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HEOIrPAHUYECKUE BOJIOKHA

HeMHoOro o xumumn «ycoB»

Buckeps! (ot anrn whisker — Bosnoc, mepcTs;
«yChl», HEOpPraHM4eckhe BOJOKHA) — 3TO
HUTEBHHBIE KPHCTALIBI C IUAMETpoM OT 1 1o
10 MKM ¥ OTHOIIEHHUEM JIMHBI K JTUAMETPY
>1000. C Touku 3peHust Kak (yHIaMEHTAIbHOU
HAayKW, TaK W TPAKTUKU BUCKEPHI SBISIOTCA
OJTHUM u3 HauboJee MEPCIIEKTUBHBIX
KPUCTAINIMYECKUX MaTEpHUajOB C YHUKAJIbHBIM
KOMIUIEKCOM cBOMcTB. OHHM, Kak NpaBMio,
UMEIOT  COBEpIICHHOE, TIOYTH  HWACAITBHOE
0€3IMCIIOKAIIMOHHOE CTPOCHUE, YTO HCKIIIOYaeT
OOBIUHBIC MEXaHHU3MBI TIaCTUYECKOM
nedopManu U TPUOIIKAET MX MPOYHOCTh K
TEOPETUYECKOMY JIJISl IaHHOTO BEIECTBA MOPOTY.
Buckepsl B IeCATKH M JJa)ke COTHH pa3 MpoyHee
OOBIUHBIX  KpHUCTANIOB,  OHM  OOJazaroT
MOpa3UTENbHON  THOKOCTBIO,  KOPPO3UOHHOM
CTOUKOCTBIO u KpucTayorpaduueckoit
aHu3oTponuen cBoucTB. [lomyueHue «ycoB»
CBEPXYHCTHIX METAJJIOB U ajiMa3a, HUTEBUIHBIX
KPUCTAJUIOB KPEMHHUS WJIA CBEPXIPOBOSAIINX
BuCKkepoB  Bi,Sr,CaCu,Og  crano  KiIaccWKoi
COBPEMEHHOM XUMHUHU (YHKITMOHATTBHBIX
MatepuanoB. [lomoOHast HeoObluHast Qopma
KpUCTAJIJIOB MHTEpPECHa HE TOJBKO C TOUKH
3peHus HCCIIETOBAHUS MeXxaHHu3Ma ee
00pa3oBaHMs, HO M U3-32 CBOMX CIIECIIU(PUIECKUX
(U3NKO-XUMHUYECKUX  XapaKTEPUCTUK,  UTO
JIelaeT BECbMa AaKTyaJIbHBIMU JIIOOBIC HOBBIC
uccienoBaHus B 3Toil obnactu. [lpencrasnss
co00i1 OTHOMEPHYIO KPUCTAILITUIECKYIO CUCTEMY,
BUCKEpbl MOTYT HAaWTH I[IUPOKUM JUara3oH
MPUMEHEHHH — OT YNPOYHSIOIUX BOJIOKOH JI0
YCTPOMCTB HAHODJIEKTPOHUKH.

Hecmotpss Ha TO, 4YTO  HHUTEBUAHBIC
KPHUCTAIIJIbl U3BECTHBI 00Jiee MOITyBeKa, BUCKEPHI
TEXHUYECKU UCIIONB3YIOTCS JOCTaTOYHO
O0IHOOOKO - B OCHOBHOM, KaK apMHpYIOIIHe
BoJIOKHA. llomaBmigroniee OOJIBIIMHCTBO W3 HUX
MPUMEHSETCS HCKIIOYUTENBHO ISl CO3JAHMS
KOHCTPYKIIMOHHBIX KOMITIO3UTHBIX MaTEpUAJIOB C
yIYy4IIEHHBIMA ~MEXaHUYECKUMHU CBOMCTBaMH
(yrneponusie BosokHa, SiC, Al,Os), mpu sTom
00BEMBI MIPOU3BOJICTBA JOCTUTAIOT
3HAYUTENBHBIX BEIMYMH. B mociemnee Bpewms
pa3BUBaeTCS  HANpaBlIeHHE,  CBS3aHHOE  C
MPAKTUYECKUM HCIIOJIb30BAaHHEM KJIaCCHYECKUX
KPEMHHUEBBIX BHUCKEPOB B KayecTBE OCTPUN IS
aTOMHO - CWJIOBOM, MAarHuTO - CHJIOBOM
Mukpockormmn . ACM st OMOJOTHYECKUX
npuMeHeHnid. Bo Bcem mupe Habmogaercs Oym B
CO3JIaHUH OJTHO W JIByXKOMIIOHEHTHBIX BHCKEPOB

ABY A'BY ¢ MO TPOBOIHUKOBBIMU
ceorictBamu (GaN, ZnO, InSb). Hecomuennas
MEePCIEKTUBHOCTh 3TOTO HAIPAaBJICHUS CBsA3aHA C
pa3BUTHEM XHMHA ¥ (PU3UKA HAHOCHCTEM,
MIOCKOJIbKY  YTIOPSITIOYEHHBI aHCaMOIIb TaKuX

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

MIPOSIBIISIIOTCS. KBAHTOBBIE YPPEKTHI («KBAaHTOBEIE
TOYKW», «KBAaHTOBBIE HUTH», B PAJE CIydyacB
TaKUe CHCTEMbl PacCMaTPUBAIOTCS B KOHTEKCTE
nu3aifiHa «(OTOHHBIX KPUCTAIIIOBY).

