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PeHTreHOCTPYKTYPHBIMM HCCI€NOBAHUAMU KUHETUKU TBepAo(a3HOro CHHTe3a CIOKHBIX OKCHIOB PeIKO-
3eMeNLHBIX 3IeMEHTOB B 3aBUCHMOCTH 0T pa3dMepa KPUCTAIIUTOB MCXOJHBIX IIPOCTHIX OKCHUJOB IOKAa3aHO, UTO
HeIIpePBIBHBIN HarpeB 06pa3noB npu TBepHodasHOM CHUHTe3e cTUMYIupyeT daszooGpasoBanue npu Golee HUBKUX
TeMIeparypax U 3a Golee KOPOTKHe BpeMeHa, Heell JINTeIbHbIe CTyNeHYaThle OTUTY. YCTaHOBIEHO, YTO
VHUIIUYpYIONee AelicTBUE HeNpephIBHOIO Harpepa Ha ¢asoo6pa3oBaHue TeM 3(pdeKTHBHee, UeM MeHbIIE pasMep

KPUCTAIIUTOB NCXOOAHBIX KOMIIOHEHTOB.

PACS: 61.10.—i, 81.07.—b; 81.10.—h

OGrIuHO (ha30BhIe MpeBpalleHUs B KpHUCTaliax Mc-
CefyIOTCH MPU MaKCHMMAalbHO PaBHOBECHBIX YCIOBHAX
npoBeleHUsA 3KcmepuMenTa. Ilpu 3ToM ocoGoe BHUMA-
HHe yAenfeTcA TepMocTabuiausanuu obpasia 1 ycTpaHe-
HUIO TeMIepaTypPHbIX I'PaJMEeHTOB, MOCKOIbKY MOCIe]-
HUe TPUBOIAT K MEeXaHUYECKUM MaKpOHANPAMEHUAM B
KpUCTalllaX U, KaKk CIefCTBHe, K U3MEHEHUIO TeMIepa-
TYpbl, WK Pa3MbITUIO (pa3oBbIx nepexoxoB. Yacto, on-
HaKo, HaGMIOIAIOTCA CTPYKTYpPHbIE 3P(PEKThI, BOZHUKA-
Iol[Me pY U3MEHEeHUH TeMIlepaTypbl, KOTOpbIe He BCer-
Ia MO{HO 00bACHITD BO3AENHCTBUEM MaKkpOHANPAMKEHUA
WM pelaKkcaluoHHbIX MPOLECcCoB NPU Mepexoe B HOBOe
paBHOBeCHOE COCTOAAHME. B 3TOM miiaHe MHTEPECHBIM AB-
JAeTCA U3yUeHUe CTPYKTYPHBIX MPOIECCOB NMpU Hempe-
PBIBHOM OXJlaMIeHUM M HarpeBe B pexume apeiida, To
€CTb CO CKOPOCTAMH, MPU KOTOPBIX KPHUCTAll ycleBaeT
BbIPaBHUBATh CBOIO TeMIepaTypy ¢ TeMIepaTypoil Tep-
MmocraTa [1-7].

