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MWKPO- U HAHOKOMMO3UTDI

|

I'excadepputbl M-THIA NEPCIEKTHBHBI IS
MIPOM3BOJCTBA  IOCTOSIHHBIX ~ MarHUTOB U
MHKpPOBOJIHOBBIX PE30HATOPOB, a TaKXKe Juls
paspabotku  Hocuteneld  mHbopmanuu  co
CBEPXBBICOKOW IUIOTHOCTBIO 3amUCH. Takue
Marepuaiabl  JOJDKHBI  00JamaTh  BBICOKOU
koopuutuBHOM  cumoir  (Ho), a  Takke
XapaKTepH30BaThCA CYOMHKPOHHBIM WIH
HaHOMETPOBBIM Pa3MEPOM KPHCTAIUTUTOB.

YceTaHoBKa 1S 3aKAJKH paciiaBa

BeicokoTemnepaTypHble  CBEPXIPOBOAHHUKH
CUCTEMBI Bi-(Pb)-Sr-Ca-Cu-0, SIBIISTIOTCSA
MepPCHEeKTHBHEIME MaTepHallaMi JUISl CO3JaHUs
KOMITaKTHBIX 3JIEKTPOMOTOPOB, CBEPXCHIIBHBIX
MarHMTOB, YCTPOHCTB HAa MarHUTHOH IO/BECKe.
J1s  TOMOOHBIX  YCTPOHCTB — HEOOXOIMMEI
MaTepuaibl, XapaKTEepU3YIOIUECs BBICOKUMHU
BEJIMYMHAMHM IUIOTHOCTH KPUTHYECKOTo ToKa (J;).

PemienneM  3THX — mpoOJeM  SIBIISETCS
CO3[JaHHE  KOMIIO3MLMOHHBIX  MaTEepHaJIOB,
CTPYKTYPUPOBAHHBIX Ha CYOMHKPOHHOM ypOBHE.
DeppuMarHUTHBIN Marepuan JIOJDKEH
MIPE/CTABIIATD coboii COBOKYITHOCTb
BBICOKOJIMCIIEPCHBIX ~ 4acTULl  Tekcadeppura,
HaXOJUIINXCS B HEMAarHUTHOH MaTpuiie. B cBoro
ouepesb CBEPXNPOBOAMIMNA KOMIIO3UT JIOJKEH
COCTOSITh W3 CBEPXIPOBOJAILCH MaTpHLBI, B
KOTOpOH paclpeneNieHbl YacTHIB! JUCICPCHOH
¢assl

Jnst  cuHTE3a KOMIIO3UTOB Ha  OCHOBE
rekca)eppuTOB B IaHHOH paboTe B KadecTBe
MIPOMEXYTOYHOI'O ~ MaTepHaia  HCIOJIb30BAIN
OoKcuaHble crekia. Ilocine u3ydeHus NpoleccoB
KPUCTAJUTH3aIUH CTEKOJI Pa3IUIHOTO
XMMHUYECKOTO COCTaBa IPH HX TEpPMHUYECKOU
o00paboTke ObLTH UACHTU(PUIUPOBAHBI
KpucTammsyomuecss (a3l ¥ OHpeJeNeHE
ycioBus  oOpazoBaHusi (a3sl TekcadeppuTa.
YcraHOBNIEHA B3aUMOCBSA3b MOP(OJIOTHH YaCTHIL
MAarHuTHOH (a3bl C COCTABOM HCXOJHOTO CTEKJIa
U TapaMeTpaMu TEPMUYECKOr0 BO3AEHCTBUSL, YTO
MO3BONMMIO  3(P(EKTUBHO  KOHTPOJIMPOBAThH
pazmep, GopMy M MarHWTHBIC CBOMCTBA YACTHII
reKca£eppma CTpoHIMs B Komrio3ute. [TomyueHst
KOMIIO3UTBI, COJIEpIKAIle MOHOKPHCTAJUINYECKHIE
JacTHIBI TekcadeppyuTa CTPOHIMS IUIACTHHYATOMH

(hopMbI (CO CpeTHUM THAMETPOM M3MEHSFOIIMCS
oT 50 HM 10 1.2 MKM U C OTHOIIIEHHEM JUAMETpa K
TommmHe OT 1.4 mo 5.5), YacTHIBI, WMeEroIHe
(hopMy  yCEUEHHBIX MApALICILHO OCHOBAHHIO
TeKCarOHATbHBIX OHITUPAMHU/] U YACTHUIIBI - CPOCTKU
[UIACTHHYATBIX KPHCTAIUIOB.

B mpomecce  kpHCTAUIM3aLMKM  CTEKIa
cocraBa SrFe,0,y+125r,B,05 mon neiictBuem
MHKPOBOJHOBOT'O Harpesa BIICPBbIC
HaOyrofanock  00Opa3oBaHHME  KOMIIO3UTA  C
YIOPSIIOYCHHBIM  PACIIOJIOKEHHEM  YacTHIL
rexcadeppura B OGopaTtHOI MaTpHIIe.
JanbHenmas ONTUMH3ALUA yCIIOBUI

TEepMOOOPaOOTKH MO3BOJIMIIA MOIYYUTh 00Pa3LIbl
MaTepuaIoB Ha OCHOBE rekcadeppura CTpOHIMSA,
JIETUPOBAHHOTO AJTIOMHUHUEM, C PEKOPAHON JUIs
(epputoB kospuuTUBHOM crunoi 10150 3.
Pazpaboranbl METOIbI CHHTE3a KOMIIO3UTOB
Ha ocHOBe BirSr,CaCuyOgix CBEpXIMpPOBOIHUKA,
coJiepaKariue CYOMHUKpPOHHBIE YaCTHUIIBI
XMUMHUYECKH COBMECTHMBIX OKCHAHBIX  (a3.
TlokazaHo, uTo HajIM4Me AUCIEPCHOH asbl
crocoOCTByeT 3¢ pekTHBHOMY MUHHAHTY
MarHUTHBIX BUXPEH M NPHUBOJUT K YIIyUIICHUIO
CBEPXIPOBOJISLIMX XapaKTEPUCTHK MaTepHaa.

Topomok, cocTosMi M3 MOHOAOMEHHBIX
yacTHll recadeppura CTPOHIMS, JIETHPOBAHHOIO

amomMuHueM.  [lodydeH — pacTBOpeHHEM B
pa3baBieHHOI COJISTHOM KHUCIIOTE
CTEKJIOKEPaMHUECKOT0 KOMIIO3UTA,
XapaKTepU3YIOIErocs peKOpAHOI
KO3PIUTUBHOI CHJION. [lepcnexTuBHBIN
Martepuans Ul W3TOTOBJIEHHMA  IOCTOSHHBIX
MAarHHuTOB.

a.x.H. [LE. Ka3un,
k.X.H. [I.J. 3aiiues,

ct. JI.A. Tpycos,

cT. E.A. I'paBunkoBa,
ct. C.E. Kymunmnp,
rpynna MarHeTOXuMHuu

D.D. Zaitsev, P.E. Kazin, Yu.D. Tretyakov, M.
Jansen. Synthesis and magnetic properties of
glass-ceramic  composites  SrFe;,0o—SrSiO;.
JMMM. 2005. v. 292, p. 59-64



«3apoabimn». IlpomMeskyToyHble COCTOSIHMSI paciulaBa B XOJe CHHTe3a
CBEPXNPOBOISIIMX KOMIO3UTOB Ha ocHOBe (a3bl Bi,Sr,CaCu,0s. (cxanupyrowas
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MarHuTHbIi CcyOMUKPOKOMIIO3UT HA OCHOBe rekcadepputa crponuud. [loayyeH us3
crekna cucreMbl  SrO-Fe,0;-B,0;-Bi,0; mpm  ero  tepmmyeckoir  00paboTKe.
XapakTepusyeTcsi BBICOKUMHU 3HAYCHHUSAMU KODPLUUTHUBHOW CHIIBI, HMEPCHEKTHUBEH IS
W3TOTOBJICHUS TOCTOSIHHBIX MAarHUTOB.
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MarHuTtHbIH
HAHOKOMIIO3HT Ha
OCHOBE
rekcadeppura
CTPOHIIHS,
MEPCTIEKTUBHBI IS
CO3/IaHHs HOCHTETeH
uHdopmarmu ¢
BBICOKOH
IUIOTHOCTBIO 3aMUCH.
OnHOTOMEHHBIE
YaCTHUILIbI
rekcadeppura
CTPOHIIHUSI HAXOASATCS
B MaTpHIIe CUIIMKATa
CTPOHLIHSL.




BbICOKOTEMIMEPATYPHbIE CBEPXIMPOBOOHUKU

MarHuTHasa nesuTauums

14 oxTs6ps 1899 r. repoit pomana I'.Yamica
“ITepBere moan Ha Jlyne” n3o0pen keHBOpUT —
BEILIECTBO, HEMPOHUIIAEMOE Ul TPaBUTALlUK: OH
CIUIABWJI HECKOJIBKO DAa3IMYHBIX METalIoB C
HEKOTOPBIMU JIpYTUMH XUMHYECKUMU
9JIEMEHTaMH U B TE€UEHHE HEMENH IOAEPKHUBAI
CMECh B JKHJIKOM COCTOSHHH, a 3aTeM Jail el
MEAJICHHO OCTHITh. Peakiust 3akaHuMBanace mpu
temreparype 60° mo ®@apenreiiry (15.6°C).
Uy0-BeuecTBO yAaBaJIOCh IPUTOTOBUTH TOJIBKO
¢ mpuMechio... renus. K coxanenuto, mo ¢adyine
pOMaHa, TOUHBIH pelenT HaBcerAa yTepsH.

B cBoux ¢anTazusax Yauic yuen He Tak yx
panexo. B 1911 r. I'' Kamepiunr-OHHEC OTKPBIT
CBEPXIPOBOAMMOCTb PTYTH, OXJIAJNUB €€ )KUAKUM
renueM a0 Temrneparypsl 4.2 K. Kak BeisscHMIOCH
MOo3Ke, TMOJNHAs  MOTeps  IJIEKTPUUECKOTO
CONPOTHUBIIEHHS npu nepexoze B
CBEPXIIPOBOJAIIEE COCTOSIHUE HE €AWHCTBEHHOE
HEOOBIYHOE CBOMCTBO Takoro Bemiectsa. B 1933

T. B.Meiicuep u P.Oxcengenpn
9KCIIEPUMEHTATIBHO YCTaHOBHUIIH, 4TO
CBEPXIPOBOIHUK MOJIHOCTBIO BBITECHSIET

MarHuTHOE TII0Jie M3 cBoero oObema (ecnn
HWHIYKLHS 10 HE IPEBBIIAET KPUTHYECKOTO
3HadeHus).  “AOCONIOTHBIN”  JHAMArHETHU3M
CBEPXIIPOBOJAIIEIO COCTOSHMS O3HAYaeT, B
YaCTHOCTH, BO3MOXHOCTh CBOOOJHOTO MapeHus
MarHuTa Haj Yamei U3 CBEepXIpPOBOAHUKA. A 3TO
y)X€ W ecTb “JIeBHTalMs’, O KOTOPOH Meutan
mycaTtenb, — IpaBJa,  MarHuTHas, a  He
rpaButaiuonHas. B 1945 r. Takoil ombIT
onectsimie ocyniectsui B.K.Apkanpes.

U Bce ObI XxOpo110, eciii OBl HE CIUILIKOM YXK
HU3KHE — TeJUeBBle —  TEMIepaTyphl.
[IpakTHdeckoe HCIIOIb30BAHHE BOXKICICHHON
“JeBUTAlMK” HAa OCHOBE CBEPXIPOBOJHHUKOB M3
METaJIOB u X MIPOCTHIX CILIaBOB
(MakcumanpHas Temneparypa mepexoma 23 K)
OCTaBAJIOCH JIOJTO€ BPEMS JIMIIb JJOPOrOCTOAIIEH
sk3otukoil. Ho Bor B ceHtsiOpe 1986 .
nosiBJIsIeTCS. HayuHoe cooOmenue I.bennopua n
A.Miomiepa O TOM, YTO B KEpPaMHYECKHX
obpasmax Ha  ocuoBe Ba—La—Cu—O
BO3MOJKHA BBICOKOTEMIIEpaTypHas
CBEpXIPOBOAUMOCTE. HecMoTps Ha OCTo6p0>KHLIﬁ

TOH MyOJIMKAalUK, HA YKa3aHUE JIUIIb OOJBIION
BEPOSITHOCTH nepexonaa o0pas3ioB B
CBEPXIIPOBOJSAILEE COCTOSIHHUE pu

temneparypax 30—35 K, HecMoTpst Ha ckerncuc
OONBIIMHCTBA (DU3UKOB II0 TOBOAY OTKPBITHS,
OHO BCE )K€ COCTOSUIOCH M OBLIO OTMEUYEHO
HoGeneBckoil mpemueil B peKOPAHO KOPOTKHI
cpok - uepe3 rox! Ilomen orcuer HOBOH 3pbI —
BBICOKOTEMIIEpaTypHOM CBEPXIPOBOIMMOCTH
(BTCID).