B T0 e Bpemst 10 CHX HOp He CyIIeCTBOBAJIO
BOCIIPOU3BOAMMBIX U OTHOCHTEIBHO JAEUIEBBIX
CIOCOOOB MOJIyYEHHS BHCKEPOB C HKEJIAEMBIMU
(GYHKIMOHATBHBIMU ~ XapaKTePUCTUKAMU — —
HCJIIMHEHHBIMM ~ MarHUTHBIMH M/  WIH
AJIEKTPUYECKUMHM ~ CBOWMCTBAMHM, a  TaKxke
CYNIEPUOHHOM MPOBOJUMOCTBIO, YTO, BOOOILIE
rOBOps, SIBWJIOCH OBl 4YpE3BbIUAIIHO Ba)XKHBIM
maroM B 00JacTH CO3JaHWS TPUHIMITHAAIBHO
HOBBIX THITOB KPHCTAJUTMYECKUX MaTepuajioB. B
OOJIBIIMHCTBE CIIy4yaeB 3TO CBS3aHO C TEM, UTO
Ha  JIaHHBIH =~ MOMEHT  HE  CYIIECTBYeT
YHUBEPCAJIBHOM  METOAMKH  BbIpallUBaHMA
«yCOB» XUMHUYECKH CJIOKHOT'O COCTABA.

IIporpecc B MUKpOIJIEKTPOHUKE, MEAUIMHE
¥ DKOJIOTUM BO MHOTOM OTIPEEISIETCS YPOBHEM
pa3paboTok B obnactu CYIIEPUOHHBIX
IPOBOJHHUKOB. BHcKepbl, MpU HaIMYUM Yy HUX

0c000ii KPHUCTaTTNYECKOM CTPYKTYDHI,
o0ycaBIuBaIOIe CMELIAHHY 3JEKTPOHHO-
HMOHHYIO MIPOBOANMOCT, BO3MOXKHOCTH

WHTEPKATANNNA — JCHHTEPKAISIIMA W BBICOKOM
MOJIBI’KHOCTA MOHOB BO BHYTPEHHUX OTKPBITHIX
MOJIOCTSIX CTPYKTYpbI (MexcroeBoe
MPOCTPAHCTBO, TyHHENHW M TIp.), MOTYT OBIThH
UCIOJIb30BAaHbl NIl CO3/IaHUS DJIEKTPOAHBIX H
MEMOpPaHHBIX MaTEPUATIOB HOBOTO TIOKOJICHUS B
CWIy YHUKAJIBLHOTO COYCTAHUS BBIJAIONTUXCS
MEXaHUYECKUX  CBOMCTB M  CYNEPUOHHOM
MPOBOANMOCTH. K JIOCTOMHCTBaM
MOTEHIUATIBHBIX 3JEKTPOAOB U3 HUTEBUIHBIX
KPUCTAQJIJIOB OTHOCSITCSI Takke BO3MOXKHOCTb
JETKOTO  TPHJAHUS  JKeJaeMod  (GopMbBIl U
JeIIeBU3HA. B 11e10M, COBOKYITHOCTH YKa3aHHBIX
TpeOOBaHUI YIOBIETBOPSIOT THOKWE TKaHEBBIC
ANEKTPOAbI, TOJIYYEHHBbIE W3 HEOPraHWYECKUX
BOJIOKOH C TYHHENBHOM WM  CJIOUCTOM
CTPYKTYpO#, COCTOsIIIME€ W3 3JIEMEHTOB, JIETKO
W3MCHSIOIIUX CBOKO CTEICHb OKHCICHHUS (B
YaCTHOCTH, OKCHJIOB d-3JIEMEHTOB).



BHemnuii Bua kanTuiieBepa 11 AToMHo-CuiioBoii-Mukpockonuu (JTuTepaTypHbIe
JTAaHHBIC)



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

-

«IleppeBugHbIe» BHCKepbl Si0;, pactymue no mexanusmy II7KK 3a cuer peakuumn
2Si0 = SiO; + Si (;1a6. Heopr. marep. Xumbaka MI'Y, ontuueckass (BBepxy) U
AJICKTPOHHAS. MUKPOCKOIIHSI (BHU3Y))



pm EHT = 10.00 kv Signal A = InLens  MSU HSMS
——-- Wh= 7mm Photo Me. = 7372 Date ;3 Jun 2008

D J——

Mag = 50.00 K X

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

- r 3 |

«J/lenTounbie» Buckepbl BaV,0,*yH,0, mnoJjiydeHHble NpU THAPOTEPMAJIbHOH
o0paboTke Oapmii-3aMellleHHOT0 Kceporejisi nmeHTokcuaa Banagusa (OHM MIY).
HoBeiii cnokubiii okcun BaHamus Bag4V3;O03(VO)oanH,O (n ~ 0.6) ¢ TyHHENTBHOW TOJIIAHIUTO-
MOJIO0HOM CTPYKTYpO#l ObUT CHHTE3UPOBAH B JIMTEpPAType TMIAPOTEPMAILHBIM METOJIOM M3 PacTBOpa
VOCI, u BaCl,. O6pa3yromuecs npu 3T0M TEMHO-3€JICHbIC BHITSIHYThIE TOHKHE TUTACTUHKHA COCTOAT U3
cioeB V30g, MEXIy KOTOPBIMH PAclOOXKEHbI KATHOHBI OapHsi U MOJICKYJIbI BOABI. CJIOM CTBHIKYIOTCS
MeXAy co0ol ¢ 0O0pa3oBaHMEM TYHHENEH, YTO POTHHT IOJYYArOUIYIOCS CTPYKTYpy C W3BECTHBIM
CEMENCTBOM Ir'OJIJIAaHUTOB.



MaHraHuTHble BUCKepbI

VHUKanbHOW (QOPMOH, KOTOPYI0 MOXKHO
CpPaBHHTb C BaTOd, MEXOM WJIH BOWIOKOM,
o0amaroT  KpUCTaUTBl  KapKacHBIX a3
roinanaura  Bay Mng O 1 BasMnysOsgs,
MOJyYCHHbIE  M30TEPMUYECKHM  HCIApEeHUEM
pacruiaBa xsopugaoro ¢uroca (KCI, NaCB.

OpuruHaibHas KpUcTaInyeckas CTpyKTypa
BBIPAIIICHHBIX BUCKEPOB MAHTAaHUTOB caMa IO

cebe  3acmyxuBaeT  BHuMMaHusA.  Kapkac,
COCTO?HJ.II/II\/’I n3 COYJICHCHHBIX Pa3siInIHbIM
00pa3oM CTPYKTYPHBIX OJIOKOB — OKTa3JpOB

MnQOg, oOpa3yer TyHHENIH, B KOTOPBIX MOTYT
Apyrux

pasMeaTbCA KaTHUOHBI MCTAJLIIOB.