Hamu pamee GbliM mpoBefieHbI CUCTEMaTUYECKUe HC-
Clle[OBaHUA BIUAHUA HEMPEPHIBHOIO U3MEHEHUA TeMIle-
paTyphl B peuMe apeiida Ha CTPYKTYPHble XapakTe-
pucTuku KpucramioB npycruta (AgsAsS;), THOMoue-
BuHbl ((SC(NH,))2), RbaZnCly u TMA-ZnCly, [1-6].
Br1no ycTaHoBNEHO, YTO NPU HENMPEPhIBHOM OXJIa AeHUN
06pasioB MOBBINIAIOTCA TEMIEpPaTypPhl BCEX U3BECTHBIX
LNl TUX BElIeCTB PAaBHOBECHBIX (ha30BBIX NMEPEXOJ0B U
npud ToM TeM Gonblie, yeM Goible CKOPOCTEH OXJIamae-
HUA, a MPU JAHHON CKOPOCTH OXJamJeHWA, YeM HO0Jb-
e ofpasel HAXOAUTCA B COCTOAHNM oXaasuenus [1—5].
N naoGopoT, HeNmpepbIBHBIN HarpeB MPUBOAUI K MOHU-
#eHMIo TemnepaTyp ¢dasoBoro nepexoga [6]. IIpu sTom
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6b110 yCcTaHOBJIEHO, UTO HabmogaeMblil ap¢perT He o6y-
CIIOBIIEH HU T€PMHYECKUMHM HanpAMeHHAMHU, HI TepMO-
nonsapusanueit o6pasunoB. IlomyueHHble pe3ynbTaThI Ja-
Y HaM OCHOBaHWe YTBEp#JaTh, YTO HENpEephIBHOE W3-
MeHEHHe TeMIEePaTyphI B pesuMe Jpeiida ABIAETCA 0CO-
6oro pozia BHEIIHUM BO3[elCTBUEM, IPUBOJAMUM K UHU-
MU POBaHMIO 00pa30BaHKA CTPYKTYPHBIX COCTOAHUI 3a-
JOIT0 0 U3BECTHBIX PABHOBECHBIX CTPYKTYPHBIX COCTO-
AHUM.

JKCIEepHMEHTHI MPOBOJUIUCHE HAa MOHOKDPHCTAIIU-
yeckMXx o0pasuax, B KOTOPBIX CTPYKTYpPHbIE NEPecTpoii-
KM OCYILIeCTBIAIOTCA TONbKO Ha yPOBHE NepeyNaKOBOK
aToOMOB BHYTpH oTHenbHoi Aueiiku. Hactosmee wuccre-
JOBaHUeE MOCBAIEHO U3yYeHUIO BO3AEHCTBUA HENPEPhIB-
HOrOo M3MEHEeHUA TeMIepaTypbl Ha KHUHETURY (a3006-
pas3oBaHKA NpU TBepAoGda3HOM CUHTE3e CIOMHBIX OKCH-
I0B pefiKo3eMelbHbIX sneMenToB (P33) (6opaToB RBOs,
rpadatoB R3A50;5 n neposckntoB RAQO3, rae R = Lu,
Eu, Y, Gd a A= Al unu Ga) u3 npocteix okcugoB RaO3
¥ COOTBETCTBYIOIUX OKHCIOB Gopa, allOMHHHUA U ral-
auAa. B aTom ciyuae aToMHble KoHurypauuu oGpasy-
IOIUXCA KPUCTALIMYECKUX CTPYKTYP UM MPOCTPAHCT-
BEHHO pa3feleHbl pa3MepoM KPHCTAIIMTOB HCXOXHBIX
OKCHJIOB, MY HAXOAATCA HA aTOMapHOM PacCTOAHUM, HO
Xa0THYeCKH pacnpe/elleHbl, €CIN CUHTE3 POBOAUTCA U3
aMopGHOro COCTOAHUA, NMOIYUYEHHOrO NOCIEe TepMoNu3a
pacTBOpUTENIA U3 pacTBOpa WK pacTBopa-pacniaBa UC-