Bckope cramo sicho, uro mmenHo BTCII-
Marepuajibl  MOTYT OBITh  NPHHIMIHAIBLHO
HCIIONb30BaHbl (HasABYy, a HE B (haHTACTHYECKOM
pomaHe!) BO MHOXECTBE TEXHOJOTHUECKHX

>

HoBiiecTB XXI B. — OT ‘“NEeBUTUPYIOMIUX
MOE3/0B  Ha  MAarHUTHOM  MOAYyLIKE U
MNOALIMITHUKOB 0€3 TPeHUs [0 MEIUIMHCKHX
ToMorpadoB, MO3BOJSAIOIIMX KOHTPOJIUPOBATH
OMOTOKH YENIOBEUECKOr0 MO3ra. Y3JIIC Onepe i
CBOMM “OTKpBITHEM” 3TOXy Ha 87 JeT, OJHaKo
TOYHOCTb €ro IpPEACKa3aHus IOpa3UTEeNbHA.
Jlasxe cam mporecc IPUrOTOBIEHUS “KelBopHUTa”

NPAaKTUYEeCKH  IOJHOCTBIO  BOCHPOU3BOIUT
TEXHOJIOTHIO peanbHOI KPYIHOKpHCTAJ-
JIMYECKOn CBEPXIMPOBOSILEH KEpaMUKHU,

cocraBisionmiel  ocHoBy coBpeMmeHHBIX BTCII-
MaTepUaIoB: KPUCTAUIN3ALMIO MPOJYKTA TaKKe
BEIyT U3 paciulaBa MIPHUMEPHO B TEUEHHE Hellely,
a I 3aBepIICHMS IIPOIecca HCIIOIb3YeTCs

XUMHYECKasi  peaxuus OKHCIJICHHUS pu
OTHOCUTEIIbHO HU3KUX TemIeparypax. bes Takoit
00paboTku MarepHan HE CTaHOBHTCS
CBEPXIPOBOJHUKOM u HE crioco0eH

“IeBUTHPOBATH B MarHUTHOM mosie. OHAaKO BO
BCEM 3TOM HET HMKAKOW MHCTHKHM WM OCHOBHAs
3aja4a uccienoBarTeneld, B TOM YHCIe U aBTOPOB
CTaTbM, COCTOSIA B TOM, 4YTOOBI MOHATH U
HAYYUTbCSI O€30TKa3HO YNPABIATH CIOKHBIMU
npoleccamMu, KOTOpble BEAyT K CO3/aHUI0
MEePCIIEKTUBHBIX JUTSE TIPAKTUIECKOTO
npumenenust BTCII-martepuanos.

HauGonee  mHorooGemarommii  croco6
MIPUTOTOBJIEHHUS] COBPEMEHHBIX “‘KEHBOPHUTOB” (a
BTCII-kepaMuk C pa3inuIHON CTPYKTYpOH U
CBOMCTBAaMH  CO3JaHO  TENEePb  HECKOJbKO
JIECATKOB) POJMIICS HAa CTBHIKE XHUMHUH, (QU3UKU U
MmarepuanoBeeHus. Cekper 3aKiIodaeTcss He
cronbko B mnonyueHun — BTCII-Bemectsa,
CKOIBKO B  CO3JaHMM Ha €ro  OCHOBE
OIPEENIEHHOr0 MaTepHaia. JTOT CeKpeT (Kak u
MHOJKECTBO JPYTHX, YTEPSHHBIX TaiH) MOT OBITh
U3BECTEH B TI1y0O0Koil apeBHOCTH. [lo mpenaHuio,
capkodar  JIEreHJapHOTO  MYCYJIBbMAaHCKOTO
npopoka Maromena BHCeN B BO3AyXe, HE Iajas
Ha 3emim0. B mamare o0 9TOit  serenze
MarHuTHas “nesuranus’ MOTy4uiIa
Mpa4yHOBaTOe Ha3zBaHue ‘“Tpod Maromena”.

B 1996 r. B Tokuo, B MexayHapoaHOM
LIEHTpe CBEPXIPOBOJUMOCTH Obl1a
NPOJEMOHCTPUPOBAHA MAarHUTHAs JIEBUTALUS
yenoBeka. “llogonbITHRIM KponukoM™ cran 142-
KWJIOTPaMMOBBIH  Oopel] cymMO (HAalMOHAJIBHOTO
SMOHCKOTO BHUJa OOpBOBI), a BIOCIEICTBUH — U
BCE JKENAIoIue, BKIIIOYas aBTOPOB HACTOSIICH
¢dororpadun. bopery neBuTnmpoBan, cTOsI Ha
MarHMTHOM JAMCKe, KoTopblii tiaBan Hag BTCII-
MbEIECTATIOM, OXJIAKACHHBIM KUILSILIUM KUAKHM
azotom (—196°C). 3a3op MexIy IHCKOM |
TyMOOU OBLT COBCEM HE MaJ — OKOJIO 1 cM. DTo,
KOHe4Ho, moTrpscaromuii yernex! Jaxe pebeHok
MOT' 3aCTaBUTh BpAIIAThCS JIEBUTHUPYIOLIETO
THI'aHTa, M TOJNbKO  HE3aMETHOE  IJIa3y
CONPOTHUBJICHHE BO3AyXa B KOHIE KOHIIOB
TOPMO3HJIO €r0 CBOOOIHOE BpallleHHE.



Kucnopog-aedpuprabie
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Kpucrannnyeckas ctpykrypa P33-0apueBbix BTCII-kynpaTos.

O6pransie BTCII-maTepuansl, moiaydaeMble
METOJI0M TBeprodazHoro CHHTE3a,
MPEJCTaBISAIOT CO00M KepaMuKy, B KOTOPOI
MHKpockommdeckne kpuctammuTel BTCII-¢a3sr
Pa30pUEHTHPOBAHBl B  IIPOCTPAHCTBE  JIPYT
OTHOCHTENIBHO Jpyra U cinabo CBsA3aHbI MEXIY
coboii (“ceepxmpoBogsmiee crekno’). [Ipoky ot
Takoro MaTepuana [uid “JeBUTalud  Majo,
MIOCKOJIBKY B HEM OYEHb HEBBICOKA IUIOTHOCTH
KPUTHYECKOTO TOKa, a 3HA4YWT, Malo H
MarHMTHOE noe, yZep)KuBaroliee
“neBUTHpYIONMNA” MarHuT. CBEPXNPOBOIAIINE
OJIOKM, HaJ KOTOPBIMH BHCEI B BO3IyXe
YEMIIMOH CTPaHbl BOCXOJSILIETO COJHLA, UMENU
CIOXXKHYI0 MHKpPOCTpYKTypy. MccrnenoBarens,
BOOPYXKCHHBIH ~ MHKPOCKOIIOM,  MOT OBl
OOHAPY)KUTh MHOI'O OYEHb WHTEPECHBIX U
COBCEM HE CIy4allHBIX OCOOEHHOCTeH mpu
PA3NUYHBIX YBENMYEHHSX: Makpo-, Me30- U
MHUKPOYPOBHH CTPYKTYPBI.

Bo-nepsbiIx, IIECTUYT OJIbHBIE 0JI0KH-
tabneTku, W3 KOTOpbIX ObLT caenan BTCII-
MbEJEeCTal], COCTOSUIM M3  KPYIHOKPHCTANI-
JIMYECKUX JIOMEHOB, NpHYEM KaXIbl M3 HHUX
MpeACTaBiIs1 co0oit mauky ruranrckux (0.1—1
CM) IJIACTHMHYATBIX KPHCTAJUTUTOB — JIMCTOYKOB,
SIMTAKCUAJIbHO (B OAHOM KpucTamwiorpadpu-
YEeCKOH OpHEHTAINH) CPOCIHINXCS MapauIeIbHO
apyr apyry. Bo-Bropeix, Marepuan  Obul

KOMIIO3UTOM, B CBEPXIPOBOJALICH MaTpuie
KOTOPOTO PaBHOMEPHO pacnpeneneHsl
HAaHOJUCIEPCHbIE BKIIIOUEHUSI HECBEPXIIPOBO-
IAMUX YacTHL. ['paHMIBI Takux BKIOYECHUH
CIYXWIA LEHTpaMU [HUHHUHIa MarHUTHOTO
MOTOKA, YAaCTHMYHO MPOHHUKAIOIIEro B oOpasell
npyu  TpHONKEeHWH MarHuta. B pesysbrare
CBEPXIIPOBOAUMOCTh MaTepHuajia COXpaHslach, a
3HAYHT, B TOHKOM IMOBEPXHOCTHOM clioe o0pasia
IPOTEKal TOK, MAarHUTHOE TIOJIE KOTOPOro
9KpaHUPOBANO (COBCEM Kak B (DaHTACTHYECKOM

KeHBopuTe) Tmoje BHemHee. MMeHHO 3TO
no3Boauao  obneus  BTCII-matepuan B
MPOJYMaHHYIO bopmy u MIOJTHOCTBIO

pean30BaTh NOTEHIIUAT (1)I/I3I/I‘-ICCKOFO SIBJICHUA,
koropoe aemoHcTpupyiloT BTCII-dassl npu
BBICOKHX TeMrmeparypax. Takolf —Marepuain
MOJKET CIIOKOMHO BHUCETh HAJl M IO MAarHUTOM, a
Tak)K€ OT MaJEHIIero TOJT9Ka BpamaTtbCsa B
BO3/lyXe B IIFOOOM IOJIOKEHHH, NPE3Upast CHIY
BCEMHUPHOT'O TATOTCHUA.

Kakum ke cmocoboMm cosmaHa — Takas
MHOTOYpPOBHEBasl, CIIOKHAasi ‘“‘apXUTEKTOHHKA™
MaTtepuana?  IlouTm  eIWHCTBEHHBIM  IyTh
MOy IEeHUS MHUKPOCTPYKTYPHI —

KpUCTAJUIM3alllsl paciulaBa, TaK Kak B HEM
ckopocth  AuGQy3UH KOMIIOHEHTOB TOpa3ao
BBIIIE, YeM B TBepaoM Tene. Kpome Toro, m3-3a
OTHOCHTENBHO  MaJoif  BS3KOCTH  pacIiaBa



BO3MOXKHA  “monCTpoiika”  Qopmupyrommxcs
AHNU30TPOITHBIX KPHUCTAIIUTOB Ipyr
OTHOCHTEJBHO JIpyra, KaK COBNAJAIOIINX YacTei
Mo3auku. Bce 3T0 BMecTe U co3nmaer
MIPEANIOCHUIKK Il 00pa30BaHUs ONTHMAalbHOU
mukpocTpyktypsl BTCII-marepuana. AHcam6Iu
NICEBOMOHOKPUCTAJUINYECKUX JJOMEHOB, pa3Mep
KOTOPBIX MOKeT pocturath 0.5 — 5 cm, sBistoTCs
OCHOBHBIM MOTHBOM MHUKDPOCTPYKTYpBI B CIIydae
KPYIHOKPHCTAILTMYECKOH BTCII-kepamuku,
NnoJlyueHHOM M3 pacrmuiaBa. Kaxaslii  1noMeH
siBIsieTcss arperatoM Jsameneit (5-50 M) da3b
RBa,Cu30,. IInactunku OPUEHTUPOBAHBI
napajuleibHO  Ipyr ApYry U pasJeleHbl
MaJIOYTJIOBBIMH TIPaHMIAMH, 4YTO JeNlaeT HX
MPOHUIIAEMBIMH  JUI  NPOTEKaHUs  TOKa.
MuxkpocTpyKTypa BTCII-kepamukn,
TEKCTYPUPOBAHHOM c HCIIOIb30BaHUEM
pacIulaBHBIX METOJIOB, XapakTepusyeTcs
CYILECTBOBAaHUEM Pa3INIHBIX THUIIOB
MIPOTSHKEHHBIX nedexTos, TaKHX KaK
JBOWHHUKOBBIE TPAHUIIBI, BBICOKOJUCICPCHBIE
BKJTFOYEHUS HECBEPXITPOBOISIINX a3,
OUCIOKALMM, MHKPO- M MaKpOTpEIIUHBI,
CBSI3aHHBIE C BBICOKOW XPYNKOCThIO (a3
RBa,Cu3O,. Takmm  oOpa3zoMm,  peambHas
ctpykrypa BTCII-kepamMuku, MONydYeHHOH H3
paciulaBa, MOXET OBITb PaccMOTpPEHa Kak
cucTemMa c SIPKO BBIPaKCHHBIMU
«KOJUIEKTHBHBIMM) CBEPXIPOBOISIIIMHI
CBOIMCTBaMH,  SBJIAIOIIUMHUCS  PE3YJIBTaTOM
crieu(pUUECKUX MEXaHH3MOB KPHUCTAIUTM3AIlHH.
IceBnOMOHOKpHCTAIITYECKUE JIOMEHBI
00pa3yloT MaKpOCKOIHMYECKHE arperatbl, uyepes
KOTOpbIE  TOTEHIMAIbHO MOTYT MPOTEKaTh
OOJNIbIIE TOKH, IOCKOJBKY MHKPOCTPYKTYpPHO
OHH MPEJCTABISAIOT CO00H CHCTEMY C YHUCTBIMHU
CBEPXMPOBOAIIUMY TPaHUIAMA H JBYOCHO-
TEKCTYPHUPOBAHHBIMU KPHUCTAIMTaMu. bonpInoe
KOJINYECTBO nedexToB crocoOCTByeT
o0pa3oBaHuIO cUCTEMBI d()(HEKTUBHBIX LIEHTPOB
MTUHHUHTA.

