3PQext. braromapst 3TuM HOBBIM
TUTIAaM THWHHUHTA JIMHUS HEOOpaTUMOCTH B
obpasmax Nd123 cmeraercss B MAarHUTHBIE TTOJIS
Beimie 8T npu 77K (pekopaHoe 3HavyeHue ISt
cBepXnpoBoAHUKOB R123-Tuma).



JIaMETH

IBOHHHKK

e

_,L!.I*rﬁ:q{il'{\ﬂllﬂﬂ
e, \

BEITHOYMEHHA

Kepamuka

I vrem
MHKPO
e 09%00° ool &FF |y

EHEMEHTHPHEIJI
AueiiKa

ATOMHEIE

HaHuqm H‘r}fﬁli "
pAIbI -

COCTaBa

Csepxnposoonuk émopozo pooa + manas oruna xoeepeumuocmu (0.2 nm, «crabvie
cesa3u») + anuzomponusi = yeumpol nunnunea (Hecosepwiencmea) + uucmole
Mediczepentble epanuybl + e3aumnas opuenmayus 3epen (08yocHoe mekcmypupo8aHue)

PeanbHasn (nepapxuueckas) crpykrypa BTCII-kepamuku.

NdBaCuO,  SC, _ o JAvoposnsil

! wamg-
§ Ty AL
.+ tocTasa,

1 A 1 1 1 A i A 1 i 1 1 o 1 T B
L] 20 40 &0 80 100 120 140
PaccToAHME, HM
Hanodaykryanun cocraBa B Nd;.,Ba, CuzO,, npuBoasimme k nmuk-3¢pdexry.

8



CamoTeKkcTypupoBaHue

CepeOpsiHasi JIeHTAa ¢ HCKYCCTBEHHBIM (110J10CYATBHIM) pejibe)oM MOBEPXHOCTH, IBYOCHO-TEKCTYPHPYIOLIHM

kpuctaaiasl BTCII ¢a3sl YBa,Cu30,.

Hapsny ¢ oObl4HBIMH  MeTOJAaMM  IOJIy4EHUS
KpYHHOKPHUCTAJITTNYECKON KEpaMHKH, Hauboee
MEPCIEKTUBHBIMU  BBITJIIIAT — TIOCIEAHUE Pa3padOTKH,
no3possromve noiyyats BTCII-marepuansl  cinokHOM
dopmbl U (WIM) B BUIE TOJCTOIUICHOYHBIX MOKPBITHI. K
9TUM METOJAaM OTHOCHUTCS, B IIEPBYI0 OYEpPEIb, METOH
IIPOIUTKU BBICOKOTEMIIEPATYPHBIM KyIIPaTHBIM
pacIiaBoM TKaHHW, COCTOSIEW U3 BOJOKOH OKCHJA
UTTPHS, WIA KEPAMUYECKON «IIEHBI», NPUTOTOBIECHHOMN C
ucrnoib30BaHueM mopomka Y;BaCuOs, opranudeckoii
CBS3KM U TIOJIMMEPHOM MaTpulpl, TO €CTh HPH IOMOIIU
COBPEMEHHOM KEpPaMHUYECKOW TEXHOJOTUH, M3BECTHOU H
g apyrux cucreM. IIpu  OxylaxkaeHMH  CHCTEMBI
«Y,BaCuOs-pacruiaB»  HECBEPXIPOBOASIINE  OKCHJIBI
MpEBpaIIaloTCs B CcBepxmpoBojsnmii  P33-6apuesiii
KyIpaT 3a cueT peakluMu ¢ paciulaBoM. Bsenenue
OpPUEHTUPOBAHHBIX 3aTPABOK MHULMUPYET HAIPABICHHYIO
KPHUCTAJIIIU3ALUIO CBEPXIIPOBOASAIIEH ¢asbl C
COXpaHEHHEM TE€OMETPUUYECKUX OCOOCHHOCTEH (HOPMBI
o0pasna, 4TO NPHUBOJUT K CBEPXIIPOBOIHUKY CIIOKHOM
(dbopMBI B BU/IE TKaHH, TICHBI U T.1I.

OCHOBHOH CJIOKHOCTBIO CO3JAaHUSI CBEPXIIPOBOIAIINX
MaTEPUAJIOB SBJISETCS BBICOKAsI aHU30TPOIIHS (gnaneCKnx
CBOMCTB 3TUX MarepuanoB. Hamnpumep, B ciayyae UTTpHii-
0apHeBOro CBEPXIPOBOJAIIEIO KyIpara pa3opHEeHTalMs
KPUCTAJUTUTOB JHIIB Ha 5-10 rpaaycoB MOXKET MPUBECTH K
MaJeHUIO TPAHCIIOPTHOTO KPUTHUYECKOTO TOKa &)CHOBHOI?I
TEXHUYECKH BAaXKHBIH Tapamerp s OOJBUIMHCTBA
npaktuueckux rnpumenenunit BTCII) He mpocto B
HECKOJIBKO pa3, a Ha INOPSAKH BEIWYMHBL. B pesynbprare
Ul TIPaKTHYECKOTO HCIOJIb30BaHUSA CBEPXIPOBOIAIINX
MaTEepHAIIOB TPEeOYeTCsl TEXHUYECKH CIIOKHAs IMpoIeaypa
CO3JaHusl JBYOCHO- TEKCTYPHUPOBAHHBIX CJIOEB, a JJIA
HEKOTOPHIX TMPHUMEHEHWH - eme W Ha TUOKHX
JUINHHOMEPHBIX MOAJIOKKaX. ECTECTBEHHBIM KOMIIPOMKCC
MEX]JYy BBICOKMM YJEIbHBIM M aOCOJIOTHBIM 3HAUEHHUEM
Toka nocturaercsa B ToucTblXx BTCII mnenkax. BaxxHo
HaWTH NOJIXOJAIIMNA cI0cO0 TEKCTYPUPOBAHUS - CO3AAHUS
ONHOM M TOM JK€ OpUEHTAUWH KPUCTAJUINTOB B
MOJINKPUCTAIIIINYECKOM TEIIE.

VHUKaNbHBIM ~ SBJISIETCA  IPUEM  HalpaBICHHOU

KpUCTAJIIIN3aLu1 P33-06apueBbix KyIIpaToB Ha
METAJUINYECKON MOJUI0KKE B HMCKYCCTBEHHO CO3JJaHHOM
rpagueHte  KoHueHtpauuu  P3D.  Vcnonb3oBaHue

KOHHCHTpaLII/IOHHBIX I’paIH/IeHTOB ABIIACTCA 3(1)(1)GKTI/IBHBIM
CIOCOOOM  KOHTpOJIS OpPHEHTAIlMM  KPUCTAJUIUTOB B
TOJICTBIX TUICHKAaX B CHJIy OOJIBIION BEIWYHUHBI JTOKATBHO
CO3IAIOLIUXCS TIePEChIICHU I (mepeoxnakaeHuiA)
cucTeMbl. Takast JIeHTa Ha BCEM €€ MPOTHKCHUU MOMKET
COCTOSITh W3 CJIOS 3MYJIBCHOHHO- WM  a’pO30JbHO-
ocaxxaeHHon (a3l Y,BaCuOs, xoTopas BHOCIEACTBHH
HpOHI/ITBIBaeTCH paCHHaBOM. B[[OJ'H: OCHOBHOTI'O CJIOs HpI/I
3TOM  pacrojaraercsi  3aTpaBoyHas  [ojoca U3
MOJUKPUCTAIUTHYECKOTO OPOINKa (a3bl
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NdBa,CuzO, wu, ¢ OPOTHBOMOJOXKHOMN
cTopoHbl, - momoca (a3l Yh,BaCuOs,
YCHUIIMBAIOIIAsl KOHIEHTPALMOHHBINA TPAIUCHT U
npenoTBpamatomas oopazoanue BTCII-da3br B
TpuJIeTaIIe K Hei oonactu. [Ipu oxmaxaeHun
CHUCTEMBI TIOCJIC MPOMHUTKH PACIUIABOM OKOJIO
3aTpaBOYHOM MOJIOCHI HAYMHAIOT
obpa3oBeiBatbesi  kpuctaumtel  BTCII-¢assr,
UMEIOIE, KaKk ¥ 3aTPaBKH, MPOU3BOJILHBIC
HayaJlbHbIE€ OPUEHTAIIMIO W HANpaBJIEHHE POCTA.
B nmpomecce pocra TakuX ~ KpUCTaNIUTOB
BBDKMBAaEeT  HauOosiee  OBICTPO  pacryliee
HampaBJICHUE W TEM CaMbIM [POUCXOIUT
reOMEeTpHUEeCKas CeNeKIUs KpHCTauUToB. Kak
pe3ynbTar, MPOCTPAHCTBEHHOE Pa3BUTHE BCETO
aHcamOJsl KPUCTAJUIUTOB TIOCTE TEPEXOTHOM
30HBI POUCXOIUT COTJIACOBAHHO, B OJTHOM U TOM

xKe HaIpaBJICHUH. DKCIepUMEHTAIBHOE
MIOATBEPKICHUE 3 PEKTUBHOCTH npuema
TEKCTYPUPOBAHUS TOJICTBIX TUIEHOK c
UCTIOJIb30BaHUEM KOHLICHTPALMOHHOTO

rpajiieHTa OTKPBHIBAET IIMPOKHE TIEPCIECKTHBHI
IUIL  CO3/aHME HOBBIX TEXHOJIOTHH CO3JaHUS
TEKCTypUPOBAHHBIX  CIIOCB  (PYHKIIMOHATBHBIX
MaTepHaJoB.

Haubonee momyssipHbIii B HacTOALIEE BPeMs
METOA OJNHUTaKCHMH AS(PQPEKTUBEH JIUIIb IS
TOHKHX (~1MKM) IUIEHOK MpPH HCIIOJIb30BaHHH
JOPOTUX  MOHOKPHUCTAJUIMYECKUX  ITOJUIOMKEK.
Kpome Toro, MEeTo/ibl OCaXICHHsI TOHKHX TJICHOK
caMu 1o cede T0CTaTOYHO JJOPOTH U TPYIOEMKH.
Co3narh anbTepHATHBHYIO TEXHOJIOTHIO yIAJIOCh
coBmectHbiME yermusimu ACCESS (Llentp mo
MCCIIEIOBAHUIO MPOLECCOB KPHCTALIM3ALUHN B
KOCMHUYECKOM POCTPAHCTBE (Aaxen,
I'epmanus)) u xumudeckoro ¢axyiaprera MIY.,
Jns tekcrypupoBanuss ToJCThIX (~50-100MkMm)
TUICHOK HCIOJIB30BAIM THOPUAHBIA MOIXOI —
OPHEHTHpPYIOIIEE  BIMSHUE  TOUIOKKA |
¢dopMupoBaHHE KpPYNHBIX 3€peH W3 pacIulaBa.
OpUrMHaIbHOCTE  METOAWKH B TOM, 4TO
COOTBETCTBYIOIIUI ~ CUMMETPUYHBIA  pebed,
MOBTOPSIFOIIMIA ~ cUMMETpui0  (KaHaBKUM WK
KBaJ[paTHas Haceuka) u TUnu4HbIA pasmep (0.1-
Imm)  kpuctaumusyromieiicss ¢aser  YBa,CusO,
(GopMHpOBaT HMCKYCCTBEHHO Ha ITOBEPXHOCTH
JIEHTOYHOW TOAJTI0KKH M3 JOCTATOYHO JICIIEBOTO
MPOMBIIUICHHOTO MOJTMKPUACTAIUTHYECKOTO

CBepxnpoBoasLas

KepaMmun4yeckas neHa

[IpuHtun «rae TOHKO, TaM W PBETCI» C
YCIEXOM  HCIIOJIB3YeTCS B OTPAHHYUTEIIAX
MPEACIIbHO JIOMYCTUMOTO TOKAa, CHCIAHHBIX W3
CBEpXIPOBOAAIIMX MarepuanoB. Jlo cux mop
najabMy IMEpPBEHCTBAa B 3TOM BOIIPOCE JEprKajd
«JICHTOYHBIE» U «IUTBIE» YCTPOICTBA U3
BucmyT- conepkamux BTCII. HemaBno, Oblna
TIPEIOKEHA M «CBEPXMPOBOISAIICH TTCHBI»
(guperFoam, caenannoir w3 YBay,CuzO,,
KOTOpaSI B y,Z[YH_ICM MOXKET CTAaTh HpaKTI/I‘-IeCKI/I
NACaJIbHBIM MaTepI/IaJIOM JUUIA OI‘paHI/I‘-II/ITeJIef/’I
OIMMACHBIX TOKOB B MPOMBIIIICHHON YHEPreTHKE.
JleficTBUTENTbHO, TaKOW MaTrepuan o0JagaeT
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HETEKCTypupoBaHHOTO  cepebpa.  Cozmanue
TaKoro TOBEPXHOCTHOTO penbeda obecreunBao
B3aUMHYIO OpHEHTalio B 1uiockoctd (ab) mo
90% pacTtymmx 13 pacrjiaBa KpUCTaJUTUTOB.

B ocHOoBe wMeroma JEXKUT LENbld  psif
(U3NKO-XMMHYECKUX SIBIICHUH: cnenuduyeckme
ACTICKTBI CMaYHMBaHMS, MOBEPXHOCTHOTO
HATSOKEHMST M MEHHUCKA,  T'eTepOreHHOTrO
3apopIe00pa3oBaHus, nepepacnpeeeHus
KOMITOHEHTOB pacriaBa; KaIlWJISIPHBIC
ahdexTer;  3PdekThl  KPUCTATU3AIMOHHOTO
TABJICHUS; TOMOTPaUIECKOe BIIHMSIHHEC CTCHOK
aneMeHTOB penbeda. Ilpomecc mocraTouHo
YHHUBEpPCAJCH W TO3BOJSET TEKCTYPHPOBATH
COBEPIICHHO  pa3jMyHble  MaTepuaibl  Ha
MPAaKTUYECKH TPOM3BOJIBHBIX MOATOXKKaX. [Ipu
JETATHHOM M TIIATEIHLHON MPOpabOTKEe OH MOXKET
MPUBECTH K  TOJIHOMY  TEKCTYypPHUPOBAHHIO
MaTepuana MOJUKPUCTALUIMIECKOTO CJIOS B
COOTBETCTBUM C CHMMETPHEH pPAaCIOIOKEHUS
HCKYCCTBEHHBIX JIEMEHTOB peiibeda.

OTO  sIBIIEHWE  HA3bIBAIOT  IO-Pa3HOMY:
«rpadodMUTAKCUS», «TPaOTEKCTYpUPOBAHUEY,
dronHAS camocOopKa, MUKPOPETIIHKH,
OJTHAKO, BEPOSATHO, HENaJIeK TOT JeHb, KOrja
oA00HbBIE HayKOEMKHE «TUOPUTHBICY
TEXHOJIOTUH HAYHYT MIPUHOCUTH CBOHU
MIPaKTUIECCKHE JTABHICH/TBI. A moKa
«camocOopKa» MIPEACTABISIET coboi
MEPCIICKTUBHYI0 00JacTh HWCCIICIOBAHUMA IS
CHEIHAMCTOB CAMOTO PAa3IMIHOTO MPODUIIS.
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OYCHb ITOJIC3HBIMU CBOfICTBaMPI: 1 BBIZ[ep)KI/IBaCT
KPUTHYECKHE TOKH TIPU TEMIEPAType KHIKOTO
a30Ta, 3HAYMUTENIBHO BBIIIE TEX, YTO MOXHO
oxkumate s ¢asel  Bi2212, wumeromiei
HpO6HCMI>I C IICHTpaMI/I IIMHHUHI' a HpI/I TaKnUX
«BBICOKHX» TEMIIEpaTypax, 2. IMEET JOCTATOYHO
BBICOKOE DJICKTPUYECKOE COMPOTUBICHUE TIPH
KOMHATHOW TeMIepaType, 4TOObI paccesTh B
TEIUIO DHEPTHI0 CBEPXKPUTHYECKOTO TOKa, 3.

OBICTPO MePEKITI0YaCTCS u3 " B
cBepxmpoBosiiee coctosiaue. [locneanue nBa
CBOICTBA B 3HAYUTEILHON CTEIICHU

YCUJIMBAIOTCS TEM YHHKAJIbHBIM (AKTOM, 4TO
[ICHA COJACP)KUT OTKPBITHIC IMOPBI, B KOTOPHIX
HAXOOUTCA XJIAJAreHT, WHBIMM CIIOBAMH, BCE
BpeMsl €CTb HEMOCPEACTBEHHBI KOHTAKT C
KHIKAM  a30TOM, 4Ye€M  KOMIICHCHPYETCS
HEYIOBJICTBOPUTEIIbHAS TEII0EMKOCTD
KepaMUKHU B KOOBEMHOM» BHJIE.



JEBH T

JleBUTAIUAl MATHUTA HAJ
OXJIAKIAAEMOM KHJIKAM a30TOM
nenokepamuxkoii BTCIL.

«/IBymepuasi» Tkanb (2D) U3 okcuaa urT
3 «3ejeHoi ¢aspr» Y,BaCuOs (cmpas

SuperFoams - mnpuMep MOHOJOMEHHOTO
MaTepuasa, IOJYYCHHOTO C HWCIIOJIb30BAHHEM
HOBaTOPCKOTO  MOJXO/[a, CBSI3aHHOTO  C
«OWHAPHBIM»  XUMHUYECKHM CHHTE30M IIpH
MPOMUTKE 3apaHee MOATrOTOBIECHHOW MpeopMBbI
pacrutaBom npu 950-990°C ¢ mocnemyromieit
KPUCTATM3AIUEH  CUCTEMBL.  DTOT  METOJ
MTO3BOJISICT TIPAKTHYECKHA TOJHOCTHIO COXPaHUTH
dbopMy wucxomHoro obpaslia W TPOBOAHTH
MpolLeccC TMpH TeMmIepaTypax HIDKE TOUYKH
MIEPUTEKTUYECKOTO pacmana BTCII,
KOHBEpTHUPYS TeM cambiM mnpekypcop B BTCII-
MaTepuasl ¢  OJNM3KOM  MHUKPOCTPYKTYpOIi.

MoHOIOMEHHOCTE HOJIy4aeMBIX BTCII-
U30ETIUH MOYKET BITh JOCTUTHYTa
CTaHAApPTHBIMU METOJAaMHU — HalpuMep, MpU
HUCIOIb30BaHUU OPUEHTHPOBAHHBIX

COOTBETCTBYIOLIMM 00pa3oM 3aTPaBOK.

usi (ciaeBa) m «TpexmepHasi» nena (3D)
nepel MX NPONMTKONM paciiaBoM —

HCXO/JHbIE 3aT0TOBKH I «GopMocoxpaHsomein» Texnoaoruun noaydenust BTCII

&

B ———

CeepxnpoBoasimuii oopasen YBa,Cu;O, ¢ TkaHeBo#i CTPYyKTYpoii (cjieBa) mociie

NPONUTKA  PacIIaBOM

mim

KPHUCTA/IM3AIlMM B NPUCYTCTBHHM  4eThIpex
OPMEHTHPOBAHHBIX 3aTPABOK Ha Bo3ayxe (TpaHCHOPTHBIH TOoK > 10" A/ecm” mpu
7/K). CBepxmnpoBoasimas eHa mocje mogo0Hoii ke o00padoTku (cnpasa).
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IlepBblii IPOMBINLIEHHBIH OTPAHNYUTEIH MPEAeTbHO-I0MYCTUMBIX (ABAPHITHBIX)
TOKOB HAa OCHOBE BBICOKOTEMIIEPATYPHBIX CBEPXNPOBOIHNKOB B I epmanum.

a.x.H. EA.I'ynnann,
rpynna (pyHKumoOHaJIbHbIX MAaTEPHAJIOB

Prof. G.J.Schmitz,
E.S.Reddy
ACCESS e.V. (Aachen, I'epmanus)

E.Sudhakar

Reddﬁl and  G.J.Schmitz,
Supercond. Sci. and Technol.

15 (2002) L21.

10. 1. TpeTbsikos, E.Al'ynunun.
Xumuueckue NPUHINTIBI TOJTY4CHHS
METaTIOKCUIHBIX CBEPXIIPOBOJHUKOB, Y CIIEXU
Xumnwy, 2000, .69, 1.1, cg

1O. )1 TpeTLs[KOB E.A.T'ynunus,
J.B.Ileppiukos, J[.M.Utkuc, CrpykTypHbBIE U
MHUKPOCTPYKTYPHBIE OCOOEHHOCTH
(YHKIMOHATIBHBIX ~ MaTepHajJoB HAa  OCHOBE

gn paToOB WM MaHTAHHWTOB, YcCHexw XUMHH, 73
(9), 2004, pp.954-973.

ToKkoHecyLwine anemMmeHTbl Ha ocHoBe BTCII

B nacrosiee BpeMsa BaXXHEWIIMM IIaroM Ha
OyTH K [IUPOKOMACIITA0OHOMY MPHUMEHEHUIO
BBICOKOTEMIIEPATYPHBIX CBEPXITPOBOJAHHUKOB
SIBIISICTCS CO3/1aHue JUTHHHOMEPHBIX
TOKOHECYIIMX 3JEMEHTOB Ha HMX OCHOBE, WIIH,
roBopsi npouie, BTCII-kaGeneit. Takue xabemu
MOTYT COBEPIIUTH HACTOSIIYI0 PEBOJIOLUIO B
INEKTPOTeXHUKE. Vcrmonp3yst ux Uis mepenadyu
SHEPTHH, CO3MaHusI  BBICOKOA((HEKTUBHBIX

MOTOpPOB n MOIIHBIX MAar"suToOB, MOKHO
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CYHIECTBEHHO YJIYYIIHTh XaPAKTEPUCTHUKHU ITUX
W3[EIUNA MO CPaBHEHUI0O C MX aHaJOramu,
HCIIONB3YIOMUX OOBIYHBIC MaTepuaiibl. Hapsaay ¢
3TUM BO3MOYKHO CO3/aHUE MPUHLHUIHAIBHO
HOBBIX YCTPOMCTB, OCHOBAHHBIX HA YHUKAJIbHBIX
¢usnueckux cpoiictBax BTCII — martepuanos,
HanpuMep, OrpaHuYUTENICH aBapUHUHBIX TOKOB.
BricokoreMnepaTypHble  CBEPXIPOBOJIHUKHU
MPEACTABIISIIOT  COOOM  CIIOKHBIE OKCHIBI |
UCXOAHO OBLTM TIONYYeHBI B BUAEC KEPAMUKH,



IIO3TOMY CO3JaHUMC Ha HUX OCHOBC MJIMHHBIX U
rMOKHUX TPOBOJSAIIMX 3JEMEHTOB OTHIOAb HE
SIBJISIETCS] IPOCTOM 3aa4eil.

CBepxnpoBoasIuii
SKpaH

CepxmpoBo/sias
Kuna

nepeaayu djekTpodneprum, 6) AMP
ToMorpacduu, B) CO31aHUS TPAHCIIOPTA
HA MArHUTHOM moaymke (JIUT. TaHHBIC).

Hns ee pemenuss ObUl0  pa3zpaboTaHO
HECKOJIKO TIOAXOJIOB, JUIs MOHUMAHHUS CMbICIA

KOTOPBIX HGO6XOI{I/IMO BCIIOMHUTL O HCKOTOPBIX

ceoiictBax BTCII - wmarepuanos. BaxxueiMu
xapaktepuctukamu  BTCII-xabenst  sBISIOTCS
KpuTHYECKass Temneparypa T., KpHUTHYECKOE

noine Hc; u xputudeckuit Tok | — 3TO Takwme,
TeMIlepatypa, MarHHUTHOE TIOoJie U TOK, MpHU
JTOCTIKEHUH KOTOPBIX B MaTepHalie MpomnajgacT
CBEPXITPOBOAUMOCTD. Kputnueckwuii TOK,
KOTOPBIIl MOKET OBITH MPOITYIIEH 10 Kademto 6e3
paspyleHus: CBEPXIPOBOAMMOCTH, TEM BBIIIE,
yeM Jyd1e OPUEHTUPOBAHBI 3epHa
CBEpXIpOBOAHMKA B oOpasie. Takum oOpazom,
MpU TIOJIyYeHUH Kalesell HeoOXOAMMO JTOCTUYh

HHU3KHUX yTJ'IOB pa30pI/IeHTaI_II/II/I 3epeH B
CBEPXMPOBOIAIIEM MaTepHale.
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Yrom pasopHeHTAINH 3eper (Mpat.)

3aBHCHMOCTD IJIOTHOCTH
KpuTH4Yeckoro Toka B YBa,CuzO.; or
yrJjia pa3opueHTAllMU KPUCTAJJIUTOB.

HcTopuuecky nepBbIMU ObUIH MOTYYEHBI TaK
HazeiBaempie  BTCII - kabenm  mepBoro
nokosieHus1. Takoit kKaGeab mpeIcTaBiIseT u3 ceodst
cepeOpsIHyIO0 JICHTY, MPOJOJIBLHO MPOHU3AHHYIO
MHOKECTBOM  KHJIOK U3  CBEpPXIPOBOJHUKA
cocTaBa Bile’zC&zCUgOlmg. Texuomorusa
MOJIy4eHUsI TOJOOHBIX CTPYKTYp BKIIIOYAeT B
ceOsT MHOTOKPAaTHYIO TPOKATKy U TPOTSIKKY
cepebpsiHbIX TpyOok ¢ HabuthiM B HuX BTCII -
MTOPOIIIKOM gepes MOCIIeI0BATEIHHO
YMEHBIIAIOIIUECS OTBEPCTHs (T.H. 3KCTPY3Hs),
BCJIEICTBHE KOTOPOH (POpMHUpYETCsl TEKCTypa B
ceepxnpoBogsmieM wmarepuaie (OPIT wmeton,
oxide powder in tube). B cumy BbICOKOI
CTOMMOCTH cepelpa u psijia 0COOCHHOCTEH (a3wl
Bi,Sr,Ca,CusO10+5 BTCII — kabeau mnepBOro
MOKOJICHUS HE  MOJIYYHJId  TIOBCEMECTHOTO
pactipoctpanenus, xots B psge crpan (CILA,
I'epmanust, SnoHus) OHM OBUIM  YIOCTOCHBI



4CCTHU CTaTb 9aCTbIO IMPOTOTHUIIOB
IPOMBIIIJICHHBIX CBEPXIPOBOIAAIINX YCTPOﬁCTB )
BKJIIO4asA  CBCPXIIPOBOAAIINC COJICHOMAbI H

pa60qI/Ie y4acCTKu BHCKTpOHOHCTaHHHﬁ.