XOJHBIX OKCHJOB IIPU MCIOXb30BaHMM sol-gel meToznoB
[8—11]. B mociegnem ciyuyae 06pasoBaHMIO HOBBIX CO-
e[MHEHUN MpeJlIecTBYeT pa3loMeHue UCXOAHBIX KpHC-
TaluINYeCKNX KOMIOHEHTOB Ha OTJelbHble aTOMbI U HX
nocienyiouas BzauMoanddysus nnga o6pa3oBaHiA HOBO-
ro KpUCTallN4YeCKOr0 COCTOAHUA.
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BriGop anA uvccliefoBaHUiT CIOMHBIX OKCUAHBIX CO-
enqunenunit P33 obGycioBieH UX NPUKIATHLIM 3HAYEHU-
em. Tar, 6opaThl, nmepoBcKUThl U rpaHaTel P33 o06-
nanaioT 3¢ (PeKTUBHBIMYU CHUHTUIIALNMOHHBIMU CBONCT-
BaMHM, KOTOPBIM B HacTofllllee BpeMA YAeIAIOT O0NbIIoe
3HaYeHNe B paJualVOHHONU TEeXHUKEe M, B YacTHOCTH, B
Tomorpadpuu. OnucanHble HUMe 3QPEKTHI B TOH WIU
WHOIi Mepe MOIHOTHI UccleoBaHuA Gb1Iu HaGII0IeHbI Ha-
MM NpU CUHTE3€e BCEX BhIMIENEPEUNCIEHHBIX CIOMHBIX
OKCHJIOB, OJlHaKo Ooliee JeTalbHble 3KCIEPUMEHTHI GbI-
Iu mpoBefleHbI Ha obpasnax Goparta miotenua LuBOj.
Bopat niotenna B paBHOBECHOM COCTOAHUM UMEET BBI-
coxoTemnepaTrypHyio ¢asy rambuuta (calcite) (mp.rp.
R(-3)c, a = 4.91 A, ¢ =16.21 A), KOTopasA cTabuibHa
1o 1310°C. Beime 3T0it TemMnepaTypsl B mpouecce ¢aso-
BOT'0 epexo/ia NepBoro poja pealru3yeTca BEICOKOTEMIIE-
parypHas ¢asa ¢datepura (vaterite) (mp.rp. P63/mmc,
a = 3.73A, ¢ = 8.71A) [12]. Oxnaro mpu TBepo-
¢asHoM cuHTe3e GopaTa NIOTENUA U3 MPOCTHIX OKCHAOB
LupOgu BoO3 Habnionaetca HeoObIUHAA NOCTEJOBATEND-
HOCTh (ha3oBbIX cocTofAHmit [13—15], a uMeHHO, nepBoii
(npu Temnepatype cuntesa paBuoii ~ 900 °C) oGpa3sy-
eTcA HU3KoTeMIepaTypHaa (asa paTepura. Ita dasa,
Kak NOKaszaHO aBTOpaMu paGoth! [14], ABnfeTcA Mera-
cTabunbpHONU U NpU JalbHeilleM NOBBINIEHUU TeMIEpPa-
Typs! 10 1037°C nepexomut B paBHOBecHYIO ¢azy Kallb-
nuta. Ilocnexnnasa B cBoio ouepelb NpH 1350°C TpaHc-
topMupyeTCcA B BBICOKOTEMINEpATypHBI daTepur. ITO
06CTOATENBLCTBO NMO3BONAET UCIONL30BaTh TEMIEPATYDPY
(asoBoro nepexona 6opaTa JIO0TeNNA U3 HU3KOTEMIEpa-
TypHoro ¢arepuTa B KalbLUT B KauecTBe pemepa A
onpeneneHNA BIUAHUA HENPEPHIBHOTO HarpeBa Ha KUHe-
TURY oOpa3oBaHuf (a3 npu TBepAo(pa3HOM CUHTe3e.