[Ipouuno Oosee mATH €T ¢ MOMEHTA, KOT/1a B
CEeMEHCTBE  KyNpaTHBIX  CBEPXIIPOBOJHHKOB,
cogepkamux P33, 3asBui o ceOe HOBBIN JInaep
— Nd123. Ero He OTKpBIBaJi 3aHOBO, IPOCTO OH
caM  TPUOTKPBUI ~ HOBBIE TpaHH  CBOMX
Bo3MOkHOCcTel. Kaszanmoce  Obl, H3MeHeHHe
nonHoro pamuyca P3D Bcero Ha 10% (B
cpaBHeHnu ¢ kiaaccuaeckum BTCII — Y123) we
CIIOCOOHO BHECTH PAJUKAIBHBIX W3MEHEHUH B
xapakrepucTiki. OIHAKO, TOJIBKO HE B Cilydae
Nd123. TexHuueckd OCHOBHOE MPEHMYILECTBO
Nd123 — B Hanu9Iuu aHOMAIFHOTO MHK-3QQeKTa,
COCTOSAIIEr0 B  3HAUUTENBHOM  YCHIICHUH
BHYTPHU3EPEHHBIX TOKOB 3a CYET 0Opa3oBaHUs
3¢ PEKTHBHBIX LIEHTPOB MTMHHYHTA,
HauMHAIOMMX paboTaTh IIpH  TeMmeparype
KHUJKOTO a30Ta B MOJAX MOpsIKa eauHuULl Tecia.
A MMEHHO 3TOT JIHMarna30H MHoJeil IpencTaBiIseT

MHTEpEC JUII MHOTUX BO3MOXKHBIX TEXHHYECKHX
npumenennii BTCII  (marieBel, MaXxOBHKH-
AKKYMYJIATOPBI 3JIEKTPUYECKOH SHEPruu W T.1).
OT0 00CTOATENECTBO OJHOBPEMEHHO C YCIIEXOM
B pa3paboTKe BOCIPOU3BOAUMOIL 1abopamopHoii
TexHonorun monydeHus Nd123 BCKOJNBIXHYIIO
HOBYl0 BomHy wmHTepeca Kk BTCII kak
MPaKTUYeCKH 3HauMMoOro matepuana. OTdacTy,
UHTEepeC ObLT MOJOTPET SATOHCKUMHU
UCCIIEAOBATENSIMU, KOTOPBIE HMMEIOT MaTeHT
umeHHo Ha 31oT BTCII cocraB u cnoco6 ero
nonyuenuss (OCMG - Oxygen-Controlled-Melt-
Growth). M3BecTHO, YTO NpenbLAyNIMA Juzep,
Y123, omyraH aMepHKaHCKUMH IaTCHTaMH.
Otcroma - crneuupUUecKHii KOMMEpYeCKuit
UHTEpEC SMOHIEB HMMEHHO K HEOJMMOBOMY
cocraBy. TeMm He MeHee, (akT ocraercs GakToM
— Tonbko Ha NdA123 ynanoce K HacTOSIIEMY
BPEMEHU XUMUUECKUMU Memodamy JTOOUThCS
pe3yJIbTaToOB, CONOCTAaBHMBIX IO 3ddexry c
BO3JICHCTBUEM  TIPOMO3IKHMX,  JOPOTHX U
TPYIHOMOCTYIHBIX ~ METONOB  QU3UUECKO20
(hopMupOBaHUS LIEHTPOB NUHHUHTA (HAaIpHMe,
myTeM OOJy4eHHMs HEHTPOHaMH WIM HOHHOM
6oMOapaupoBkoii). Jlaxke OaBHO BHTaBIIAs B
BO3IyXEe  «XHMHYECKas»  HAes  CO3JaHus
neeKTOB CTPYKTYpHl IMyTeM BBeleHus B Y123
OKCH/Ia ypaHa M IOCJIEAYIOUIEro BHYTPEHHEro
00JTydeHHsI CBEpXIPOBOIAIICH MATPHUIIBI IPU €TI0
pacraze  okasamach  HedddektuBHa  Oe3
HOCJIeTYOIIIETO o0my4eHus HEHTPOHAMH.
JIOTIOJTHUTENbHBIME ~ TIpEUMYIECTBAMU  (ha3bl
Nd123 sBmsrorcs Takke ee Oonee BBICOKAs
XUMHYecKasi cTaOMiIbHOCT U Oosee BbICOKAs
CKOPOCTh KPUCTAJIIN3a1U1 (ipu
HE3HAYUTEIBHOM - 10 CPABHEHUIO C MTTPHEM -
yBeIu4eHneM crouMoctu P33).

HoBble mentpsl mmHHMHTa B Nd123
¢dopMupyroTCs B IIpoLlecce  pacciIanBaHUS
MEPECHIIEHHOT0 TBEPAOTo pacTBopa. Ha nepBbix
JTamax 3TOro Ipolecca B CBEPXIPOBOIAIIEH
MaTpulie BO3HUKAIOT HAHO(IYKTyallUH COCTaBa,
TaK  Ha3blBa€Mble  XUMHYECKHE  «BOJIHBI»
OTHOLIeHHS  KoHueHTpamuii ~ Nd/Ba  0Oe3
o0pa3oBaHMs  TETEPOTCHHBIX  TIpaHuln. B
pe3ysipTaTe B OCHOBHOW  CBEpXIPOBOJLIECH
MaTpHIe obpazyroTcs TOMOTEHHO
pachpeiefieHHble KOT€PEHTHO cpociinecs ¢ Hel
YYacCTKH  TBEPIBbIX  pacTBOPOB C  HHBIM
XHUMHYECKHUM  COCTaBOM.  Takue  y4acTKu
00JIalal0T  TOCTaTOYHOM NPOTSKEHHOCTBIO U
MOT'YT BBICTYIIaTh BO BHELITHEM MAarHUTHOM II0JIE
Kak dS¢{QeKTUBHBIC LEHTPH NUHHHUHTA. [lpn
HEHYJIEBOM MarHUTHOM nosie
CBEPXIPOBOJUMOCTD B HHMX PE3KO IOJABIAETCH,
BbI3bIBas MUK-d(QdexT. brarogaps 3TuM HOBBIM
TUNaM [UHHUHTA JIMHAS HEoOpaTMMOCTH B
obpasuax Nd123 cmemiaercss B MarHUTHBIE MOJIS
Beire 8Tn npu 77K (pexopaHoe 3HaueHHe Uit
CBEPXMPOBOIHUKOB R123-THI1a).
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CamoTeKkcTypupoBaHue

CepeOpsiHasi JIEHTA ¢ HCKYCCTBEHHBIM (I10JI0CYATHIM) pejibe)oM MOBEPXHOCTH, IBYOCHO-TEKCTYPUPYIOLIMM

kpuctaibl BTCII ¢ga3sl YBa,Cu;0,.

Hapsiny ¢  OOBIYHBIMH ~ METOZAaMH  IIOJIY4EHHs
KpPYIMHOKPHCTAJUTMIECKOH KEepaMUKH, Hauboiee
MEPCTIEKTUBHBIMUA ~ BBIMJIAAAT —IOCJICAHUE pPa3paboTKH,
no3Bosstronie  monydats BTCII-marepuansl  CIOXKHOM
¢dopMbl U (WIM) B BUJE TOJCTOIUIEHOYHBIX MOKPbITHH. K
9THM METOJaM OTHOCHUTCS, B MEpPBYIO O4Yepenb, METOX
MIPOIHUTKA BBICOKOTEMIIEPATYPHBIM KyHpaTHbIM
pacmiaaBoM TKaHH, COCTOSILIEH U3 BOJOKOH OKCHIA
HTTPHSL, I KEPAMUYECKOH «IIE€HBI», MPUTOTOBICHHOU C
HCToNb30BaHneM Topomka Y;BaCuOs, opranmdeckoit
CBSI3KM U MOJMMEPHOH MaTpHIbI, TO €CTh IPU MOMOIIU
COBPEMEHHONW KEpaMHYECKOH TEXHOJOTHH, U3BECTHOH M
U1 ApyrHx cucteM. IIpy OXJIaXIEHMH CHCTEMBI
«Y:BaCuOs-paciiaBy ~ HECBEPXIIPOBOASIIUE  OKCUIBI
NpeBpalaTcs B cBepxXnpoBomsiumii  P33-0apuesblit
KynpaT 3a CUYET peakIuh C pacliaBoM. BaeneHue
OPUECHTUPOBAHHBIX 3aTPAaBOK MHHUIMUPYET HANPABICHHYIO
KpHUCTAILTU3ALUI0 CBEPXIIPOBOIAIIECH (basbl c
COXpAaHEHHEM T'E€OMETPUYECKUX OCOOCHHOCTeH (OpMEI
o0pasia, 4To NPUBOJAMUT K CBEPXIPOBOJHUKY CIOXKHOM
(OpMBI B BU/IE TKAHH, NICHBI U T.[I.

OCHOBHOH CJI0KHOCTBIO CO3AHUSI CBEPXIPOBOISIINX
MaTepHajoB SBJSIETCS] BBICOKAs aHU30TPOMHUS (Emnqecxnx
CBOMCTB 3THX MarepuanoB. Hampumep, B ciaydae urrpuii-
0apHeBOro CBEPXIPOBOAALICTO KyIpaTa pa3OpHECHTAINS
KPHUCTAIUTOB JIUIIB HA 5-10 rpamzycoB MOXKET PUBECTH K
MAJICHUIO TPAHCIIOPTHOTO KPUTHUECKOTO TOKa g())CHOBHOI\/’I
TEXHHYECKH BAXKHBIM TapameTrp JUIs  OOJNBIIMHCTBA
npaktuaeckux npuMeHennii BTCII) He mpocto B
HECKOJIBKO pa3, a Ha MOPSAKH BEIWYMHBEL. B pesynbrarte
JUI TIPAKTUYECKOTO HCIOJIB30BAaHMS CBEPXIPOBOISIIINX
MaTepuaioB TpeOyeTcs TeXHHYECKH CIIOXKHas Mpoleaypa
CO3[JaHUsl JIBYyOCHO- TEKCTYPUPOBAHHBIX CJIOEB, a JUIs
HEKOTOpPBIX TPUMEHEHWH - eme W Ha THOKHX
JUIMHHOMEPHBIX MOJJTIOkKKaX. EcTECTBEHHBIN KOMIPOMUCC
MEXK/y BBICOKMM YJICIBHBIM M a0COJIOTHBIM 3HAaYCHHEM
Toka mocturaercs B ToncTeix BTCII mmenkax. Baxkno
HaWTH MOJXOALIMI CIIOCO0 TEKCTYPHPOBAHUS - CO3AHUS
ONHOW W TOM e OpUEHTAIMM KPHCTAUIUTOB B
MOJMKPUCTAIIIMIECKOM Tell€.