BagMny40O4g XapakTepusyeTcsi HaIMYUEM TPEX
TUMOB  TyHHened. IlepBelid —  KBajgpaTHbIC
roJUTaHAMTOIIOA00HbIE TyHHENU ¢ Ba™, BTOpO# —
CBOOO/IHBIC PYTHJIONOIOOHBIC TYHHEH, TPETHH -
TYHHEIIX CJIOKHOW (hOPMBI, pa3MemIaonIue IBa
psiga katuoHOB Oapus. bapueBas mojpemnieTka
YaCTUYHO pa3yNopsioueHa U IMpHU Mepexoje OT

TYHHCJII K TYHHCIIO IIOJIOKCHHUC KAaTHUOHOB

Oapust ~ MOxeT  M3MeHAThcs.  [loTeHuman
BO3MOKHOCTEH, CKPBITBIX B TaKou
KPUCTAJUIMYECKOM  CTPYKType M B  TaKUX

KpucTtajujiax OorpoMcCH.

Kpucrananueckas crpykrypa ¢pasnl BagMn,,Oyg

Honneli IMPOBOAHUK, KaTaJIU3aTOP, IIYII B aTOMHO-CHJIOBOM MHKPOCKOIINU, HCOPI' aHMYCCKUU C0p6eHT,
MaTpuna ajis 3aXOpOHCHUA PAaAUOAKTUBHBIX OTXOJ0B — 3TO TOJIBKO 4YaCTbh TOI'O, HA YTO MOT'YT OBITE
CIIOCOOHEI IMOJIYUYCHHBIC BOJIOKHA.

couck. E.A.Ilomepannesa,

a.x.H. E.A.I'yaunun,

ct. B.B.KpuBenknii,
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V.V Krivetsky, D.M.Itkis, J.Hester,
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«becno3BoHOYHOEe MAarMaTHYeCKOro nepuoaay». JIpy3a HUTeBUAHBIX KPUCTAJJIOB -
BUCKepoB MaHranura BagMn,,O;5 ¢ HEOObIYHON TYHHEJIbHOH KPUCTANIMYECKON
CTPYKTYpPOi, 00pa3oBaBIIMXCSI HA  KOPUYHEBO-KPACHBIX  KPHCTAJIMTAX
raycManuta Mn;O; mpH BbIcOKoTeMIiepaTypHoii o6paGorke (950°C, Bo3myX,
pacmiiaB  KCl-BaCl,). IlpucyrctBue HM30THYTBIX BHCKEPOB TOBOPUT 00 HUX
HEOOBIYaiTHOM THOKOCTH, HEIOCTYMTHOW 0ObEMHBIM HEOPTAaHUIECKUM KPHUCTAIIIIaM.
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EHT & 1,00 k' Sigral & = Inleey WAL HEREE
W= Imm Prota Mo = 3841 Duebe B Cac 2003

«MOHORpHCTa.mmqecKaﬂ TKAHb MHPO3JaHbs». BHEIIHMHA BHA «BOWJIOKA» H3
MAHTAHUTHBIX BUCKepoB BagMn, 043, KOTOPBIE MOTEHIHMATBHO PACCMATPHBAIOTCS
B KayecTBe OJHOMEPHBIX (CyHEep)UOHHBIX TMPOBOJAHHUKOB. (OnmuyecKkas
mukpockonust). CripaBa - TaHHBIE pACMPOBOU 21€KMPOHHOU MUKPOCKONUU.




«BosokHucrass TypOyJeHTHOCTH». CJI0l HUTEBHAHBIX KPHUCTAJIJI0OB MAaHTAHUTA
BagMn,,0,5, oOpa3oBaBmmxcs Ha mnoBepxHoctd pacmiaaBa KClI  npm
BBICOKOTEMIepaTypHoii o6pa6oTke (950°C, BO3myX). (onmuueckas MukpocKonus).
Ha dotorpadun nzobpaxena mopa (kaHani), yepe3 KOTOPYIO MPOUCXOIUIIO UCIIAPCHHE
xyopuaa Kanusi. GakTUUeCKH pedb MAET O CaMOINPOM3BOJIHLHOM OOpa30BaHUM TKaHH,
COCTOAIIIEH W3 HEOPTraHWYECKUX BOJIOKOH, OOJIAJaOIIUX CBONCTBOM OJHOMEPHOM
VOHHOW MPOBOJAUMOCTH.

«KpbL10 (pa"TacTu4eckoil crpexko3b». TOHKHE HUTEBUAHbIC KPUCTAIbI (a3bl
BagMn,,O43, u3BJeYeHHbIe U3  XJOpuaHOro ¢uiroca  (BoO3ayXx, 950°C,
NMPOJO/LKUTEBHOCTh JKCINEPUMEHTa 25 4YacoB). (onmuueckas MUKPOCKONUSL).
«IIpoxwmnku» 00pa3oBaHbl MAHTAHUTHBIMU BHUCKEPAMH, a PA3HOIBETHBIE «IIEPETTOHKI
- TOHKOUW TIJICHKOM 3aTBEPJICBUIETO XJOPUIHOIO paciuiaBa, paay K HbId LBET KOTOPOTO
BO3HUKAET U3-3a HHTEepdEpeHInHU cBeTa (IT0J00HO OKpacKe MbUIBHOTO ITy3bIps).