[r=eo==a=-]

IMonepeunoe ceuenne BTCII-kabeas 1
MOKOJIeHHA

Jpyroil moaxona 3aKiIFO4aeTcs B MOJYYEHUU
MHOTOCJIOMHBIX CTPYKTYp Ha METaNIM4eCKUX
neHTax — 3To Tak HaspiBaemble BTCII — kabenu
BTOpOro mokoieHus. Ha mmuHHYIO seHty (10
HECKOJILKAX COT METPOB) IOCJIEIOBATEIbHO
HAaHOCUTCS OJMH MM HECKOJBKO Oy(epHBbIX
ClIOeB, O0OJamaloOMmMX JIBYOCHOW TEKCTYpOH,
zareM — cioi BTCII cocraBa YBa,CuzOq7s,
HaclleAyIOMMK TeKCTypy OydepHoro cmos, a
CBEpXy — 3amuTHbIA cioil. CyluecTByeT Tpu
OCHOBHBIX crniocoba MOJTy4EHUs
TeKCTypupoBanHoro OydepHoro cnos: IBAD
(ion beam assisted deposition), B koTopoMm
TeKcTypa OydepHoro cios popmupyercs 3a cyeT
60MOapAUPOBKH MTOBEPXHOCTHU pocta
HaInpaBJIeHHbIM HOHHBIM myukom; ISD (inclined
substrate deposition), mpu KOTOPOM HambUICHHE
CJIOSl Ha METaJUIMYECKYIO JIEHTY HpPOHM3BOJIUTCS
MOJl  CTPOTO  ONpPENENICHHBIM  YIJIOM, H
BCJIEJCTBHE 3TOro (opmHupyercss OuakcHaabHas
tekctypa; RABITS (rolling-assisted biaxially
textured substrate), roe B kayecTBe MMOMIOKKH
WCTIONB3YeTCsl OMaKCHAIBHO TEKCTYpUPOBAaHHAS
nenta u3 Ni cruiaBa, mojydaeMasi B pe3ylibTaTe
CIIO)KHOTO ¥  MHOTOCTaJMHHOTO  Ipolecca
MHOTOKpPaTHOM NMPOKATKU CIJIAaBa.

W THEIR SR

TexcTypupo il =
anda BTCN

TorCTypHpaREHHLIH

Gydaphnil cnol S,

Buagceansyo

TRRCTY it PO AR
ETANANYSCCAN JaHTA

CxeMa MHOTOCJI0HOM CTPYKTYPBlI,
NnoJiy4eHHOH Ha moano:xkke RABITS.

BydepHspiii  cioif, KOTOpbII HaHOCAT Ha
JEHTy, 3a C4YeT DJIUTAKCHAIbHOIO  pocTa
HaCJIeyeT €€ TEKCTypy, KOTOpyH U IIepelaeT
TOHKOM IJIEHKE CBEPXIIPOBOIHUKA.

OcHoBHast paboTa B 00JacTH NOJIYYEHHUS
CBEPXIPOBOASIIMX KaOeell HallpaBiieHa BO BCEM
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MHUpPE Ha IOBBIICHHUEC OKCILTYaTaluOHHBIX
XapPaKTCPUCTHUK MMOJIy4YacMbIX TOKOHCCYIIINX

9JIEMEHTOB U Ha CHIDKEHHE UX CEOCCTOMMOCTH.

i u a5

IMonepeunoe ceuenne JieHTbl RABITS

Buemnuii Bua nomioxkku RABITS u
JIEHTBI ¢ HAHECEHHbIMHU Oy (epHbIM U
CBEPXIPOBOASIIUM CJIOSIMH

Ha wacrodammii  MOMEHT  TEXHOJOTHUSA
RABITS saBusetcs omHOM U3  Haumbolee
MEePCHEKTUBHBIX C TOYKH 3peHUs

komMmeprmamusanun  BTCIT - xabemeir  2-ro
MOKOJICHUS, TaK KaK JOMyCKaeT BO3MOXHOCTb
HCITOJIB30BaHMUS HEIOPOTHX XUMHUYECKHUX
croco0oB HaHeceHusi OydepHbIXx cnoeB. B
nabopaTopun Xumunu KOOPAMHAIIMOHHBIX
COCJMHEHUI BeAyTCsI PabOTBI IO MOJYUYCHHIO
BTCII - xabeneit mo rtexuomormn RABITS ¢
HaHECEHUEM (YHKIIMOHAJIBHBIX CJIOEB METOJIOM
MOCVD.

npod., n.x.H. A.P. Kayus,

a.x.H. O.10. TI'op6enko,

K.X.H. C.B. CaMoli/IeHKOB,

acn. O.B. MeJbHUKOB,

acn. A.B. biaennos,

acn. I''A. JlocoBunkmii.

Jald. XMMHH KOOPAMHANMOHHBIX COeIMHEHHUIA.



«I'pod6 Maromena COBpeMEHHOCTH». JKCIEPUMEHT IO MATHUTHOW JIeBUTAIIUU
yeaoBeka (Human Levitation Experiment, Sapporo, Sinonus).

Obwuii 6ud (Ha IUCKE - COTPYIAHHK J1a0OpaTOpUM HEOPTaHWYECKHX MAaTepUAIOB
Xumparxa MI'Y I'yaunun E.A.). YHukaneaas potorpadusi, 3arnedarieBiias akTHBHOCTb
pOCCHIICKMX  HcclefoBaTelield, Y4YacTBOBaBIIMX B  paMKaX  MEXIYHapOJHOIO
COTpYJHMYECTBA B  pa3pabOTKE TEXHOJOIMMl  IOJIy4eHHs  CBEPXIIPOBOJSAIIEH
KPYTTHOKPUCTAJUIMYECKON KEpaMUKH C PEKOPAHBIMU CBOWMCTBAMHU M, KaK IOKa3aHO Ha
¢ororpapuu, - B yAAYHOM DOKCIEPUMEHTE I10 MAarHUTHOW JIEBUTAIlMM YEJIOBEKA,
ABUBIIEMCA  (DaKTHMUECKH  COYETAaHHUEM  MyOJIMYHOW  peKIaMHOM  akuuu |

«TOCHUCIIBITAHUM» IMOJYYCHHBIX MAaTCPHAJIOB.
3 f
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KpynHulii nian nucka ¢ mocTOSSHHBIMU CaMapui-KOOaIbTOBBIME MarHUTaMu (BBEpXY) U
TabJETOK UTTPUH-0apUEBOr0 BBICOKOTEMIIEPATYPHOI'O CBEPXIPOBOJHUKA COCTaBa
YBa,Cuz0, (4epHble TaOJIETKH, KOTOpPbIE BHIHBI B 3a30pe€), OXJIKAAEMBIX KHUIKUM
a30TOM (HWDKHSIS 4acTh PUCYHKA, BHJIHA W3MOPO3b HAa EMKOCTH C YKHIKUM a30TOM,
temneparypa 77/K). B 1996 r. B Tokmo, B MexIayHapogHOM IEHTPE
CBEPXIIPOBOAMMOCTH ObUIa BIIEPBbIE IPOJEMOHCTPUPOBAHA MAarHUTHAs JIEBUTALIUS
gyenoBeka. “[lomombITHBIM KponukoM” ctan 142-xunorpamMmoBBI  OOperr  CyMo
(HAIMOHAILHOTO SIMOHCKOTO BHJA OOpPBOBI), a BIIOCIEACTBUM — W BCE KEJAIOMINE,
BKJIIOUasi aBTOPOB HacTosmei (¢otorpadun. bopen neButupoBasn, cros Ha MarHUTHOM
JUCKE, KOTOPBIM IUIaBal HaJ CBEPXHPOBOISAIIMM <IIbEAECTAIOM», OXJIAXICHHBIM
KUTISAIUM SKAIKaM a3oToM (—196°C). 3a30p MexIy TUCKOM M TyMOOH OBLT COBCEM HE
mMan — okojgo 1 cm. Drto, koHewHo, mnorpscaromuii ycnex! Jlaxe peGeHok wmor
3aCTaBUTh BpallaTbCsl JIEBUTUPYIOIIETO THUraHTa, M TOJbKO HE3aMETHOE TJiazy
COINPOTUBJICHUE BO3AyXa B KOHIE KOHIIOB TOPMO3MJIO €ro CBOOOJHOE BpallEHUE.
CeepxnpoBojsuiie OJIOKM, HaJ KOTOPbIMU BHCEN B BO3ayxe 4eMmMnuoH CTpaHbl
BOCXOJAILIEIO  COJIHLA, HMMENIM CIOXKHYI  MUKPOCTPYKTypy. Mccinenosarens,
BOOPYKEHHBIH MHKPOCKOIOM, MOI Obl OOHAapy>XUThb MHOI'O OY€Hb HHTEPECHBIX H
COBCEM HE CIIydailHbIX 0coOeHHOcTel, KNOW-how, mpu pa3nuuHbIX yBETUUCHHSX Ha
MakKpo-, M€30- U MUKPOYPOBHSX CTPYKTypbl. UMenHo 310 mo3ponuio obieur BTCII-
MaTepuai B IpOAyMaHHYI0 (OpMY U MOJTHOCTHIO Peain30BaTh MOTEHIINAT (PU3NIECKOTO
aBieHusi, kotopoe aemMoHCTpupyioT BTCII-da3pl. Takoit maTepuan MOXKET CIIOKOWHO
BHUCETh U HAJ, U MOJ MArHUTOM, a TAKXKXE OT MAJICUIIEro TOJIYKA BPallaThCsl B BO3/IyX€E B
JTF000M TOJIOKEHHH (ke COOKY OT MarHuTa), Mpe3upasi CUIIy BCEMUPHOTO TSATOTCHUSI.
Hu nnst kakoro npyroro marepuana 3To 00Jibllie HE peanu3yeTcs!
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«Kepamuyeckasi ryoka». ddparMeHT CBEpXIpPOBOASALIEH NMEHOKEPAMHUKH COCTaBa
YBa,Cu3z0; mocie «pacmiaBHoil» o0padorku. (Ounoxynapnas nyna). s
npoBeneHust  mporecca  «mapedopmy»  cocraBa  Y,BaCuOs  mpomwmThiBamu
BBICOKOTEMIIEPATYPHBIM CEpeOpOCOACPIKAIMM KUCIOPOI - (DTOPUAHBIM KYNPATHBIM
pacrmaom (980°C), memmeHHo oxmaxkmamu cucteMy mo Temmeparyp 880-850°C, a
3aTeM OKHCISUIN MOJTyYeHHBIH MaTepuan mpu temmeparypax 300-350°C B kuciopoze B
TEUEHUE HeJIeNU. BUIHBI KPYIHBIC MTOPHI U KEPAMUYECKHUE KUK, KOTOPBIE OCTAUCH
Mocie peakiuu Marepuana mnpedopMbl ¢ pacijlaBoM TpH oxjdaxiaeHuu. KoHeunas
MICHOKEPAMHUKa TEM CaMbIM COXPaHWJIa UCXOIHYI0 (opMy «mpedopMbr», KoTopas Oblia
NOJlydyeHa C WCIOJIb30BAaHUEM TaK HA3bIBAEMOW IUIMKEPHON TEXHOJIIOTUHA — JIUThHS
BBICOKOAMCIIEPCHOTO KEPAMHUYECKOTO IMOPOINKA, CMEIMIAaHHOTO CO CBS3KOH-KJIeeM H
IacTu(UKaToOpoM, B IUIACTHKOBYIO MAaTpHIly CIOXKHOH Qopmbl. B  kadectBe
TUTACTUKOBOM MaTPHIIbI BBICTyIAJIa OOBIYHAS TIOJUYpPETAaHOBAsI TyOKa C pa3MepaMH Top,
OJIM3KMMHU K N300paKEHHBIM Ha PUCYHKE.

«CpepxnpoBoasimasi  Mo3anka». Hepapxudeckasi jgedeKTHasi CTPYKTypa
ceepxnpoBoasmieii (BTCII) meHokepaMHKH Ha OCHOBe MTTpPHMii - 0OapueBOro
kynpara YBa,Cuz0,. (onmuueckas mukpockonusi 6 noisapuzo8aHHom ceeme Ha uwiiuge
obpasya, nociedosamenvHas NOAUPOsKA 6niomev 00 pasmepos 3epua adpaszusa 0.5
muxpon). JlanHas ¢dotorpadus nUpeacTaBiIseT OOJBIION METOAUYSCKUH HHTEpec,
MIOCKOJIBKY HATJISTHO JEMOHCTPUPYET CIOKHYIO peajbHYH CTPYKTYPY COBPEMEHHBIX
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MHOTOKOMITIOHEHTHBIX HEOPraHMYeCKUX MarepuanoB. [lodTu eAMHCTBEHHBIM MOYTh
MOJTyYEHHUsI TAKOH MUKPOCTPYKTYPBI, HEOOXOIUMOM IJIsi PEKOPIHBIX CBEPXITPOBOISIINAX
XapaKTEepPUCTUK, — KPUCTAUIM3AIMs paciulaBa, TaK KaK B HEM CKOpPOCTh nuddy3uun
KOMIIOHEHTOB T'Opa3/io BbINIE, YeM B TBEpAOM Teje. Kpome Toro, u3-3a OTHOCUTEIBHO
MaJioil BSI3KOCTH paciuiaBa BO3MOXKHA ‘TOJACTpOMKa” (POPMHUPYIOIIUXCS aHU3OTPOITHBIX
KPUCTAJUIUTOB JPYr OTHOCUTENBHO Jpyra, Kak COBHAJAOIIMX YacTed MO3AMKHU.
AHcaMONM  TCEBIOMOHOKPHUCTAIUIMYECKUX  00jlacTed, pa3Mep KOTOPBIX MOKET
nocturath 0.5 — 5 cM, SBISIFOTCS OCHOBHBIM MOTHBOM MHKPOCTPYKTYpPHI B Ciydae
kpynHokpuctaiinueckot BTCII-kepamuku, noitydyeHHOH 13 paciuiaBa. Kaxablid 1oMeH
sBisieTcs arperarom nameneit (5-50 um) daser RBa,Cus0,.

[InacTUHKM OpPUEHTUPOBAHBI MAPATUIEIBHO APYTr APYTY M pa3/esieHbl MajoOyIJIOBBIMU
rpaHHIIaMH{, YTO JeJaeT WX NPOHHIAEMBIMU JJIS MPOTEKAHUS TOKa (IIOJUPOBAHHBIC
TOPIBI TUIACTHHYATHIX KPUCTAUIOB BUIHBI Ha (oTtorpaduu). Mukpocrpykrypa BTCII-
KEpaMUKH, TEKCTYPHUPOBAaHHOM €  HCIOJb30BAHWEM  pACIUIaBHBIX  METOJIOB,
XapaKTepU3yeTCs CYIIECTBOBAHUEM PA3IMYHBIX TUIIOB MPOTSHKEHHBIX Je(PEKTOB, TAKUX
KaK JBOMHHMKOBBIC IPaHUIbI (OHM BUIHBI HA GoTOrpaduu KaK 4epeayroInuecss KpacHbIe
U KEJITO-PO30BbIC TOJOCKM Ha IUIACTHHYATBIX KPHCTALIMTAX), BBICOKOIUCIICPCHBIC
BKJIFOUCHHUST HeCBepXmpoBosammx (a3 (B JaHHOM ciaydae — 3epHa «3eJeHOH (as3pi»
Y,BaCuOs), aucinokanuu, MHKPO- W MaKpOTpemdHbl. Takum o00pa3oMm, peasibHas
ctpykrypa BTCII-kepaMuku, mojiydeHHON U3 paciuiaBa, MOXKET ObITh paCCMOTPEHa Kak
CUCTEMA C SIPKO BBIPAKEHHBIMHM «KOJUIEKTUBHBIMU» CBEPXIIPOBOJSAIIMMH CBOWCTBAMHU,
SBJISIIOIIUMUCS.  PE3YyJbTATOM  CHEIMU(DUUECKHX  MEXaHM3MOB  KPHUCTAJIU3AIIUU.
[IceBnOMOHOKpUCTANINYECKHE JOMEHBI 00pa3yl0T MAaKPOCKOIIMUECKHUE arperaThl, Yepes
KOTOPBIE MOTEHIMAILHO MOTYT IMPOTEKaTh OoJbimue TOKH (Topazmo Oosblie, 4eM B
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OOBIYHBIX METaJIaX-MIPOBOHHUKAX ), TTOCKOJIBKY MUKPOCTPYKTYPHO OHH TPEICTABIISIOT
co0olf cucTeMy C YHCTBIMH CBEPXIIPOBOIAIIMMU TpaHUIAMU U  JIBYOCHO-
TEKCTYPUPOBAHHBIMUA KPUCTAJUIUTAMU. BOJbIIOE KOJIMYECTBO NEe(DEKTOB CIIOCOOCTBYET
o0pa3oBaHHIO CUCTEMBbI 3(PQPEKTUBHBIX IIEHTPOB 3axBaTa TaK HAa3bIBACMBIX BHXPEH
AOpukocoBa (MarHUTHBIX (DJIIOKCOUIOB), KOTOPHIC HEOOXOIUMO IIPHIIITHIATHY
nedekramu (pPinNNing), 4roObl OHM HE TYJSUIM CBOOOJHO IO CBEPXIPOBOJHUKY B
CBEPXIPOBOSIIEM COCTOSIHUM, PAcCEUBas SHEPTUI0 M TMPHUBOAS K BO3HUKHOBEHHIO
ANEKTPUUECKOTO COMPOTUBIICHHUS.

«Ilpodaembr pocta». PocTroBass MHKpPOMOpP(OJIOrHs MNPOKUJIOK INEHOKEPAMHKH
(onmuueckas mMukpockonusi 6 NOIAPU306AHHOM ceéeme). BUIHBI OCTPOBKHM pOCTa Ha
MOBEPXHOCTH TEHOKEPAMUKH, a TakKe »OIIeNIOHbl CcTymneHel pocra. OOpasen He
nuiioBaH W COXpaHSIET €CTECTBEHHbIE HEPOBHOCTH IOBEPXHOCTH, B KOTOPBIX
«3amycaHa» UCTOPHS KpUCTauM3auu odpasiia.




«BpixkuBaer ObicTpermnii». Hanpasaennas kpucrauiusanus ciaos BTCII-¢a3bl
B  KOHUECHTPALMOHHOM TIPaJMeHTe HOHOB PpPeIKO3eMeJIbHBIX 3JIEMECHTOB
(onmuueckas mMukpockonus 8 NONAPU306AHHOM ceeme). JJaHHBI YHHKaIbHBIH METOJ
MO3BOJISIET OCYLIECTBIISITh YIpaBisieMoe camoTekcTypupoBanue pactymmx BTCII
KPHUCTAJUIOB OJHOBPEMEHHO Ha BCEM MNPOTSKEHUM JIEHTHI WJIM NOBEPXHOCTH, Ha
KOTOPOM HAaleyaTaH pPUCYHOK M3  pPAa3gUM4HbIX II0 COCTaBy  KOMIIOHEHTOB
KPUCTAJUIN3YIONIENCS CUCTEMEI.
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IIpuHuIMN reoMeTpUYecKoi ceeKIUH PH MacCOBOM KPUCTAJIN3ALNH.
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«IlupuiecTBO CcKeJeTHBIX KPUCTALIOB». (OOpa3oBaHue NepPBbIX KPHCTALIOB
HeoquM-0apueBoro BTCII-kynpara Nd;.,Ba, ,Cuz;O, npu oxiakaeHnn paciiaBa,
coJeprKaiiero Ur0JIbYATHIE KPHCTAJLIBI NPONEPUTEKTHYECCKOMN dasb1
Nd,Ba,Cu,0,q (onmuueckas muxpockonus 6 noasipuzoeannom ceeme). opMupoBaHUE
BTCII-kynpaTa MpOUCXOIUT B YCIOBUSAX «TOJOAaHMS» (HEI0CTaTKa KOMIIOHCHTOB JIJIS
pocra), 94TO IPUBOJUT K (DOPMHPOBAHHIO TOJBKO HAaWOOJee OBICTPO PACTYINUX I'PaHEH,
MOTJIONIAIONIUX MPAKTHUYECKH BCE JIOCTYITHOE BEIECTBO [JIsi POCTa U3 MUTATEIbHOU
cpedbl-paciiiaBa, B TO BpeMs KaK OCTaJIbHBIE YYaCTKH HE HMMEIOT BO3MOXKHOCTEH
00pa3oBBIBATHCS CO CKOJb JIUOO 3aMETHOM CKOpOCThIO. B pesynbrate (opmupyercs
pebepHas WM Tak Ha3biBaeMas cCKejieTHas (opMa KPUCTAIOB, KOTOPbIE IPH POCTE
TpeOyIOT paCTBOPEHUS UTOJIBYATHIX KPUCTAIIIOB, SABJISIFOIIMXCS CBOCOOPA3HOMN «ITUIIEH»
s ckenetHor popmbl BTCII-kynpata. [loTeHIManibHO BCE HMrojb4yaThie KPUCTAILIBI
MOTYT TpaHC(HOPMHUPOBATHCS B CKEJIETHBIE C TCUEHUEM BPEMEHHU.

«AHAUBUAYATBHOCTD KPUCTAJINTAY. PocToBBIE ae(eKThl OTAEJILHOIO
kpucrajimta P33-6apueBoro kynpara (yugposoii snekmponnwiti muxkpockon). Ha
MOBEPXHOCTH BUJHBI KBaJpaTHble U TNanodkooOpaszHeie Kpuctamwisl BaCuO,,
SMHUTAKCHATBHO (OPHUEHTUPOBAHHO) BBIPOCIIME HA MOBEPXHOCTH OOJIBIIOT0 KpHCTAJLIa
YBa,Cuz0;. BaCuO, sBnsiiicss KOMIIOHEHTOM TOHKOW IIJICHKM MAaTOYHOTO pacIliaBa,
CMauMBaBIIEH KPHUCTAl UTTPUH-O0apHeBOro Kympara MpU BBICOKOM TeMIEpaType BO
BpPEMS €T0 POCTa, KOTOpas MPEBPATHIIACh B CMECh TBEPIBIX (a3 MpH 3aTBEPICBAHUH BO
BpeMs MOHWXKEHUs Temreparypbl. CripaBa BHU3Y Ha (GOTOrpauu OTYETIUBO BHJIHBI
AIICNIOHBI CTYIIEHEH pOCTa, CBUACTEIBCTBYIOIIUE O IMOCIOWHOM POCTE KpHUCTaia B
YCIOBHUSX JIOCTAaTOYHO HHU3KOTO TMepechilieHns. Hanwune OBaJbHBIX — BIIAJIUH
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CBHUJICTEIILCTBYET O «TOJIOJAHMM» KpHCTaia (HEIOCTaTKe POCTOBOTO BEIIECTBA) BO
BpeMsi pocta. Hainume mpononbHBIX TPEIIUH — PE3yNbTaT TEPMHUUYECKOrO LIOKA IMpHU
OBICTPOI 3aKajKe KpHUCTaJula MOCie CTaAuu pocTta. B npunuumne, pocroBas MOpgoIorus
KpUCTAJUIOB Cyry00 HMHAMBUAYajdbHAa M, KaK IO OTIEYaTKaM Majbllax Ha MecTe
MPECTYIJIEHUs], BO MHOTHUX CIydasgX MPAKTHYECKH IMOJHOCTHIO  IO3BOJSET
PEKOHCTPYHUPOBATH IPEABICTOPHUIO ITOTYUYEHUST KPUCTAILIA.

EHT =15.00kv  Signal A=SE2  Date :22 May 2001
WD= 10mm  SignalB=AUX1 MAG= 860X

Camplii kpynHbli B Mupe kpucrawn BTCII
HeoUM-0apueBbIX KynparoB (2 cM), MOJyYeHHbIi
MOAU(PUIUPOBAHHBIM  MeTOAOM YoxpajabcKoro.
(SRL ISTEC, Smonwst)
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«[IpaBbiii mepeBopoT». ['padodnmurakcusi: «ymHble 3aTpaBkm» (onmuueckas
mukpockonust). BrepBble rpadOTEKCTYypUpOBaHHME YIalOCh HCHOJIb30BaTh LIS
COBPEMEHHBIX MHOTOKOMITOHEHTHBIX ($YHKIIMOHATIBHBIX MaTepHalioB
(BBICOKOTEMITEPATypHBIX ~ CBEPXIPOBOJHUKOB). M300pakeH pOCT KPHUCTALIUTOB
uTTpuii-6apueBoro kympara YBa,Cuz;O; Ha mnoBepxHOCTM mNauaguii-cepeOpsIHHOTO
crutaBa (kenteiid  ()OH, BHIHBI 3€pHA METAUIMYECKOTO CIUIaBa) TIPU MEIJICHHOM
oxNaxaeHuu. Kpucramibl TOBTOPSIIOT KOHTYPHl TMOBEPXHOCTHOH  CTPYKTYPHI,
NOJYYCHHOW TpadapeTHOW medarbio (HaHECEeHHEM pHCYHKa uepe3 Tpadapet). Ha
¢dotorpaguu mnokazaH BEpPXHHU JIEBBIA YroJl pPHCYHKa, MPEACTABISIBIIETO COOOMN
CUCTEMY BJIOKEHHBIX JIPYT B ApyTa KBajapaTtoB. OOpa3oBaHHe caMUX CBEPXIIPOBOASIINX
KPUCTANIOB TMPOUCXOAMIIO 32 CYET XUMHUYECKOTO B3aUMOJECUCTBHUS KEPaMUYECKUX
«yepHuia» pucynka (mopomka ¢asel  Y,BaCuOs ¢ opranudyeckum KieeM) C
BBICOKOTEMIIEPATYPHBIM JIBTEKTHUUECKUM paciuiaBoM coctaBa “BazCusOg”, xoTOphIM
MPOIHUTHIBATH PHCYHOK (IIOBEPXHOCTHYIO CTPYKTypy) mpu Temmeparype 970-990°C.
HazBanue «ymHbIe 3aTpaBKU» OOYCJIOBJIEHO TEM, YTO KPUCTAIbI caMH OOpa3yroTcCs
y)K€ B HY)KHOH OpHEHTAllU{, 3apaHee 3aJaHHON 3a CYeT CUMMETPUU PHUCYHKA IpHU
reOMETPUYECKU — OTPAHUYEHHOM POCTE KPUCTAJTUTOB B «HKHIIKAXY.
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«Mopo3Hble  y30pbI». ~ XapakKTepHasi  MHKPOCTPYKTypa  3aTBep/leBIIero
IBTEKTHYECKOr0 KYNPATHOro pacimiaBa (<KMOpPO3HbIE Y30pbI»), Ha MOBEPXHOCTH
KOTOPOTO IUIABaJ IJIACTUHYATHIA KPUCTAUIUT CBEPXIPOBOISAINEIO HUTTPHIi-OGaprueBOro
kynpara YBa,CuzO, (B nientpe) (onmuueckas Mukpockonus 6 noisapuso8aHHom ceeme).
BBepxy, BHH3Y U B IIEHTPE — CTEHKH U3 CIUIaBa cepeOpo-masliaanii, BEICTYMAOINE HaJl
MOBEPXHOCTHIO paciiaBa (BHJ CBEPXY), KOTOPBIE COCTABIISIIM YacTh MOBEPXHOCTHOTO
penbeda rudKoi MEeTAUTMIECKOM JICHTBI, HA KOTOPOU MPOM3BOAMIACH KPUCTAIIH3AIIN.
BeicTymaromme 4acTi CTEHOK OKPY)KEHBI MEHHCKOM, BO3HUKAIOIINM U3-3a CMaYMBaHUS
Marepuaja JICHTBI ~ KympaTHbIM  paciuiaBoM. COOTBETCTBEHHO, «BOTHYTOCTBHY
MOBEPXHOCTH paciijlaBa OKOJO 3JEMEHTOB HCKYCCTBEHHOIO pelibeda CTAaHOBUTCS
OYCBHUIHOM M3-3a JICKOPHUPOBAHMS COOTBETCTBYIOIIETO ydacTKa Ha MHUKpodoTorpaduu
JaMellbKaMH 3aTBEPJCBIIMX KOMIOHEHTOB pacimiaBa (cmecb BaCuO, m CuO). Ilpu
rpadOTEKCTypUPOBAaHMKM HEOOXOauMMa IOJABKYKHAs Cpeaa, B KOTOPOHM pacTymiue
KPUCTAUTUTBI MOTYT ME€PEMEIIAaThCsl, BPAIaThCs M TEM CaMbIM «IIOJCTPAHBATH» CBOIO
OPHEHTAIMIO B COOTBETCTBHHU C PACIIOIOKECHUEM JIEMEHTOB HCKYCCTBEHHOTO pelibeda.