VYHHUKanbHBIM ~ ABISIETCS  TNPUEM  HANpaBIIEHHOM
KPUCTAILIU3a1U1 P35-6apueBbix KyIIPaToB Ha
METaJUINYECKOIl IIOJUIOKKE B MCKYCCTBEHHO CO3JaHHOM
rpagueHTe  KoHueHTpaumn — P33.  Hcnomb3oBanue
KOHLICHTPAIIMOHHBIX T'PaJHeHTOB sBisieTcs AP heKTHBHBIM
CrocoOOM ~ KOHTPOJISL OpPHEHTAllMHd  KPHUCTAIUTOB B
TOJICTBIX IUICHKaX B CHIIy OOJIBIION BEIMYMHBI JOKAJIBHO
CO3JAI0IIUXCS TIepEeCHIIIEHUH (mepeoxnaxaeHuit)
cuctemMbl. Takas JIeHTa Ha BCEM €€ MPOTSHKEHUH MOKET
COCTOATh M3 CJOS 3MYyJIbCHOHHO- WM a3pO30JIbHO-
ocaxxaeHHOH (a3pl Y,BaCuOs, koTopas BHOCIEICTBUH
MIPONMTHIBAETCS paciiaBoM. BIoik OCHOBHOTO CIllos TIpH
S9TOM  paclojlaraercs  3aTpaBo4yHas  Iojoca W3
MOJIMKPUCTAITMYECKOT0 MOPOIKa (ha3bl
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NdBa,Cu;O, wu, TPOTHUBOMOIOKHON
CTOpoHBI, - momoca (a3er  YbyBaCuOs,
YCHWJIMBAIOIIAsT KOHIEHTPAIMOHHBII I'paJeHT U
npepoTBpaaronias oopazopanue BTCII-¢pasb1 B
npuyieraronei k Heit oonactu. Ilpu oxnmaxxaeHnn
CHCTEMBI II0CJIE MPOIUTKU PACIZIABOM OKOJIO
3aTpaBOYHOMN MOJI0CHI HAaYMHAIOT
obpazoBeiBaThest  kpuctammutel  BTCII-da3sl,
HMeIolIne, KaKk M 3aTpaBKH, IPOHU3BOJIbHBIC
HayaJbHBIC OPHEHTALMIO U HAIPABJICHUE POCTA.
B mpomecce pocra TakMX — KPUCTaIMTOB
BbDKMBaeT  Hauboinee  ObICTpO  pacryuiee
HalpaBJIeHHE W TEM CaMbIM IPOHMCXOJUT
reoMeTpHYecKasl CesIeKIMs KpuctaumToB. Kak
pe3ysbTaT, MPOCTPAHCTBEHHOE Ppa3BUTHE BCETO
aHcaMONsl KPUCTAUIMTOB IMOCIE HEPEXOIHOM
30HBI POUCXOAUT COTJIACOBAHHO, B OTHOM U TOM

C

xKe HanpapJICHNH. DKcnepuMeHTaIbHOe
MIOJITBEPKICHHE 3¢ exTHBHOCTH npremMa
TEKCTYPUPOBAHHS TOJICTBIX TUICHOK c
HCTIONB30BaHHEM KOHIICHTPALIMOHHOTO

rpaJieHTa OTKPBIBACT IIHPOKUE NEPCIEKTUBBI
JUISL  CO3ZIaHHE HOBBIX TEXHOJOTHI CO3/1aHUs
TEKCTYPUPOBAHHBIX CJIOEB  (DyHKIHMOHAIBHBIX
MaTepuasoB.

HawuGonee nomynsipHbIi B HACTOSIIEES BpeMs
METOJ OHHUTaKCHH d3(GEKTUBEH JIMIIb Ul
TOHKUX (~1MKM) IUIEHOK NPH HCHOJIb30BaHHU
JOPOTHX  MOHOKPHCTAJUIMYECKUX  IOJUIOXKEK.
Kpome Toro, MeTo sl 0CaxIeHUsI TOHKUX IJIEHOK
caMH 10 cebe JOCTaTOYHO JIOPOTH U TPYJOEMKH.
Co3naTh anbTePHATHBHYIO TEXHOJOTHIO yIAI0Ch
coBmectHbiMU yemusiMu ACCESS (Llentp mo
HCCJIEZIOBAHUIO TIPOLIECCOB KPUCTAIIM3ALMU B
KOCMHUYECKOM MIPOCTPAHCTBE (Aaxem,
I'epmanns)) u xummdeckoro dakymsrera MI'Y.
Jns texcrypupoBaHusi TONCTBIX (~50-100MKM)
IUICHOK HCIOJIb30BaJIM THOPUIHBIA TMOIXOJ —
OpPHMEHTHpYIOIlEE  BJIUSIHUE  IOUIOKKH U
(¢opMHUpOBaHHE KPYNHBIX 3€peH M3 pacIlIaBa.
OpUrHHAIBHOCTh ~ METOAMKH B TOM, YTO
COOTBETCTBYIOIIMH  CHUMMETPUYHBIH  penbed,
MOBTOPSIOIIMA ~ CUMMETPUIO  (KaHaBKH WX
KBaJpaTHAs Hacedka) W THMUIHBINA pazmep (0.1-
ImM) kpuctammm3yronieiicss ¢azsl  YBa,CuzO.
(OpPMHUPOBAIM HUCKYCCTBEHHO Ha IIOBEPXHOCTH
JICHTOYHOHN MOJUIOXKKHU U3 JOCTATOYHO AEIIEBOIO
IIPOMBIIIJIEHHOTO MOJMKPUCTAIITHYECKOTO

CBepxnpoBogsiian

KepamMmun4yeckas neHa

[lpuHIMn «r7e TOHKO, TaM M PBETCA» C
YCIIEXOM  HCHONB3YyeTCs B OTPaHUUYHTENAX
MpeeNbHO JOMyCTHMOTO TOKa, CHETAHHBIX M3
CBEpXIPOBOAAMIMX MaTepHanoB. Jlo cux mop
NaJbMy IEPBEHCTBA B 3TOM BOIPOCE AEpXKalu
«JICHTOYHBIE» W <JIUTBIE» YCTPOWCTBa W3
BucMyT- conepxanmx BTCIL. HenmaBHo, Obuia
MPEUIOKCHAa HJes «CBEPXIPOBOISINEH HEHBDY
(SuperFoam), cmemannoit w3  YBa,CusO,,
KOTOpas B OyAyIlIeM MOXXET CTaTh NPAaKTHYECKU
HJCaTbHBIM MaTepHaIOM Ml OrpaHHdMTeNeit
OTACHBIX TOKOB B TPOMBINIICHHOW IHEPreTHKE.
[eiicTBuTeNbHO, TakoH Marepuan oOiiagaeT
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HeTeKcTypupoBaHHoro  cepebpa.  Cozmanue
TaKOro MOBEPXHOCTHOTO penbeda 0OecreynBaio
B3aMMHYIO OpPHCHTAIMI0 B IUIOCKOCTH (ab) mo
90% pacTymux 13 paciiaBa KpUCTaUIUTOB.

B ocHOoBe MeToma JEKUT LENBIA  psX
(DU3MKO-XMMHYECKUX SBJIECHHH: crenupuueckue
ACTICKTHI CMa4uBaHUs, HOBEPXHOCTHOT'O
HATSHKEHMS M MEHHCKa,  TeTepPOreHHOro
3apoJIbIIe00pa3oBaHus, nepepacnpeeeHus
KOMITOHEHTOB pacmiaBa; KalnuuIsipHbIe
a¢p¢exTs;  3ddeKT  KpHCTAIUTH3AIHOHHOTO
JIaBJICHUs; Tonorpaduueckoe BIHMAHHE CTEHOK
s1eMeHTOB  penbeda. Ilpomecc IOCTAaTOYHO
YHHUBEpCAJIEH M MO3BOJSIET TEKCTypHpOBAaTh
COBEpIICHHO  pa3iM4Hbleé  Marepuanbl  Ha
NPAKTUYECKH IPOM3BOJIBHBIX IOUIOKKaxX. [Ipu
JIETAJIbHOM U TINATENbHOH IPOpaboTKE OH MOKET
NPUBECTH K  HOJHOMY  TEKCTYpHPOBaHHUIO
Marepuaiga HOJUKPUCTAJUIMYECKOTO CIIoS B
COOTBETCTBUH C CHMMETPUEH pAaCIIOIOKESHUS
HCKYCCTBEHHBIX 3JIEMEHTOB peibeda.

OT0  sBIEGHME HA3bIBAIOT  IO-Pa3HOMY:
«rpaodIUTaKCUD», «TPadOTEKCTypHPOBAHUEY,
¢ronHas camocOopKa, MHKPOPEIUTUKH,
OJIHAKO, BEPOSTHO, HENAIeK TOT JCHb, KOTJa
nofo0HbIe HayKOEMKHE «THOPHUITHBIC
TEXHOJIOTHH HAYHYT IIPUHOCHUTD CBOH
MPaKTHYECKHe JUBU/ICH]BI. A oKa
«camMocOopKay MPEJICTaBIIAET coboit
MEPCIIEKTUBHYIO O00JaCTh HCCIENOBAHUNA U1
CIEHAINCTOB CAMOT0O Pa3JIMYHOTO MPOQHIIA.

Jlutepatypa

1. E.A. Goodilin, E.S. Reddy, J.G. Noudem,
M. Tarka, G.J. Schmitz, Texture formation in
melt-solidified YBa,Cu3O, thick films by
artificial surface reliefs, J. Cryst. Growth, 2002,
v. 241, pp. 512-534

2. E.LGivargizov, Artificial epitaxy
(graphoepitaxy), // ch. 21 in: Handbook of
Crystal Growth, part 3b, ed. D.T.J.Hurle, Thin
films and epitaxy, // Elsevier, Amsterdam, 1994,
pp-941-995.

3. H.O.Jacobs, A.R.Tao, A.Schwartz,
D.H.Gracias, G.M.Whitesides, Fabrication of a
Cylindrical Display by Patterned Assembly,
SCIENCE, V.296, pp.323-325

OUYEHb MTOJIC3HBIMY CBOMCTBAMH: 1. BEIEPKUBAET
KPUTHYECKHE TOKH TIPH TEMIIEpaType >KUAKOTO
a30Ta, 3HAYUTENIBHO BBIIIE TEX, YTO MOKHO
oxugate i ¢assl  Bi2212,  wumeromeit
MpoOJeMbl C IEHTpaMU NUHHUHTA TPH TaKUX
«BBICOKHX» TeMIlepaTypax, 2. UMeeT JOCTaTOYHO
BBICOKO€ JJIEKTPUYECKOE COMPOTHBIICHHE IIPH
KOMHAaTHOH TeMmmeparype, 4YTOOBI paccesiTh B
TEIUI0O DHEPTUI0 CBEPXKPUTHUYECKOTO TOKa, 3.

OBICTpO MIePEKITI0YaeTCs u3 u B
CBEpXIIpOBOJsIIee cocTosiHUe. llocnenHne nBa
CBOICTBA B 3HAYUTENBHON CTeNeHU

YCHIINBAIOTCA TEM YHHUKAJIBHBIM (1)aKTOM, 4qTo
I€Ha COACPKHUT OTKPBITHIC IIOPbI, B KOTOPBIX
HaxXoauTCsa XJIagar€HTr, HMHbBIMH CJIOBaAaMHM, BCC
BpEMs €CTh HGHOCpEZ[CTBeHHBIf/II KOHTAaKT C
KUIAKUM a30ToM, k(5% KOMIICHCHUPYETCA
HEYAOBJICTBOPUTECIIbHAA TECIIOCMKOCTDb
KECpaMUKU B «0OBEMHOM) BHIC.



JleBuTanusi MAarHUTA HaJ
OXJI2KIAEMOil :KHAKHUM a30TOM
nenokepamuxoii BTCII.

SuperFoams — mnpumep MOHOZOMEHHOIO
MaTepuana, IOJYyYEeHHOTO C UCIOJIb30BaHUEM
HOBaTOPCKOTO ~ TOJAXOJa,  CBA3@HHOTO  C
«OMHApHBIM»  XUMHUYECKMM CHHTE30M  IIpU
NPOIUTKE 3apaHee IOArOTOBICHHOM NpedopMbl
pacmmiaom mpu 950-990°C ¢ mocnemyromeit
KpUCTAUIM3allMell  CHCTEMBl.  OTOT  METOJ
MIO3BOJIAET NMPAKTUYECKU IMOJHOCTHIO COXPAHUTh
¢dopMmy wucxomHoro obpasua W HPOBOJHUTH
Ipolecc MpHU  TEMIepaTrypax HIDKE TOUYKH
MEPUTEKTUYECKOTO pacnana BTCII,
KOHBEPTHPYsI TeM cambIM Ipekypcop B BTCII-
MaTepual C  OJNM3KOW  MHKPOCTPYKTYpOH.

MOHOIOMEHHOCTh THOJy4aeMbIX BTCII-
W3ICTui MOJKET BITh JOCTHTHYTa
CTaHIAPTHBIMH METOAAMH — HalpuMep, IpH
HCITOJIb30BaHUU OpPUCHTUPOBAHHBIX

COOTBETCTBYIOIINM 00Pa3oM 3aTPaBoK.

«JIlBymepHas» TkaHb (2D) u3 okcuaa urrpus (cjeBa) U «rpexmepHas» nena (3D)
u3 «3ejenoii ¢asp» Y,BaCuOs (cnmpaBa) mepea UX NPONMTKON pacniaBoM —
HCXO/IHbIE 3aTOTOBKH JUIA «(popmocoxpaHsiiomiein» Texnoaorun noiaydenus BTCII

CaepxnpoBoasiiuii oopasen YBa,Cu;0, ¢ TkaHeBoii CTPYKTYpoii (ciieBa) mocJjie

HNPONMTKH

pacmiiaBom

"

KPUCTAJIN3ALHA B NPUCYTCTBUH YeTbIpex

OPHEHTHPOBAHHBIX 3aTPABOK HA BO3AyXe (TpaHCHmopTHbIA Tok > 10* A/em’ npu
77K). CBepxnpoBoasias neHa nocJje nmojgo0Hoii :xe 00padoTku (cnpasa).



IlepBbIii TPOMBIIIJIEHHBI OrPAHNYNTE/b PelebHO-T0MYCTUMBIX (ABAPHIHBIX)
TOKOB Ha OCHOBE BBICOKOTEMIIEPATYPHBIX CBEPXIPOBOIHUKOB B ['epManuu.

a.X.H. E.A.l'ynnnun,
rpynna (pyHKUMOHAJbHBIX MaTEPHAJIOB

Prof. G.J.Schmitz,

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

Supercond. Sci. and Technol. 15 (2002) L21.