Poct KOMOHMIT HHUTEBHAHBIX KpPHCTA/LUIOB MPOMCXOJAMT BHYTPH IIOBEPXHOCTHOIO CJIOS
xJopuaHoro pacmiaasa. Ilociie oxJaxkIeHMsi M KPHCTAUIM3ALMH PACIIaBA MAHTAHUTHBIE
HHUTEBH/HbIC KPUCTALIbI OYKBAJIbHO NPOHHM3BIBAOT C(HOPMHPOBABIINECH NPH OXJIAKICHHH
NMpo3paYyHble KPUCTAIbLI €O — Xxjaopuaa. Yacro o0pasyorcs cBoeoOpasHble «IBEThD»,
cocrosimue u3 BUckepa (1), MOKPBITOro cjoemM XJOPHAHOro ¢uiroca (2), y KOTOPOro Ha BepliMHe
o0pa3yercs Apy3a-COlBETHE U3 KPHCTAJUINTOB — KOMIIOHEHTOB duiroca (5).

LI F S S B I

JlanHble NPOCBEYMBAIOIIEH >JIeKTPOHHOH MHKDPOCKONMH, BBISIB/ISIONIHE MPEHM

ylecTBeHHoOe
HanpasJienne pocta BuckepoB (O.Lebedev, G. Van Tendeloo, benbrus).




«YkazareJiu MUKPOKOcMOca». MuHepaiabHble BoJIokHA BagMn, 0,5 B KamncyJie us
xJgopuaHoro ¢uiroca.  (yugposas  cxawupyrowas — dNEKMPOHHASL  MUKPOCKONUSL)
daHTacMaropuueckie MUHHUATIOPHBIE CTPEJIKM W OCTaJbHbIE HEOObIYHbIE (DUTYpHI
pocta 00yCIOBICHBI KOHJEHCAIMEH XJIOpHUIa Kalnus U3 mapoBor (a3bl HA HUTEBUIHBIC
KpUCTaJUIbl MaHTraHuTa. ToJIIMHA BUCKEPOB — OKOJIO MHMKPOHA (BHYTpH dYexja H3
XJIOpUaa Kanusi), Tofammaa mryOosl — 3-5 mukpon. KonaeHncanus napoB xjiopuaa Kajaus
NPUBOAUT K CaMONPOU3BOJILHOMY (OPMHUPOBAHUIO CTPYKTYPBl, COCTOSLIEH U3
MOJIMKPUCTAIUIMYECKON 000704k W aHcaMmOisi Oosiee KPYHHBIX OPUEHTHUPOBAHHO
cpocuuxcst kpuctauroB KCl, pocT KOTOpBIX MPOUCXOAMT BAOJL MOBEPXHOCTHOM
JaroHaay BOJIM3H BEPIIMH BUCKEPOB, UTO U 00YCIIaBIUBAET GOPMY «CTPETIKI».

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

iy L:F_'I-_

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

IMpeamnosiaraeMblii MEXaHU3M POCTa BUCKEPOB.
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“Kpucra/u u3 kamian”. PocT BUCKEPOB 10 MEXaHU3MY MapP-AKHUAKOCTbh KPHUCTAJLI
(dpaza BagMny,Oys). (yugposas pacmposas snexkmponnas mukpockonus) Iloxazan
TOpel] KpUCTala, KOTOPbIA BBIMISAUT OIUIABIEHHBIM, HO Ha CaMOM JEJe SIBISETCS
MECTOM, [I/IE PacloJIO)KEHAa Kaluld paciulaBa, B KOTOPOW pacTBOPSETCS POCTOBOM
KOMIIOHEHT, TMEepeHOCAIINiics uyepe3 ra3oByl (asy. B nmampHeitmem (yxe B
TpaHC(OPMHUPOBAHHOM BHJIE€) POCTOBON KOMIIOHEHT OCAXKJIAETCS U3 KUAKOTO pacTBOpa-
KalJld Ha pacTyluid KpucTtasl. Takum oOpa3oM, Karjisi paciuiaBa pabdoTaeT Kak
CBOCOOpa3HbIM «KaTaJIU3aTOp» M €€ JMaMeTp MpeaoNnpeaessieT IUaMeTp BCEro
KPUCTAJIJIA: BUCKEP PACTET 3a CUET «IEPEKAYKW» POCTOBOrO BELIECTBA W3 Ta30BOU
¢a3bl, «BBICACHIBAS» €r0 UYEpe3 Y3KOE «OKOIIKO» >KUIKOM Karuld, MpU 3TOM Karuis
paboTaeT KaK HaCOC UJTU IILTHO3).

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

«Mounokpucrauindeckasi Tpasa». MaHranuTHole BUCKepbl coctaBa BagMn, Oyg ¢
IVIACTUHYATHIMUA  KPHUCTAJUIMTAMHU JIMTHH-COAEpPKALIE IINUHEJIbHON a3bl,
NOJIyYeHHbICe METOJ0M H30TEePMHUYECKOr0 MCIApPeHUsl XJOPUAHBIX (JIHOCOB.
(yugposass  pacmposas  nekmponmHas  Mukpockonus). B xauectBe  (mioca
MCIIOJIb30BAJIACH CMECHh XJIOPWJIA Kalldsl U XJIOPUAA JIUTHS, KOTOPBIE BBLACPKUBAIUCH
npu Temmeparypax 900-950°C mpu pO,= 0.21 aTm. B TeYeHHe HeJeIH 1O HONHOIO
UCIIAPEHU XJIOPUAOB. B mpHCyTCTBUM XJOpuaa JIMTHUS HPOUCXOAUT KOHKYPEHTHOE
o0pa3oBaHHE IUIACTUHYATHIX KPUCTAUIOB IIMUHEIM M HUTEBUIHBIX KPUCTAILIOB
KapKAaCHOTO MaHraHWTa, MPU 3TOM PACTYyLIME€ HUTECBUIHBIC KPUCTAIUIBI BHITATKHUBAIOT
KpUCTAILIBI MuHeNIn BBepX. O0e (a3l — MIMUHENIbHAs U TOJUIaHIUTHAsT — 00JagaroT
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CYNEpUOHHON MPOBOJAMMOCTBIO MO JIUTHIO, OJJHAKO BUCKEPHI 00JaJAaf0T CYIIECTBEHHO
Oonee BBICOKMMH J1e(OPMAIIMOHHO-TIPOYHOCTHBIMU XapaKTEPUCTUKAMH, a TaKKe
BBICOKOM KPHCTAJLIIOrDapHUUYECKOM AaHU30TPOIIUEH.