100 um

«I'padoxpucramnnyeckoe aepeso». I'padodnurakcusi: «aepeBo KPHUCTAILIMTOBY,
oOpa3oBaBIIeecs 3a CYET IMOCIEAOBATEIBLHOTO pPa3pacTaHUS HCXOJHOTO KpHUCTaia
(BHM3Y) Yepe3 IJIEMEHTBhl MCKYyCCTBEHHOTO pelibe)a MOBEPXHOCTU (CTEHKHM KaHAaBOK
pasmepom 0.1 MM Ha TIOBEpXHOCTHM JIGHTHlI H3 CIUIaBa cepedpo-nayiaaui,
GopmupyromMe MosiocyaTelii  penbed, BUI cBepxy) (ommuueckas Muxpockonus).
[IpoHHKHOBEHUE KPUCTAIUIUTOB B COCEIHUE KaHABKW CHU3Y BBEPX BBI3BAHO TEM, YTO
npu temmeparypax 920-930°C, KOTOpbIe NPUMEHSINCh [T KPHCTAIH3ALNH, B
METAJNIMYECKOM CIUIABE YK€ TMOSBISIOTCS CJEAbl SBTEKTHUYECKOM >KHAKOU ¢asbl,

25



KOTOpBIE MPUBOIAT K 3€pPHOTPAHUYHOMY «IOJIUIABICHUIO» CIIaBa U (HOPMUPOBAHUIO
MHUKpO3a30pOB B CTEHKaX HMCKYCCTBEHHOTO penbeda moBepxHocTH. PesynmpTupyromias
CTPYKTYpa — «JIEpPEBO» CPOCHIMXCS CBEPXIPOBOAAIINX KpUCTALIUTOB (a3bl Y Ba,Cus0;
MHTEpECHa TEM, YTO JOCTUTAETCsl COBEPIICHHAs B3aUMHAas OPUEHTAIMS COCTABIISIONINX
«JIepeBO» KPUCTAIUTOB, YTO SIBISIETCA >KU3HEHHO-BAXHBIM IS CBEPXIPOBOASIINX
MaTepHaoB.

100 um.

e

«Tecnoe cocencrso». IIoBepXHOCTHBIH peabep KaK «reoMeTrpuyeckoe ImoJje»,
yOpaBJsiioliiee  pocTOM  KPHCTALUIMTOB  (ommuueckas — MUKpOCKOnusi 8
nonsipuzoéanHom ceeme). V300pakeHHbIE HAa KapTUHKE KPUCTAUIBI TMPEACTABISIOT
coboli cBepxmpoBoasmuii Kympatr uttpus u Oapus YBa,Cu3;O;, nHaxomsmmiics Ha
MOJJIOKKE W3 CIUlaBa cepeOpo-mamiafnif, KoTopas o0O0JagaeT OmpeneIeHHON
CTPYKTypoil — penbedoM mOBEepXHOCTH. [IpomcxoxaeHrne Moiaoc Ha TMOBEPXHOCTH
KPUCTAJJIOB CBSI3aHO ¢ (POPMHUPOBAHUEM JBOMHUKOBBIX JAE(PEKTOB, KOTOPHIE BOSHUKAIOT
B (Qepposmnactuke YBa,CuzO; wu3-3a HECTEXMOMETPUYHOCTH CBEPXIIPOBOSIIETO
Kynparta 1o KUCIOPOAY U TOSBISIOTCS B pe3yibTare (ha30BOro mepexoja 2 poja TUMa
«TIOPSIIOK-0ECTIOPSIIOK» TPHU OKHCIECHUH KpUCTAIoB. CaM BHEIIHHH BUJ KPUCTAIIOB
TOBOPUT O MHOTOM — HAJIMYUE JBOMHUKOBBIX A€(EKTOB MOJATBEPKAAET, UTO KPUCTAIIIbI
PO CTAJINI0 OKUCIICHUS U 00JIaJIal0T CBEPXITPOBOIAIIMMU CBOMCTBAMH, a TAKXXE TO,
YTO OHM OPUEHTUPOBAHBI COBEPILIECHHO OIpPEACICHHBIM 00pa3oM — C OCBIO «C»,
HAMpaBJICHHOW CTPOrO BBEPX, M OCAMHU «a» U «b», pacnojgoeHHbIMH MapayIeIbHO
COOTBETCTBYIOIIUM I'PaHsAM KpUcTauia. IMEHHO Takoe, JOCTUTHYTOE HCKYCCTBEHHO (32
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CUET TIOJIOCYATOTO peibeda IMMOBEPXHOCTH), PACIOJIOKEHHE KPHCTAUIOB Hambolee
BBITOJHO C TOYKM 3pEHUS pealu3aluyd  TPAHCHOPTHBIX  CBEPXIPOBOMSIINX
xapaktepuctuk, nockosnbky BTCII ¢a3br 001anatoT BRICOKON KpUCTAIIOrpaduyecKon
aHU30Tponuen cBOMCTB. Kpucramibl OKpy>KEeHbl TUCIIEPCHBIMU 3€JIE€HBIMH YaCTHUIIAMM,
3T0 00buHBIN 1BeT ¢azsl  Y,BaCuOs, sBndromieiics MNOMyOpOAYKTOM —MpHU
KPUCTAJUIM3ALMKM CBEpPXNpOoBOJsALIed (a3pl M3 pacmiaBa 3a CUET NEPUTEKTUUYECKOU
peakuuu — OJHONO W3 MEXaHU3MOB 00pa30BaHUs KPYNHOKPUCTAIUIMUECKUX

MHOT'OKOMITIOHCHTHBIX MAaTCPUAJIOB.

CamonponsBoJibHOE TeKCTYpH-
poBaHHE BHCMYT- COAepPKALIHUX
BTCII Ha MOBEPXHOCTH

cepeOpsIHBIX HUJIHHAPOB. JleBblit
HMJIMHIAP He MMeJl HCKYCCTBEHHOI0
peiabeda M He TOKPBIT CJIOEM
CBEPXINPOBOIHMKA. IIpasbrii
UMJIMHAP HUMeJ  JBYCTOPOHHUIA
peibed H  MOITOMY  NOKPBIT
KpynHokpuctagnieckoin BTCII-
TIEHK O c BHHTOO00Pa3HOI
TEKCTYpPOii ¢ 00enX CTOPOH.
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K ro6niaero orkpouituss BTCII (1986-2006 rr.)

13 HCTOPUN PAZBUTHS CBEPXITPOBOJUMOCTH
(B TOM YUCJIE U BBICOKOTEMIIEPATYPHOWN)

H.H.OureiinukoB
[Ipodeccop MI'Y, unen-koppecnongaent PAH
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[Ipen Bamu U3BECTHBIN OKCHUIHBIN COCTaB,
Koropslii HeJaBHO TIpel HaMH MPECTAaB,
YMbI B30yJOpakHUil Kak pUTMHKA J1Ka3a,
A MHOTHMX YYE€HBIX JIOBEJ /10 FKCTa3a. a 185 I'ms 2

A BOT niepen Bamu y4eHsbIi roJiaHen,
KoTopslii oTIIIsichIBa Kak adprKaHer

W nien, v kpuyai, U CBUCTEN CIIOBHO UMK,
Korga BMecTo OMOB yBU/I€d OH ... IIXIMI.

[Tunr Takke UMeeT U3BECTHRIN COCTAaB, —~ *
Kotopslil HeaBHO npes HaMu MPEACTAB, ——
YMBI B30y IOpaXKHIT KaK pUTMHKA JIKa3a,

A MHOTHEX YYCHBIX JOBCJ A0 5KCTAa3a.




A BoT nepea Bamu Te ABa 31eKTpoHa,
Koropsie Kynepom o0beAHEHBI.

BuTaroT B MpoCTpaHCTBE, U Y€PT UM He Opar,
JleTaroT kak mapa CHaMCKUX OJTH3HST.

JleTaroT OHU ¥ BO PTYTH TOJIJIaH/LIA,
CtpeMsch MOTYEPKHYTh BCEM
CTpeMuTenbHOCTh TaHIA.

HanoinHeH ux TaHIlEM U3BECTHBII COCTAaB,
Kotopslii HeJTaBHO TIpe1 HaMH MPEJICTAaB,
YMbI B30yJOpaKUiT Kak pUTMHKA J1Ka3a,
A MHOTHX y4€HBIX JIOBEJI 10 IKCTAa3a.

A Bot niepen Bamu lamnsirua uz MOHXa,
KoTopplil T0X0k Ha TOJIOJHOIO BOJIKA.
BrniepBbie M B MUpE NOJIy4€EH KyIIpar,

Ho sromy Urops, nosepste, HE pal.

Benp Bce 310 Hayasm Kynepa napsl,
KoTopsie CHSIB pe3UCTUBHOCTH Yapbl
BuTatoT B mpoCTpaHCTBE, U YepT UM He Opar,
JletaroT Kak mapa CHaMCKUX OJIM3HSAT.

[Tpooikuit Bce 3TO MPOKJISITBIN roJuIaHaeN,
KoTopslii OTIUISCHIBA KaK appUKaHEII,

U nien, u mwisican, ¥ CBUCTEJI CJIOBHO UMK,
Korna BMecTo OMOB yBHJIE€T OH LIUII.

[Inmn Takke UMEET U3BECTHEINA COCTAB,
KoTtopelit HeaBHO npe HaMu NPEACTaB,
YMbI B30yIO0paXuil Kak pUTMHUKA JIXKasa,
A MHOTI'UX yqumx JOBEJI 10 3KCTasa.

Bor bennopn u Mromtep ceiiuac nepen Bamu.
O npemuu HoGenst - 3Haere camu.

I'po3ut UM B HAyKy Ha Iapy BOUTH

U Bcem ux 3yOpuTth, kak Jronounra u [1tu.

3yOpuTh BceM npuaetcst Toro, uro u3 MOHXa,
KoTtops1ii mox0x Ha roja0IHOTO BOJIKA.

3yOpuTh BceM npuaercs npo Kynepa napsi,
KoTopble pBYT pe3MCTUBHOCTH Yaphbl.

["onnanana 3yOpuTh, yK XOTHIIb-HE XOTHIIb,
Koropslii BiepBbIe paccMaTpUBal LINIL.

3yOpuTh BceM MPHUIETCS N3BECTHBIN COCTaB,
KoTopslii HejaBHO TIpel HaMu MPEJCTaB,
YMbI B30yJOpaKUiT Kak pUTMHKA J1Ka3a,

A MHOTHX yY€HBIX JIOBEJ J0 IKCTa3a.
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A BOT mepea HaMU KuTancKas napa.
[ToBeprTe, Hazenana napa HeMallo.

3a "eut Tapackon u, koHeuHO, Maena.
[Toxaiyii, 4T0 K HUM COOepycCh U Moeny.

[Toeny x bennopiy u Mrosepy cpasy,
Kortopsie ObUTH TPUYMHON HKCTA3a.

[TpoBenaro Takxe Toro, uro u3 MOHXa,
Koropslit moxox Ha roJ10JHOTO BOJIKA.

C nourenbeM B3rJIsHY 5 Ha Kynepa mapsl,
KoTopble pBYT pe3UCTUBHOCTH Yaphbl.

I"omtana MPUIOMHIO, HY KaK ero OHIb?
KoTtopslii BiepBbIe paccMaTpyBal IIUII.

[TpunoMHIo 51 TaKKe U3BECTHBIN COCTaB,
Kotops1it mpe HaMu HETaBHO NIPEACTAB,
YMBI B30yI0paXuI Kak pUTMHUKA JIKasa,
A MHOTI'UX yqumx JOBEJI 10 3KCTasa.

A Bot nepen Bamu u Xepmann AueH.
['ynsiet B THIIM ApKaH3aCCKUX aJlIeH.
N3 Bcex 271EMEHTOB IIPUBJIEK €r0 TaJUIUM.
Hanerocs, 0 HeM Bbl, KOHEYHO, CIIBIXaNIH.

Uuranu y Kpuctu emie, y Ararsl,

Yro TaIUINI CHMIITOMOB JIa€T MHOI'OBAToO,
Y0 Tayumii XOpoul NPH CBEICHUH CUETOB...
Ho, B 001iem, Xopo1r oH emie sl 9ero-To.

OH HyX€eH 3aTeM, YTOO MOBBICUTH Te-1ie!
Cwmotpro, TapackoH U3MEHUJICS B JIUIIE.

Maena cpaxen. U kuraiickas mapa,
Kotopas, 31aem, co3ziana HemMalo.

Bonnyrorcsa begnopi u Mrosiep Ha napy,
KoTtopsle OblIM MPUUMHOM CKaHaa.

Yo6ut nanosan ToT, KoTopsiii n13 MOHXa,
KoTtops1il moxox Ha roja0IHOTO BOJIKA.

Tecnelt npmwxumatrorcs Kynepa napsi,
Yro0 paHbllle NpOpBaTh PE3UCTUBHOCTH YapPHI.

lNomnmangen B HokayTe. Kak ero...0umn?
Koropslii BiepBbIe paccMaTpUBal LIAIL.

brneaneer, TyckHeeT U3BECTHBIN COCTaB,
KoTopslii HejaBHO TIpel HaMu MPEeJCTaB,
YMBI B30y0paXuil Kak pUTMHUKA JKasza
W MHOTHX y4eHBIX TOBEN J0 IKCTa3a.
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A Bot nepea Bamu u cam TpeTbsKoB.
KakoB Ha KapTHHKE - U B KU3HU TAKOB.

Koneuno, on utut Tapackona ¢ Maeno#,
K mocnegnemy, KCTaTH, HAMEIHH MOEXal.

KoneuHo ke, YTUT OH KUTAMCKYIO0 Mapy,
Koropas, 3naeMm, co3gana nemalo.

On utut u begnopua, u Mroiiepa cpasy,
Koropsle Ob1TH TPUUMHON HKCTA3a.

Koneuno, on utut "Apkan3acckoe uyao",
Ho Bepur, uTO HaM eciM HY>KHO - TO OyJeT.

Bo uto yx He Beput BoT TOT, uTo 13 MOHXa,
KoTtoppliit moX0k Ha roj0IHOTO BOJIKA.

Bo uto Te He Bepsr, uTo Kynepa 3naror, LINID - YWY
Tpyas! ke rojuiaHana COBCEM HE YUTAIOT.

A 9TYT UL U3BECTHBIA OKCUAHBIN COCTAaB,
KoTtopslii HeaBHO npen HaMu NIPEACTaB,
Hapymun 3akonsl, Bkitroyas u Oma,

N MHOrHUX y4eHbIX T0BEI 10 AypAOMa.

A BoT nepex Bamu TaHaem U3 Poccun.

Teneps ux Bce 3HarOT. JItoboro crpocure.

Nx pryts npuBnexsa. A Beab PTYyTh - HE
MOAAPOK.

Taut B cebe Maccy cepbE3HBIX 3arafiok.

Ho cmerno co pTyThio NONUIA HAa PEKOPA.

Becb Mup ycibIxan ux modeHbIid akKKOp/.

lNonnanpaen ycabiman!
Hy, xak ero... 6umis?
Koropslii BiepBbIe paccMaTpUBal LINIL.

Cpaxx€H ObLIT BOH TOT,
Hy, xotopsiit u3 MOHXa,
KoTtopsIil moxok Ha roj0IHOTO BOJIKA.

Pykamu passogst

I
)
9).

¢
L

f

U bennopu, u Mrosutep: 2 |«
Kyna e poccuiickue MaTpbl marnyamn? {:-'" vl

\ TN
Kwuraiickas mapa | 4 vy
B 3areinkax gecana. - :
U TobKO mienTana: MYTUANH AH
[a, a3To He Mmaro. ' ™n 0B
Maena noexan ¢ Bu3utom B Kanany. - - -
[Tpuns x Tapackony, ckazan od: He Hamo! P @._f/‘/
He nano! He Hamo 3a cepaie pykamu. = '

BGI[I) ObLIH KOoraga-To 1 Mbl pbICaKaMH.

U capmman g Takke,
Uro Xepman AneH
OT rops yexai ¢ poAUMBIX aJJICH.

Ja, Kynepa mapsl yx CKaTbl JOHEIb3
Mex HUMU yKE U KOMap HE MPOJIE3ET.

Bcé Oounblie OjieIHEET U3BECTHBIA COCTAB,
Kotops1it korga-To npea HaMu NpeCTaB,
YMBI B30y0pauil Kak pUTMHUKA JIKasza
N MHOTHMX y4€HBIX TOBEN A0 IKCTA3a.
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HAHOYACTULUDI

CnoucTble ABOWHbIE rMApPoKCcUabI

OnHOMl M3 caMbIX MHTEPECHBIX KOHIIEHIUI
MOJTyYeHUsI HAHOKOMIIO3UTHBIX MAaTEPHAIOB C
3aJJaHHBIMH (PU3HKO-XUMHYECKHUMU CBOWCTBAMH

SIBJISIETCS HCIIOJIb30BaHUE JIBYMEPHBIX
TBepA0(ha3HBIX HAHOPEAKTOPOB, YTO CBS3aHHO C
XUMHYECKOH  MoauduKkanued  3aMenieHHBIX

CIIOUCTBIX ABOMHBIX TuApokcuao (CUAI). Dtu
COCIMHECHHS TIO CBOEH CTPYKType IOXOXKH Ha
MIPUPOIHYIO TIUHY U COCTOSIT U3 THAPOKCHUIHBIX
Mg wu Al-comepxammx cjloeB, KOTOpbIE

@ - katHOHBIMZ' AP
@ - OH - rpymmm

- dHITOH (I\'UIMIIHEKC MeTalLa)

= TTTPORCITTHEIE CTTOTT

‘ - HAHOYACTIIIEL

XHUMHYecKass MOJAH q.) HKalliAa

MO3BOJIIOT MIPOBOJIUTH dbopmupoBaHue
HAHOYACTHI] B MEXCIIOEBOM MpocTpaHcTBe. [Ipu
3TOM peakuoHHas 30Ha OorpaHuyeHa
TUJIPOKCUJIHBIMH CJIOSIMM, YTO CO3/Ia€T YCJIOBHUS
JUIL CUHTE3a HaHO(]Aa3bl, CXOAHbBIE C YCIOBHIMHU
CHHTE3a B JIByMEpPHOM HaHOpeakTope. Hamuume
y CAI' uemoro psaa yHHUKaJbHBIX CBOMCTB
OTKpBIBACT IIMPOKHE BO3MOXHOCTH K AMU3aiHY
HAaHOKOMITO3UTHBIX MaTEpUaIoOB Ha UX OCHOBE.

CTpyKTypa ¢JIOMCTBIX IBOHHBIX THAPOKCH/IOB.

ObLIa
(OpMHUpPOBaHUS MATHUTHBIX HAHOKOMITO3UTOB Ha
OCHOBE eJie3a, KoOalbTa W HHUKEIS, B KOTOPHIX

Tax, oOHapykeHa BO3MOXXHOCTb

MeTtauia oOJIagaroT  3aJaHHOU
B 3aBmcmMocTH OT cocTaBa
HCXOJIHBIX AHNOH-3aMCIICHHBIX CaAI
HaOII0IaeTCs dbopMupoBaHue HAHOYACTHI]
MeTajla  Pa3iM4HOM  pa3sMEpHOCTH -  OT
OHOMEPHBIX JO TPEXMEPHBIX. Y BEIUYCHHUE
comepxkanusi komiuiekca B CJ/I[-matpuie
TIPUBOAUT K OHWKEHUIO pa3sMEepHOCTH
(hopMUpYIOIIUXCS HAaHOCTPYKTYP u K
yBeNIMYEHUIO (hakTopa aHM30TpONUU. B To ke
BpeMst TeMmIeparypa BOCCTAHOBJIEHHSA
MPaKTUYECKH HE BIUSET Ha MOPQOJIOTHIO
00pa3yromMXcsi HAHOYACTHIL. TPH TOBBIIICHUH
TeMIIEpaTypbl YBEIWYUBAKOTCA JIMIIb CPEIHUE
pa3Mepbl HAHOYAaCTHII, a COOTHOIIICHHE
JIMHEWHBIX pPa3MEpPOB JAPYTr K APYry HU3MEHSETCS
HE3HAYUTENILHO.

HaHOYaCTHLbI
AHU30TPONUEH.

Bappupyss Temneparypy BOCCTaHOBJICHUH,
MOXHO B JOCTAaTOYHO IIMPOKUX Ipeaenax
U3MEHATH pasMepsl bopmupyromuxcs
HAHOYACTHI]. AHAJIOTMYHOE MOBEJCHUE CUCTEMBI
OBUIO TaKke TOATBEPKICHO HA IpHUMEpe
mwiatuHocofepxkamux  C/II°, BoccTaHoBIEHHE
KOTOpbIX IpOTeKaeT npu Oosee  HU3KOM
TEeMIIEpaType, Korzaa HE IIPOUCXOIUT
neruapatanus CJI-marpunpl. B 1O ke Bpewms,
Ha I@pUMEpe TOJy4YeHUs HAHOCTPYKTyp Ha
OCHOBE OKCHJOB JKeine3a Obula IOKa3aHa
BO3MOKHOCTH YTIpaBlieHHs! ()a30BBIM COCTABOM H
CBOMCTBAMM  HAHOYACTHL] B  MaTpuue ¢
COXpaHeHHEeM HuX MOp(oIorun B MpoLecce
CHHTE3a.

Ha npuMepe MOJTYTIPOBOTHUKOBBIX
Hanokomno3utoB (MS/Mg-Al-O, M=Pb, Zn, Cd)
U3y4EeHO  BIHUSHHE  CIOCO0a  XUMHYECKOU
MonubuKanuu aHuoH-3amemieHHblx CHIT Ha
CBOMCTBA CHHTE3UPYEMBIX KOMIIO3UTOB.
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CogeprkaHue Keneza, %o MO
Oo0Opa3oBaHue yacTull pa3inuHoii MmopdoJsiornu B cucteme Mg-Al-Fe(edta)”.

C mnomompi0 3IEKTPOHHOH MHUKPOCKOIMHUU
BBICOKOT'O pa3pelieHHs] YCTaHOBJIEHO, YTO MpH
Y®-06nyaennun CHI ¢ M TEPKaTHPOBAHHBIM
KOMILIIEKCOM Pb(S,03),” MIPOUCXOTIUT
¢dbopmupoBanue Hanouactuli PbS B amopdHoii
000JI0YKe, B TO BpeMs, KaK MpHU TEPMHUUECKOM
Momubukauun  CHAIT ¢  MHTepKaTUpOBaHHBIM
THOCYJIb(haTHBIM KOMILIEKCOM CBUHIIA
g)oganOBaHHe 000JI0YKH BOKPYT HAHOYACTHI]

bS ne nabGmromaercs. bputo mokasaHo, 4TO B

CIIEKTpE  TOTJIOIIEHUS] HAHOKOMIIO3UTOB  C
HaHOYAaCTHUI[AMU B 000JI04KE HMEIOTCS
JIOTIOJIHUTEIIbHBIE 3KCUTOHHEIE nepexosl,
KOTOpBIE, Kak TpaBWiIo, HE (QHUKCUPYIOTCS B
cnektpax PbS.  Kpome Toro, o06pasusl,
TOJIyYCHHBIE IOEeUCTBHEM Y®-uznyuenus,
XapaKTepHU3yIOTCA MHOBBIIIEHHON

MHTEHCHUBHOCTBIO JIFOMUHECICHIINM B BHIUMOM
obnacrtu.

Jns wanoxkommosutoB PbS/CJII" Bmepsbie
MOoKa3aHa BO3MOXXHOCTh CHHTE3a HAHOCTPYKTYP C
HCITOJIb30BAHUEM MeToJ1a oOpaTtuMon
nectpykuuu CIIT Ha oTAelbHBIE TUAPOKCHIHbBIC
CIIOM. OTOT METOJA II03BOJAET 3HAYHUTEIBLHO
JTyqIie KOHTPOJIUPOBATH MOPGOJIOTHIO
KOJIJTOUJHBIX YacCTHUIl Ha MEPBOM ATalre CHUHTE3a,
a ux wuHrepkamsauus B CIIT mpemoTrBpamiaet
MpOLIECC  arperupoBaHus M  3alIUINAET OT
BHEIIIHUX BO3JICUCTBHUIL.