10. 4. TpeTpsxos, E.A I'ynum.
XUMHUUECKHE TIPUHIIUIIBI MOJTYYCHHUS
METAJUIOKCHIHBIX CBEPXIIPOBOJHHUKOB, Y CIIEXH
Xumun, 2000, 1.69, 1.1, ¢.3-40.

10. 4. TpeTpsikos, E.A I'ynumus,
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TokoHecywme anemeHTbl Ha ocHoBe BTCI

B Hacrosiiee BpeMsi Ba)KHEHIIMM I1aroM Ha
MyTH K IIHPOKOMACHITAOHOMY TMPHMEHEHHUIO
BBICOKOTEMIIEPATYPHBIX CBEPXIIPOBOJHUKOB
SIBJISIETCS CO3/1aHHUE JUTMHHOMEPHBIX
TOKOHECYIIMX DJIEMCHTOB Ha WX OCHOBE, WIIH,
roeopst mpome, BTCII-kabeneii. Takue kabemmn
MOTYT COBEPLINTh HACTOSIIYIO PEBOJIOLHIO B
9NIEKTPOTEXHUKeE. Vcmonb3yss MX IuIs mepenaqu
9HEPTUM,  CO3JaHHs  BBICOKOI(D()EKTUBHBIX

MOTOpPOB u MOIIHBIX MarHuToB, MOXHO
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CYIIECTBEHHO YJIYYIIUTh XaPaKTEPUCTUKH 3THX
W3JETNA TI0 CpaBHEHHWIO C WX aHAJOraMH,
UCTIONB3YIONMX 00bIYHBIe MaTepuansl. Hapsay ¢
3THM BO3MOXKHO CO3JaHHE IPHHIMIHAIEHO
HOBBIX YCTPOWCTB, OCHOBAHHBIX HAa YHUKAJIBHBIX
¢usnueckux cpoiictBax BTCII — matepuanos,
HarpuMmep, OrpaHUYUTENICH aBAPUIHHBIX TOKOB.
BricokoTremneparypHble  CBEPXIPOBOAHUKU
NPE/CTABIAIOT COOOW  CIIOJKHBIE OKCHIBI U
UCXOAHO OBIIM TIONY4YEeHBl B BHUJE KEPaMHKH,



MO3TOMY CO3JlaHME Ha WX OCHOBE UIMHHBIX W
THOKHX TPOBOISIINX JJIEMEHTOB OTHIOIb HE
SIBJISIETCSL IPOCTOM 3aaaueii.

CBepXIpOoBOIAIINI

CBepXmpoBoAsIIas
KIITA

IMpumenenne BTCII-ka0eJeii nJis a)
nepenaym 3j1eKTpo3Hepruu, 6) AMP
ToMoOrpaduu, B) Co3iaHus TPaAHCHIOPTA
HAa MAarHUTHOI MoayIIKe (JUT. TaHHEIE).

Hns ee pemeHus Obuto pazpaboraHo
HECKOJIBKO TIOIXOIOB, /sl MIOHHUMAHHUS CMBICIA
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KOTOPBIX H€06XOZ[I/IMO BCIIOMHUTBb O HEKOTOPBIX

cpoiicteax BTCII - wmatepuanoB. BaxabpiMEI
xapaktepuctukamu  BTCII-kabenst  sBisroTCS
KpUTHYecKass Temmeparypa T, KpUTHUECKOe

nosne He m kputnueckuiét Tok I. — 3TO Takme,
TeMIeparypa, MarHHUTHOE TIOJe M TOK, WpHU
JOCTIDKEHUU KOTOPBIX B Marepuayie MpormaaaeT
CBEPXIPOBOJUMOCTb. Kpurtnyeckuii TOK,
KOTOPBI MOXET OBITh MPOMYIIEH 110 Kabemto 6e3
paspylieHusT CBEPXIPOBOJMUMOCTH, TEM BBIIIIE,
ueM Jydire OpPHEHTHPOBAHBI 3epHa
CBEpPXIMPOBOIHUKA B oOpasue. Takum o0Opazom,
pY TONyYeHHH Kabesiel HeoOXOIMMO TOCTHYb
HU3KHX  YIJIOB  pa3OpUEHTAllMH  3€peH B
CBEPXIIPOBOISIIEM MaTepHrare.
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3aBHCHMOCTD IJIOTHOCTH
KpuTuieckoro toka B YBa,Cu;07.; ot
yrja pa3opueHTAIHH KPHCTAJJIUTOB.

Hcropuyecky nepBeIMH ObUTH MOTYUYCHBI TaK
HazpiBaemble  BTCII Kabenu  MepBOro
nokosieHust. Takoit kabesb npencTaBiser u3 ceos
cepeOpsHYIO JICHTY, HMPOJOJIBHO MPOHU3AHHYIO
MHOXKECTBOM  KWJIOK W3  CBEPXIPOBOJHHKA
cocrasa Bi,S1:CaCu30i045. TexHomorus
MONyYCHUs] TOAOOHBIX CTPYKTYp BKIIOYAET B
ce0si MHOTOKpAaTHYI MpPOKAaTKy M IPOTSIKKY
cepeOpsHbIX TpyOok ¢ HadbuteiM B HEX BTCII -
MOPOIIKOM yepes MIOCJIEI0BATEIBHO
yYMEHbIIAIOMKUECs OTBEPCTHS (T.H. IKCTPY3Hs),
BCJIC/ICTBUE KOTOpOH (OpMHUpYETCs TeKCTypa B
ceepxnpoBomsmeM wmarepuane (OPIT wmeron,
oxide powder in tube). B cuimy BbICOKOIT
CTOMMOCTH cepebpa u psga ocobeHHocTel (hasbt
Bi,Sr,Ca,Cu3049:5 BTCIT — kabenu mnepBoro
MOKOJICHUsI ~HE  MOJYYWJIM  I[TOBCEMECTHOTO
pacmpoctpanenus, xots B psge crpan (CILA,
I'epmanmst, Slmonust) oHM OBUIM  yJOCTOCHBI



YeCTH CTaTh YacThIO MIPOTOTHIIOB
IIPOMBIIIIEHHBIX CBEPXIPOBOJAIINX YCTPOUCTB,
BKJIIOYass CBEPXIIPOBOJSIIME COJCHOUIBI U

paboune yuacTKH 3JIEKTPOIIOICTAHIIUH.

[(cmeosszass)

Honepeunoe ceuenne BTCII-ka6ens 1
IMOKOJICHUSA

Jlpyroi moaxon 3aKIOYaeTCs B IOIyYEHHH
MHOTOCJIOWHBIX CTPYKTYp Ha METAUIMYECKUX
JeHTax — 310 Tak HaspiBaeMble BTCII — xabenu
BTOpOro mokosieHusi. Ha IMHHYIO JeHTy (1o
HECKOJIBKHX COT METPOB) MOCJEOBATEIbHO
HAaHOCUTCS OJUH WJIM HECKOJIIBKO OyhepHbIX
cioeB, OOJIANAOLIMX JABYOCHOW  TEKCTYpPOId,
3ateM — cioii BTCII cocraBa YBa,Cus;O7s,
HacJeayIomui TeKkcTypy OydepHoro cios, a
CBepXy — 3amuTHbI cioi. CymecTByeT Tpu
OCHOBHBIX criocoba IOy YeHUS
TeKCTypupoBaHHoro Oydepnoro cnos: IBAD
(ion beam assisted deposition), B KOTOpoM
TekcTypa OydepHoro ciost GopMupyercs 3a c4eT
6oMOapIUpOBKU MOBEPXHOCTH pocta
HalpaBJIeHHbIM HOHHBIM Iy4koMm; ISD (inclined
substrate deposition), pu KOTOPOM HaIbUICHUE
CJI0S Ha METAUIMYECKYIO JICHTY IPOM3BOAUTCS
[oJi CTPOrO  OMNpEACNCHHBIM  YIJIOM, U
BCJIEACTBHE 3TOr0 (OpMHUpYeTCsi OuakcHalbHas
tekctypa; RABITS (rolling-assisted biaxially
textured substrate), rae B KauecTBe MOIIONKKH
UCTIONB3yeTCs] OMAKCHAJIBHO TEKCTYPUPOBAHHAS
neHTa u3 Ni ciulaBa, mojydaeMasi B pe3yJibTaTe
CIIOKHOTO W MHOTOCTaJUHHOrO  Ipolecca
MHOTOKPAaTHOM MPOKATKM CILIABA.

Tum
coreas B1CT

CxeMa MHOTOCJI0HHOM CTPYKTYpHI,
noJy4eHHO# Ha moajioxkke RABITS.

ByodepHsliit cnoif, koTopelli HaHOCAT Ha
JICHTY, 3@ CYeT OIUTAaKCHAIBHOIO  pOCTa
HacJelyeT €€ TEKCTypy, KOTOPYIO U IepeiaeT
TOHKOH IJICHKE CBEPXIPOBOIHUKA.

OcHoBHast pabota B 00JacTH MONYYCHUS
CBEPXIPOBOSIIMX Kabeell HalpaBiieHa BO BCEM
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MHUpE Ha IIOBBILICHUEC OKCIUTYyaTaUOHHBIX
XapaKTEPUCTUK TOJIy4a€MbIX TOKOHECYIINX

3JICMEHTOB M Ha CHIDKEHHE MX CEO0CCTOMMOCTH.

[onepeunoe ceuenne aeHTHI RABITS

Buemrnuii Bua noajao:kku RABITS u
JIEHTBI ¢ HAHEeCEHHBIMH Oy (epHbIM 1
CBEPXMPOBOISIIIIIM CJIOSAMH

Ha  macrosmmii  MOMEHT  TEXHOJIOTHS
RABITS sBmsercs oxmo w3  Hamboiee
MEPCIEKTUBHBIX c TOYKH 3peHus

kommepruanusanuun  BTCII - kaGemeit 2-ro
MOKOJICHUsI, TaK KaK JOIMYCKaeT BO3MOXKHOCTh
HCIIOJIb30BaHUS HEIOPOTHX XUMHYECKUX
crocoboB HaHeceHust OydepHbIX cioeB. B
nabopaTopun Xumun KOOpPAMHAMOHHBIX
COC/IMHEHHUI BeIyTCS pPabOTHI IO MOJYYCHHUIO
BTCII - xab6eneii mo texHonormn RABITS ¢
HaHECEHHEM (YHKIMOHAJBHBIX CJIIOCB METOJIOM
MOCVD.

npod., 1.x.H. A.P. Kayas,

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

K.X.H. C.B. CamoiiieHkoB,

acn. O.B. MebHUKOB,

acn. A.B. baeanos,

acn. I'.A. locoBunkmii.

J1a6. XHMHH KOOPAWHAIMOHHBIX COeINHEHMIA.



«I'po6 Maromena coBpeMeHHOCTH». JKCIEPHUMEHT MO MATHHTHOH JIEBUTALUH
yesioBeka (Human Levitation Experiment, Sapporo, SInonus).