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

«nuaenbHass  1as». «[l'padornmurakcusdy> JTUTHA-MAPraHUeBOH IINMHEIH
(oOKTa’ApuyecKkre KPHUCTA/LUIUTHI) HA MNCEBJOMOHOKPHCTAUIMYECKHX BHCKepax
OJJHOMEPHBIX CYNEPHOHHBIX MNPOBOAHMKOB ¢ KOMIIO3UTHOW TYHHeJbHOM
cTpykrypoii BagMn,4Ous. (yugposas cranupyrowas snexkmpounHas MUKpoCKonus)
HureBuaHble KpUCTAJJIBI MaHTAHUTA BBIIECPKUBAIUCH B «PACIUIaBE» HUTpaTa JUTUS
npu 300°C. TIpu 3TOM 3a CYeT HOHHOTO OOMEHa YacTh MOHOB OapHs NEPEeXOIuia B
pacijiaB, a BMECTO HHMX B KPUCTAJUIMYECKYIO CTPYKTYpPY BHCKEPOB BXOIWJIO
SKBUBAJICHTHOE KOJIMYECTBO MOHOB JIMTHS, 00€CIEUMBAIONINX MOHHYIO MPOBOJUMOCTh
no Li'. OAHOBpeMEHHO NpoTeKana XUMHYECKas peaKiys, CBA3aHHAS C YAaCTHUHBIM
pPacTBOPEHHUEM BEILECTBA HUTEBUAHBIX KPUCTAUIOB B pacijlaBe. ITO SBJICHHE
OPUBOAMIO K  TPaBICHHMIO  MOBEPXHOCTH  BUCKEPOB M BBIIBWIO  HX
IICEBAOMOHOKPUCTAINIMYECKYIO CTPYKTYPY — KaXIblil BUCKEp MNpEACTaBIseT cOOOit
«IY4YOK» MapaJJIEIbHO CPOCIIUXCA (HACIOUBIIMXCS APYT HA JpYyra) TOHKUX BUCKEPOB.
OOpazoBaHue OKTAdPUUECKUX KPHUCTAJUIOB IIMHHETM Ha TOBEPXHOCTH BHUCKEPOB
MPOUCXOAUT M3-32 TOTO, 4TO AU(Y3NOHHBIE MOTOKA MAKCHMaJlbHbI Ha TpPAHUIIE
pa3zena «BUCKEp — paciulaBy, IIO3TOMY IOBEPXHOCTh BHCKEpPOB oboraiieHa
MaKCHUMaJIbHbIM KOJIMYECTBOM HMOHOB JuTHSA. Hebonbwioil pa3smep HMOHOB JUTHS U
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aHOMAJIbHO BBICOKOE OTHOIIeHHe 3apsan / paguyc aas Li° mpuBoaut kx medopmaruu
okpyxkatomux noaudapoB MnOg B daze BagMn,,O4g TakuM 00pazoM, 4TO «pPBIXIIAsDH)
TYHHETIbHAsI CTPYKTypa OJTOH a3l C BHEAPECHHBIMA HWOHAMH JIUTHS CTaHOBUTCS
HECTaOMJIbHOW U, B KOHEUHOM uTore, opmupyercs (asza JIUTHI-coAepKallei IMUHeIn
c Oonee «KOMIAKTHOM» DJIEMEHTApHON s4eKkoil («Tis»). 3a CYeT reTeporeHHOro
3apoJipllIe00pa30BaHUsl KPUCTAIbl LIIUHENN OOpa3ylTCsl HMEHHO Ha IOBEPXHOCTH
HUTEBUIHBIX KPHUCTAUIOB, TP 3TOM OHU OPUEHTHUPOBAHBI BAOJb KaHABOK TPABJICHMS.
Habmronenne «ecrectBeHHoro» »sd@dexra rpadodnuTakcud Ha MHKPOYPOBHE —
yHOpsiI0YeHUE aHcaMOJsisl KPHUCTAUIUTOB Ha IIOJIOCYATOM peibede IOBEpXHOCTH
HUTEBUJIHBIX KPHUCTAJUIOB, BO3HHKIIEM H3-3a TPaBJIEHUS paCIUIaBOM 3aKOHOMEPHO
CPOCIIMXCS ~ HUTEBUJHBIX  ICEBJOMOHOKPUCTA/NIOB,  HMEIOIIUX  BHYTPEHHIOIO
MUKPOKPHUCTAIUNINYECKYIO CTPYKTYpy. HazBanue «Tiis» CBS3aHO C TE€M, UTO IITTUHEIbHbIC
KPUCTAIJIBl — «MApa3suThD» BEAYT ce0s KaK «OKUBBIE», OPUEHTHPYSICh caMH COOOH Ha
MOBEPXHOCTH BHCKEPOB, MPH 3TOM OHH MUTAIOTCS MaTEpUajOM BUCKEPOB, BBHICACHIBAS
U3 HUX BCE «COKM» (KOMIIOHEHTHI I POCTa) U, B KOHEYHOM HTOTe, pa3pylias ux.

Tum EHT = 5.00 kV Signal A = InLens
Mag = 25.00 KX |—| WD= 3mm Photo No. = 1159

13




«IIporonnsie cynepcTpyHbl». HuTeBHaHble KpucTamibl cocraBa BagMn, Oy ¢
3aMelleHHeM YacTH TSAKeJIbIX KATHOHOB HA MPOTOHBI. (yugposas pacmposas
9/1eKMpOHHAs MUKpockonus) BriepBele HaOIrOAaBILIEEeCs] pacIlEIUIEHUE BUCKEPOB Ha
OYeHb TOHKHE HUTH U WX HU3rHO, KOTOPBI MPOCTO HEBO3MOXKEH MIJii OOBIYHBIX,
O0BEMHBIX KPHUCTAJIOB, OOYCJIOBIEHBI CYIIECTBEHHBIMA H3MEHEHHUSMHU MapaMeTpoB
pelieTKh W BO3HUKHOBEHHEM OTPOMHBIX BHYTPEHHHMX HAMpPsDKEHUH Mpu oOMeHe
GOMBIINX KaTHOHOB Ba®" Ha ManeHbkue PoTOHbI. [10106HbIC pacieIIeHHbIE W THOKHE
BUCKEPBI B «IIPOTOHUPOBAHHOW (POpME» MOTyT MCHOJb30BAThCS KAK KATAJIUTUUYECKHU-
AKTUBHbIE U MOHHO-OOMEHHBIE 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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Pacuensienne oTaeIbHbIX KPUCTAJUIOB MAHTAHUTOB ¢ TYHHEJIbHO# CTPYKTYPOii IPH KUCJIOTHOI
00padoTKke (MOKa3aH Topel KPUCTALIA).