K.X.H. A.B.JlykammuH,
K.X.H. A.A.Exncees,
rpynna HaHOMaTepHaJIOB



«Cuavckne Ommzuensr (Nanotwins)». Peakui cjaydail HAJWYUsl JABOWHHMKOBOIO
AedexkTa B HAHOYACTHIE — KBAHTOBOM TOYKe MOJYIPOBOJIHHUKA CYJb(UIa CBHHIA.
Hanokomnosur  PbS/CAI, mosydeHHBIH  (OTONM30M  TMPU  HCIOJIB30BAHUH
yJIbTpauoJIETOBOrO cBeTa. JIBe TeMHBIX mojochl Ha (¢ororpadpuu — TpaHULIbI
JIBOMHHMKOBaHHS B HaHOKpHUCTAIUIC. (npoceeuugarouas 1eKMPOHHAS MUKPOCKONUS]
8bICOKO20 pA3peUeHst U MUKPOOUDPAKYUSL)

DJIeKTPOHHASA
MuKpodororpadus
oOpa3ua
HAHOKOMIIO3UTA
PbS/CAT,
MOJIYYEHHOI0
MeTOoA0M
oOpaTumoi

pecTpyKTypu3a-
uuu CAT.




KBaHTOBbIE TOUYKU

Mup MOJNOH CIIyXOB O KBAaHTOBBIX TOYKaX.
Jnst HUX IIpopodYaT MHOKECTBO NPUMEHEHUN —
OT HOBBIX JIa3€PHBIX YCTPOMCTB 110 MapKepoB
PaKOBBIX KJIETOK. KBanToBsie TOYKHU
CYIIECTBYIOT Ha CAMOM JI€JI€ U SABJISIFOTCS OJTHUM
W3 BOKHEHIIMX KJIAcCOB HaHOMarepuayioB. Tak,
CTaOUIN3UPOBAHHBIE HAaHOKPUCTAJLJIBI
noxynpooanukoB (CdSe, CdTe, CdS, PbSe,
PbTe) npexacrasisiror co0oit Tak Ha3bIBacMbIC
KOJLIOUOHble KBAHTOBBIE TOUKH.

r-'-’"
N

CxemaTudeckoe u3o0pakeHue
KOJIJIOMTHOM KBAHTOBOM TOYKH.

B Takux cucremMax  HeOpraHM4ecKoe
MOJTYTIPOBOTHUKOBOE SIAPO MOKPHITO “ry0oit” u3
JUTHHHOIIETIOYEYHOTO crabunm3aTopa, 4TO
obecrieunBaeT  OTCYTCTBHE  arperaiud |
BO3MOXKHOCTh OOpa30BaHMs KOJIOMIHBIX 30Jei
B HEMOJSPHBIX  pacTBopuTensax.  Pasme
HAHOKPHUCTAJUIOB HAXOAWTCS B JWanazoHe 2-
HM, B 3aBHCHUMOCTH OT MaTepuajia U YCJIOBHI
nojiyueHus. B orcyrcTBumM pactBOpuTens (MpH
BBICYIIIMBAHUM  KaIUId  30JI51) (f))opMpreTc;I
TJIOTHOYTIAKOBAaHHAsl CHCTEMa HaHOKPHCTAIIOB.
B mpomexyTke Mexay HaHOKPHCTAUIAMH Kak
pa3 HaxomaTcs “IryObl” M3 OJICMHOBOW KHCJIOTHI,
KOTOpPBIE MPO3pavyHbl ISl SJIEKTPOHHOTO ITyYKa.
B 10 xe Bpems camo sapo oOnamaet
YIOPSAOYEHHON KPUCTAIIMYECKOW CTPYKTYpOH
U MOXET JaBaTh AU(PPAKIHIO SIECKTPOHHOTO
MmydKa.

a) - Merann ManynpoBoaHnK
Obtem Hanodaciua Atom OBwem Hadodacmiug Amom
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OHepvs
Cxema IHEPTETUICCKUX ypOBHeﬁ JJIA

00bEMHOI0 MOJIYIIPOBOAHUKA U
HAHOKPHCTAJLIA.

OrpomMHbI MHTEPEC K KBAHTOBBIM TOYKAM
BBI3BaH JIUCKPETHBIM XapaKTepoM
SHEPreTUYECKOr0 CIEKTpa JJIEKTPOHOB, YTO
OTIMYAET UX OT OOBEMHBIX MOJYIPOBOJIHUKOB C
HEIMPEPBIBHBIM CIIEKTPOM HOCHUTENEH 3apsija.
Otor  3pdekr BO3HMKAET TO  MPUYHHE
MIPOCTPAHCTBEHHOTO  OIPAHMYEHHUS  JIBHIKCHHS
HOCUTENIeH 3apsia B KBAHTOBOH TOYKE B 3-X
n3Mmepenusx. llosBnenue NHUCKPETHBIX yPOBHEM
MIPUBOAUT K HU3MEHEHUIO TaKUX
(dyHIaMEHTaIbHBIX CBOICTB BEIECTBA, Kak
JUIMHA BOJIHBI JIFOMUHECUEHLIUHA U TOTJIOIICHUS.
Bo3MOXXHOCTh ynpaBieHUs 30HHOM CTPYKTYpOH
U, TakuM oOpa3oM, KOHTPOJS ONTHUYECKUX
CBOMCTB npu BapbUPOBAHUU pazmepa
HAaHOKpHUCTA/UIa TMO3BOJSET CO3AaTh Ha UX
OCHOBE HOBBIE JIFOMUHECLEHTHbBIE MaTepUallbl,
Jla3eppl C MEepPecTpamBaeMoOl JJIMHOW BOJIHBI,

Ouoslornveckue METKH u pas3u4YHbIe
OIITO3JICKTPOHHBIC CUCTEMBI, BKJIFOYasda
CBCTOAUOAbI, IIJIOCKUE CBCTOU3TYUAIOIINC
MaHeNIu, COJHEeuHble Oartapeu. BusyansHo
JIOMHHECIEHIIMS 00pa3oB 30JIei KBAaHTOBBIX
Touek modympoBogHuka CdSe ¢ pasHbIM
THAMETPOM MIPUBOJIAT K MOy YCHHIO
MPAKTUICCKU BCEToO BUIUMOTO CIICKTpa

HU3JTy4YCHUd Ha OAHOM U TOM KC BCIICCTBC.



Baxmuo OTMCTUTD, qTo JIJFOMUHCCIICHTHBIC
CBOICTBA HE OrpaHU4YMBarOTCA TOJIBKO BUAUMbBIM
Irana3oHoM. MOXHO, Hampumep, MOJyYUTh
JTFOMHHECICHIINIO TaK)KE U B YIBTPa(QUOIECTOBOM
unu  uHppaKpacHOW 00JIacTAX CHEKTpa, dYTO

JenaeT  Takhue ~— MaTrepuanbl  HeoObIdaliHO
IIPUBJIEKATEIbHBIMU JUTS IIPaKTUYECKUX
MIPUIIOKEHUH.

k.X.H. P.b.Bacuines,
JJadopaTopus IMATHOCTHKHU
HEOPraHu4eCKHX MaTepHaioB

R.B.Vasiliev, S G Dorofeev, D N Dirin, D A
Belov, T A Kuznetsova, Synthesis and optical
properties of PbSe and CdSe colloidal quantum
dots capped with oleic acid, Mend. Comm.,
2004, 14 (4), 169-171.

I A.lllanaprok, A.B.Pe6pos, P.b.Bacuibes,
C.I'. lopodeer, A.C.Mepekanos, A.M.['acbkos,
P.B.Tanbspo3ze. Crabunnsanus HaHOYaCTHIL
CCJICHUJAa KaJIMus B KUIAKOKPHUCTATINIMYCCKOM

nonuMepe. BBICOKOMONEKyYIISIpHbIE COETUHEHMS,
cepus b, 2005, 47(10), ¢.1879-1881.

dotorpadusi 00pa3oB KOLIOMIHHIX KBAHTOBBIX TOYEK HA OCHOBE
CdSe. 30ap CdSe 6e3 moacBeTku (BBEpXY) M €ro JIIOMHHECLEHIUS IO JACHCTBHEM
yinbrpaduosiera (BHU3y). Pasauuns B 1BETHOCTH O0YCIOBICHBI PA3IMUUAMU B pa3sMepe
HAHOYACTHII (TaK Ha3bIBAEMbIN «TOJy00H CIBUT») (MaKpocbemKa)

Muxkpogororpapus
Kamjim 30J1 HaHOKpucTaaioB PbSe
(npocseuusarowas
MUKDOCKORUSL U MUKDOOUDDAKYUA)

13/03/2006
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POTOHHbIE KpUCTannbl

BypHBIil mporpecc B MHUKPOAJIEKTPOHHUKE W
IpaHINO3HbIE IIPOEKTHI pa3BUTHSA
WH(POPMALIMOHHBIX TEXHOJIOTHH B TMOCJEIHEe
BpeMs Bce OJNMXKE CTaJKUBAKOTCS C MpoOIeMoii
CYILLIECTBOBaHMs (byHIaMEHTaJIbHBIX
OTpaHWYCHUN OBICTPOJICHCTBHS TOTYPOBOIHU-
KOBBIX yCTpOWCTB. B cBsi3u ¢ 3TUM Bce Oobliiee
YHCIIO WCCIIEOBAHUI MOCBSIIAETCs pa3paboTke
NPUHLMIIHAIBHBIX ~ OCHOB  aJIbTEPHATUBHBIX
MIOJIYTIPOBOTHUKOBOM 3JIEKTPOHHMKE O0JIacTe —
MHUKPODJIEKTPOHUKE CBEPXIIPOBOJHHUKOB,
CIIUHTPOHHKE U ()OTOHHUKE.

OCHOBOIi MHOTHX YCTPOWCTB (OTOHUKHU
MOTYT CIYXHUTb (OTOHHBIE KPUCTAJUIBI —
IIPOCTPAHCTBEHHO YMOPSI0OYEHHBIE CUCTEMBI CO
CTpOTO NEPUOANUYECKON MOZYyJIALHAEH
IMAIICKTPUYECKON — TPOHHIAEMOCTH  (CTpOro
MEPUONYECKIUM HU3MEHEHHEeM KoddduimenTa
MpeJIOMIIEHUsI B MaciuTabax, COMOCTaBUMBIX C
JUIMHaMU BOJIH U3JIy4Y€HUH B BHAUMOM H
OIIKHEM UH(ppaKpacCHOM JHMana3oHax).
VYka3aHHasT NEPUOAMYHOCTH, II0 AHAJIOTMM C
3JIEKTPOHHOU 30HHOM CTPYKTYpPOH B PETYJISAPHOU
KPUCTANIMYECKON  pemieTke, 0OyclIaBIMBaeT
BO3HUKHOBEHUE (DOTOHHOM 3alpelIeHHON 30HbI —
CHEKTpPAJIbHOM 005acTH, B Ipelenax KOTOpPOM
pacnpoCcTpaHEHUE CBETA B (1()OTOHHOM KpHUCTaJlIe

MOJIABJICHO BO  Bcex  (moiHas OTOHHAasI
3ampelieHHas 30Ha) WIM B HEKOTOPBIX
M30paHHBIX HaIpaBJICHUIX (Oyyum
MPO3payHbIMKA  JUIS  I[IUPOKOTO  CIHEKTpa
JNEKTPOMArHUTHOTO  W3JIy4YeHHs, (DOTOHHBIC

KPUCTAJUIBI HE IIPOIYyCKAIOT CBET C JJIMHOMN
BOJIHBI, CPaBHUMOW C TEPUOJIOM CTPYKTYpPHI
doronHoro kpucramia). Hamwmuwe ¢HOTOHHOIM
3ampeleHHoN  30HBI  0oOycnaBiauBaeT 3G EKT
JOKaJIH3aIin CBeTa, 4TO MIO3BOJISIET
OCYHICCTBJIATDH KOHTPOJIb CIIOHTAHHOTI'O
U3IY4YeHUsT BHYTPU (POTOHHOIO KpUCTAUIA H
OTKpBIBACT MyTh K CO3JAHHIO0 HU3KOIOPOTOBBIX
Ja3epHbIX ~UW3Iy4yaTeled s BUAUMOIO H
OmmkHero MH(QpaKpacHOTO auarna3oHoB. Kpome
TOro, HCIOJb30BaHUC (1)OTOHHLIX KpHUCTAJIJIOB
pu KOHCTPYUPOBaHUU TEJIEKOMMYHHKA-
IMUOHHBIX CUCTCM MOXKCT NPHUBCCTU K CHUKCHHUIO
kodd¢uimeHTa  3aTyXaHHS B ONTUYECKUX
BOJIOKHAaX U CO3JaHMIO HE UMEIOUIMX aHaJIOroB
CBEPXOBICTPBIX, MOJIHOCTBIO ONTUYECKHUX,
MepeKITrovaTeel TOTOKOB HHPOPMAIIUH.
Pa3paboTka 3TOro HampaBieHHs Hadajaach B
1987 romy u oueHb OBICTPO cTajma MOAHOW MJIst
MHOTHUX BeaymMx Jiabopatopuii mwupa. B
HACTOSIIEe BpEeMsl YHUCIO MyOJMKaluid 1o
mpobseMe (GOTOHHBIX KPHCTALIOB (B MX YHCIIE
MHOTOUYHMCJICHHBIE CTaTbu B KypHanax Nature,
Science, Advanced Materials u np.) exeromno
YABaUBACTCA. B IHOCJICAHUEC TOAbl CO3BIBAIOTCSA
CHeIHaTM3UPOBAHHbBIC MpEe/ICTaBUTENIbHbIC
MEXAyHapoAHblE  KOH(EpEeHIUH,  LEIUKOM
TOCBAIICHHBIE A3TOW TemaTuke. JlaGoparopuu
BCAyHux KOMIAHUH Hu YHUBCPCUTCTOB MHUpaA
(IBM, NEC, Sandia National Laboratories, MIT,
U gap.) B TeueHue mnocienHux 10 mer

IMpUKJIaAbIBaOT CCPLC3HLBIC ycuius JJISL
M3TOTOBNICHUSI ~ (OTOHHBIX  KPUCTAIOB  C
ONTUYECKUM  KOHTPACTOM U  CTPYKTYpOH,
yIOBJECTBOPSIONINX  JOCTHDKEHHIO  TIOJTHOM
(OTOHHOW 3ampelieHHOW 30HBI B BHJIUMOW H
OmmKHEW WH(PpPAKpacHOW 00MacTsIX CIEKTpa.
OpnHako, UCTIONB3YS JaKe CaMble COBPEMEHHBIC
U JIOPOTOCTOSIIUE METOABl CYOMHKPOHHOM
AJIEKTPOHHON JHUTOTpaguu M  aHU3O0TPOIHOTO
MOHHOTO TpAaBIEHUS, K HACTOSIIEMY MOMEHTY
yAal0oCh HCKYCCTBEHHO H3rOTOBUTH (DOTOHHBIE
KpUCTAJUIBI C TOMMUHON MeHee 10 cTpyKTypHBIX
SAYCCK.
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JnuHa BOAHBL, HM

OnTuyecknii CIIEKTP ¢oTonHoOrO
Kpucrauia. MUHMMYMBbI Ha CHEKTpe
NMPONYCKAHUSA COOTBETCTBYIOT

(l)OTOHHLIM 3allp€IICHHBIM  30HaAaM B
PA3JINYHBIX HAIIPpABJICHUAX.

JInst mosydeHdust HeOOXOAUMBIX (POTOHHO-
KPHCTAIUINIECKUX CBOIJCTB, BEChbMa
HepCHeKTI/IBHBIMI/I CUUTAKOTCA CaMOHpOI/I?:BOJ'H)HO
dbopMuUpYOIIUECS CHHTCTHYSCKHE ONAlbl |
MaTepI/IaJIBI Ha ux OCHOBC. BI/I,Z[I/IMBIM
HPOSIBIICHHEM CYILECTBOBAHHUS (OTOHHBIX
3alpenieHHbIX 30H SBJISETCS MPH3AIHs OIaloB,
00pa3oBaHHBIX ~ MOHOAUCIIEPCHBIMH  MHKPO-
chepamu SiO,*xXH,O numamerpom 150-900 HM,
YIaKOBaHHBIMU B KyOHMYECKYI0 TI'paHELEHTpH-
POBaHHYIO peEIIeTKY. BakHOCTh pa3pabOTKh
JTaHHOTO HAIpAaBJCHUS CBs3aHa C OTCYTCTBHEM
(GyHIaMEHTAIBLHBIX OrPAaHUYEHHN Ha pasMephbl
00pasoB U BO3MOXKHOCTBHIO KOHTPOJIUPYEMOTO

U3MEHEHUS WX  OITUYECKHUX CBOWCTB. B
HACTOSIIEE BpeMs  HAWMOONBIIUH  HHTEpEC
MPEICTaBISIOT  (OTOHHBIE  KPHUCTAJUIBI, IS

KOTOPBIX 3ampeleHHasl 30Ha JIGKUT B BUIUMOM
400 — 700 uMm) wau B OnmkHE# wHBpaKpacHOH
1 — 1.5 Mxm) obmactsax. Co3maHue TPEXMEPHOTO

(OTOHHOTO KpHUCTAIIA C 3alpEIICHHON 30HOH B

yYKa3aHHOM BBIII€ HWHTEpPBAJIC JUIMH  BOJH



OCTACTCA Ha MPOTAKCHUUN MMOCJICAHUX NCCATU JICT
OILHOﬁ U3 ITaBHBIX 3aa4 MaTCpUaJIOBCICHU.

dDoTorpadus NpUpPOAHBIX OMAJIOB

C TOuUKM 3peHHMsI  MaTepUaJIOBEICHHS,
OTAJIOBBIE  MATPHUIIBl  MPEJCTABISAIOT  COOOM
MaTepHanbl, MOTYyYeHHEe KOTOPBIX OCHOBAHO Ha
MIPUHIIMIIAX CaMOCOOPKH, B psNE CIIydasx — Ha
mpoleccax CaMOOpPraHM3allMM B CJIOXHBIX
CHCTEMax c MHOTOYPOBHEBBIMHU
B3aUMOJICHCTBUSMH MEX]y COCTaBIISIOIINMU €€
00bEeKTaMH — KOJUIOMIHBIMH dYacTHIlaMu. s
(DOTOHHBIX KPUCTAUIOB MPUHIMITHATILHO BaKCH
TIHATEILHBIA KOHTPOJIb KakK ¢buzuKo-
XAMUYECKHX, Te€OMETPUYECKUX 51
JTUDJICKTPUYECKUX ~ XapaKTEPUCTHK Marepuasa
CTPOHUTETBHBIX OJOKOB» (CaMOCOOMPAIOIIUXCS
KOJJIOWHBIX YacTHI[), TaK U pa3pabOTKa HOBBIX
METOJMK WX TIONy4eHHUs, OOCeCIeUnBaIONIUX
CYIIECTBEHHOE COKpAaIllleHHEe BPEMEHH CHHTE3a,
MUHUMAJIbHOE COACpPXKAHHE PA3IUYHOTO poja
neekToB, B TOM UHCJIE TpaHUIl OJIOKOB
MO3aMKHM, a TakKke JalIUX BO3MOXKHOCTD
JeTKoi MoauduKanuu CBOWCTB, B YaCTHOCTH,
BO3MOXXHOCTh CO3JIaHUS MOTH(YHKIIMOHATBHBIX

(OTOHHBIX ~ KPUCTAJUIOB 32 CYET  KpoOcc-
KOppemsiun ONTUYECKUX, MarHUTHBIX,
ANEKTPUUYECKUX u ap. XapaKTePUCTUK
MOJTy4E€HHOTO Martepuana. SBnsisich B
OTIPENICTICHHON CTETNEeHH AaHaJIOrOM OOBIYHBIX
KPHUCTAJLIOB, (oToHHBIE KPHUCTaJLIbL

YpE3BbIYATHO HMHTEPECHBI U C METOJUYECKOMN
TOYKM 3peHHs Kak Mojenb (HopMUpOBaHHS
YIOPSA0YECHHBIX CTPYKTYP Ha OCHOBE
IUIOTHEHIINX INApOBBIX YNAKOBOK, B KOTOPBIX
MOTYT IPOSIBJIATBHCS U JIETKO BU3YJIN3UPOBATHCS
aHaJIOTH TOYEYHBIX U MPOTSHKEHHBIX /1€(EKTOB,
XapaKTEPHBIX I TBEPIABIX TEI C «aTOMAPHBIM»

cTpoeHueM. J[Jis mMpakTUYECKOTO UCIIOJIb30BAHUS
6e3nedexTHbIe 00TacTH B %OTOHHO KpHUCTAILJIE
nomkubl  mpesblmath 1000 mrm®.  [Toatomy
npoOeMa yropsiioueHus: cPepruuecKux YacTHIL
SIBJISIETCSl OAHOM W3 BAXKHEHIIUX TMPU CO3JAHUU
(OTOHHBIX KPHUCTAUIOB. B HacTosmiee BpeMs
pPa3IMYHBIMH ~ HCCIENOBATEIIIMA  TPEIJIOKEH
UeNbld  psim  MeTodoB  ‘“‘cOopku” (£OTOHHI>IX
KPUCTAIJIOB U3 KOJUIOMIHBIX MHUKPOUYACTHII,
TakMe Kak  eCTeCTBEHHass  CeJIMMEHTaIus,
HEeHTpU(yTUpOBaHKE, anexTpodopes,
VHOOPSZOYCHUE  YacTUI[ HAa  PAaBHOMEPHO
BpalaloOlencs MOMJIOXKKE IIOA  JIEHUCTBUEM
[EHTPOCTPEMUTENBHBIX CHJI W P JAPYTHUX.
Cdepuueckre KBaplieBble MHUKPOYACTHIIBI Ha
UCKYCCTBEHHO CO3/1aHHOM penbede
paccMaTpuBalOTCS B KadeCTBE 'OMaJOBBIX
guroB”  (opal chips) — oanemenToB s
ONTUYECKUX HWHTETPAIBHBIX CXEM Ha OCHOBE
(OTOHUKH.

B naboparopuu HEOPraHUYECKOTO
MarepuanoBefeHus Xumuueckoro dakynbTera
MIY MPOBOASATCSA CHUCTEMAaTHYECKHE
WCCIICIOBAHMS 1O pa3paboTKe HOBBIX IOXOJOB
K TIONYyYEHUIO  COBEPIICHHBIX  (POTOHHBIX
KPUCTAJIOB B BHJE OOBEMHBIX U IUICHOYHBIX
o0pa3loB €  yIy4YlIICHHBIMH  ONTHYECKHUMH
XapakTepucTukamu. B kadectBe 0OBEKTOB
WCCIEIOBaHUS B HACToOsAmEeH pabore ObLIN
BBIOpaHBl ()OTOHHBIC KPHCTAUTBI Ha OCHOBE
MUKpocdep AUOKCHIA KPEMHUS M MOJHMCTUPOIIA,
a TaKKe MaTepHalbl HA UX OCHOBE.

acn. A.C.CHHHIKHH,
ct. B.B.AOGpamoBa,
rpynna (pyHKumoHaJIbHbIX MaTEePHAJIOB

E.Yablonovich.  Inhibited  Spontaneous
Emission in Solid-State Physics and Electronics
// Phys. Rev. Lett., 58 (1987) 2059.

A.S.Sinitskii, A.V.Knot’ko,
Yu.D.Tretyakov. Silica photonic  crystals:
synthesis and optical properties. Solid State
lonics, Vol. 172, 2004, p. 477-479.

A.S.Sinitskii, S.0.Klimonsky, A.V.Garshev,
A.E.Primenko, Yu.D.Tretyakov. Synthesis and
microstructure of silica photonic crystals., Mend.
Comm., Vol. 14, 2004, p. 165-167.

A.S.Sinitskii, A.V. Knot’ko,  Yu.D.
Tretyakov. Synthesis of Photonic Crystals via
Self-Assembly of Monodisperse  Colloidal
Microspheres. Inorg. Mater., Vol. 41, 2005, No.
11, p. 1001-1007.



«Onansl u3 npodupkn». UckyccTBeHHbIE ONAJbI - AaHAJOTH OAHMX M3 HamboJiee
NOMYJISIPHBIX MOJYAPAroueHHbIX KaMHeil, OCHOBHBIE MECTOPOXACHUS KOTOPBIX
HaxoAsTcs B ABCTpaiuu. XapakTepHasl 1Jisl OlajioB HEOObIYHAs UTpa CBETA JEJAEeT 3TOT
KaMEHb HEMOXO0XHM HH Ha oauH apyrod. Ha ¢ortorpadum n3o0pa>keHbl Omaisl,
CHUHTE3UPOBAHHBIC B JIAOOPATOPUN HEOPTAHUYECKOTO MaTepUATOBEACHUS X UMUIECKOTO
¢dakynprera MI'Y. Xopomio BuaHa XapakTepHas AJsl OMAajoB crenuduueckas WUrpa
CBETa — MOJ] OMPEJIEICHHBIM YIIIOM CheMKH 00pa3ilbl MHTEHCHUBHO OTPAXKAIOT KPACHBIH
CBET.

HeoObruHas urpa cBera, XapakTepHas s
OTIaJIOB, UMeET TU(PAKIIMOHHYIO IPUPOTY.
Opnako nudpakiuio cBeTa Ha oOpasmax
OMajoB yjaaercss Ha0doJgaTh JUIIb B
peAKUX ciyqasix Ha HauboJee
COBEpIIEHHbIX o0Opasmax. Ha pucynke
crpasa Mpe/iCTaBlIeHA dbotorpadus

HKCIIEPUMEHTA o BU3YyaIHU3alUH
IUQPPAKIIMOHHON  KapTUHBI  JIa3€pHOTO
U3Iy4YeHUs,, TPOBEICHHOIO COBMECTHO
COTpYOHUKaMU  Kad. HEOpPr. XHUMHH
Xumpaka u kad. PU3MKK TOTUMEPOB
®duzdaka MI'Y.




«Hanomom». BHyTpeHHsIsI TOBEPXHOCTh (POTOHHOIO0 KPHCTAJLIA HA OCHOBE
chepruyecKUX MHKPOYACTHI] MOJUCTHPONA (Yudposas ckanupyrowas 21eKmpoHHAsL
MUKDPOCKONUSL).