Obwuii 6u0 (Ha TUCKE - COTPYTHHK JIaOOpaTOPHH HEOPTaHHMYECKHX MAaTepHajoB
Xumpaka MI'Y I'ynunun E.A.). YaukansHas ¢poTtorpadus, 3ameyaTiieBiias akTHBHOCTb
POCCHIICKMX  HCClleZioBaTelel, Y4YacTBOBAaBIIMX B  paMKaX MEXIyHapOTHOTO
COTpPYAHMYECTBA B  pa3pabOTKe TEXHOJNOTHH  TIONyYeHHWS  CBEPXIIPOBOAIILH
KPYTTHOKPHCTAIIIMYECKONH KepaMHKH C PEKOPIHBIMH CBOWCTBAMHU M, KaK IMOKa3aHO Ha
¢ororpadmu, - B yNauHOM OKCIIEPUMEHTE II0 MAarHUTHOH JIEBHTAIlMM YEJIOBEKa,
sBUBIIEMCS]  (DaKTHUECKH  CcOYeTaHHEM  IyOJMYHOH  pEeKIaMHOM  akiuu |
«TOCHUCTIBITAHUI» MOJTyYSHHBIX MATEPHAJIOB.
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Kpynuviii naan nucka ¢ TOCTOSHHBIME caMapuii-KoOAIbTOBBIME MarHUTaMH (BBEPXY) U
TaONeTOK WTTPUH-0apHeBOro BBICOKOTEMIIEPATYPHOTO CBEPXIPOBOJHUKA COCTaBa
YBa,Cu;0, (depHble TaONETKH, KOTOPBIC BHIHBI B 3a30p€), OXJIAKIACMBIX KUIKAM
a30TOM (HMKHSAA YacTh PHUCYHKA, BHJHA M3MOPO3b HAa €MKOCTH C XHJIKHM a30TOM,
temreparypa 77K). B 1996 r. B Tokuo, B MeXIyHApOOHOM IEHTpE
CBEPXIPOBOIUMOCTH ObUIa BIIEPBBIE IPOJEMOHCTPUPOBAHA MAarHUTHAS JIEBUTAIH
gyenoBeka. “TlomombITHBIM KpomukoM™ cTan  142-KuiorpaMMOBBIH  Ooper  Ccymo
(HAITMOHANILHOTO SITIOHCKOTO BUJa OOPHOBI), a BIOCIEICTBHM — W BCE IKENAOIIHE,
BKJIIOYasi aBTOpoB Hacrtosmeil gororpaduu. boper neButupoBain, cTos Ha MArHUTHOM
JMICKe, KOTOPBIA IUTaBal HAajJ CBEPXIPOBOAALINM «IIbEACCTATIOM», OXJIAXKIACHHBIM
KHIIAIIUM KAIKAM a30ToM (—196°C). 3a3op Mexay AuckoM U TymO0il ObLT cOBCeM HE
Man — okoso 1 cMm. D70, KOHewHOo, moTpscatomuii ycnex! Jlaxe peOeHOK Mor
3aCTaBUTh BpAIIaThCS JIEBUTHPYIONIETO TWUTAaHTa, M TOJBKO HE3aMETHOe TIlazy
COIIPOTHBIICHNE BO3[yXa B KOHIIE KOHIIOB TOPMO3MJIO €ro CBOOOAHOE BpalleHHE.
CepxmpoBosmye ONOKH, HaJ KOTOPHIMH BHCEN B Bo3Ayxe ueMnuoH CTpaHbl
BOCXOJSILETO  COJIHIIA, HMEIH CIOXKHYI0 MHKPOCTPYKTypy. Mccienosarens,
BOOPY’KEHHBIII MHKpPOCKOTIOM, MOT OBl OOHapyXHTh MHOTO OY€Hb HHTEPECHBIX H
COBCEM HE Cciy4ailHbIX ocoOeHHocTel, know-how, mpu pasnuyHBIX YBETHUEHHUSX HA
Makpo-, M€30- U MHKPOYPOBHSX CTPYKTypbl. MeHHO 3T0 mo3sommwio obneds BTCII-
MaTepHal B MPOAYMaHHYIO (GOPMY W MOJTHOCTHIO PEaTH30BaTh MOTEHIHAT (PU3NIECKOTO
sBieHns, Kotopoe nemMoHcTpupyioT BTCII-haspr. Takoii MaTepman MOXKET CIIOKOHHO
BHCETb U HaJl, ¥ 1TOJl MarHUTOM, a TaK)Ke OT MaJIeHIIero TOJIYKa BPaIIaThCs B BO3yXE B
J000M TIOJIOKEHUH (Ja’ke COOKY OT MarHuTa), Mpe3upasi CHITy BCEMHUPHOTO TATOTEHHSI.
Hwu g kakoro apyroro mMarepuana 310 0oiblile He peanu3yercs!
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«Kepamunueckasi ry0ka». ddparMeHT CBepXIpPOBOAsiIIell NEHOKEPAMUKH COCTaBa
YBa,Cuz;O; 1mnocie «paciiiaBHoi» o00padoTKU. (bunoxyasapuas ayna). Jjs
MpoBeleHust  mporecca  «mpedopMmy»  cocraBa  Y,BaCuOs  mponutbeiBamu
BBICOKOTEMIIEpaTypHBIM cepedpocoep KaliiM KHCIOPO - (TOPUAHBIM KYIPAaTHBIM
pacrimaBom (980°C), MemneHHO oOXnaxmamu cucTeMy 10 Temmeparyp 880-850°C, a
3aTeM OKHCIISUIM TOJTY4YeHHBIH MaTepran npu temmeparypax 300-350°C B kucimopoze B
Te4YeHre Heeau. BUIHBI KpyIHbBIE TOPBI U KEPAMUYECKHUE «KHUIIKU», KOTOPhIE OCTAJIUCh
Iocje peakiuyu Marepuana mpedopMbl ¢ paciiaBoM NpU oXJiaxaeHHH. KoHeuHas
MEHOKEepaMHKa TEM CaMbIM COXpaHWJIa UCXOTHYIO popMy «IpedopMbI», KoTopas Oblia
[IOJIy4€Ha C HCIOJb30BAHUEM TaK HA3bIBACMON IIIUKEPHONH TEXHOJOTUU — JIUThS
BBICOKOJTUCTIEPCHOTO KEPaMHUYECKOTO IOpPOIIKa, CMEIIAaHHOTO CO CBS3KOW-KIeeM |
mIacTu(UKaTopoM, B IUIACTHKOBYIO MAaTpuUIly CIOXHOM Qopmbl. B  kauectse
IJTACTUKOBOM MaTpHUIIBI BBHICTYIANA OOBIYHAS ITONNYPETaHOBAas TyOKa C pa3Mepamu 1op,
OMM3KUMH K N300payKEHHBIM Ha PHCYHKE.

«CpepxnpoBoasiiaa  Mo3zauka». Hepapxuueckas JedekTHasi CTPyKTypa
ceepxnpoBoasineii (BTCII) nmeHokepaMUKH HAa OCHOBe MTTPHii - OapueBOro
kynpata YBa,Cu;0,. (onmuyeckas Mukpockonus 6 noisipuso8anHom ceeme Ha wnugpe
obpasya, nocredosamenbHas NOAUPOSKA 6naomb 00 pasmepos 3epua abpasusa 0.5
mukpon). JlanHas Qortorpadus mpencTaBaseT OONBIION METOJUYECKHH HHTEpec,
[IOCKOJIbKY HArJISIIHO JIEMOHCTPHUPYET CIOXKHYIO pealbHYI0 CTPYKTYPY COBpPEMEHHBIX
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MHOTOKOMITIOHEHTHBIX HEOPraHMYeCKHUX MaTepuanoB. [lodTh eIMHCTBEHHBIH IyTh
MTOJTy4YEeHUS TAKOH MHUKPOCTPYKTYPBI, HEOOXOANMOMN Il PEKOPHBIX CBEPXIPOBOIAIINX
XapaKTepUCTUK, — KPUCTAIM3ALMs pacIulaBa, TaKk Kak B HEM CKopocThb nuddysun
KOMIIOHEHTOB IOpa3/io BBIIIE, YEM B TBepAOM Tene. KpoMe Toro, n3-3a OTHOCHTENBHO
MaJIoOi BA3KOCTH PAcIIaBa BO3MOXKHA “‘TIOACTPOHKA” (POPMHUPYIOIIUXCA aHU30TPOITHBIX
KPUCTAJUIUTOB Pyl OTHOCUTEIBHO JpYyra, KakK COBIAJAIOIIMX YacTeH MO3aMKH.
AHcaMOnu  TICEBIOMOHOKPHCTAJUIMYECKUX O0OnacTed, pa3sMep KOTOPBIX MOXKET
jpocturate 0.5 — 5 cM, SBISIFOTCS OCHOBHBIM MOTHBOM MHUKPOCTPYKTYpBI B cClydae
kpynHOkpHucTamnmdeckoit BTCII-kepaMuku, mosrydeHHOH 13 paciuraBa. Kaxkaprii momen
sBIsieTcs arperatom gameneii (5-50 am) daser RBa,Cus0,.

[InacTuHKM OPHEHTHPOBAHBI HAPaICABHO IPYT IPYry U pa3liesieHbl MaJIOyIJIOBBHIMU
TpaHUIaMH, YTO JeJaeT WX IMPOHHIAEMBIMH JIsi TPOTEKaHWs TOoKa (IOJIMPOBAaHHEBIE
TOPIBI TUIACTUHYATBHIX KPUCTAIJIOB BUAHKI Ha (oTtorpadun). Mukpoctpykrypa BTCII-
KEpaMHKH, TEKCTYPUPOBAaHHOH C  MCIOJB30BAaHHMEM  DACIUIAaBHBIX  METOMOB,
XapakTepu3yeTcs CYIIeCTBOBAaHHEM Pa3IMYHBIX THIIOB MPOTSHKEHHBIX Ae()EKTOB, TAKUX
KaK JIBOIHMKOBBIE I'paHMIBI (OHM BUIAHBI Ha (oTorpaduu Kak depemyronuecs KpacHbIe
U KEITO-PO30BBIC MONOCKM Ha IUIACTUHYATBHIX KPUCTALINTAX), BBICOKOIUCIICPCHBIC
BKJIIOUCHHUSI HECBEPXIPOBOAAMIMX (a3 (B IaHHOM Cilyyae — 3€pHa «3eJeHOH (a3bl»
Y,BaCuOs), mucrmoxamuu, MHKpPO- W MaKpOTpemmHEL. Takum o00pa3zom, peanbHAS
crpykrypa BTCII-kepamuku, Mojy4eHHOH U3 paciuiaBa, MOXKET OBITh pacCMOTpPEHA KaK
cHCTEMa C SIPKO BBIPAKCHHBIMH «KOJIJIEKTUBHBIMUY CBEPXIIPOBOISIIUMU CBOHCTBAMH,
SBISIOMIAMHUCS ~ PE3yJNbTaTOM  CHeNU(UYECKUX  MEXaHW3MOB  KPHUCTAJUIM3AIHH.
I1ceBOOMOHOKpHUCTAIIIMYECKUE TOMEHBI 00pa3yloT MaKPOCKOIIMYECKUE arperaThl, 4Yepes
KOTOpBIE MOTEHIHMAIFHO MOTYT NPOTEKaTh OOJNbIIME TOKH (ropasmo Oojblie, 4eM B
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OOBIYHBIX METAJUTAX-TIPOBOJHIKAX ), TIOCKOJIIEKY MHUKPOCTPYKTYPHO OHHU TPEICTABIISIOT
co00if CHCTEMy C UHCTBIMH CBEPXMPOBOISAIIMMH TPAHUIAMH M JIBYOCHO-
TEKCTYPUPOBAaHHBIMH KPUCTAJUIMTaMU. bolblioe koanyecTBO Ae(EeKTOB CIIOCOOCTBYET
oOpazoBannio cucTeMbl 3((EeKTHBHBIX IIEHTPOB 3axBaTa TaK Ha3bIBaeMbIX BUXpEH
AOpukocoBa (MarHWTHBIX (PIIOKCOMAOB), KOTOpPBIE HEOOXOIUMO «IIPHUIIITAINTEY
nedekramu (pinning), 9TOOBI OHM HE TYISUIM CBOOOMHO IO CBEPXIIPOBOJHUKY B
CBEPXIIPOBOJIAIIEM COCTOSIHUHM, PAcCenBasi SHEPTUI0 M TMPHBOAS K BO3HUKHOBEHHIO
ANEKTPUIECKOTO COTIPOTUBIICHHS.

«IIpoGaemblr pocta». PocroBas MuHKpoMop(o/10rusi NPOXKUIOK INEHOKEPAMMKH
(onmuueckas MUKpOCKONUs 68 NONAPU30BAHHOM ceeme). BUIHBI OCTPOBKHM pocTa Ha
[IOBEPXHOCTH IICHOKEPAMUKH, a TakXkKe OIIeJOHbl cTymeHeil pocra. OOpasen He
muoBaH M COXPaHAET €CTECTBEHHBIE HEPOBHOCTH TIOBEPXHOCTH, B KOTOPBIX
«3aIllcaHa» UCTOPHS KpUCTaIIM3aluK oOpasua.




«BbrxuBaer ObicTpeiimimiiy. Hanpasnennas kpucranamsanus ciaoss BTCII-da3bl
B KOHUEGHTPALlMOHHOM TIpajJMeHTe HOHOB  PeIKO03eMeJbHBIX 3JIEMEHTOB
(onmuueckasi MUKPOCKONUSL 8 NOJIPUI08AHHOM ceeme). JIaHHBI YHHKAJIBHBIA METOT
MIO3BOJIAET OCYIIECTBIIATh YIpaBiIsgeMoe camMoTekcTypupoBanue pactymux BTCII
KPUCTAJIZIOB OJHOBPEMEHHO Ha BCEM MPOTSDKEHUU JIEHTHl WIM IIOBEPXHOCTH, HA
KOTOpPOH HameyaTaH pHCYHOK M3 DPAa3IUYHBIX MO COCTaBy KOMIIOHEHTOB
KPHUCTAITU3YIOUIEHCS CUCTEMBI.