—

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 ryceHuinbl». [I0BepXHOCTHO — JAeKOPHPOBAHHbLIE HUTEBHUIHbIE
KPUCTAJIBI TIPU PA3IUMYHbIX YBEIWYEHUSIX. (Yugposas pacmposas 321eKmpOHHAS
Muxkpockonus) BUcCKepsbl SBISIOTCS PEIKUM IPEICTABUTENIEM HUTEBHUJIHBIX KPHUCTAJIIOB
MHOTOKOMITOHEHTHBIX (ha3, 00JagaronuXx YHUKAJIbHONW TYHHEITBHON CTPYKTYpOH,
WHTEPECHOM C TOUKHU 3PEHUS peajr3alui OJHOMEPHOM CYNEPUOHHOU MPOBOJIUMOCTHU U
KaTauTudeckux cBoicTB. Ha moBepxHocTu BuckepoB ¢ ToiuuHoM 0.1-1.0 Muxpon
BBIpAICH CIUIOIIHOW cioi («ury6a») m3 HaHokpuctammutoB MnO,*xH,0, xotopsrit
MO3BOJIAECT 3HAUMTENBHO YBEIMUYUTH OOIIYIO IUIOMIAAh MOBEPXHOCTH, 0OECICUHB TEM
CaMbIM OOJIBLIYIO KATAIUTUYECKYIO aKTUBHOCTD, a TAKXKE MEXaHUYECKOE U XUMUYECKOE
COMNpPSKEHNUE BUCKEPOB C KOMIIOHEHTAMHU 3JIEKTPOXUMHUYECKUX YCTPOUCTB.

a. «Heopranmueckue ryceHunb» (o0t Bu, yB. 15 ThIC. pa3).

0. «MoxHaTbIi BUCKepP» (OTAEIbHBINA BUCKED C BEIPOCTOM, YB. 50 ThIC. pa3).

B. “HaHoxkpucrajiuyeckuii KakTyc” (JIpy3a-«I[BETOK» HAHOKPHCTAJUIOB Ha
MOBEPXHOCTH BHUCKEpa, paspenieHrue OJIM3KO K MAaKCUMaJbHO BO3MOXKHOMY IS
CKaHUPYIOIIUX MUKPOCKOIIOB, YB. 350 ThIC. pa3!).

r. “HonjiaHeTsiHUH MHUKpoMupa” (apyroil BHCKEp, BHJHA CTPYKTypa CpPOCTKa —
NICEBJIOMOHOKPHUCTAININYECKOTO BHUCKEpA, a TaKKe TOJIIMHA IMOBEPXHOCTHOIO CIIOA
HAHOKPUCTAJLJIUTOB).
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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




F'Mbkune anekTpoAabl

I'mOxmii 3J1eKTPOAHBIIE MaTepua Ha 0CHOBe koMno3uTa V,0s5 — BagMn,,043

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

KpuctauioB. Ilpu BBICYHIIMBAaHHU B YCJIOBHSX
€CTECTBEHHON BIQXKHOCTU Telsl MEHTOKCUAA
BaHaIusl oOpa3yercst Kceporenb, KOTOPBIH
00JIalaeT CIIOMCTON CTPYKTYpPOH U TPOSBISET
IIpEKpaCHbIE MHTEPKAJILIUOHHbIE u
INEKTPOXUMHUYECKUE XapaKTePUCTHKH,
CBA3aHHBIE C  BO3MOJKHOCTBIO  HM3MCHEHHS
CTETIEHU OKUCJICHUS BaHAMsL.

CTpykTypa KceporeJis V205

Ha ocHoBe Takoro kceporesns HaMH BIEPBBIE
ObUT co3MaH TUOKWH KaTONHBIM Marepuan -
KOMIIO3UT [JJI1 MHHMATIOPHBIX  IUIEHOYHBIX
AKKyMYJISITOPOB, MeXaHHYeCKHe u
AJIEKTPOXUMHUUYECKHE CBOWCTBA KOTOPOTO OBLIN
CYHIECTBEHHO YJIYYILEHbl 3a CYET BBEICHHUS
HAaHOTPYOOK OKCHJAa BaHAIus U apPMUPOBAHUS
HWOH-TIPOBOJSAIIMMH HUTEBUIHBIMU KPUCTAUIAMU
MaHTaHUTOB, He MPEACTABIISIOINMU
«OIIEKTPOXUMHUIECKOTO OayacTay.
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MexaHn4ecKkue CBOMCTBA
apMHPOBAaHHOIO0 KceporeJs V,0s

Co3nanne THOKHX 3JIEKTPOJIHBIX MaTePHAIOB
B paMKax  HampaBJICHUS  MHKPOIICYATHOM
JJIEKTPOHUKH OBIIO OBl  HEBO3MOXHO  0e3
OPUTMHAILHOW METOAMKH TIOJIyYEeHUS ITyTeM
MU30TEPMHUYUCCKOTO  HWCMIAPEHUs]  XJOPUIHBIX
(GITFOCOB YHUKAJIbHBIX HUTCBHIHBIX KPHCTAJJIOB
MaHTaHUTOB CO CTPYKTYPHBIMH TYHHEJISIMH
CJIO)KHOU (hOPMBI, 00YCIIaBIUBAIOIIMMU HOHHYIO
MPOBOJUMOCTb. dopmupoBaHUe TaKoOMH
HEOOBIYHON CTPYKTYPBI TPOHMCXOIHWT 3a CUET
TEMILUIATHOTO ahdexra MOHOB Oapwusi,
obagaromux 60JIBIIUM HOHHBIM paanycoMm. [Ipu
3TOM 3Ta dasza Bne BbIe ObliIa TIONTyueHa B opMme
BUCKEPOB, o0JTaTaroInX PEKOPIHBIMU
MEXaHUYEeCKUMHU XapaKTepUCTHKAMHU "
YIOOHBIMH JJIS1 TIPAKTUYECKOTO HCIIOIB30BAHMS.