Mag= 2500 KX 1um EHT = 20.00 kW Signal A = SE2 MSU HEMS
WD = 11 mm Photo Mo. = 1850 Date 11 Mov 2005

Mukpodororpadusi (POTOHHOI0O KpPHUCTAJIA HAa OCHOBe CHepHYECKHX MHKPOYACTHI
NOJUCTHPOJa mnpu Ooabmom yBeanueHun. KyOuueckoe ymnopsizoueHue MHKpocdep
o0ycaB/IMBaeT HAMJIy4ILIHe ONITHYECKHE CBOMCTBA MaTepHaJia.
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KiroueBoe TpeboBaHue K (POTOHHBIM KPHCTAIaM — 3TO IMEPUOIUIHOCTh CTPYKTYPBI Ha
HaHO(MHKDPO)ypOBHE, KOTOpast 00yCIaBINBaET YHUKAIbHbIC AU(PAKIIMOHHBIE CBOWCTBA
OTHX MaTepuajoB. IIpakKTHYeCKOe HCIONb30BaHUE (OTOHHBIX KPHCTALIOB JOJKHO
IPUBECTH K 3HAYUTECILHOMY IOBBIIICHHIO d(PQPEKTHBHOCTH CBETOIMOIOB M J1a3€pOB,
CO3IaHHIO HOBBIX THIIOB CBETOBBIX BOJIHOBOJOB, ONTHYCCKHX IEPEKIIoUYaTeac u
(HUIBTPOB C MEPCIIEKTUBON CO3MaHUs YCTPOMCTB HU(PPOBON BBHIYHUCIUTEIBHON TEXHUKH
Ha OCHOBE (POTOHHBIX AJIeMeHTOB. Ha MukpodoTorpaduu Xoporo BUIHBI BHYTPCHHHUE
IUIOCKOCTH (DOTOHHOTO KpHCTa/Ula KaK C KyOMYeCKHM, TaK U TeKCaroHaJbHBIM
yIopsiIoueHHEeM. B «HaHOZOME» XOpOIIO BHIHBI KHAHOOKHA» — HE3AHATHIC MO3UIUH
(BakaHCHH) B yITakoOBKe MUKpochep.

«Hanocorsr». VM HBepTHPOBAHHBIC ONAJOBbIe MATPHMUbI, MOJYYEHHbIE C
HCIOJb30BaHHME 30JIb-TeJIb MeToJa M IOoJMMepHoro teMmiuiata. Hecmorps Ha
BHEIITHEE CXOJICTBO, JIAHHBIE CTPYKTYPHI OBLIM CO3JaHBI BOBCE HE KHAHOITYEIAMU», a
corpyanaukamu  MI'Y  um. M.B. JlomonocoBa (ckanupyrowas  21ekmpounas
MUKDOCKONUSL).

EHT = 5.00 kV Signal A= InLens M3SUHSMS
WD= 5mm Photo Mo.=2122 Date ;19 Nov 2005

(MartepuaJ cTeHok «Hanocor» — SiO,)

Martepuaiibl ¢ CUCTEMOI yHOPSAIOUEHHBIX HAHOMOP OBLIIM OTKPBITHI TOJIBKO B CEPEIUHE
90x TOAOB MPOILIOTrO BeKa W B HACTOSIIEE BpEeMs SBJISIOTCS 00bEKTaMH WHTECHCHBHOTO
U3y4YeHUs uccienoBarened M3 Beaymux —jgabopatopuit  Mupa.  CTpyKTyphl,
n300pakeHHble Ha MuKpodororpapusx, ObUIM CHHTE3UpPOBaHbBl B pPE3YJIbTaTe
MHOTOCTaJUITHOIO0 XMMHUYECKOI0 IpOoLecca: HaHOCOOPKHU IOJMMEPHBIX CHEpUUYECKUX
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YacTHI], TPOMHUTKU IyCTOT TOJYYCHHOTO MaTepuaia BEUIECTBOM H yHaJeHUEM
MOJIMMEPHON MAaTPHIIBI ITyTEM TEPMUUYECKONU 00pabOTKH.
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Mag = 3000 K % 1pm EHT = 10.00 kY Signal & = InLens MSUHSMS
WD= 2mm Photo Mo, = 3059 Date ;13 Jan 2006
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(MatepuaJj cTeHok «HaHOCOT» — WO3)

«Cunsiss  Oponsza». IloBepXHOCTH 3JIEKTPOXPOMHOI0 TNOKPBHITHSI Ha OCHOBE
ruapaTupoBaHHoro oxcuaa Boabppama (VI) WO3*xH,O (amomno-cunosas
mukpockonust). Kak n3BecTHO, OpoH3a — IPEBHEUIIHIA M3 U3BECTHBIX JIFOJSIM CILUIABOB
MEAW M OJOBa, OOJMafaromuii ... OpOH30BBIM IBeTOM. «Bomb(pamoBbie OpOH3BI»
HWO3*xH,O — coeamHeHuss MEpeMEHHOTO COCTaBa, IBET KOTOPHIX MOXHO JIETKO
BapbUPOBATh B Mpeaenax OT 0el0oro K TeMHO-CHHEMY O] ACUCTBUEM 3JIEKTPUIECKOTO
Toka (d1ekTpoxpomu3M). DOTOHHBIA KpPUCTAIUI, TOJIYYCHHBIA M3 HAHOIMCIIEPCHOTO
WO3;, o6nagaeT nepekiiroyaeMoi moj 1eicTBreM Toka (OTOHHOM 3anpeieHHON 30HOM.

- 75

- 125




«YIuTKa Ha Tra3oHe MUKpPOmApukoB». Mukpocdepbl U CHHPAJb HA ATOMHO-
IJIaK0i TMOBEPXHOCTH KPEeMHHUsI, MTOJIyYCHHAss MeToAoM (oromuTorpaduu (IuameTp
CIHPAIIKH — 5 MHKpOH, TONIMHA CTEHOK — okoyio 100 HaHomeTpoB) (ckanupyrowas
aeKkmponHas Muxpockonusi). IT1OBEpXHOCTh KPEMHHUs IOKPHITA MOHOUCIICPCHBIMU
chepruecKUMU YacTUIIAMHU JUOKCHAA KpemHus. JlaHHas CTpPyKTypa IOJydeHa B
pe3yJibTarte MOJEIBHOTO OSKCIEPUMEHTA 10 PACHPEAEIICHUI0O MHUKPOYAcTUIl Ha
MOBEPXHOCTH C XUPAIbHBIM PEIbEPOM.

Zpm EHT = 5.00 kv Signal A=InLens Date :21 Oct 2003
Mag = 10.00 KX |—| WD= 1mm Photo No.=505  Time :21:24:32




119992, Mocksa, Jleanackue roper, DHM MI'Y
fmg.inorg.chem.msu.ru, www.hsms.msu.ru
ten. (495)-939-47-29  daxkc (495)-939-09-98
goodilin@inorg.chem.msu.ru

N3paHane OCyIEeCTBICHO MPU MOIJICPKKE
HaIMOHAJIbHOW ImporpaMMbl «O0Opa3oBaHUE»
u Poccuiickon Akagemun Hayk



MHUKPOCTPYKTYPbI HOBbBIX
OYHKIINOHAJIBHBIX MATEPHUAJIOB
Boinyck 1.

HaHOCTPYKTypUpPOBaHHBbIE MATEPHAJIbI
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NMOPUCTLIE MATEPUATDI

Asporenu
Pazmepbl bnokoe 20"20%3cm
OuameTp cchepudeckux rpaHyn 3-5 mMm
MnoTHoOCTB 0,03 - 0,30r/cm3
MopucTocThb 80 - 99%
OGvém nop 4—14 cm¥r
YaencHas NoBepxHOCTb 400 - 900m2/r
CpegHui pasmep 4acTtuy, 4 - BHm

OnTnyeckne xapakTepucTUKN
MokasaTenwn npenomneHus
OnuHa pacceaHna npu lambda = 400 Hm

OnuHa nornoweHuna npu lambda = 400 Hm  Gonee 400cm

O6nacT NpUMeHeHWUs U Ha3HaYeHus
TennousonaTopbl, rasoeble GUNLTPbI, B

SHeprun,
npoaykra CUHTE3A, HOCHTENneNn
EbBICOKOroMOoreHHbIxX CTeKon, CTeKNOBONOKOH

I'ene — amopdHBIA, HEKPUCTATUIMYECKUN
MaTepuai, COCTOAIIMM M3 TPEXMEPHOM CETKHU
aTOMOB U JIOCTAaTOYHO IPOYHBIX KOBAJEHTHBIX
(0OBIYHO TONISAPHBIX) CBSA3EH MEKAYy HHMH, a
TaK)K€ MOJIEKYJI PACTBOPUTEIS, «3aCTPSBILUX» B
mycTtoTax rens. Ecom Takoil renb MOMecTUTh B
aBTOKJIaB U MMO00paTh yCIOBHs (TeMIiepaTypy H
JaBIICHHE) TaK, 4TOObI ObLIa JOCTUTHYTAa Ha
hazoBoit Tuarpamme Tak  Ha3bIBacMas
KPUTHYECKAs TOYKa pacTBOpUTEI,
coJiep)Kallerocss B rejie, TO PacTBOPUTENb HE
CMOKET 00JIbIle OBITh HU XKUAKOCTHIO, HU Ta30M,
a TouHee, OymeT kak Obl U TeMm, W Jpyrum. B
TAKOM COCTOSIHUM OH JIETKO MOKUJAET ITyCTOTHI
rejis U OCTaBIsiET, COOTBETCTBEHHO, IPOYHBIN

Kapkac Tels TycTeIM. B reme  Temepb
CTPYKTYpHBIE YCTOTBI HE coaepxar
pacTtBopuTens u oH Ha 98-99% cocrout u3 nop u
Tombko Ha 1 - 2% - W3 MarepuanbHOM
cyOcTaHmmu. OTOT OPUTHHAIBHBIA  TIPHEM,
Ha3bIBAEMBIM  CBEPXKPUTHYECKOM  CYLIKOH,

HEpEIKO COBMENIAIOT C 3aMEHOIN PacTBOPUTENS B
resqe. Hampumep, yriiekucnslii ra3 npu O4YeHb
MATKHX YCJIOBUSX MOKHO HEPEBECTH B KHIKOE
COCTOSIHUE, B KOTOPOM OH 3aMellaeT B
CTPYKType renst Boay, a mocie nepesoga CO; B
CBEPXKPUTHUYECKOE COCTOSHHUE (OMSTh-TAaKU, MPH
ropaszo 0osee MIATKAX yCIOBHSAX MO CPAaBHEHHIO
C KPUTHYECKOW TOYKOH BOJBI) MPOUCXOIUT €T
ynaineHue u3 obbema rens. Ilpu  3ToMm
NIPAaKTUYECKH CoXpaHsercd o0beM H  ¢dopma
HCXOHOTO «MOKpOr0» Tejlsl, ¥ MO3TOMY TaKOii
Marepuan (a’poreib) SIBISCTCS PEKOPICMEHOM
CpeIu caMbIX JIETKUX  MaTepuaioB. _ Ero
miotHocTs focturaer Beero 0.3-0.03 r/em®, om
BO MHOIO pa3 Jerde IMnyxa M TIpH 3TOM
XapaKTepu3yeTcs BIIOJTHE NPUIUYHBIMU

ot 1,006 go 1,060
ot 40 go 60nMmm

HepeHKOBCKWX
AeTeKkTopax AgnAa pericTpadgui 3apAXeHHbIX YacTWUL, BbICOKWX
B NpoMbllWWNeHHOCTHW B Ka4decTBe MNMpoMeXyToYHaoro
KaTann3aTopos,

NPOYHOCTHBIMU XapaKTEPUCTHKAMHU. A>3pOTeny,
OyIyduy BHEIIHE TOXOXKH Ha <«JIyHHBIH KaMEHBb»
U3-32 pacCesHHs CBETa Ha MHUKPOCKOIMHYECKHX
HEOJHOPOIHOCTSIX, SIBJISIFOTCS OJJHUM U3 CaMbIX
YAUBUTEIBHBIX TPUMEPOB  HEYMOPSI0UCHHBIX
MOPHUCTBIX MaTepHajoB, pa3Mep MOp B KOTOPBIX
COIIOCTAaBUM C Pa3MEPOM CTPYKTYPHBIX ITOJIOCTEH
B reasx. Asporenn (Hampumep, u3 SiO; wim
TiOy) SIBIISTEOTCS OTIMYHBIMHU
TEIUION30JISITOPAMH, MOCKOJIBKY OHH HE TOJBKO
MOTYT BBLIEpKHBaTh Harpes 10 800-900°C, Ho u
MPOBOJAT TEIUIO TAK K€ IJI0XO0, KaK M BO3AYX, U3
KOTOPOTO B OCHOBHOM H COCTOSIT (JIUIIb HEMHOTO
Jqydiie BakyymMa - IycToTel). Ha kapTuHke
CBEpXy MOKa3aHO, KaK HEXXHBIN IBETOK — po3a —
cracaeTcsi OT Kapa ra30BOW TOPEIKU 3a CUeT
JNOCTAaTOYHO TOHKOM  IPOCIIOMKH  a’poreis,
pacmojOKEHHOH  MEeXIy  JIeNecTKaMH |
wiameHeM. Kpome Toro, aspoream MOXHO
WCIIOIh30BaTh B KauecTBe (YUIBLTPOB, COPOSHTOB,
HOCHUTEJCH KaTaau3aTopoB, U3 HHUX MOXHO
clienaTh 0coOble cOpTa CTEKJIa W ONTHYECKOES
CTEKJIOBOJIOKHO.

IIpo¢. b.P.Yypary.ios,
rpynna ruipoTepMajbHOI0 CHHTE3a

YuV. Kolen’ko, A.V. Garshev, B.R.
Churagulov, S. Boujday, P. Portes, C. Colbeau-
Justin. Photocatalytic activity of sol-gel derived
titania converted into nanocrystalline powders by
supercritical drying. J.Photochem.Photobiol. A:
Chemistry, 2005, V. 172, P. 19-26.



«3acTeiBIInil BO3AyX». Mukpodororpagun odpaszna asporeieid Ti0O, (anaraza),
CHHTE3UPOBAHHBIX 30JIb-T€JIb METOJOM C TMOCJeAyIOIel CBePXKPUTHYECKOWH
cyuikoii. (a)- cpasy mocie moiaydenus, 6e3 omkura; (0) — mocie orkura npu 550°C Ha
BO31yXe (CKAHUpYIOWas 31eKmpOHHASL MUKPOCKONUSL).

CaeBa - mukpodoTorpadus
KOMIIO3UTHOT'O asporens
5%Zn0/TiO;
(npocseuusarowas
9NEeKMPOHHAS
MUKDOCKONUSL),

Ha BCTaBKE IPEACTABICHO
T(QpaKIIMOHHOE
M300pakeHUe, TOTYyUYECHHOE
pacueTHBIM METOJIOM.
CnpaBa - wu300paxxeHHe
IIPOCBEYMBAIOLIEH

: 3JIEKTPOHHOW MHUKPOCKOIUH
BBICOKOTO paspeuieHus
BIOJL ImiockocTedn [111]
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Me3onopucTtblie maTtepuarnbl

)KVIAKOKpVICTaﬂﬂVI‘IeCKVIe MaTpuulbl-TeMMNIATbI

Anasnii
kpucrann IIAB

Mumena ITA

e
J’J

)
g

3eenne Si0),

Konvmosnr
Temun1at/NMON 41

MCM-41

Orxnr B
Tore O,

Cxema MOJIYYCHHUS ME3O0IMOPHUCTOI0 TNOKCHAA KPEMHHA C UCIIOJIb30BAHUEM
AKHIKOKPHCTAUIMIECCKOI0 TEMILJIATa

OmgHo w3  BaxHEHIIMX  HampaBJiCHUI
COBPEMEHHOTO MAaTEpUAJIOBEJCHHUS CBSI3aHO C
npobieMaMyd  TIOJIYYCHHS  HAHOCTPYKTYp C
3aJaHHBIMA XapaKTEPUCTUKAMHU M CO3JIaHHEM
(YHKIIMOHATBPHBIX ~ HAHOMATEpHAlOB Ha  MX
OCHOBE. HNuaTepec k  HaHowWacTHllaM U
HaHOCTPYKTypaM IMpeXkJe BCEro CBS3aH C TEM,
YTO OHM 00JIAJAI0T XapaKTePUCTUKAMH, KOTOpPbIE
HE MPUCYLIN 00BEMHBIM Marepuaiam,
HampuMmep, crenuGuIecKuMA ONITHYECKUMHU WITH
MAaruuTHBIMHA CBOMCTBaMU, BBEICOKOH
KaTaJIUTHYECKON aKTUBHOCTBIO.

JIBe cTpaTeruy moJy4eHusi MOPUCThIX
CHCTEM — IIyTeM CO3IaHUsl CTPYKTYP C
TYHHEJISIMU B KPUCTAJJIHYECKOM
peueTke (EOJIUT, BBEPXY, KAHAJBI 5-
50 A) u co3gaHue Nop 3a c4eT
TEMILJIATHOTO CHHTe3a (Me30NOpPHUCThIe
OKCHbI, BHM3Y, OpPbI 5-50 HM).

Hcnonp30BaHuEe HAHOCHUCTEM B KadecTBE

MaTepuajJoB  CWJIBHO  3aTPyJHEHO  BBUIY
MeTacTaOUIbHOCTH BeleCTBa B
HaHOKPHUCTANIMYECKOM COCTOSIHHH. st

pElIeHUs 3TON MPOOIEMBbI IMUPOKO MPUMEHSIETCS
MOAXOI, CBSI3aHHBIN c MOJIyYEHUEM
KOMITO3UTHBIX HAHOMATEPUAJIOB, TO €CTh YACTHII,
3aKIIOYEHHBIX B XHMHYECKH  WHEPTHYIO
MaTpHILy.

Bo wMHoOrmx ciywasx B KadecTBe TaKHUX
MaTpull MCHOJIb3YIOT Ppa3IMYHbIE TOPHUCTHIC
MaTrepuaibl, pa3Mep MOJIOCTEH KOTOPBIX JIEKUT B
HAaHOMETPOBOM JHarna3zoHe. B 3Tu mopsl MOKHO
BBOJIUTH Pa3JIMYHBIC COSUHEHUS, a 3aT€M, IOCIe
XUMUYECKOH MOIU(DUKAIIUU TTOTy4YaTh YaCTHIIbI
HMCKOMOT'0 MaTepHaiia, pasmep u (f)’opMa KOTOPBIX
MOBTOPSIOT (OpMY TMOJIOCTEH MaTpHUIlBl, a e
CTEHKM TMPEJOTBPAIIAIOT HX arperamuio U
3alMIIAIOT OT BO3ACHCTBUN BHEIIHEW Cpepbl.
OTOT  MOAXOJ  TO3BOJSIET  CHHTE3UPOBATH
HAHOYACTHIIBl CAMBIX PA3TUYHBIX XHUMHYECKUX
COEIMHEHNI. METAIUIOB U CIUIABOB, OKCHUIOB U
XaIBKOT'€HUIOB.

Cucrema nepneHaAMKYJIAPHON 3alIUCH
uHopManuu

C TOYKM 3peHMs YHUKaJIbHBIX (PU3NUYECKUX
CBOICTB 0COOEHHO MIPUBJIEKATEIbHBI
HAHOYACTHUIIBI, OO0JaJaloIUe  AHW30TPOITHOM
(bopmoi. Hcnons3oBanue HaHOPEAKTOPOB



OTKPBIBACT IIMPOKHE BO3MOXHOCTH [UI HX
CHHTE3a U KOHTPOJIS MOP(OJIOTHH: B CIOMCTBIX
MaTpuIaX  MOXHO  MOJy4aTh  JBYMEpPHBIC
HAHOYACTHIIBI, @ B MaTpPHIAX C BBITSHYTHIMU
HopamMu — OJJHOMepHbIe. [Ipr 3TOM MOKHO TaKxe
JIOCTHYb  psila  MPAKTUYECKH -  BaXKHBIX
XapaKTEPUCTHK:

-Bapbupyemslii pazmep nop (1-100 uwm),

-O/IHOPOJAHOCTh ~ paclpeleNieHuss MOop IO
pasmepy,

-yIOPsIOYEHHOCTH T10P,

-CO3JJaHNE AaHU3OTPOITHBIX CHCTEM,

-M30JIMPOBAHHOCTh KaHAJIOB-TIOP,

-pelieHre  MpoOJeMbl  arperaud = U
XUMUYECKON U30JISUN HAHOYACTHII.

[IpeumymiectBa MCIIOJIb30BaHUS
KHUJKOKPUCTATITNYECKUX TEMILIATOB,

dopmupyromuxcs B cucreme I[IAB-Boma B

OIpPCACIICHHOM JHara3oHe TCMIICPATYP n
KOHHCHTpaHHﬁ, CBsA3aHbI C (bOpMI/IPOBaHI/ICM
ynop;moquHoi/'I CUCTEMbl OJHOPOAHBIX  IIO

pasMepy Mop C KOHTPOJUPYEMBIM JTHAMETPOM.
lMaaponu3  ankorojsiToB ¢ MOCTEAYIOIIIM
OTXHIOM TIPUBOJIUT K (DOPMHUPOBAHHIO PETUIHKH
KUJKOTO KpHUCTalsla B OKCHUJIHOM MaTrpullg,
KOTOpasi TEM CaMbIM CTaHOBHUTCSI ME30IIOPUCTOM.
Me3onopucTslii JTUOKCHJT KpEeMHUS,
oOnafaronuil  yrmopsaoueHHON TreKcaroHaJIbHOU
CTPYKTYPOH OTKPBITBIX ITWIMHAPUYECKHUX TIOP,
JTUaMETP KOTOPBIX MOKHO BapbUPOBATh OT 2 JI0
50 HM, sBIsAeTCSs OMHOW W3 TEPCIEKTUBHBIX
MaTpuIl IUIS MOJTyYeHUS OJTHOMEPHBIX
HAaHOYACTHUI]. Me30MOPHUCTHII UOKCHT KPEMHHUS
¢ aumamerpom nop ot 2,1 mo 3,7 HM ObLI

UCTONB30BaH  JJISl  TOJyYeHHUs]  HAaHOHUTEH
xKenesza,  obmamalommx  (eppoMarHUTHHIMU
CBOWCTBaMHM IIpU KOMHATHOW TeMIieparype.

Cnengyer OTMETUThH, YTO NPU YMEHBIICHUU
pa3MepoB  yacTull  (eppoMarHeTvka  IMpU
JIOCTH>KEHUH ONPEIECICHHON KPUTUYECKON TOUKH
MPOUCXOIUT TEPEexXo] B CyleprnapaMarHUTHOE
COCTOSIHUE, B KOTOPOM MAarHUTHBIE MOMEHTHI
YacTHUI] Pa3ynopsI0YMBAIOTCS H3-32 TEIUIOBBIX
baykryaruit. s cheprudeckux 4acTull Jkeles3a
3TOT pa3Mep COCTaBigeT OKoo S5 HM. OmHaKO
€CIT HaHOYACTHUIIBl IMEIOT HUTEBUAHYIO (popmy,
MPOUCXOIUT (PHUKCALMsl MArHUTHOTO MOMEHTa
BJI0JIb JUTMHHOU ocu YACTHIIBI u
MarHUTHOYNOPSAJOYEHHOE  COCTOSIHUE  MOJKET
COXPAHSTHCH, eciu 3TH HAHOYACTHIIBI
3aKperyieHbl B CHUCTEME YIOPSAJOYEHHBIX IOP
(cucrema NepIEHINKY IIPHOIH 3anmcu
uHpopManum).

acn. U.B.KoJuecHuk,
K.X.H. A.A.Eaucees,
K.X.H. A.B.JIykammus,
rpynna HaHoMaTepHuaJIoB

A.A. Eliseev, LV. Kolesnik, A.V. Lukashin,
Y.D. Tretyakov. Mesoporous systems for the
preparation of ordered magnetic nanowire arrays.
Adv. Eng, Mater., 2005, v.7, N4, pp. 213-217.

«Bunuecrep 22 Bexa». HaHOKOMIO3UT «Me30NMOPUCTHIA JUOKCHUI KpPeMHHUS —
kene30». deppoMarHuTHbIE HAHOHUTH OOPa3yHOTCSs BHYTPU MOpP TMPH IPOIHUTKE
MaTpHUIlbl KapOOHWJIOM JKejie3a ¢ Toclenyromer (OTOXMMUYECKOM, a 3aTeM H
TEPMHYECKOI 00paboTKOM B aTMOchepe Boopoaa (BU C KTOPILIOB» IIOP ME30IMOPHCTOM
matpuiibl SiO, - cieBa, BHI BIOJIb IPOJOJLHOTO CEUCHHS ME30IOp - CIIpaBa)
(npoceeuusarowas 21eKkmpoHHAsE MUKPOCKONUS).




Hamu ObT1 modydeH ME30MOPUCTBIA JAMOKCHJ KPEMHHUS C KBa3WyMOPSA0YCHHOMN
reKCaroHaJIbHON PEUIeTKOW IMOp BappUpyeMOro nuameTpa oT 3 A0 / HM. B Takom
aHcam0Jie OJJHOMEPHBIX HAHOPEAKTOPOB JOCTUTHYTA BbICOKAs CTENEHb 3al0JIHEHUS MOP
AQHU3O0TPOINHBIMU HAHOYACTHULAMHU Kejie3a C TeMIepaTypod OJOKUPOBKM  BBILIE
KOMHAaTHOM, TO  ecTb  (akThuuecku  (EeppOMarHUTHOM  HAHOMPOBOJIOKOM.
CucreMaTnyecKkuii KOHTPOJIb YCIOBUM IOJTYYEHUsS NPUBEI K PEKOPAHBIM Ul JAHHOTO
KJIACCa MATEpPUAJIOB 3HAYEHUAM KODPLUUTUBHOW CUIJIBI U HAMAarHUYEHHOCTH HACBILICHUS,
JeNIAlOIUX TOJyYeHHble O00pa3lbl HOCUTEIEM HH(POpPMAIMK HOBOTO IOKOJEHHUS CO
CBEPXBBICOKOU INIOTHOCTBIO 3aAIIACH.