—
-
—
p—
—
-
-
—
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-

IIpuHIMI reoMeTPUYECKON CeJIeKIHHU NPH MACCOBOIl KPUCTANIM3ALUH.
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«[lupurecTBO CKeJETHBIX KPUCTAIOB». (O0Opa3oBaHHe TMEPBBIX KPHCTAJLIOB
Heogum-0apueBoro BTCII-kynpara Nd;.,Ba, (Cu;0, npu oxya:kneHuu pacmnjiaBba,
coJepkaniero HUI0JIbYaThble KPHCTALIbI NMPONepPUTEKTUYECKOH a3sbl
NdBa,Cu,01y (onmuueckas Muxpockonus 8 noisapu3o8annom ceeme). DopMupoBaHue
BTCII-kympara IpouCXOIUT B YCIOBUSIX «TOJOJAHVS (HEJOCTAaTKAa KOMIIOHEHTOB IS
pocTa), 4TO MPUBOAUT K (HOPMHUPOBAHUIO TOJIBKO Hambojee ObICTPO PACTYLIMX I'paHEei,
MOTJIOUIAIOIIMX IMPAKTHUYECKU BCE JOCTYIHOE BELIECTBO AJIS pOCTa U3 NMUTATENBHOM
CpeIsI-paciiaBa, B TO BpeMS KaK OCTaJIbHBIC YYaCTKH HE HMEIOT BO3MOXKHOCTEH
00pa3oBBIBATECA CO CKOJIb JMOO 3aMETHOM CKOPOCThIO. B pesynbrate ¢opmupyercs
peOepHas win Tak Ha3blBaeMas CKeJleTHas (opMa KpUCTaUIOB, KOTOPHIE NPH poOCTe
TpeOYIOT paCTBOPEHIUS UTOMBYATHIX KPUCTAIIIOB, SBIISIONIMXCS CBOCOOPA3HON «ITUIIIC
s ckenetHo ¢opmbl BTCII-kynpara. [ToTeHITMaNBHO BCE WTOJIbYaThie KPUCTAILIIBI

«AHauBUIYyaIBLHOCTD KPHUCTALIIUTA». PocroBbie  nedekThl OT/AeJILHOI0
kpuctayuiata P33-6apueBoro xympara (yugposoil snekmponusiii mukpockon). Ha
MMOBEPXHOCTH BHIHBI KBaJgpaTHBIE M Malo4kooOpasHeie Kpuctamisl BaCuO,,
SMUTAaKCHAILHO (OPUEHTUPOBAHHO) BBIPOCIIHME HAa MOBEPXHOCTH OOJBIIOTO KpHCTAIa
YBa,Cu;0;. BaCuO, sBusijcsi KOMIOHEHTOM TOHKOW IUIEHKM MAaTOYHOI'O pacIuiaBa,
CMauYMBAaBIIECH KPUCTAIUT UTTPUH-O0ApHEBOTO KyIlpaTra TPH BBHICOKOW TEMIIEpaType BO
BpeMs €ro pocTa, KOTopas MpeBpaThiach B CMECh TBEPIbIX (a3 IpH 3aTBEPICBAHUU BO
BpeMs TIOHMIKeHHUs TemrepaTypbl. CripaBa BHU3Y Ha (oTorpadMu OTYETINBO BUIHBI
SUIEJIOHBI CTYIMEHEH pOoCTa, CBUJIETEILCTBYIOIIME O IOCIOWHOM POCTE KpUCTaia B
VCIIOBUSIX ~ JIOCTATOYHO HHU3KOIO TIepPechIeHus. Hamndme OBaNbHBEIX — BIATUH
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CBHJETEJILCTBYET O «TOJOJAaHUW» KpUCTaula (HEJOCTaTKe POCTOBOTO BEIIECTBA) BO
BpeMs pocTa. Hanmmume NmpomONBHBIX TPEUIMH — Pe3yibTaT TEPMHUYECKOTO IIOKa NP
ObICTpOH 3aKajIKe KpHCTaJlia MoCie cTaluy pocta. B mpuHuunne, poctoBas Mopdonaorus
KPUCTAJUIOB Cyry0O MHAMBUIyalbHa M, KaKk IO OTIEYaTKaM MaJblax Ha MeCTe
MPECTYIUIEHUs, BO MHOTHX CIy49agX TMPaKTHYeCKH IIONHOCTBIO  TIO3BOJISET

PCKOHCTPYHPOBATH NPCABICTOPUIO ITIOJIYUCHHA KpHUCTallia.

EHT = 15.00kV Signal A=SE2  Date -22 May 2001
WD= 10mm  SignalB=AUX1 MAG= BE0X

Campblii kpynHelii B Mupe kpucrann BTCII
HeoAUM-0apHeBBIX KynmpaToB (2 cM), MOJIy4eHHbI
MOIMPUIMPOBAHHBIM  MeTOAOM HoXpaJbCKOro.
(SRL ISTEC, Anonwus)
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«IIpaBblii mepeBopoT». I'padodnurakcus: «yMHbIe 3aTPABKH» (ONMUYECKA
Mmuxpockonus). BrepBble TpapoOTEeKCTypUpPOBAaHHE YIAJIOCh HCIOJIb30BAaTh IS
COBPEMEHHBIX MHOTOKOMITOHEHTHBIX (hyHKIIMOHAIBHBIX MaTepuaioB
(BBICOKOTEMIIEpAaTYPHBIX ~ CBEPXMPOBONHUKOB). M300pakeH poCT KPHCTAJIMTOB
uTTpHUii-6apueBoro kympara YBa,Cu;O; Ha TOBEpPXHOCTH MNaijaIuii-cepeOpsHHOTO
craBa (KeNThIA (DOH, BUAHBI 3€pHAa METAIMYECKOTO CIUIaBa) NPU MEIJICHHOM
oxJaxaeHud. Kpucramibl TOBTOPSAIOT KOHTYPHl IMOBEPXHOCTHOH  CTPYKTYpHI,
MOoNTy4eHHOH TpadapeTHON medaTpio (HaHEcCeHHeM pHCyHKa depe3 Tpadaper). Ha
(oTorpaduu TOKa3zaH BEPXHUM JIEBBIM YyTOJ PHUCYHKA, MPEACTABISBIIETO COOOU
CUCTEMY BJIOXEHHBIX APYT B Apyra KBaapaToB. OOpa3oBaHuE caMHUX CBEPXIPOBOASIIUX
KPHUCTAJIOB TIPOWCXOMMIIO 33 CYET XHMHYECKOTO B3aMMOJEHCTBHS KepaMHU9IeCKHX
«depHW» pucyHKa (mopomka da3el  Y,BaCuOs ¢ opraHmdeckuMm KieeMm) C
BBICOKOTEMIIEPATYPHBIM 3BTEKTUYECKUM paciiaBoM coctaBa “BazCusOg”, KOTOpBIM
TIPOIUTHIBATA PUCYHOK (IIOBEPXHOCTHYIO CTPYKTypy) mpH Temmeparype 970-990°C.
HazBanme «yMHBIE 3aTpaBKH» OOYCIIOBIEHO TEM, YTO KPHCTAJIBI CaMH 00pa3yroTCs
y)X€ B HYXHOM OpHEHTAIMH, 3apaHee 3aJaHHOW 3a CYeT CHMMETPHUH PHUCYHKA IpH

TCOMETPUYCCKHU — OTPAHHNYCHHOM POCTC KPHUCTAJIJIMTOB B <OKHJIKAX)).
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«Mopo3Hble  y30pbl».  XapakTepHas  MHKPOCTPYKTypa  3aTBep/AeBIIEro
3BTEKTHYECKOr0 KYNPATHOIO0 pacimiaBa («MOpPO3HbIe Y30pbI»), Ha ITOBEPXHOCTH
KOTOPOTO ILIaBajl IUIACTUHYATHINH KPUCTAJUIUT CBEPXIPOBOASIIETO UTTPUIA-0APHEBOTO
kynpata YBa,Cu;0, (B eHTpe) (onmuueckas MUKpOCKONUs 8 HOAAPUI08AHHOM C8eme).
BBepxy, BHU3Y U B IIEHTpE — CTECHKH U3 CIUIaBa cepeOpo-nanianii, BEICTyNAIOMNEe HaJ
ITOBEPXHOCTBIO paciuiaBa (BUA CBEPXY), KOTOPBIE COCTABISIM YacTh MOBEPXHOCTHOTO
penbeda THOKON MeTaTHYeCcKOl JIEHTHI, Ha KOTOPOH MPOM3BOAMIACH KPUCTAILTH3AIINS.
BricTymatomnme 4acTé CTEHOK OKPYKEHbI MEHHCKOM, BO3HHUKATOINM HM3-32 CMaYHBaHUSI
MaTepuaga JIEHTHl KyHpaTHBIM  paciuiaBoM. COOTBETCTBEHHO, «BOTHYTOCTBHY
MOBEPXHOCTH paCIUIaBa OKOJIO 3JIEMEHTOB HCKYCCTBEHHOrO pelibeda CTaHOBUTCS
OUYEBHIHON M3-3a JEKOPHPOBAHMS COOTBETCTBYIOIIETO ydyacTka Ha MUKpogoTorpaduu
JaMeTbKaMH 3aTBEpAEBIINX KOMIOHEHTOB pacmiaBa (cmeck BaCuO, m CuO). Ilpn
rpadOTEKCTYpUPOBAaHUM HEOOXOAWMa TOJBIKHAs Cpela, B KOTOPOW pacTylue
KPUCTAJUTUTHL MOTYT IEPEeMEIaThCs, BPAalIaThCs M TEM CaMbIM «IOJCTPAUBaTh» CBOIO
OPUEHTALMIO B COOTBETCTBUH C PACIOJIOKEHUEM 3JIEMEHTOB UCKYCCTBEHHOIO pesibeda.

«I'padoxpucraminyeckoe nepeso». I'padodnurakcus: «IepeBo KpPUCTAIIUTOBY,
oOpa3oBaBmIeecs 3a CUET IIOCIEIOBATEIBHOTO pa3pacTaHUs HCXOJHOTO KpHCTallIa
(BHHMBY) 4epe3 BIIEMEHTHl MCKYCCTBEHHOTO pelibepa MOBEPXHOCTH (CTEHKH KaHAaBOK
pasmepom 0.1 MM Ha TOBEPXHOCTH II€HTHI W3 CIIaBa cepeOpo-MauTajuid,
(dhopMupytolie TMOMOCYATHI penbed, BUA CBEPXY) (Onmuueckass MUKPOCKONUSL).
[IpoHNKHOBEHHE KPUCTAIUTUTOB B COCEIHHE KaHABKM CHHM3Y BBEPX BBI3BAHO TEM, YTO
npu  temmepatypax 920-930°C, KOTOpBle NPHMEHSIIMCH JUISl KPHCTALIH3AIMH, B
METAJUINYEeCKOM CIUIaBe YK€ MOABIAIOTCA CIEABl 3BTEKTHUECKOH JKUAKOH (asbl,
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KOTOpBIC TIPUBOJAT K 3ePHOTPAHUIHOMY «IIOATUIABICHUIO» CIDIaBa U (POPMHPOBAHHIO
MHKpO3a30pOB B CTEHKaX HMCKYCCTBEHHOI'O penbeda MOBEPXHOCTH. Pe3ympTupyiomnias
CTPYKTYpa — «JI€PEBO» CPOCIINUXCS CBEPXIPOBOAAIIMX KpUCTALTHTOB (a3bl Y Ba,Cu;0;
WHTEPECHA TeM, YTO JIOCTUTAETCS COBEpIICHHAs B3aUMHAs OPHEHTAIUSI COCTABIISIONINX
«IIepeBO» KPHUCTAJUIUTOB, UYTO SIBISICTCS XU3HCHHO-BAKHBIM JJISI CBEPXITPOBOJISIINX
MaTEepHaoB.

«Tecnoe cocencreo». IloBepXHOCTHBIA penbed Kak «reoMeTpHYecKoe I10Jie»,
ynpapjsiomee  pPoCTOM  KPHCTAJJIMTOB  (ONMuyeckdas — MUKPOCKONUs 8
noaspusosanHom cgeeme). V300pakeHHbIE Ha KapTHHKE KPHCTAJLUIBI IPEICTABISIOT
co0ol CcBepXmpoBOIAIMMKA KympaT HTTpus W Oapusa YBa,Cu;O,, Haxomsmuiics Ha
MOJJIOKKE M3 CIUlaBa cepeOpo-majutaauii, KoTopas o0JafgaeT OIpeAeIeHHOH
CTPYKTypoii — penbeoM MOBepXHOCTH. I[IpomcxoskieHue Ioioc Ha MOBEPXHOCTH
KPHUCTAJIOB CBA3aHO C (JOPMUPOBAHUEM JABOHHHUKOBBIX A€(EKTOB, KOTOPbIE BOSHUKAIOT
B ¢eppoautactuke YBa,Cu;0; u3-32 HECTEXHOMETPUYHOCTH CBEPXIPOBOJSILCTO
KympaTa Mo KHCJIOpPOJIy W TOSBIIOTCS B pe3yibraTe (pa3oBoro mepexoja 2 pona Thma
«TIOPAAOK-0ECTIOPAI0K» HPU OKHCICHNH KpHucTauioB. CaMm BHEUTHWH BUA KPUCTAJUIOB
TOBOPUT O MHOTOM — HaJIN4YMe JBOHHHUKOBBIX A€(EKTOB MOATBEPKIAET, YTO KPUCTAIUIBI
MIPOIIA CTAJUIO OKUCIIEHHS U 00J1aal0T CBEPXIPOBOASIINIMU CBONCTBAMH, a TAKXE TO,
YTO OHHM OPHEHTHPOBAHBI COBEPIIECHHO OIpPENSIEHHBIM O00pPa3oM — C OCBIO «C»,
HaIpaBJIEHHOH CTPOTO BBEPX, M OCAMH «a» M «b», PacHOI0KEHHBIMH IapauIeIbHO
COOTBETCTBYIOIIIMM IpaHsM KpucTamia. IMEHHO Takoe, TOCTUTHYTOE UCKYCCTBEHHO (3a
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CYeT IMOJIOCYATOr0 penbeda MOBEPXHOCTH), PACHOJIOKEHHE KPHCTAUIOB Haumbolee
BBITOJJHO C TOYKH 3pPEHHS peaqu3allid  TPAHCIOPTHBIX  CBEPXIPOBOASAIINX
XapakTepucTuK, mockoyibky BTCII ¢a3sl 00manaroT BRICOKOH KpHCTALIOrpaduIecKoi
aHu3oTpomnuel cBoicTB. Kpuctamisl oKpyKeHbl AUCIEPCHBIMU 3€JIEHBIMU YaCTHLIAMU;
3T0 00BMuHBIN 1BeT (¢a3sl  Y,BaCuOs, sBufiomeicss MOXyNPOAYKTOM TIpH
KpPHUCTAIIM3alliN CBEPXIPOBOAAIICH (ha3sl M3 paciulaBa 3a CYET IMEPUTEKTHYECKOI
peaknuM — OJHOTO W3 MEXaHM3MOB OOpa30BaHMS  KPYITHOKPHUCTAIIMYECKHX

MHOTOKOMITOHEHTHBIX MaT€pUaJIOB.