A.x.H. E.A.I'ynniann,
ct. /I.B.Cemenenko,
rpynna (pyHKHOHAJbHBIX MATEPHAJIOB



«JIeKTPONPOBOASIINI  KHCEJIb». JJIEKTPOAKTHBHbIE apPMHPYIOIIHE BOJOKHA
BuCKepoB ¢a3sl BagMn,,O, B MaTpuue H3 3JIeKTPONPOBOISIIEIO Kceporest
TUIPATHPOBAHHOIO OKcHAAa BaHaausd (V) Kak NPOTOTHII HOBOIO IOKOJIEHHS
JIEKTPOAHBIX MATEPHUAJIOB. (onmuueckas MuKkpockonus). BO3HUKHOBEHHE apeosia
BOKPYT TEMHBIX HUTCH MaHTaHWUTa CBS3aHO C PacCEsTHUEM CBETa HA TPAaHUIIE KCEPOTeih
(kpacHo-xkenThlii (oH) - BHUCKep. BrepBbie clelaHa IMOMNBITKA MOJYYUTh THOKWN
AJICKTPOAHBIM MaTepuan Jjisg JUTUNW-UOHHBIX aKKyMYJSTOPOB ITyTEM HCIIOJIb30BaHUS
Kceporeysl THAPAaTUPOBAHHOTO oKcuaa BaHamusa (V) ¢ 4YacTUYHO YHOPSAOYEHHOU
(cmoucTol) CTPYKTYpOH, MEXaHHYECKHE CBOMCTBA KOTOPOTO MOJU(DHUITMPOBAHEI 34 CUET
BBEJICHHS apMUPYIONTUX BOJIOKOH MaHTaHUTA.

KoMno3uTHasi HUTh HA OCHOBE moJimMepa 1 HUTEBHIHBIX KPHUCTAJLJIOB.
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Kceporene V,0,

ApMupymwuiue
Buckepel Ba;Mn,, O, \

. . 21m EHT = 10.00 kv Signal & = InLens  MSLI HEMS
Mag = 10.00 KX | 1 WD= 7mm Photo No. = 48268  Date 18 Mar 2006

IMoBeaeHne BUCKEPOB MPH pa3pylieHUH KOMIIO3UTHOT0 MaTepHaJa.




BazanbT

[lItamenbHOE ¥  HEMPEPBHIBHOE BOJIOKHO,
MOJly4aeMoe TUTaBIIEHUEM 0a3albTOBBIX IOPO],
MOYXHO 0e3 MpeyBEINYCHUS Ha3BaTh
TEIUIO3BYKOU3OJSIMMOHHBIM ~ MaTtepuaiom XXI
BeKa, rojoBas notpedbHocts Poccun B KoTOpOM
oneHuBaeTca B | MiH. TOHH. MupoBoe
MIPOU3BOCTBO MUHEPAJIHLHOTO BOJIOKHA
IpeBbIIIACT 5 MIH. TOHH B roi, B Poccum
cerogus npousBoautcs Menee 10 % ot aToi
BenuunHbl. CTeknooOpa3Hble MaTepuaibl Ha
OCHOBE 0a3aJIbTOBBIX BOJIOKOH MPUMEHSIOTCS
KaK 3aMEHUTENb acOecToCoAep KalluX H3AeNuH,
SKCIUTyaTallMsl KOTOPBIX 3allpelieHa B CTpaHax
EC B cBsI3u C BBICOKOW KaHILEPOT€HHOCTHIO
acOecta u nupextuBoil EBpoxomuccun 97/69/EC
(or 199771.), ocHOBBIBarolIcics Ha Ooiee
KECTKHUX 3KOJIOTUYECKHUX HOpMax B
MPOU3BOJACTBE M KOHTPOJE HCKYCCTBEHHBIX
MUHEPATbHBIX BOJOKOH.

WuTtepec k  0a3aabTOBBIM
OoOyCIIOBJIEH eme ©W WX  YHUKAJIbHBIMH
XUMHYECKUMH  (CTOMKOCTh B  arpecCHUBHBIX
cpenax) U MEXaHHMYECKUMU (BBICOKHE 3HAYCHUS
MOZYJIs YIPYTOCTH, TBEPIOCTb,
M3HOCOCTOMKOCTb) XapaKTEPUCTUKAMH. B
HACTOSIIEe BpeMsi HauOoliee MEePCIEKTUBHBIMU
SBIIIOTCS  CIEAYIomure 00IacT NpUMEHEHHS
0azanbT cofepxKalluXx MaTepUasoB: 0a3abTOBBIC
BOJIOKHA KaK 3BYKOTEIUIONU30JITOPHI,
HaIlOJTHUTEIIb B KOMITO3UTax (cTekiio-
¢ubporieMeHTax), 3aMEHHUTENb KAHIIEPOTCHHBLY
XpU30THJI - acOecToB; CTEKIOKepaMUKa C
MOBBIINIEHHOM W3HOCOCTOMKOCTBIO; MACCHBHBIC
000JIOUKH 1711 HHKATICYJISIIIUH SIIEPHBIX OTXOJIOB.