«Mopckoit HaHOEx». KaTaluTHYECKH AKTUBHBIM HAHOKOMIIO3UT «AJIOMOCHJIUKAT
— cepedpo». Mukpodororpadusi HaAHOKOMIIO3UTA  «ATKOMOCHUIIUKAT-CEPEOPO».
(npocseuusarowas s1eKkMpPOHHASL MUKPOCKONUS)




Me3omnopucThie alTlFOMOCHINKATHI, IMEIOIINE aHATIOTUYHYI0 ME30TIOPUCTYIO CTPYKTYPY,
MOJKHO TIOJIyYHTh, €CJIM YacTh aTOMOB KpemHHsS B amoppHoM SiO;, U3 KOTOpOro
COCTOSIT CTCHKH IIOp, 3aMECTHUTh Ha aToMbl amtoMuHMs. [loiydaromiascss mpu 3ToM
MaTpuia OyaeT 06JaaaTh OTPUIIATEILHBIM 3apsI0M, CKOMIICHCUPOBAaHHBIM ITPOTOHAMH,
HAXOJIIUMHUCSA B TIOpaX, M AaHAJIOTHYHO IICOJUTaM IMPOSBIATH HOHOOOMCHHBIE
cBoiicTBa. biaromapst 3ToMy NpPOTOHBI MOXXHO 3aMEHHTHh Ha KATHOHBI KaKOTO-JIMOO
MeTallla, a 3aTeM IOCJIe BOCCTAHOBJICHHUS TMOJIYYUTh HAHOYACTHUIBI 3TOr0 MeTaya. B
YUCTON CHUJIMKATHOW MaTpUIlE W TPH HU3KOM COJIEpP)KaHUU AIOMUHHUS B MATPUIIC
IpOUCXoauT (HOPMUPOBAHME HUTEBHUIHBIX YACTUIl cepebpa B MOpax; MpH POCTE Ke
cootHomeHuss  Si:Al  HaHOowacTuIBl cepeOpa 00pa3ylOTCs Ha  MMOBEPXHOCTH
ATFOMOCHIIMKATA, MO-BUUMOMY, U3-32 YBEITUYCHHS KOJIUYECTBA KUCIOTHBIX IICHTPOB U
MUTPAIMHA aTOMOB cepedpa 1o HUM.

AHOOHOE OKUCNeHue aritoMUHUA

Jlpyroi = uMHTEpecHOM  MaTpuued A
MIOJIyYEHUSI OJHOMEPHBIX HAHOYACTHL] SABIIACTCS
MOPUCTBIM OKCUJ aIOMUHMS, 00pa3yromuiics
npu  aHogHoM  okucieHun Al B psage
JNEKTPOJINTOB. DTOT MaTEpHal MMEET CHCTEMY
LAJIUHAPUYECKUX  IIOp,  PAacCHOJararoliuxcs
Napajule]IbHO JApYT JpYry IHEPIEHIUKYJISIPHO
TUIOCKOCTH IUICHKH, TPUYEM MpU COOITIONECHUH
ONpEACIEHHBIX YCIOBUM MAacCUBBI 3THUX IIOP
MOTYT o0nanaThb reKCaroHaJIbHBIM
YIOPSAOYECHUEM.

a)

Me3onopucThlii OKCHJ AIIIOMUHUS,
MOJIYYCHHBIM aHOTHBIM OKHCJICHHEM aIFOMUHUS,
YHHUKAJICH TEM, YTO B MPOLECCE €ro MOJyUYCHHS
MO>KHO KOHTPOJUPOBATH OCHOBHBIC
MHKPOCTPYKTYPHBIE —MApaMeTPhl: PACCTOSIHUE
MEKIYy [CHTPAMH COCETHHX IIOp 3aBHCHT OT
ANEKTPOJMTA W  HANPSHKEHHOCTH TOKa Ha
AJIEKTPOJaX B XOJ€ OKHUCJICHHUS, MPOTSHKEHHOCTh
nop (TONIIMHA CJIOS) 3aBHCUT OT BpPEMEHH
TpaBJICHHS, & JUAMETP TOP MOXKHO YBEIHUHUBAThH
MyTEM JOTOJHUTEIBHOTO PACTPaBIUBAHU.

OmHUM U3 METOJOB TOJYYEHHUS MarHUTHBIX
HAaHOKOMITO3UTOB B MATPHUIIC OKCHA aTOMHHHSI
SIBJSIETCSL  DJIGKTPOXUMHUYECKOE OCaXKICHUE B
HOpBI MAardiuTHBIX METAJIJIOB, HaHpI/IMep, HUKCIIA.
[Ipu 3TOM, B OTJINUKE OT MJIIEHOK ME30MOPUCTOTO
IUOKCHIa KPEMHHs, MarHUTHbIE HaHOYACTHUIIBI
pacroyiaraloTcsi B MaTpuile He TapajljiesibHO, a
MEePIEHANKYISIPHO  TTOBEPXHOCTH  TOJJIOKKH.
Takoit 00pa3oM, CTaHOBHTCS BO3MOXKHBIM
KOHTPOJIUPOBATh  KOJIMYECTBO  OCAXJACHHOTO
MeTajla, BapbUPOBAaTh [IHWHY IIOIy4YaeMBIX
YaCTHIl, a TAK)KE UX OPUEHTAIUI0 OTHOCUTEIHHO
MO IJIOKKH.

b)
c)

d)
acn. K.B.Hamoabsckuii,
K.X.H. A.A.Eaucees,
K.X.H. A.B.Jlykamus,

e) IPyIna HAHOMATEPHAJIOB

L1l 1

OcHoBHBbIE cTaAuu (POPpMHUPOBAHHUS
MATHUTHBIX  HAHOKOMIIO3UTOB  HA
OCHOBeE Me30M0PHUCTOr0 OKCH/IA
AJIIOMUHUSA (@) ¢hopmupoBanue
«mepoxoBartoii»  moepxHocTH, (D)
AHO/IHOE  OKHCJIeHHEe B  JKeCTKHUX
YCJIOBHSAX, (c-d) BapbLUPOBaHME
yciaoBMii, pacrpaBiauBanue Top, (e)
3aM0JIHEHHE MOP MeTAJJIOM / OKCHAOM.



«Meraaangecknii  Jec». IlomepeyHoe ceyeHHe MATHHTHOTO HAHOKOMIIO3HUTA
«me3omoputhlii Al,O3-Ni». B mMatpuile aHOAMPOBAHHOTO aTOMUHKS (ME30TIOPUCTOTO
OKCHJia QJIFOMUHUS) OSJCKTPOXUMHUCCKAM  OCAXKJICHHUEM  BBIpAIlCHbl HAHOHUTH
METAJUIMYECKOTO  HHKEISA,  MPAKTHYECKH  IMOJIHOCTBIO  3alOJHHBINHAE  ITOPBI

-

Bun «cBepxy» IUICHKM ME30IOPHUCTOIO OKCHAA aJIOMUHUA C MCKYCCTBEHHO
BAPBUPYEMBIM JIMAMETPOM IIOP, KOTOPBIM ONPEAEIAECTCS YCIOBUAMHM aHOJHOIO
OKHCIICHHS (XapaKTepoM MOBEPXHOCTU IOMJIOKKH, TEMIIEPATypOH, HAIPSDKEHHEM |
TOKOM B [eNW, KOHIEHTpPAaUWEHd JIJIEKTPOJIUTA W BCIIOMOIATENIbHBIX AarcHTOB,
IIPOJOJDKUTEIBHOCTBIO  NPOLECCa,  MCHOJIB30BAHUEM  MPOLENYPHl  XMMHUYECKOIO
TpaBleHHUS W T.JA.). B pe3ynbraTe CpemHHid AMaMETp TOP MOXKHO KOHTPOJIHPYEMO
BApBUPOBATH C LIENbI0 N3MEHEHUS XapAKTEPUCTUK KOHEUHOIO HAHOKOMITO3HTA.
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MaruuTHple CBOMCTBA HAHOKOMIIO3HUTA
«ME30MOPUCTBIA OKCHUJ QIOMHUHUS -
HUKEIb» II0 JaHHBIM  MarHUTHOM
aTOMHO-CWJIOBOW MUKPOCKOITHH.

Hutn
METaJIJINYECKOTr0
HUKEIA rnocJjie
XUMHYECKOTO
pacTBOpEHUS
MAaTPHUIIBI
M€30IIOPUCTOIO
AIIOMUHHUA.
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119992, Mockga, Jlennnckue ropsi, ®DHM MI'Y
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ten. (495)-939-47-29  ¢axc (495)-939-09-98
goodilin@inorg.chem.msu.ru

M3naHue oCyImeCTBICHO MPHU NOJICPKKE
HaIMOHAJILHOM MporpaMMbl «O0Opa3zoBaHHE»
n Poccurickon Akagemnun Hayk



MHUKPOCTPYKTYPbI HOBbBIX
OYHKIINOHAJIBHBIX MATEPHUAJIOB
Boinyck 1.
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HAHOTPYBKM

OnauM u3 Ba)KHEUIIINX TUIIOB
HaHOMaTepHaJIOB SBIISIFOTCS HaHOTPYOKH
(manoTyOynienb1). Camble pacnpOCTpPaHCHHBIC W
W3yYeHHbIE YTJIEPOJHbIE HAHOTPYOKH OBLIH
OTKpBITEl B Jabopatopusx kommanuun NEC
(Slmonmst) mpu  pacnbuieHWH — rpaduTa B

BJIEKTPUYECKOU JyTE.

CreHKa peakTopa
NpoAykT ¢ OHT i—Cama M OHT

Karop

3nekTpogyra

. AHop
Oenosut Karanuzatop

Kiaaccuyeckasi Meroauka mnoJydeHHs
yIJIepOAHbIX HAHOTPYOOK

IIppy »>TOM C [OMOWLIBIO  BIIEKTPOHHOU
MHUKPOCKONIMK  OBITM  OOHApPY>KEHBI HUTH C
JIMaMETPOM HECKOJIbKO HaHOMETPOB, a UX JJINHA
COCTaBJIAJIAa OT OAHOIO A0 HECKOJbKUX MHKpPOH.
Hanotpyoku B 50-100 TBIC. pa3 ToHBIIE
YeJI0BEYECKOro Bojioca. HaHOTPYOKH COCTOSIIH
U3 OJIHOTO WJIM HECKOJBKHX CIIOEB, KaXKABIH W3
KOTOPBIX TPENCTaBIIsAT COOOM TeKcaroHaJIbHYIO
ceTky rpaduta. KoHiel TpyOOK OBLIH 3aKPBITHI
nosychepruuecKkumu KpBILIEYKaMH,

a {n.m) = (10,5)

COCTaBJIEHHbIMU U3  UIECTUYTOJIbHUKOB H
MATUYTOJILHUKOB. OTkpbiTHE  HAHOTPYOOK
BBI3BAJIO OOJIBIION MHTEpPEC y WCCIICOBATENICH,
3aHUMAIONIUXCSI  CO3JaHHEM  MaTepUANOB  C
HEOOBIYHBIMH CBOHCTBAMHU.

Oxkono 20 mer Ha3aj BBIIEN B CBET POMaH
M3BECTHOTO aMEpPUKAHCKOIo MucaTensi-(paHTacTa
Aptypa Knapka «®oHTaHbl pas», TA€ ObLI
ONMMCaH «KOCMHYECKUH mH(T» — YCTPOHCTBO,
KOTOPOE  CBSI3BIBACT  NIPOYHBIM  Kabenem
KOCMUYECKHI  KopaOllb, HaXOAAIIUHCS  Ha
reoCTal[MOHApHOW OpOHTe, C TMOBEPXHOCTHIO
3eMiii U TIOMOTaeT JOCTaBIsATh Ha OpOUTY
Tpy3bl. Martepuanom (daHTaCcTUYECKOTO
MOJBEMHUKA CIIy>)KMJIO HE CYIIECTBOBAaBIIEE [0
CUX TMOp aJMa3onoJo0HOe BOJIOKHO. B
HacTosiee BpeMms  fACHO, uTO  Haubojee
BEPOSATHBIN KaHAMIAT HA POJb MaTepuana Jyis
TaKOro  CBEPX/UIMHHOIO U  CBEPXIPOYHOTO
kabens — 93T0 Oe3nmedeKTHhIE OTHOCIOWHBIE
HaHOTpyOKkH. «Hanokabenp» oT 3emnu 10 JIyHbl
U3 OJWHOYHOH TpPyOKM MOXHO ObUTIO OBI
HAMOTaTh Ha KATYIIKy pa3MEpoM C MaKOBOE
3epHBIKO. [lo cBoelt MpPOYHOCTH HAHOTPYOKH
npeBocxoaaT ctanb B 50-100 pa3 mpu B miecTh
pa3 MeHbIIeH TIOTHOCTH. TpyOKH SIBISIOTCS HE
TOJIBKO MPOYHBIMH, HO W THOKWUMH, HAIIOMUHAsS
[0 CBOEMY IIOBEJICHHMIO IKECTKHE PE3UHOBHIC
TpyOku. Huth amamerpom 1 mm, coctosas u3
HaHOTPYOOK, Moruyia Obl BelIepkath Tpy3 B 20 T,
YTO B HECKOJIBKO COTEH MUJUTHAPAOB pa3 OoJbIiie
ee COOCTBEHHOMN Macchl.

OO0menpuHATHIC MOAEIH CTPOCHUSI HAHOTPYOOK M (pyJLIepeHOB



CpaBHeHHe pa3MepOB MHOTOCTEHHbIX HAHOTPYOOK M JiidesieBoii OalIHu

HaHoTpyOKkHM — wWaeasbHBIN MaTepHan st
0€30MacHOr0 XpaHEeHUs! ra3oB BO BHYTPEHHHX
nmosioctsix. Ha 500 kM mpoGera aBTOMOOWIIS
TpeOyercsi Bcero okoio 3 kr Hy; 3amonHsATh
«OeH300aK» ¢ HAHOTPYOKaMU MOKHO OBLIO OBl
CTallMOHAPHO IIOJ] JaBJICHUEM, a W3BJICKATh
TOILIMBO HEOOJBIINM  TTOJIOTPEBAHHEM
«Oen3obaka». CpocTkM HAHOTPYOOK ynaeTcs
3aMoNTHATh JINTHEM, T[IOJIydass MaTepuai JUIs
OJTHOTO U3 DJIEKTPOJOB BHICOKOEMKHX JIMTHEBBIX
HCTOYHHUKOB TOKa. BTOpoW »3nekTpon Moxer
ObITh  W3TOTOBJIEH M3  (PTOPUPOBAHHBIX
HAHOTPYOOK. Maiplii pazMep HaHOTPYOOK, HX
BBICOKAs IIPOYHOCTh U THOKOCTH, COYETAIOLIHECS
C OJEKTPONPOBOJHOCTHIO, MOTYT TIPUBECTH K
CO3JIAaHHUIO «IIIYTIOB» TYHHEIHHOTO MHKPOCKOIIA.
VYriepoaHbie HAHOTPYOKH B 3aBUCHMOCTH OT HX
crpoeHuss (Wi Jedopmanuu) MOTYT HMETh
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CBOMCTBa W00 MeTasuia, MO0 MOTyIPOBOJHHKA.
MeuTta 0 MOJEKYJSPHOM 3JIEKTpOHUKE Hayaja
OCYILECTBIIATHCS, KOTAa YJAJloCh HCIIOJIb30BaTh
HaHOTPYOKH IS CO3/1aHus II0JIEBOTO
TpaH3HUCTOpa OCHOBHOTO DIIEMEHTa
AJIEKTPOHHBIX cXeM. Jluox — ycTpoiictBo ¢ N-p-
MEPEeX0a0M — MOXKHO CJIeJIaTh, IPOCTO COCTUHUB
MEXIy co000il JBe HAaHOTPYOKHM pa3IU4HOM
reometpun. C HCTHOIB30BaHUEM HAHOTPYOOK
U3rOTOBIICHBI HOBBIE JJIEMEHTHI s
KOMIIBIOTEPOB. OTHU 3JIEMEHTHl O00ECIEeUNBAIOT
CHIDKEHHE Pa3MepOB YCTPOMCTB M0 CPAaBHEHHUIO C
KPEMHHUEBBIMH  Ha  HECKOJBKO  TOPSIKOB.
HanoTpyOku Bckope cTaHyT paboTaTh Kak
SMUTTEPHI  ANMEKTPOHOB. «Jlec» HaHOTPYOOK
uaeagbHO MOAXOAUT B KauecTBe Marepuasia
MOJICBOTO KAaTO/[a IMJIOCKUX TUCILICEB.

HanoryOyasipuas ¢opma V,05
MOBEPXHOCTHO-AaKTHBHBIM BeIlleCTBOM.

mocJje

THAPOTEePMAJIbHOIL  00padoTkHM ¢



CTpyKTypa rajoreH-3aMeneHHoro
¢yanepena (oHa U3 MOJIEIICH,
Npe/JIO’KEHHAsI MATMCTPAHTAMH U
acimpantamu @HM MI'Y B pamkax
BBIMOJIHEHUS pa0O0T IO UCCIICIOBAHUIO
CTPYKTYPBbI, TEPMOIMHAMHYCCKUX
CBOWCTB ¥ OMOJIOTMYECKON aKTUBHOCTH
¢yIiepeHoB)

B nocnennee Bpemst Bce OONbLINIA WHTEpeC
BBI3BIBAIOT  HCCJIEOBAHUS  HAHOTYOYJISIPHBIX
CTPYKTYp Ha OCHOBE OKCHIOB 3d-3JIEMEHTOB, B
YaCTHOCTH, Ha OCHOBE OKCHAA BaHAIUI —
YHUKaJIbHOIO BEIIECTBA, OJHOIO M3 HEMHOIHMX
HEOpPraHUYECKUX OKCH/JIOB, 00pa3yrommx
JIMOTPOIIHBIE JKUJKOKPUCTAJUIMYECKUE CUCTEMBI,
B KOTOPBIX MaJaYKOBUJHBIE YACTHUIIBI HUMEIOT
BBICOKYIO  CTENE€Hb  YIOPSAJOYEHUS  BJOJIb
akcuajgpHOM ocu. [Ipu BBICBIXaHUHM TaKOro
KOJUIOMIHOTO pacTBopa o0pa3yroTcsi KCeporeiu
C  YaCTMYHO  YHOPSJAOYEHHOW  CJIOHMCTOM
CTPYKTYpO#, KOTOpBIE YK€ ceHyac HaxoAsT
IIMPOKOE MPUMEHEHHE B Pa3IUYHBIX 00JIACTAX
HAayKU ¥ TeXHUKU. B mocnegHue roapl OONbIION
HHTEpec MIPOSIBISAETCS K TUOPUIHBIM
MaTepuagaM Ha OCHOBE OKCHJA BaHAIUs B CBS3U
C MX NOTEHUHUAIbHBIM IPUMEHEHUEM B KaueCTBE
KaTaJIUTHYECKHUX, CEHCOPHBIX U
3JEKTPOXUMHUUYECKUX  cucteM. OaHumu U3
Hauboee MEePCIEKTUBHBIX IPOU3BOAHBIX
okcugoB Banamaus (V) wu (V) sBasrorcs
HaHOTPYOKH - THOpHUTHBIC HEOpraHo-
OpraHUYecKue MaTepHalbl, coJieprKaliue

MOJIEKYJIApHBIM ~ TemIuiaT. X wuccinenoBanue
IIPUBEJIO K pa3BUTHIO HOBOIO HaIlpaBJICHUSA
XMMHH MaTepUaJIoB HA OCHOBE OKCUIOB BaHaIWsA
U CYILIECTBEHHOMY IOBBIIICHUIO HHTEPECA K dTOU
cucreMe.  OcHOBHbIE  pabOTBI B 3TOM
HaIpaBJICHUU CBSI3aHbI c MONBITKaMU
UHTEpKAJIALIUA B CTPYKTYypy  BaHaJIui-
KHCIIOPOJIHBIX HAHOTPYOOK pa3IMyYHBIX
OPraHMYECKUX NPOU3BOAHBIX, B TOM YHUCIE
IIPOBOSIINX IIOJIUMEPOB, a TaKKe
HEOPraHMYECKUX KaTHOHOB C LIENIbI0 pa3pabOTKU
IIPOTOTUIIOB ~ BTOPUYHBIX HCTOYHUKOB TOKa
HOBOTO TIOKOJICHHUS, OO0JIAAAIOIUX PEKOPAHOM
yaenbHOH  emKocThio. HaHoTpyOkum —oxcuia
BaHaJUs BCErAa SIBISAIOTCS MHOINOCTEHHBIMH, YTO
CBSI3aHO C OCOOEHHOCTBIO  IIpolecca  HUX
(bopMHpOBaHHUS. Hanpumep, IIPOIYKT
THIPOTEPMAIbHOW 00pabOTKM CMecH OKchza
BaHa WS C  JJMHHOLEIOYEYHBIM  aMUHOM
npeacTasisieTr coboil ckpyuennsie V — O — cion,
KOTOpBIE OYEHb YaCTO OCTAIOTCSl HE3AMKHYTHIMHU.
®dopma CEUCHMI TaKUX o0OpazoBaHMit
aCMMMETPUYHA, PACCTOSHUSA MEXKIY COCEIHHMH
CIIOSIMU MOTYT JIOCTaTOYHO CUJIBHO
BapbUPOBATHCS, OOBIYHO  YBEIMYHMBASCH  OT
BHYTPEHHEH K BHEIIHEH CcTeHke. Mogaenu
CTPOCHHS CTEHOK VOy-HaHOTpYyOOK
IIPEICTABIISIIOT UX KaK JBa CJIOS TETParoHaJIbHbIX
nupamug VOs, OpHECHTUPOBAHHBIX BEPITMHAMU B
IIPOTUBOMOJIOXKHBIE CTOPOHBI, KOTOpBIE
COEMHEHBl Mexay coboi Terparapamu VOa.
Bce pocTynHble Ha CErONHSALIHUM JE€Hb THUIIBI

HaHOTpyOOK VOyx couetatoT B cebe Kak
KOHLICHTPUYECKU 3aMKHYTHIE, TaK u
3aKpy4HBaIOIINECS HarooOue CBHTKA
aneMeHThl.  OAMHOYHBIA  cimol  oOpasyer

BHYTPEHHIOIO YacCTh TPYyOKH, TOTIa KaK BHELIHSSA
MOBEPXHOCTh OOBIYHO MEPEXOAMUT B 3aBUTOK W3
IBYX CIJIOEB, MEXKIYy KOTOPBIMU HaxXOOATCs
MOJIEKYJIBI OPraHUYECKUX BELIECTB.

a.x.H. EA.T'ynunun,
acn. A.B.I'puropnesa,
ct. JI.M.UTKNC,
rpynna (pyHKuMoHaJbLHbIX MATEPHAJIOB
acn. M.B.Yepubiiena,
K.X.H. A.A.Eaucees,
rpynmna HaHOMaTepHaJIoB
J.B.IlepsIkos, A.B.I'puropnesa,
JI.A.Cemenenko, E.A.l'younun, B.B.Bonkos,
K.A.lem6o0, 0. /1. TpeTnsikoB, Biustaue
MPEABICTOPUH  TIOJIYYEHUSI Ha  yHOPSIOYCHHE
CTPYKTYPHBIX DJIEMEHTOB Kceporenen
HegHT%KCI/II[a Bananus, JJAH, 2006, 1.406, u.1,
c.9-13.



«IIpokpycroBo  Jio:xke».  Muxkpodororpapusi  OJHOCTEHHOW  YIJIEPOAHOM
HAHOTPYOKH, 3aNMOJHEHHOH «HaHOKpHUcTaIom» Cul, m runorernyeckas mMojaeib
CTPYKTYPBbI OJHOMepHOro HaHokpuctadia Cul mpum ®=0° (npoceeuusarowas
NEKMPOHHASL MUKPOCKORUSL 6b1COK020 paspeuierusi). CUHTE3 HaHOTPYOOK BBIMTOJHECH
A.B. Kpecrununubim (MIIX® PAH); cuHTe3 HaHOKOMIIO3WTa oOcyliecTBieH M.B.
YepubieBoit, A.A. EmuceeBoiM u A.B. Jlykammuaeim (PHM MI'Y), uzobpaxkenue
nonyyero H.A. Kucenessim (MK PAH) u J.L. Hutchison (University of Oxford) na
npubope JEM 3000EX B Oxcdopae; moaens paspadorana P.M. 3akamrokuubsiM (MK

.o o @ ¢ ¢ @ . ve¢ P ¢ o @
._, # t, \. E @ .g ‘; ~~~~~~~~~

¢« @ e e




«MyMus 5KUIKOT0 KPUCTANIa». MUKPOCTPYKTYPA IUIEHKH KCEPOreJisi IEeHTOKCHIA
BaHA/IMsl, CHHTE3UPOBAHHOTO MIPOITYCKAHWEM BOJHOT'O PacTBOpA METaBaHaIaTa
aMMOHHUS Yyepe3 KaTHOH-00MeHHYI0 cMoy B H-hopme (BBepXy), ruaponn3om 3dupa
Banaguna VO(C4Hg 0); (BHE3Y) U BEICYIIMBaHHEM IPH KOMHATHOM TeMIIEpaType.

EHT = 500Kk Signal A = InLens MELI HEMS
WD= Smm Phato Mo, = 8651 Cate 110 Feob 2005

EHT = 5.00 kv
WD= 4 mm




Bricokas cTerneHp yrmopsiioueHus B IMJICHKAX, TOJTYYCHHBIX KOHACHCAITNEH B BOJHBIX
pacTBOpax, CBsA3aHA C TEM, YTO MPU TMOJKUCICHHH PACTBOPOB BAaHAIWA CTAHOBUTCS
IECTHKOOPANHUPOBAHHBIM, MPH ATOM OJIHA M3 MOJICKYJI BOJIBI HAaXOJUTCS HAMPOTHB
KOpOTKOM ABoiHOM cBs3u V=0. BcneacrBue 3TOro poct Ieneil MNpoucXOIUT
PEUMYIIECTBEHHO B TUIOCKOCTH AKBUBajIeHTHBIX OH-rpynm. Ha moBepxHOCTH TIIICHOK
BUJIHBl YAaCTHYHO YMOPSJIOYCHHBIE YJUIMHEHHBIC, CHJIBHO aHU30TPOITHBIC YaCTHIIBI,
OyM3KMe 1O pa3MepaMm ‘‘JIeHTamM” Telsd OKCHAAa BaHaius. MexaHu3M THIIpoJIH3a
ankokcuaoB BaHaausA(V) cBs3aH ¢ 00pa30BaHHUEM PA3BETBIICHHOW «CETH», COCTOSIICH
U3 OJINTOMEPOB OKCHA BaHAIHS ¢ OOJIBIITUM KOJIMYECTBOM AJIKOKCHUIHBIX TpyI. Takue
IJICHKH 00pa30BaHbl Xa0TUYECKHU NEPEyTaHHBIMU HUTCBUIHBIMU YaCTHUIIAMH.