CaMonpon3BoJiLHOE TeKCTYpH-
poOBaHHe BHCMYT- COJepsKaLluX
BTCII HA MOBEPXHOCTH

cepeOpAHBIX MIWINHAPOB. JleBblii
HUJIUMHAP He HMeJ MCKYCCTBEHHOI0
peabedpa M He MOKPBIT CJI0EM
CBEPXIIPOBOJHHUKA. IIpasbrii
HWJIMHAP HMMead  ABYCTOPOHHHIA
peabed M MOITOMY  NMOKPBIT
kpynHokpucrammyeckoii BTCII-
NJIeHKO# c BHUHTO0OpPa3HOM
TeKCTYPOii ¢ 00eUX CTOPOH.
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K roouierw orkpoiTuss BTCII (1986-2006 rr.)

N3 UCTOPUU PA3BUTHUSI CBEPXITPOBOAUMOCTH
(B TOM YUCJIE U BBICOKOTEMIIEPATYPHOMN)

H.H.OneiinukoB
IIpodeccop MI'Y, unen-koppecionientr PAH

———
iy Thandeo ) r_?i_ﬁguw #
S T
Ok 1, 8¢ m .+ nawi-'““_; =

T Armdlare e’
i“’n.-rll-ﬂj ju:-m; ‘Iim Y. i

At de l—\.-—t:

hache i-jrﬂu:r | ]
J 3 [ -STRR R
;Qﬁi‘“’ 7
|r .-;T'L‘/".-_‘

—ne. he

- S

IIpen Bamu u3BecTHBIN OKCHIHBINA COCTaB, |

Koropslii HegaBHO Tpe] HaMU TPECTaB,

YMBI B30yIOpaKII Kak PUTMHKA JPKasa, .

A MHOTHX y4YEHBIX JOBEI JI0 IKCTa3a. | |
(T Es 4
. B

A Bot nepen; Bamu yuenstii ronnanzen,
KoTopsIit OTIIISACHBAN Kak apUKaHel

U nen, v Kpuyal, U CBUCTEI CIIOBHO UMK,
Korma BMecTo OMOB yBHAEN OH ... HIHII.

KoTopsriif HeraBHO npe HaMH MPECTaB,
VMBI B30yIOpakI Kak pPUTMHKA JDKasa,

[l Takke UMeeT U3BECTHBIN COCTaB, P
A MHOTHX YY€HBIX AOBEJ JI0 dKCTa3a.




A BoT nepenr Bamu Te 1Ba 3neKTpoHa, =
Kotopsie Kynepom o0betnHEHBI.

BuTaroT B IpocTpaHCTBE, U YepT UM He Opar,

JleraroT KaK apa CHaMCKUX OJU3HST. |

JleratoT oHM ¥ BO PTYTH TOJITIAHALA,
Crpemsich NOJUEPKHYTh BCEM
CTpeMuUTeNnbHOCTh TaHLA.

Hamonnen ux TaHIIEM U3BECTHBIN COCTAB,
KoTopsrlif HetaBHO 1per HaMU MPECTaB,
VMBI B30yAOpaKUIT KaK PUTMHKA JDKa3a,
A MHOTHX y4Y€HBIX JIOBEJ JI0 IKCTa3a.

A Bot nepen Bamu Hlanneirun u3 MOHXa,
KoTopbIil moxo>k Ha TOJIOAHOTO BOJIKA.
BriepBrie UM B MUpe MOJTy4YeH KyTpar,

Ho sTomy Urops, noBepsTe, HE paj.

Benp Bce 310 Havanu Kynepa napsl,
KoTtopsle CHSIB pe3HCTUBHOCTH Yaphbl
Burarot B npocTpaHCcTBe, M 4epT UM He Opart,
JleraroT KaK napa CHaMCKUX OJIU3HST.

IIpoaomxui BCe 3TO MPOKIIATHINA TFOIAaHACL,
KoTopsrii oTIusIckIBaN Kak apuKaHel,

U nen, v miscan, ¥ CBUCTEI CJIOBHO YK,
Korz[a BMECTO OMOB yBI/IIIeJ'I OH IIUII.

[y Taxoke nMeeT U3BECTHBIH COCTaB,
KoTtopslii HetaBHO Npe HaMU NPECTaB, )
YMbI B30y10paXxHiI KaK pUTMHKA JIKa3a, Padve B § e L -
A MHOTHX YY€HBIX JIOBEJI JI0 IKCTa3a. "1 4
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Bor beanopu u Mronnep ceituac nepen Bamu.
O npemuu HobGens - 3HaeTe camu.

I'posut MM B HayKy Ha apy BOWTH

U BceMm ux 3yOpuTh, Kak J{roonra u [1Tn.

3y6puth BceM mpuaercs Toro, uto u3 MOHXa, ?q
Koropslii moxo Ha roJ0JHOTO BOJIKA. ]

2D

3ybputs BceM npuaercs npo Kynepa maper, P
KoTopsle pBYT pe3UCTUBHOCTH Yaphbl.

¥
:

Tomnanaua 3yOpHTh, YK XOTHILb-HE XOTHUIIb, Wictler
Koropslii BriepBble paccMaTpuBail LIXILI.

3yOpuTh BCEM MPHIETCS U3BECTHBIN COCTAB,
Koropslil HeaBHO el HAMHU NIPEJICTAB,
VMBI B30y 1OpaKHI KaK PUTMHKA [Ka3a,
A MHOTHX y4eHbIX JIOBEJI 10 KCTa3a. - .

Mn~—~o TM@EO =
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A BOT mepej HaMH KuTaickas napa.
[ToBeprTe, Hagenada mapa HeMalo.

3a neit TapackoH u, kKoHeuHO, Maena.
Toskanyii, 4TO K HUM COOEPYCh U TIOEy.

IToeny x beanopiy u Mrosiepy cpasy,
Kotopsle OblIM IPUYHHON SKCTa3a.

IIposenato Taxxe Toro, uro u3 MOHXa,
KoTopslii moxo Ha rOJI0AHOTO BOJIKA.

C nouteHbeM B3MIsiHY g Ha Kynepa naps,
KoTtopsie pByT pe3uCTHBHOCTH Yaphl.

[osutana NPUNOMHIO, HY Kak ero OuIib?
KoTopsrii BepBeIie paccMaTpUBaI M.

[IpunoMHIo st Takke U3BECTHBIN COCTaB,
Koropslii iper HaMu HEAABHO MPEACTaB,
VMBI B30yZOpaKnII Kak PUTMHKA Kasa,
A MHOTHX y4YEHBIX JIOBEJ JI0 IKCTa3a.

A Bot nepen Bamu u Xepmann Ane.
I'ynster B THIIM ApKaH3aCCKUX aJUIeH.
U3 Bcex »JIeMEHTOB NPHBJIEK €ro TAIHM.
Hanerocs, 0 HeM Bbl, KOHEYHO, CITBIXaIIH.

Uuramu y Kpucru eme, y Aratsl,
Yro Tamauii CHMIITOMOB JAa€T MHOTOBAaTO,

UYro Tannwii XOpoul ITPH CBEJICHUN CUETOB...

Ho, B 006miem, xopoli oH elie Ui 4ero-To.

OH Hy»eH 3aTeM, 9T00 IIOBBICUTH Te-1ie!
Cmotpro, TapackoH U3MEHUJICS B JIUIIE.

Maena cpaxen. U kuraiickas napa,
Koropas, 3HaeM, co3ana HeMao.

Bonnyrores bennopu u Mronnep Ha napy,
KoTopbie ObuM PHYUHOI CKaHaaIa.

Yo6ur Hanosan ToT, kotopslit n3 IOHXa,
KoTopslit TOX03 Ha FOJIOJHOTO BOJKA.

Tecneit npmwxumarorcsa Kynepa napsi,

Uro0 paHblie NPOPBATh PE3UCTHBHOCTH YapHl.

Tomnangen B Hokayte. Kak ero...oumib?
KoTopslit BIiepBBIE pacCMaTPHBAJ LIHIIL.

bnenneer, TycKHEET N3BECTHBIN COCTAB,
Kotopblii HeJaBHO Ipe]] HaMU NIPEACTaB,
VMBI B30y LOpa>KHI KaK PUTMHKA JDKa3a
W MHOTMX y4YeHBIX JOBEJ 10 KCTa3a.
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A Bot nepeq Bamu u cam TpeTssikos.

KakoB Ha KapTUHKE - U B )KU3HU TaKOB.

Koneuno, on utut Tapackona c Maenoi,
K mocnennemy, kcTaTti, HaMeIHH TIOEXaJl.

Koneuno ’xe, YTUT OH KUTaMCKyI0 mapy,
Koropas, 3HaeM, co3nana Hemallo.

On urut u bexanopia, u Mronepa cpasy,
KoTopbie 6buM IpHYMHOM HKCTa3A.

Koneuno, on urut "Apkanzacckoe uyao",
Ho BepwuT, 9TO HaM €CITH HY>KHO - TO OyeT.

Bo uro yx He Beput BOT TOT, uto 13 MOHXa,
KoTopsiif moxo>k Ha TOJIOZHOTO BOJIKA.

Bo uto Te He Bepsr, uto Kynepa 3nator,
Tpyzsl ke ToIaHALa COBCEM HE YUTAIOT.

A 9TYT IUIIb U3BECTHBIA OKCUIHBIA COCTaB,
Koropsiii HegaBHO Tpe] HAMU TPECTaB,
Hapymmn 3akonsr, Bmrodast 1 Oma,

W MHOTHX y4YeHBIX TOBEJ 10 AypAoMa.

A BoT nepen Bamu TaHzeM u3 Poccun.

Teneps ux Bee 3HaOT. JIro60ro crpocure.

Ux pryts npuBnekia. A Beab pPTyThb - He
MOJIAPOK.

Taur B cebe Maccy cepbE3HBIX 3araJioK.

Ho cmeno co pTyTeio momm Ha pekop/,.

Bechk MUp ycIbIXall HX TOOEAHBIH aKKOPI.

Tonnangen ycnpiman!
Hy, kak ero... Oums?
Kotopslii BriepBble paccMaTpuBal LIXILI.

CpakéH ObUI BOH TOT,
Hy, xoropsrit w3 MOHXa,
KoTOpHIil HOX0X Ha TOJIOIHOTO BOJIKA.

Pykamu pazBoasat =R

W bennopi, u Mromnep: L) e

Kyna sxe poccuiickue MaTpbl marnym? 1‘?" L
1 i

Kuraiickas napa r __,

B 3arbuikax yecana.

U Tonpko menTana: n :J"|'|,J|J-'|'|_,.J H AH TH 0B

Ja, aTo He mao.

Maena moexan ¢ Busutom B Kanany. -
IIpuns k Tapackony, ckazan oH: He Hazgo! —p Ay
He nano! He Hago 3a cepane pykamu. ’
Benp ObuM KOTa-TO U MBI PBICAKAMH.

U capimian s Takxe,
Yro XepMmaHn AneH
OT rops yexall ¢ pOAUMBIX aJlIeH.

[a, Kynepa napsl y cKaTbl JOHEIb3s
Mex HUMH yKe U KOMap He IpoJie3eT.

Bcé 0osbIiie OJ1eIHEET N3BECTHBIN COCTAB,
KoTopslii koraa-To npen HaMu MpeacTas,
YMBI B30yZOpaKIIT Kak PUTMHKA JKa3a
W MHOruX y4€HBIX TOBEN O IKCTa3a.
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