[IpumeHnenue 0a3anbTCOAEepIKAITIX
MaTepHUaJoB HEBO3MOKHO 0€3 X BCECTOPOHHETO
HCCTIEOBaHUSI HAUMHAS C TIPOLIECCOB IOy YCHHS

MaTepuaiam

U 3aKaH4YMBas KOPPO3UOHHOM  CTOMKOCTBIO
MaTepHaoB B pa3IMYHBIX cpenax.
Tennmouzonupytoiiee Ha3Ha4YCHHE
0a3aJIbTOBOJIOKHUCTBIX MaTepuajoB
mpennoyiiaraeT  MX  paboTy B YCIOBHSX
TEIIOCMEH. Huknuyeckue TEPMHUYECKHE

HalpsDKEHUsT MPUBOJAT K PaCIpPOCTPAHEHHUIO
MUKPOTPEIIMH U YCTAJIOCTHOMY pa3pyIICHUIO
BOJIOKOH - "ockinanuto". OHa U3 NPUYUH 3TOTO
SIBJIEHUS - TepMoympyras  aehopMarus
Marepuaia B TpaJueHTe TeMIeparyp, Apyras — B
OKHCJIIUTEIBHOU KOPPO3UU BOIIOKOH, KOTOpast
BBI3BaHA OKHMCJIEHHEM HOHOB Fe~', BXOIAIINX B
co¢TaB 0a3aJbTOBOIO CTEKIA, OO0 COCTOSHHSA
Fe’', kuciorHas GYHKIMS KOTOPOTO HaYMHAET
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KOHKYpPHUpOBAaTh c KapKacooOpa3yomuMu
JJIeMEHTaMu  (KpEMHUHM,  aJlloMuHuUi). OTO
OPUBOAUT K  0Opa3oBaHUIO  BBIJCIICHHM
xKenezocomepkamux  Gaz M Pa3pyLICHUIO
BosiokHa. (OueBUAHO, U30€kaTh OKUCICHUS
0a3aJIbTOBBIX ~ CTEKOJ  HEBO3MOXXHO.  EcTb,
OJIHAKO,  OCHOBaHMsI  IpeAanonaraTb,  YTO
KMHETUKA  OKHUCJIUTEIbHOM  KOPpPO3UH, T.€.
CKOPOCTb MpOIECCa U PEXHUM €ro IMPOTEKAHUS
(BHYTpPHM WJIM Ha TMOBEPXHOCTHU BOJIOKHA), MOXKET
CYILLIECTBEHHBIM 00Pa30M 3aBHCETh OT XapakTepa
pacmpeseneHuss Jkeile3a B CTEKI000pa3HOi
Matpule. B 3aBUCUMOCTH OT cocTaBa HCXOJIHOTO
IIPUPOHOTO CHIPbsI (MarMaTU4YeCKUe IOPOJbI
rpynmsl 1ab0po-0azanbpra) U TEXHOJIOTHYECKUX
napamMeTpoB AMCIEPTUPOBAHMS 0a3abTOBOTO
pacmiaBa MOTYT ObITh HOJYyUY€HBl BOJOKHHCTHIE
MaTepuaibl ¢ pa3IMYHON MUKPOMOPQOJIOTHEN U
TUIIOM HEOJIHOPOJHOCTEH, BBI3BAHHBIX
pacmpenelieHueM JKele3a M €ro  4YacTUYHBIM
OKHCJICHUEM Ha CTaJuU OXJIAKICHMS pacIulaBa.
DJT0, B CBOKO oOuepedb, MPeAoNpeaAcseT
AKCIUTyaTallMOHHbIE XapaKTePUCTUKU BOJIOKHA U,
TJIaBHBIM 00pa3oM ero JoJroBe4HocTb. C 3Toit
TOYKM 3pEHUS HUCCIEJOBaHUE KOPO3UOHHOM
CTOMKOCTH 0a3aJIbTOBOJIOKHUCTBIX MaTepHajoB

oT pHSHH‘IHBIX HpOI/I3BO,Z[I/ITeHef/'I, a TAKXCEC
MOy IPOAYKTOB MIPOU3BO/ICTB, SIBJISIETCSI
HCKJIIOUUTENIPHO Ba)XKHOM 3ajaueil. B HEKOTOpBIX
Cy4yasx  OKCIUTyaTalud BakHAa e€mie u

THAPOJUTHYECKAs CTOMKOCTh MaTepHasioB. Tak
MPHUCYTCTBUE 0a3anbTCOACPKAIMIUX MATEPHUATIOB
BO BJQXHOH U ToOpsdell arMocdepe MOXKeT
npuBOAUTH K norepe 10 50% macchl BOJIOKOH B
TEYCHHUE 3-5 MECSIIIEB AKCIUTyaTalyH.
[IpumeneHne wmarepuasoB B TaKUX YCIOBUAX
peHTa0eIbHO TOJBKO B CIIydae HCIIOIh30BAHUS
CHEIHUATbHBIX 3aIIUTHBIX MOKPHITHH.

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

K.X.H. A.B. KHOTBKO,

nou.B.U. Ilytases,

rpynna 3J1eKTPOHHOI MHUKPOCKONUU

A.B. TapmesB, A.B. Knoreko, M.H.
[lynekun, A.H. 3emnos, E.H. I'pamenunuxui,
B.K. UBanos, B.U. Ilytases, FO./[. TpeThakos.
OkucauTeabHas KOppO3ust 0a3aJIbTOBOTO

BosiokHa. Kopposus: marepuansl, 3ammura, 2005,
N7, ¢.33-39



«Ippo3ust u aerpagauus». MopgoJorus CTeKJIsHHbIX (0a3271bTOBBIX) BOJIOKOH
1ocjie arpecCHBHOIO TEPMHMYECKOr0 M XMMHMYECKOro BO3AeicTBMA. (yugpposas
CKAHUPYIOWAs SNIeKMPOHHASL MUKDOCKONUSL).

Muxkpomopdoaorusi BOJIOKOH,
oTOXKeHHbIX npu 600 °C B
TeyeHue 6 4.
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Bosnokna nocie rugposnusa (3 4), XOpoIilo BUJICH IIOTHBIN CI0M KPEMHUEBOTO TEJIs C
XapakTepHOH MOP(OIOTHEH.
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