«HanoTpyOuaTble Janmbl BaHAAUM - OKCHIAHOW COPOKOHO:XXKH». HccienoBanue
HaHOTPYOOK okcuaa Banaaus (BHT) ¢ momombio mpocBeYnBamwieii Y1eKTPOHHOM
mukpockonuu. Ha wmukpodororpadusx IIOM BHT BumnHa crioucras CTpyKTypa.
TemubIM TUHUAM cOOTBETCTBYIOT V-0 —CJI0HU, CBETIIBIM — MEXCIOEBBIE IPOCTPAHCTBA.
B nenTpe HaHOTPYOKM MMeeTCs y3Kasi OJIOCTh JUaMETPOM OKOJIO 25 HM.




«[IpaBasi» cTOpOHa CTEHKHM TPYOKHM Ha MuUKpodoTorpaduu oOpa3oBaHa CIOSMH,
pAcoOI0KEHHBIMI HA OJMHAKOBBIX PACCTOSIHUSAX, COOTBETCTBYIOIUX 2 — 3 HM.
[TporuBononoxuas crenka BHT (Ha pucyHke cieBa) oOpasoBana ciosmu V-0,
pacCTOSIHASL MEXAYy KOTOPBIMH B HECKOJBKO pa3 OoJibllie, YeM B IIEPBOM ClIydae.
TonmuHa «mpaBoit» CTeHKH HAaHOTPYOKHU cocTaBisieT okoio 400 HM.

Mag= 7000 KX 200nm EHT = 10.00 kV Signal A = InLens M3UHSMS
WD= 3mm Photo Mo. =8681 Date :20 May 2005

Otnensusie BHT  oOpasyror  arperatbl  («KryThI»)  OONBIIOTO  JAHAMETpa.
['eomerpuueckue pasMepbl (IIMHA, TOJINKMHA), CTPYKTypa (KOJIMYECTBO CIIOCB,
MEKIUIOCKOCTHBIC PACCTOSIHHMSI, TOJIIIMHA CTCHOK M BHYTPEHHHH JUAMETP) OTACIbHBIX
BHT B Takoii cBsi3keé MOTYT OBITH Pa3jMYHBI, YTO CBSI3aHO CO CJIOKHOW MPUPOIOU
B3aMMOJICHCTBUM IIPU TUAPOTEPMAIILHOM CHHTESE.




119992, Mockga, Jlennackue ropsl, DHM MI'Y
fmg.inorg.chem.msu.ru, www.hsms.msu.ru
ten. (495)-939-47-29  ¢axc (495)-939-09-98
goodilin@inorg.chem.msu.ru

M3naHue oCyImeCTBICHO MPHU MOJICPKKE
HaIMOHAJILHOM MporpaMMbl «O0Opa3zoBaHHE»
1 Poccurickon Akagemnun Hayk




MHUKPOCTPYKTYPbI HOBbBIX
OYHKIINOHAJIBHBIX MATEPHUAJIOB
Boinyck 1.

OAKYJIIBTET HAYK O MATEPUAJIAX
MockBa
2006



HEOIrPAHUYECKUE BOJIOKHA

HeMHoOro o xummm «ycoB»

Buckepsr (ot anri whisker — Bosioc, 1epcets;
«yCBI», HEOPraHMYCCKHE BOJIOKHA) — 9TO
HUTEBUJIHBIE KPUCTAJUIBI C nuameTpoMm oT 1 1o
10 MKM W OTHOIICHHEM JUIMHBI K JIHaAMETPy
>1000. C Touku 3peHHs Kak (QyHIaMEHTaIbHOU
HAayKd, TaK U TPAKTUKU BUCKEPHI SBISIOTCA
OJIHUM u3 Haubolee MEPCIIEKTUBHBIX
KPUCTAJUTMYECKUX MaTEPHATIOB C YHHKAJIbHBIM
KOMIUIEKCOM CBOMCTB. OHH, Kak MPaBHIIO,
HMEIOT  COBEPIICHHOE, TOYTH  HJICaTbHOE
0€3AMCIOKAIIMOHHOE CTPOCHHE, YTO UCKIIYAeT
OOBIYHBIE MEXaHU3MBI ILUTACTHYECKON
nedopManu U TPUOIIKAET MX MPOYHOCTh K
TEOPETUUECKOMY JUIsl TAHHOT'O BEIIECTBA TIOPOTY.
Buckeps! B AecsITKU U JJaxke COTHH pa3 MpOUYHEe
OOBIYHBIX KpUCTAJUIOB, OHH o0razaroT
MOPa3UTEIBbHOM  THOKOCTBIO,  KOPPO3HOHHOM
CTOMKOCTBIO 5 KpucTayorpaduueckoi
aHu3oTponuen CcBoucTB. [lomyueHune «ycoB»
CBEPXUYUCTHIX METAJJIOB M ajMasa, HUTEBUJIHBIX
KPUCTAJJIOB KPEMHHsI WJIM CBEPXITPOBOJISAIINX
BuckepoB Bi,Sr,CaCu,0Og  crTamo  KiacCcHKoi
COBPEMEHHOI XAMHH (YHKITMOHATTBHBIX
MatepuanoB. [lomoOHas HeoObluHast Qopma
KpUCTAJIJIOB MHTEpPECHa HE TOJBKO C TOUKH
3peHUS HCCIIEI0BaHU MeXaHu3Ma ee
0o0pa3oBaHus, HO M M3-3a CBOMX CHEIU(DUUIECKUX
(DU3HKO-XMMHYECKHX XapaKTEePUCTHK, YTO
JelaeT BeChMa aAKTyaJIbHBIMH JIFOOBIE HOBBIC
uccienoBaHus B 3Toil obmactu. [lpencrasnss
co00i1 OTHOMEPHYIO KPUCTAIITUNYECKYIO CUCTEMY,
BUCKEpbl MOTYT HAaWTH I[IUPOKUM JUaNa3oH
MPUMEHEHUNW — OT YHPOYHSIOIMHUX BOJIOKOH [0
YCTPOMCTB HAHOZJIEKTPOHUKH.

Hecmotpss Ha TO, 4YTO  HUTEBHUJHBIC
KPHUCTAJIJIbl U3BECTHBI 00Jiee MOITyBeKa, BUCKEPHI
TEXHUYECKHU UCIIONB3YIOTCS JIOCTATOYHO
OTHOOOKO - B OCHOBHOM, KaK apMHUPYIOIIHE
BoJIOKHA. llomaBigroniee OOJIBIIMHCTBO W3 HUX
MPUMEHSACTCS HWCKIIOUUTENBHO [UJISl  CO3/IaHHS
KOHCTPYKLIHMOHHBIX KOMIO3UTHBIX MaTE€pUaJIOB C
YIy4IIEHHBIMA ~MEXaHUYECKUMHU CBOMCTBaMH
(yrneponmnsie Bosokna, SiC, Al,O3z), mpu stom
00BEMBI MIPOM3BOICTBA IOCTUTAIOT
3HAUUTENbHBIX BeMWYMH. B mocnemnee Bpemst
pa3BUBaeTCSd  HAMpaBIICHHE,  CBSI3aHHOE C
MPAKTUYECKUM HCIOJIb30BAaHUEM KJIACCUUYECKUX
KPEMHHUEBBIX BHUCKEPOB B KayecTBE OCTPUN IS
aTOMHO - CHJIOBOM, MAarHuTo - CHJIOBOH
Mukpockormmn . ACM st OMOJOTHYECKUX
npuMeHeHnid. Bo Bcem mupe Habmogaercs Oym B
CO3JJaHUU OJTHO U JIBYXKOMITOHEHTHBIX BHCKEPOB

Al'BY A'BY ¢ MOy TPOBOTHUKOBBIMH
ceoiicteamu (GaN, ZnO, InSb). Hecomuennas
MEPCICKTUBHOCTh 3TOTO HAMPABJICHHUS CBSI3aHA C
pa3BUTHEM XUMHUH W (DHU3MKH HAHOCHCTEM,
MOCKOJIBKY  YIOPSZIOUCHHBIA aHCaMOJIb  TaKUX

HAaHOBUCKCPOB MOKCET  pacCMaTprUBATbHCA B
Ka4yCCTBC CHCTCMbI C YHHUKAJIbHBIMU
OIITUYCCKUMH CBOMCTB aMu, B KOTOPBIX

HPOSIBIISIFOTCS. KBaHTOBBIC 3D (ekThl («KBAaHTOBBIC
TOYKW», «KBAHTOBBIC HUTH», B pslie CIy4acB
TaKWe CHCTEMBl PacCMaTPUBAIOTCS B KOHTEKCTE
nu3aitHa «(POTOHHBIX KPUCTAIIIOBY).

B T0 ke Bpems 0 cHX MOp HE CyIIECTBOBAJIO
BOCIIPOM3BOAMMBIX M OTHOCHTEIBHO JEIHIEBBIX
CTIIOCOOOB TIOJTyYEHHsI BHCKEPOB C YKEIACMBIMH
(GYHKIMOHATIBHBIMA ~ XapaKTePUCTUKAMH ~ —
HETMHCHHBIMH ~ MarHUTHIMH W [/ Wim
JNIEKTPUYECKUMH  CBOWCTBAMH, a  TaKKe
CYNEpHOHHOM MPOBOANMOCTBIO, YTO, BOOOIIE
rOBOpPsI, SIBIJIOCH OBl YPE3BBIYAHO Ba)KHBIM
maroM B 00JacTW CO3JaHWs TPUHIMITHAAIBHO
HOBBIX THIIOB KPHCTAJUTMYECKUX MaTrepuajioB. B
OOJIBLIIMHCTBE CIIy4yaeB 3TO CBS3aHO C TEM, UTO
Ha  JaHHBIH  MOMEHT HE  CYIIECTBYET
YHUBEPCAJIbHOH  METOJMKH  BBHIPAIMBAaHUS
«yCOB» XUMHYECKH CIIOKHOTO COCTaBA.

IIporpecc B MUKpOIJIEKTPOHUKE, MEAUIMHE
¥ DKOJIOTUM BO MHOTOM OTPEIEISIETCS YPOBHEM
pa3paboTok B obmactu CYIIEPUOHHBIX
NPOBOJHUKOB. BHCKEpHI, Mpu HATWMYUK Yy HHUX

0c000ii KPHUCTaIINYECKOM CTPYKTYDBI,
o0ycaBIMBAIOIIEd CMELIaHHY 3JEKTPOHHO-
HMOHHYIO MIPOBOAMMOCT, BO3MOXKHOCTH

WHTEPKATANNNA — JCHHTEPKAISIIMA W BBICOKOM
MOJIBI’KHOCTA MOHOB BO BHYTPEHHUX OTKPBITHIX
MOJIOCTSIX CTPYKTYPbI (MesxcitoeBoe
POCTPAHCTBO, TYHHENIW W TMp.), MOTYT OBITh
UCIIOJIb30BAaHbl NIl CO3/IaHUS DJEKTPOAHBIX H
MEMOpPaHHBIX MaTepUATIOB HOBOT'O TIOKOJICHUS B
CWIy YHUKAJIHLHOTO COYETAaHUS BBIJAIONTUXCS
MEXaHUYECKUX  CBOMCTB M  CYNEPUOHHOM
MIPOBOJAMMOCTH. K JIOCTOMHCTBaM
MOTEHIUATIBHBIX 3JEKTPOAOB U3 HUTEBUIHBIX
KPUCTAQJIJIOB OTHOCSITCSI Takke BO3MOXKHOCTb
JETKOTO  TPHJAHUS  JKeJaeMod  (GopMbBIl U
JIeIIeBU3HA. B 11e10M, COBOKYITHOCTH YKa3aHHBIX
TpeOOBaHUI YIOBIETBOPSIOT THOKWE TKaHEBBIC
ANEKTPOABI, TOJIYYEHHBbIE W3 HEOPraHWYEeCKUX
BOJIOKOH C TYHHENBHOM WM  CJIOUCTOM
CTPYKTYpOH, COCTOsIIlIME€ W3 3JIEMEHTOB, JIETKO
MU3MEHSIOIINX CBOIO CTENEHb OKuciaeHus (B
YaCTHOCTH, OKCHJIOB (-3JIMEHTOB).



BHemnnii BUJI KaHTHJIEeBepa 1isi ATOMHO-CHi10Boii-MHKPOCKONMUH (JTUTepaTypHbIC
JaHHbBIE)



i .r ':"""l-n_._._ *_{‘!F"' —
Mag= 1500 KX 1pm EHT = 10.00 kv Signal A = InLens  MSU HSMS
WD= 3mm Phato Mo, = 3037  Date :12 Jan 2006

-

«[leppreBuanbIe» BUCKepbI SIO,, pactymue no mexanuzmy IIKK 3a cuer ealcmm
2SI0 = SiO; + Si (7mab. weopr. martep. Xumdaka MIY, onrtuueckas (BBepxy) u
AJIEKTPOHHASI MEKPOCKOIIHS (BHH3Y))



Mag= 5000 K% P EHT = 10.00 kv Signal A= InLens  MSU HSMS
——-- Wh= 7mm Photo Me. = 7372 Date ;3 Jun 2008

D J——

EHT = 10.00 KV Signal A=SE2  MSUHSMS
| wo= 15mm Photo No. = 7366  Date :3 Jun 2006

«JlenTouHble» BHCKepbl BaVy O,*yH,O, mnojydyeHHble NpH TUAPOTEPMAJIBLHOM
00padoTKe Oapuii-3aMelIeHHOTo Kceporejisi meHTokcuaa Banagusa (PHM MIY).
HoBbiit crokubiii okcun BaHaaus Bag4V30s(VO0)o4NH,O (N ~ 0.6) ¢ TyHHENbHOW TOJUIAHAUTO-
MOJOOHOM CTPYKTYpO#l ObLI CHHTE3UPOBAH B JIMTEPATYpE TMAPOTEPMAIILHBIM METOIOM M3 PacTBOpa
VOCI; u BaCl,. O6pazyromyecs mpu 3TOM TEMHO-3€JIEHbIE BBITIHYTHIE TOHKUE TUIACTHHKU COCTOAT U3
cioeB V30g, MEXIy KOTOPHIMU PACIIOIOXKEHBI KATHOHBI Oapust U MOJIEKYJIbI BOAbI. CJIOM CTBIKYIOTCS
MEXIy COo0OH ¢ 00pa3oBaHMEM TYHHEIECH, YTO POJHUT IOJNYYAIOUIYIOCA CTPYKTYPY C H3BECTHBIM
CEMENCTBOM I'OJIJIAaHUTOB.



MaHraHuTHble BUCKepbI

VHUKanbHOW (QOPMOH, KOTOPYI0 MOXKHO
CPaBHUTb C BaTOM, MEXOM WIH BOWIOKOM,

o0JIamaroT KPUCTAJLIBI KapKacCHBIX 8a3
TOJUIAaHIUTAa M ng.y016 n  BagMnysOgyg,
MOJIyYCHHBIC ~ W30TEPMHUUYCCKUM

HCIapeHneM

pacmiaBa xsopuanoro ¢iroca (KCl, NaCB.
OpuruHajabHas KpUCTAJUTHUECKas CTPYKTypa

BBIPAIIICHHBIX BHUCKEPOB MAHTaHUTOB cama II0

cebe  3acmyxuBaecT  BHHMMaHusA.  Kapkac,
COCTO?HJ.II/II\/’I n3 COYJICHCHHBIX Pa3sINIHbIM
00pa3oM CTPYKTYPHBIX OJIOKOB — OKTa3JpoOB

MnQOg, obpaszyer TyHHENIH, B KOTOPHIX MOTYT
JPYTHX

pasMeaTbCA KaTHUOHBI MCTAJIJIOB.

BasMn24O4g xapakTepusyeTcss HalIUYHEM Tpex
TunoB TyHHenel. IlepBbii  — KBaJIpaTHbIC
roJUTaHAUTOIOA00HbBIE TyHHEH ¢ Ba™, BTopoi —
CBOOO/IHBIC PYTHJIONOIOOHBIC TYHHEH, TPETHH -
TYHHEIIX CJIOKHOW (OPMBI, pa3MemIaonIue IBa
psiga katuoHOB Oapus. bapueBas mojpemnieTka
YaCTUYHO paszymnopsioyeHa M MpU Mepexojie OT
TyHHENsT K TYHHEJIO TIOJIO)KEHHE KAaTHOHOB

Oapust ~ MoxeT  u3MeHAThcs.  [loTeHuman
BO3MOKHOCTEH, CKPBITBIX B TaKou
KPUCTAJUIMYECKOM  CTPYKType M B  TaKUX

KPUCTAJIaX OTPOMEH.

Kpucramnnueckas cTpykrypa ¢pazsl BagMn Oy

Honneli MMPOBOAHUK, KATAJIU3aTOP, IIYII B aTOMHO-CHJIOBOM MHKPOCKOIINU, HCOPI' aHMYCCKUU C0p6eHT,
MaTpuna ajis 3aXOpOHCHUA PAaAUO0aKTUBHBIX OTXOJ0B — 3TO TOJIBKO 4YaCTbh TOI'O, HA YTO MOT'YT OBITE
CIIOCOOHEI IMOJIYUCHHBIC BOJIOKHA.

couck. E.A.Ilomepanuena,

a.x.H. E A T'yiunun,

ct. B.B.KpuBeuknui,

rpynna ()yHKunoHaJIbHbIX MATEPHAJIOB

Ph.Boullay, M.Hervieu, B.Raveau, J. Solid
State Chem. 132, 1997, 239-248.

E.A.Goodilin, E.A.Pomerantseva,
V.V.Krivetsky, D.M.Itkis, J.Hester,
Yu.D.Tretyakov, A simple method of growth and
lithiation of BagMn,4O4s whiskers, J. Mater.
Chem., 2005, 15.




«becrno3BoHOYHOEe MAarMaTHYECKOro nmepuoaa». JIpy3a HUTEBHIHBIX KPUCTAJJIOB -
BUCKepoB MaHranuta BagMn,;O,3 ¢ HeOOBIYHOI TYHHEIbHON KPHUCTALIHYECKOM
CTPYKTYpOii, 00pa30BaBHIUXCA HA  KOPHUYHEBO-KPACHBIX  KPHUCTAIMTAX
raycmanuta Mn;O, mpm BbicokoTemmepaTypHoii o6padorke (950°C, Bo3myx,
pacia  KCI-BaCl,). IlpucyrcTtBue W30THYTBIX BHUCKEPOB TOBOPHT 00 UX
HEOOBIYaTHOM THOKOCTH, HEIOCTYITHOW 0ObEMHBIM HEOPTAHUICCKUM KPHUCTAJIIaM.

-?'{\"
L

7

] .
Mag= S00KX 10pm EHT & 1,00 k' Segral R winlwm  WLEL HEMEE
W= Imm ProigMo = 3541  [Caie B Cec 3003

«MonompncTa.mmqecKaﬂ TKaHb MHPO3/aHbs1». BHEIHWI BUA «BOWJIOKA» W3
MaHTAHUTHBIX BUCKepoB BagMn,,O,45, KOTOPBIE MOTEHHUAIBLHO PACCMATPHUBAIOTCSI
B KadecTBe OJAHOMEPHBIX (Cymep)HOHHBIX NPOBOAHHKOB. (onmuueckas
muxpockonust). CripaBa - JaHHBIE pACMPOBOU JIEKMPOHHOU MUKPOCKONUU.




«BosiokHuctasi TypOyjaeHTHOCTH». CJI0H HUTEBUAHBIX KPHUCTAJJIOB MAHTAHHUTA
BagMn,4O45,  oOpa3oBaBmmxcsi Ha  moBepxHoctH pacmiaBa  KCl mpm
BBICOKOTEMIIepaTypHoii o6padorke (950°C, Bo3ayx). (onmuueckas muxpockonus).
Ha ¢ororpadun nzodpaxena nopa (kaHai), yepe3 KOTOPYHO MPOUCXOIMIO UCHIAPECHUE
xnopuaa kanus. @akTHYeCKH pedb UAET O CaMONPOM3BOJIBHOM O0pa30BaHUM TKaHHU,
COCTOAIIIIEH W3 HEOPTraHWYECKUX BOJIOKOH, OOJIAJaOIUX CBONCTBOM OJHOMEPHOM
VOHHOM MPOBOJUMOCTH.

«KpbL10 (pa"TacTu4yeckoil crpexko3bl». TOHKHE HUTEBUAHBbIC KPUCTAIbI (a3bl
BagMn,4O45,  m3BJE€YeHHBIEe W3  XjgopuaHoro d¢uiroca  (BO3ayx, 950°C,
NMPOAO/LKMTEIBLHOCTh JKcImepuMeHTa 25 wacoB). (onmuueckas Muxkpockonus).
«IIpoxwmnku» 00pa3oBaHbl MAHTAHUTHBIMU BHUCKEPAMH, a PA3HOIIBETHHIE KIIEPETTOHKI»
- TOHKOM TIJIEHKOM 3aTBEPAEBIIETO XJIOPUAHOTO PACIUIaBa, Paay>KHbIM I[BET KOTOPOTO
BO3HMKACT U3-3a HHTEepPepeHInu cBeTa (10J00HO OKpaCKe MBUIBHOTO ITy3bIPsi).




PocTt KoJIOHMIT HUTEBHIHBIX KPHCTAJJIOB TMPOMCXOAUT BHYTPH MOBEPXHOCTHOTO CJIOS
xJopuaHoro pacmiaBa. [lociie oxJaskaeHuss M KPHCTAUIM3AIUU PAcIUiaBa MaHTaHUTHbIE
HUTEBHIHbIE KPHCTANIbI OYKBAJbHO NPOHU3LIBAIT CcHOPMHUPOBABIINECS NPH OXJAKIEHUU
npo3payHble KPHCTALIBI COIH — XJopuaa. Yacto oOpasyrcs cBoeoOpa3Hble <IBETHI»,
cocTosimue u3 Buckepa (1), mokpeITOro cioeMm xjJopuaHoro ¢puroca (2), gf KOTOPOro Ha BeplIHHE
oOpa3syeTcsi Ipy3a-colBeTHE U3 KPHCTAJJIMTOB — KOMIIOHEHTOB (rroca (5).

LI F S S B I

JlanHble NPOCBEYMBAIOIIEH >JIeKTPOHHOH MHKDPOCKONMH, BBISIBJISAIONIHE MPEHM

yIIleCTBEHHOE
Hanpasjaenne pocra Buckepos (O.Lebedev, G. Van Tendeloo, benbrus).




«YkazaTeJu MUKpokocmoca». MuHepajbHble BoJIOKHA BagMny O, B Kamcyae u3
xjgopuanoro ¢uioca. (yugposas cxanmupyrowas — S1eKMPOHHAS  MUKPOCKONUS)
daHTacMaropuueckie MUHHUATIOPHBIE CTPEJIKM W OCTaJbHbIe HEOObIYHbIE (UTYpHI
pocta 00yCIOBIEHBI KOHJCHCAIMEH XJIOpHUIa Kalnus U3 MapoBor (a3bl HA HUTEBUIHBIC
KPUCTAUIbI MAaHTaHWTA. TOJIIMHA BHCKEPOB — OKOJIO MHUKpPOHA (BHYTpH dYexya W3
XJIOpU/Ia Kajwus), TONIMUHA myOsl — 3-5 MukpoH. KonjeHcanws mapoB XJopuaa Kajust
NPUBOAUT K CaMONPOU3BOJILHOMY (OPMUPOBAHUIO CTPYKTYPBI, COCTOSILIEH U3
MOJIMKPUCTAIUIMYECKON 000704k W aHcaMmOisi Oosiee KPYHHBIX OPUEHTHUPOBAHHO
cpocmuxcst kpuctamumuToB KCI, pocT KOTOpHIX NpPOMCXOIUT BJOJIb MOBEPXHOCTHOM
JaroHaay BOJIM3U BEPIIMH BUCKEPOB, UTO U 00YCIIaBIUBAET GOPMY «CTPETIKU».

i b = = Tt | R T "- -
EHT =15.00 k¥ Signal A = SE2 MSLU HSMS
WD = 14 mm Photo Mo, =209  Date :27 Jul 2005

Y L:F_'I-_

PacTEOp B pacniaBe
(KC1-BaCl-MnCL) C_
“PactBop - HaKrocTh - KpHeTana™

Hpenno.ﬂaraeMHﬁ MEXaHU3M pOCTa BUCKEPOB.
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“Kpucraan u3 kaniaun”. PocT BUCKepPOB 10 MEXaHM3MY NapP-KUAKOCTh KPHUCTAJLI
(baza BagMnypOyg). (yugposas pacmposas snexmpounas muxpockonus) Iloxazan
TOpPELl KPUCTAJUIA, KOTOPBIA BBITJSAUT OIUIABJICHHBIM, HO Ha CaMOM JIEJ€ SIBISETCS
MECTOM, TI/IE PacHoJIO)KEHA Karuld paciulaBa, B KOTOPOW pacTBOPSETCS POCTOBOM
KOMIIOHEHT, IePCHOCAIINICS dYepe3 Ta30oByr (asy. B manpHeiimem (yxe B
TpaHC(HOPMHUPOBAHHOM BHJIE) POCTOBOW KOMIIOHEHT OCAXKIACTCS U3 KHUAKOTO PacTBOpa-
KalJld Ha pacTylud Kpuctasl. Takum oOpas3oM, Karuisi paciuiaBa padoTaeT Kak
CBOCOOpa3HbI «KaTaJIM3aTOpP» U €€ JMaMeTp MPeJoNnpeaessieT IuaMeTp BCEero
KpUCTaJlJIa: BUCKEpP PacTeT 3a CYET «IEepEeKaukKu» pPOCTOBOTO BEILIECTBA M3 Ta30BOM
¢a3pl, «BBICACHIBAs» €r0 YEPE3 y3KOE «OKOIIKO» JKUIKOW Karluld, MPH 3TOM Karuis
paboTaeT KaKk HACOC MJIU KIILTIO3.

1m EHT = 5.00 KV Signal A= InLens  MSU HSMS
Mag= 35.00 KX |—| WD=s 3Imm Photo Mo. = 6534  Date :29 Jan 2005

«MoHokpucTaIMUecKasi TpaBa». MaHraHuTHble BUCKepbl cocTaBa BagMn,,Oyg ¢
IVIACTUHYATHIMUA  KPHUCTAJUIMTAMHU JIMTHH-COJAEpP:KAIIE IINUHEJIbHON ¢a3bl,
NMOJIyYeHHbIe METOJI0OM H30TePMUYECKOr0 WCNaApPeHus XJOPHAHBIX (JIIOCOB.
(yugpposass  pacmposas  snekmpounas — muxpockonus). B kadectBe  uroca
UCTIOJh30BANACh CMECh XJIOpUJA KalHs W XJIOPHAA JHUTHUS, KOTOPHIC BBIACPKUBAIHUCH
npu Temneparypax 900-950°C mpu pO,= 0.21 arM. B TeueHHEe HEAENM IO IOIHOTO
UCTIApEHUsl XJIOPUIOB. B MPHCYTCTBUU XJIOpWIa JIUTUS MPOUCXOTUT KOHKYPEHTHOE
oOpa3oBaHHMe TUIACTUHYATHIX KPUCTAVIOB IIMHHETM W HUTEBUIHBIX KPUCTAIIOB
KapKacHOTO MAaHTaHUTA, MPH 3TOM PACTYyIIMe HUTCBUIHBIE KPUCTAJUIBI BHITATKHUBAIOT
KpUCTaUIbl WnuHeau BBepX. O0e (a3bl — MIMNHUHENbHAs] U TOJUIAHIUTHAs — 00J1aJaroT
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CYNEpUOHHON MPOBOJAMMOCTBIO MO JIUTHIO, OJJHAKO BUCKEPHI 00JaJar0T CYIIECTBEHHO
Oonee BBICOKMMH J1e(OPMAIMOHHO-TIPOYHOCTHBIMU ~ XapaKTEPUCTUKAMH, a TaKKe
BBICOKOM KpHCTAJLIIOrpahuueCcKo aHU30TPOIHEH.

il / ol A

2um EHT = 5.00 kv Signal A=InlLens Date :22 Nov 2003
Mag= 73BKX |—| WD= Smm Fhoto Mo. = 883 Time :12:45:34

«llInuaenbHass  1as». «['padornurakcuss» JTUTHA-MAPraHUEeBOH IINMHEIHU
(oxkTa’apuYecKHe KPHCTAJLUINTHI) HA TCEBIOMOHOKPHCTALUIMYECKHX BHCKEPax
OJHOMEPHBIX CYNECPHOHHBIX TMPOBOAHMKOB ¢ KOMIIO3UTHOW TYHHEJbHOM
crpykrypoit BagMn,,Ous. (yugpposas cranupyiowas siekmponnas Mukpockonust)
HureBunHble KpUCTAJIbI MaHTAHUTA BBIIECPKUBAIUCH B «pacIUIaBe» HUTpaTa JUTUS
npu 300°C. Tlpu 5TOM 3a CUET HOHHOTO OOMEHA YaCTh MOHOB Gapus IEPEXONMIa B
pacijiaB, a BMECTO HHMX B KPUCTAJUIMYECKYIO CTPYKTYpY BHCKEPOB BXOIWJIO
HKBUBAJICHTHOE KOJIMYECTBO MOHOB JIMTHS, 00€CIEUMBAIONINX MOHHYIO MPOBOJUMOCTH
no Li". OnHoBpeMeHHO mpoTekana XMMHYecKas peaklis, CBA3aHHAs C YACTUYHBIM
pPacTBOPEHHMEM BELIECTBA HUTEBHUIHBIX KPHUCTAJUIOB B paciuylaBe. OTO SBIICHHE
OPUBOJMIO K  TPABJICHUIO  IIOBEPXHOCTM  BHCKEPOB M BBIABWIO  UX
IICEBAOMOHOKPUCTAINIMYECKYIO CTPYKTYpPY — KaXJIblil BUCKEp MNpEACTaBIseT CcoOOit
«IYYOK» MapalIeNIbHO CpOCHINXCsi (HACTOUBIIUXCS JPYT HA JIPyra) TOHKUX BHCKEPOB.
OOpazoBaHue OKTadPUUECKUX KPHUCTAUIOB MIMHHETM Ha TMOBEPXHOCTH BHUCKEPOB
MPOUCXOAUT M3-32 TOTO, 4TO AU(PQPY3UOHHBIE MOTOKH MAKCHMaJlbHbI Ha TpPaHUIIE
paszena «BUCKEp — pacIulaB», IO3TOMY IIOBEPXHOCTh BHCKEpPOB oboraiieHa
MaKCHUMaJIbHbIM KOJIMYECTBOM HMOHOB JuTHUsA. Hebosblioil pa3smep HOHOB JUTHS U
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aHOMaJIbHO BBICOKOe OTHomeHue 3apsan / pagumyc ans LiT mpusoaut x medopmarmu
okpyxaromux nmonmapoB MnOg B daze BagMny Oy Takum 00pazom, 4To «phIXjas»
TyYHHETIbHAsl CTPYKTypa O3TOH ¢a3bl C BHEAPCHHHIMH HOHAMU JIUTHS CTAHOBHUTCS
HECTaOWJIbHOW U, B KOHEUHOM uTore, popmupyercs (asza JIUTHI-cCoAepKaIei IIMUHeTn
c OoJiee «KOMITAKTHOI» JJIEMEHTApHOM stueiikoid («Tis»). 3a cY4eT TeTepOreHHOTro
3apoJipllIe00pa30BaHUsl KPUCTAIbl LINUHEIN OOpa3ylOTCsl HMEHHO Ha MOBEPXHOCTH
HUTEBUIHBIX KPHUCTAJUIOB, IIPU 3TOM OHU OPUEHTUPOBAHBI BIOJb KAHABOK TPABJICHUS.
HaGmtonenue «ecrecTBeHHOro» »3ddexra rpadodNUTakKCUM Ha MHUKPOYPOBHE —
yHOpsiI0YeHUe aHcaMOsisl KPHUCTAUIUTOB HAa IIOJIOCYATOM peibede IOBEPXHOCTH
HUTEBUJIHBIX KPHUCTAJUIOB, BO3HHKIIEM H3-3a TPaBJIEHUS pacIUIaBOM 3aKOHOMEPHO
CPOCIIMXCS ~ HUTEBUJHBIX  IICEBJOMOHOKPHUCTAJIOB,  HMEIOLIUX  BHYTPEHHIOO
MUKPOKPHUCTAIUNINYECKYIO CTPYKTYpy. HazBanue «Tis» cBsI3aHO C TE€M, UTO IITTUHEIbHbIE
KPUCTAIJIBl — «IMapa3suThl» BEAYT ce0sl KaK «KUBbIE», OPUEHTHPYSCh caMH COOON Ha
MOBEPXHOCTH BHCKEPOB, MPH 3TOM OHH MUTAIOTCS MaTEpUajOM BUCKEPOB, BBHICACHIBAS
U3 HUX BCE «COKM» (KOMIIOHEHTHI JIJIsl pOCTa) U, B KOHEYHOM HUTOTE, pa3pylias ux.

Tum EHT = 5.00 kV Signal A = InLens
Mag = 25.00 KX |—| WD= 3mm Photo No. = 1159
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«IIpoToHnsie cynepcTtpyHbl». HuteBHaHBIE KpHCTALIBI coctaBa BagMny O c
3aMellleHHeM YaCcTH TSLKeJIbIX KAaTHOHOB Ha MPOTOHBI. (yugposas pacmposas
S/IeKmMpoHHas Mukpockonusi) BriepBele HaOroTaBIIeecsl paclICIUICHHE BHCKEPOB Ha
OYeHb TOHKHE HUTH U WX HU3rUO, KOTOPBI MPOCTO HEBO3MOXKEH i OOBIYHBIX,
O00BEMHBIX KPHUCTAIIOB, OOYCJIOBIEHBI CYIIECTBEHHBIMA H3MEHEHHUSMHU MapaMeTpoOB
pelieTKh W BO3HUKHOBEHHEM OTPOMHBIX BHYTPEHHHMX HANpPsDKEHUH Mpu oOMeHe
Gombunx KaTHOHOB Ba’* Ha MaseHbKie poToHsL. [1006HbIE PACIIEIIICHHBIC 1 THOKHE
BUCKEPHI B «IIPOTOHUPOBAHHOW (POpME» MOTyT MCHOJb30BAThCS KAK KATAIUTUUYECKHU-
AKTUBHbIE 1 MOHHO-OOMEHHbBIE CUCTEMBI.

EHT = 20.00 k' Signal A= SE2 MSU HSMS
WD = 15 mm Photo Mo. =857  Date ;27 Sep 2005

[ R CMERLL . T -
Mags MM KR Tpm EHT = 15000 i Gograal m inlemn. RERL) HERLE % .
| —— WD Jawn Pots P A6 Date 29 0o 2008 Msg = 10000 K x, M0 EWT w 1000w Eignal & = lslar NS HOMS
WS 3enm Phoiobo = 1554 e 22 Oici 2004

. T L R 7T o

T
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Pacueniienne oTaeIbHbIX KPUCTAJVIOB MAHTAHUTOB € TYHHEJbHOH CTPYKTYPOil IPH KUCJIOTHOM
o0padoTke (MOKa3aH Topel KPUCTAILIA).

—

ﬂg =100.00 K ¥ 200nm EHT =10.00 kv Signal A = InLenz  M3U HSMS ]
WD = 3mm Photo No. = 1462  Date :19 Oct 2005

«HanokakTycbl U ryceHunb». IIoBepXHOCTHO — /IeKOpPHMPOBaHHbIE HUTEBH/IHbIE
KPHCTA/UIBI TIPH Pa3JIMYHbIX YBeIWueHUsX. (yugposas pacmposas 31eKmMpoHHAs
MuKkpockonust) BUCKEpPBI SIBIISIOTCS PEAKUM MPEICTABUTEICM HUTCBHIHBIX KPUCTAJUIOB
MHOTOKOMITOHEHTHBIX (ha3, 0OJagaronuX YHUKAJIbHONW TYHHEIBHON CTPYKTYpOH,
MHTEPECHOM C TOUKHU 3PEHUS peajr3alli OJHOMEPHOM CYNEPUOHHOU MPOBOJIUMOCTHU U
KaTamuTU4eckux cBoiicTB. Ha moBepxnoctu BuckepoB ¢ TonmuHoi 0.1-1.0 mukpon
BBIpAIlleH CIUIONIHON ciod («ury6a») u3 HaHokpuctammuroB MnO,*XH,0O, xotopsrii
MO3BOJIAECT 3HAUMTENBHO YBEIMYUTH OOIIYIO IUIOMIAIh MOBEPXHOCTH, OOECIIEYHB TEM
camMbIM OOJIBIIYIO KaTAIUTUYECKYIO0 aKTUBHOCTb, a TAK)KE MEXaHUYECKOE U XUMUYECKOE
COTIPSKEHHE BUCKEPOB C KOMIIOHEHTAMH JJIEKTPOXUMHUYECKUX YCTPOUCTB.

a. <Heoprannyeckue rycennubn» (00mwmii Bus, yB. 15 Thic. pa3).

0. «xMoxHaTblii BUCKep» (OTIEIBbHBIN BUCKEP ¢ BEIpOCcTOM, yB. 50 ThIC. pas).

B. “Hanokpucrajuimyeckuii Kkakryc”’ (apy3a-«IBETOK» HAHOKPUCTAJIOB Ha
MOBEPXHOCTH BHUCKEpa, paspenieHue OJIM3KO K MaKCUMajJbHO BO3MOXKHOMY IS
CKaHUPYIOIUX MUKPOCKOMOB, yB. 350 ThIC. pa3!).

r. “UHomianeTsHHH MHUKpoMupa” (apyroil BHCKep, BUIHA CTPYKTypa CPOCTKa —
IICEBAOMOHOKPUCTAININYECKOIO BHCKEpa, a TaKKe TOJIIUHA MOBEPXHOCTHOIO CJIOS
HAHOKPHCTAJLJIUTOB).
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EHT = 10.00 k¥ Signal & = InLens  MSUHSMS
WD= 3mm Photo Mo, = 1561 Date 22 Oct 2005

Mag= S0.00K X Tpm EHT = 10.00 kW Signal & = InLens  M3U H3MS

|—| WD= 3mm Photo Mo. = 1546 Date (22 Oct 2005




EHT = 10.00 kv Signal A = InLens  M3UHSMS
WD= Smm Photo No. = 1548 Date (22 Oct 2005

Mag= 6000 KX 1pm EHT =10.00 kW Signal A = InLens  MSUHSMS
WD = 3mm Photo Mo. = 1563 Date 122 Oct 2005




FMbkune anekTpoAabl

I'ubOxuii 31eKTpOAHBIA MaTepuaa Ha ocHOBe KoMmno3uTa V,05 — BagMn,,Oyg

I'mppatupoBaHHBI  NEHTOKCHZ ~ BaHAus
MPEACTABIISIET coboit penKui pumep
HEOPraHUYECKUX JIMOTPOIHBIX KUIKHAX

KpuCTa/UIOB. [Ipy BBICYIIMBAaHHM B YCIIOBHSAX
€CTECTBCHHOI BJIQ)KHOCTH TeNs IEHTOKCHUIA
BaHaaWsi oOpasyercss KCeporeslb, KOTOPBIH
o0ajaeT CIOMCTOM CTPYKTYpPOH M TPOSBISET
NpeKpacHbIe UHTEPKAJSIIIMOHHBIC u
ANIEKTPOXUMUYECKHUE XapaKTEePUCTHKH,
CBSI3aHHBIE C  BO3MOXKHOCTBIO  M3MCHEHHS
CTEIICHH OKHCIICHHUS BaHA VS

CTpykTypa KceporeJs V205

Ha ocHoBe Takoro kceporesns HaMH BIEPBBIE
ObUT CcO3MaH THUOKWH KaTONHBIM Marepwan -
KOMIIO3UT [JJI1 MHHMATIOPHBIX  IUIEHOYHBIX
AKKyMYJISITOPOB, MeXaHHYEeCKHe u
3JIEKTPOXUMHUUYECKHE CBOWCTBA KOTOPOTO OBLIH
CYUIECTBEHHO YJIYYILIEHbI 3a CYET BBEICHHUS
HAaHOTPYOOK OKCHJa BaHAIus U apPMUPOBAHUS
HWOH-TIPOBOJSAIIMMHA HUTEBUIHBIMU KPUCTAUIAMU
MAaHT'aHUTOB, He MPEACTABIISIOINMU
«3IIEKTPOXUMHUIECKOTO OaytacTa».
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MexaHn4ecKkue CBOMCTBA
apMUpoOBaHHOTO0 Kcepores V,0s5

Co3nanue THOKHX 3JIEKTPOIHBIX MaTePHAIOB
B paMKax  HampaBJICHUS  MHKpOIICYaTHOM
JJIEKTPOHUKH OBIIO OBl  HEBO3MOXKHO  0e3
OPUTMHAILHOW METOAMKH TIOJIy4YEeHUS ITyTeM
MU30TEPMHUYUCCKOTO  HWCMIAPEHUs]  XJOPUIHBIX
(GITFOCOB YHUKAJIbHBIX HUTCBHIHBIX KPHCTAJLJIOB
MaHTaHUTOB CO CTPYKTYPHBIMH TYHHEJISMH
CJIO)KHOU (hOPMBI, 00YCIIaBIUBAIOIIMMU HOHHYIO
MPOBOJUMOCTb. dopmupoBaHUe TaKoOMH
HEOOBIYHON CTPYKTYPBl TPOHMCXOIHWT 3a CUET
TEMILUIATHOTO ahdexra HMOHOB Oapwus,
obnafaromux 60JIBIIUM HOHHBIM paanycoMm. [Ipu
3TOM 3Ta dasza Bne BbIe ObliIa TIONTyueHa B opMme
BUCKEPOB, o0JTaTaroInX PEKOPIHBIMU
MEXaHUYEeCKUMHU XapaKTepUCTHKAMHU "
YIOOHBIMH JJIS1 TIPAKTUYECKOTO HCIIOIB30BAHMUS.

a.x.H. EA.T'ynunus,
ctT. /I.B.Cemenenko,
rpynna GpyHKIHOHAJIbLHbIX MATEPHAJIOB



«JJIeKTPONPOBOASIIINKI KHUCEIb». JJIEKTPOAKTHUBHbIE APMHUPYIOIIME BOJOKHA
BUCKepoB ¢a3bl BagMn,,O,3 B mMaTpuime u3 3JeKTPONPOBOASIIIIEr0 Kcepores
THAPATHPOBAHHOTO oOKcHaa BaHagus (V) Kak NPOTOTHN HOBOI0 NOKOJIEHHUsI
JIEKTPOAHBIX MaTepHuasioB. (onmuueckas muxpockonus). BO3HHKHOBEHHE apeoJia
BOKPYT TEMHBIX HUTEW MaHTaHHUTA CBSI3aHO C PACCESTHUEM CBETa Ha IPAHUIE KCEPOTellb
(kpacHo-kenThiii (HOH) - BHCKep. BrepBble cjenaHa IOMNBITKA IOJYYHUTh THOKHI
ANEKTPOAHBIM MaTepuan s JUTUKW-WUOHHBIX aKKyMYJIATOPOB IIyTEM HCIIOJIb30BaHUS
KCeporesisi THAPaTHPOBAaHHOTO okcuiaa BaHamaus (V) ¢ 4YaCTUYHO YHOPSAAOYCHHOM
(ciouncTol) CTPYKTYPOi, MEXaHHUYECKHE CBOMCTBA KOTOPOT0 MOAU(DHUIIMPOBAHEI 38 CUET
BBEJCHUS APMHUPYIOIINX BOJIOKOH MAHTAHUTA.

KoMno3uTHasi HUTh Ha OCHOBE moJiMMepa 1 HUTEBUAHBIX KPUCTAJIJIOB.
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IMoBeaeHue BUCKEPOB MPH Pa3pylIeHNH KOMIIO3UTHOT0 MaTepuaJa.




BazanbT

[lltanennbHOE W HENPEPHIBHOE BOJIOKHO,
MOJTy4aeMoe TUIaBIICHUEM 0a3albTOBBIX IMOPOJ,
MO>KHO 0e3 MpeyBEITUYCHUS Ha3BaTh
TEIUIO3BYKOU3OJSIIIUOHHBIM ~ MaTepuamom  XXI
BeKka, rojxosasi morpedHocTh Poccuu B KoTOpOM
OLICHUBAETCS B MJIH. TOHH. MmupoBoe
TIPOU3BOJICTBO MUHEPAITLHOTO BOJIOKHA
MpeBbIIIaeT S5 MIH. TOHH B Troh, B Poccum
cerogast mpousBogutcst MeHee 10 % ot aroif
BenmurHbl.  CTEKII000pa3Hble MaTepualibl  Ha
OCHOBE 0a3aJIbTOBBIX BOJIOKOH TPUMEHSIOTCS
KaK 3aMEHHUTENIb acOecTOCOoepKaluX W3,
IKCIDIyaTalusi KOTOPBIX 3ampelieHa B CTpaHax
EC B cBsI3u C BBICOKOMH KaHILEPOT€HHOCTHIO
acOecra u aupektuBoii EBpokomuccun 97/69/EC
(or 1997 r.f, OCHOBBIBAIOIICHCS Ha Ooiee
KECTKHUX 9KOJIOTUIECKUX HOpMax B
MPOU3BOJICTBE M KOHTPOJE HCKYCCTBEHHBIX
MUHEPATLHBIX BOJIOKOH.

WuTtepec k  0a3aabTOBBIM
OoOyCIIOBJIEH elme ©W WX  YHUKAJIbHBIMH
XUMHYECKUMUA  (CTOMKOCTh B arpeCcCHBHBIX
cpefax) U MEXaHHYECKUMH (BBICOKHC 3HAYCHHMS
MOJTYJIs YIPYTOCTH, TBEPJIOCTH,
M3HOCOCTOMKOCTb) XapaKTePUCTHKAMH. B
HACTOSIIEe BpeMsi Hauboliee MEePCIEKTUBHBIMU
SBIIIOTCS  CIEAYIomure 00IacT NpUMEHEHHS
0a3aibT COJCPIKALIMNX MATEPUAIIOB: 0a3aJIbTOBbIC
BOJIOKHA KaK 3BYKOTEILIOU30JIATOPHI,
HaTIOJTHUTEIh B KOMIIO3HTaX (cTexo-
¢GubporeMeHTax), 3aMEHHUTEIb KaHIIEPOTCHHBIX
XpU30THJI - acOecToB; CTEKJIOKepaMUKa C
MOBBIIIEHHON HW3HOCOCTOMKOCTBIO; MAaCCHUBHBIE
000JIOYKH JIJISI MHKATICYJISIIUH SICPHBIX OTXOJIOB.

[IpumeHnenue 0a3anbTCOAEepIKAITIX
MaTepHAIOB HEBO3MOXKHO 0€3 MX BCECTOPOHHETO
WCCIICIOBAHMS HAYMHASI C MPOIIECCOB MOTYICHHUS

MaTepuaiam

U 3aKaH4YMBas KOPPO3MOHHOM  CTOMKOCTBIO
MaTepUaJIoB B pa3IMYHBIX cpenax.
Temnounsonupyromee Ha3Ha4YCHHE
0a3aJIbTOBOJIOKHUCTBIX MaTEpHaJIOB
mpefnonaraeT  MXx  paboTy B YCJIOBHSX
TEIUIOCMEH. Huknuyeckue TEPMHUUECKHE

HaMpsDKEHUsT TPUBOAAT K  PACIPOCTPAHCHUIO
MUKPOTPEIIMH H YCTAIOCTHOMY pPa3pyIICHUIO
BOJIOKOH - "ochinanuio’. OHa U3 MPUYHH STOTO
SIBJICHUS - TepMoynpyras Jaedopmarus
MaTepuaja B TpaJHeHTE TeMIlepaTyp, Apyras — B
OKHUCJIUTETPHOH KOPPO3UHU BOJIOKOH, ~KOTOpas
BBI3BaHA OKHUCJIEHHMEM HOHOB Fe“’, Bxomsmmx B
coctaB 0a3ajdbTOBOIO CTEKJA, OO COCTOSHUS
Fe®, xucrmotHas (QyHKIHS KOTOPOTO HAYMHAET
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KOHKYpPHUpOBATh c KapKacooOpa3yomuMu
aneMeHTaMu  (KpeMHHH,  aJlOMHHUI). OTO
OPUBOAUT K  0Opa3oBaHUIO  BBIJCIICHHM
xKenezocomepkamux — Gaz M Pa3pyLICHUIO
BosiokHa. (OueBUAHO, U30€kaTh OKUCICHUS
0a3aJIbTOBBIX ~ CTEKOJ  HEBO3MOXKHO.  EcTb,
OJIHAKO,  OCHOBaHMsI  IpeAanonaraTb,  YTO
KMHETUKA  OKHUCJIUTEIbHOM  KOPpPO3UH, T.C.
CKOPOCTb MNpOIECCa U PEXHUM €ro MPOTEKAHUS
(BHYTpM WJIM Ha MMOBEPXHOCTH BOJIOKHA), MOXKET
CYILLIECTBEHHBIM 00Pa30M 3aBHCETh OT XapakTepa
pacmpeneneHuss Jkele3a B CTEKI000pa3HOi
MaTpule. B 3aBUCUMOCTH OT cocTaBa UCXOJIHOTO
NPUPOTHOTO CHIPbS (MarMaTHYeCKUE IMOPOIbI
rpymnnsl 1ab0po-0a3anbTa) M TEXHOJIOTHUECKHX
MapaMeTpoB AHMCIEPTUPOBaHMS 0a3abTOBOTO
pacmiaBa MOTYT OBbITh HOJYyY€HBI BOJOKHHCTHIE
MaTepuaibl ¢ pa3IMYHON MUKPOMOPQOIOTHEN U
TUTIOM HEOJIHOPOJHOCTEM, BBI3BAHHBIX
pacnpenelieHueM JKele3a M €ro  4YacTUYHBIM
OKHCJICHUEM Ha CTaJUU OXJIAXKICHHs pacIulaBa.
DT0, B CBOKO oOuepelb, MPeAoINpeaAcsaeT
AKCIUTyaTallMOHHbIE XapaKTePUCTUKHN BOJIOKHA H,
IJIaBHBIM 00pa3oM ero JoJroBe4HocTb. C 3Toit
TOYKM 3pEHUS HUCCIEJOBaHUE KOPO3UOHHOM
CTOMKOCTH 0a3aJbTOBOJIOKHUCTBIX MaTepHajoB

oT pHSHH‘IHBIX HpOI/I3BO,Z[I/ITeHef/'I, a TAKXEC
MOy IPOAYKTOB MIPOU3BO/ICTB, SIBJISIETCSI
HCKJIIOYUTENIBHO Ba)XKHOM 3aj1aueil. B HEKOTOpBIX
Cy4yasx  OKCIUTyaTalud BakHa e€mie H

TUIAPOJIUTHYECKAS] CTOMKOCTh MaTepuanoB. Tak
MPUCYTCTBUE 0a3anbTCOACPKAIIUX MATEPHUATIOB
BO BJQXHONW U ToOpsdell arMocdepe MOXKeT
npuBOIUTH K motepe 10 50% macchl BOJOKOH B
TEUEeHUE 3-5 MECHIIEB IKCIUTyaTaIUH.
[IpuMeHeHne MmatepuaqoB B TaKUX YCIOBHUSIX
peHTa0eIbHO TOJBKO B CIydae HCIIOIH30BAHUS
CHEIHUATbHBIX 3aIIUTHBIX MOKPHITHH.

K.X.H. A.B. I'apues,

K.X.H. A.B. KHoTBLKO,

nou.B.U. Ilytises,

rpynna 3J1eKTPOHHOI MHUKPOCKONUU

A.B. Tapmes, A.B. Kunoreko, M.H.
[lynekun, A.H. 3emunos, E.H. I'pamenunkwuii,
B.K. UBanos, B.U. Ilytases, FO.[. TpeThakos.
OxuciauTeabpHast KOppO3ust 0a3aJILTOBOTO

BosiokHa. Koppo3usi: matepuansl, 3ammuTa, 2005,
N7, ¢.33-39



«Ippo3usi u aerpaganus». Mopdoyiorusi cTeKkJsIHHBIX (023aJbTOBBIX) BOJIOKOH
MocJie arpecCHBHOTO0 TEPMHYECKOr0 M XHMHYECKOro Bo3aeicTBus. (yugposas
CKAHUPYIOWas 31eKMpPOHHASL MUKPOCKONUSL).

Mukpomopdoaorusi BOJIOKOH,
oroxckeHHbix npu 600 °C B
Te4eHue 6 4.
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Bosokna mocie ruaposnusa (3 1), XopoIlo BUACH IUIOTHBIA IO KPEMHHEBOTO T'elis C
XapaKTepHOU MOP(OIOTHUEH.
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