Brino usroroBneHo Tpu cepuu oGpasuos. IlepBas ce-
pua o6pa3noB mpeacTaBifla coboil mpeccoBaHHble Tal-
JIEeTKM M3 CTEXMOMETPUUYECKONU CMECH MHKPOIODPOLIKOB
Lu2O3 u B2Og3, pasameps! KpUCTANIUTOB KOTOPLIX Baphb-
vpoBaiuck B npegeinax 1—-10 MKEM.

Bropasa cepusa o6pa3noB Takie MpeacTaBifana coboit
IpeccoBaHHbIE TAaGETKN M3 CTEXMOMETPUUYECKOH cMecH
HCXOZHBIX NMOPOLIKOB MPOCTHIX OKCHUJOB, pasMephl Kpuc-
tamnuToB LusO3 B KoTOphIX He mpeBblmanu 10-15HM.
Takoit nog6op pasMepoB KPUCTANINTOB NMepPBOil U BTO-
poii cepuu o6pa3noB ObLI NpeHa3HAYEH JJIA BbIABICHUA
BIUAHUA HAHOPa3MEPHOCTU UCXOTHBIX KOMIOHEHTOB Ha
KUHeTURY o6pas3oBaHuA Goparta mioTenus.

Tpetrba cepua obpasuoB Oblna monydeHa sol-gel-me-
TomoM. Jlna »Toro mopoumku npocThix okcumoB LugOs
u B2O3 B cTexuoMeTpruecKoM COOTHOLIEHUM PacTBOPA-
auck B asoTHoit kuciote (HNOj3) npu 300 °C, 3atem mo-
ny4yeHHBIN pacTBop GbicTpo Harpesainca go 700 °C, uto
NPUBOJUIO K Pa3loMeHUI0 HUTPATOB. B pe3ynbTare mno-
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nyuvalncs nopoumroo6GpasHelil o6pasen (Ha3bIBaeMblii B Ha-
Y4HOU IMTepaType NPEKypcopoM), CTPYKTYPHOE COCTO-
fIHNle KOTOPOT'0, KaK MOKAa3alIy JOMONHUTENbHEIE JeTallb-
Hble HcClIeJoBaHNUA, ABIAETCA aMOP(dHBIM.

TrepaothasubIit KpucTannuueckux  (as
LuBO3; mnpoBoaunca B naGopatopuoit meuun SNOL-
6.7/1300, cuaG:eHHOIi TPOrpaMMHUPYEMBIM 3afaTIUKOM
MaplipyTa HarpeBa U oxJlampaeHua obGpasuoB. [ud
UCCle[0BaHUA BIWAHWA HENpEephIBHOIO HarpeBa Ha
KUHETUKY TBepAo(}a3HOro CHHTe3a NJA MEePBBIX [IBYX
cepuii o6pa3noB Ob1MU BhIOpaHb! JBa TepMO-BpeMeHHBIX
MapuipyTa. IlepBolii peuM XapakTepu30BajicH Hempe-
PHIBHBIM TMOBBIIIEHMEM TEMMepaTyphl OT KOMHATHOIA
Jo 800°C B Teuenue 2.5u u Beigepkoil mpu 800°C
B Teuenune 20 MuH, mocie yero oGpasel M3BIEKAICA U3
neuu [yiA GLICTPOro OXJamJIEHUA B PeMUMe OCThIBAHUSA
Ha Bo3nayxe. OOmee Bpemsa oT:ura ofpasia B 3TOM
crydae cocTaBifano 24 50MuH, cpegHAA CKOPOCTh
Harpesa & 3.9 rpan./MuH.

CHUHTE3

BTopoit pexum — crynenuaTsrit. O6pasel; HarpeBad-
cA oT KoMmHaTHoit Temmnepatyphl Ao 500°C B TeueHue
30 MuH, 3aTeM BBIJEpKUBANCA MPU ITON TeMmepaType
B TeueHMWe 24, Jalee HarpeBaicAa 3a 15mun mo 600 °C
U BBIJIEPMUBANCA B TeueHUe 24 U Tak uepe3 KaMmJble
100°C mo 800°C, rae Take BhIAEp/KUBAICA B TeUeHUe
Tex e 24. OGmee BpeMA oTx#ura o6pasiia B 3TOM CIy-
yae cocTaBiaAno 9u 15 MuH, cpelHAA CKOPOCTL HarpeBa
~ 0.9 rpan./muH.

CTpyKRTypHOe coOCTOAHMe 00pasloB perucTpupo-
Ballocb Ha peHTreHoBckoM audparTomerpe D500
(Siemens). Hcnonb3o0Banoch MOHOXPOMaTU3MPOBAHHOE
Cu K,-usnyueHue.

Ha puc.l mokasanbl xapaKkTepHble AU(pPaKIMOHHbIE
CIEKTPBI NepBoii cepun obpasuos. Crnertp (a) xapakre-
pU3YET UCXOAHOE cocToAHMe obpasua. Kpecturamu oT-
MeueHbI pedIeKChl OKCHA NIOTENNA, 3BE3J0YKOI 0TMe-
ueHbl peduercel okcuga 6opa BoOs. Cnextp (b) xapak-
Tepu3yeT cocTofiHMe o6pasla B pe3ylbTaTe HENpephIB-
HOro HarpeBa TabneTku. 3HAYKOM “v’ OTMedYeHEI OTpa-
#eHunA obpasoBaBlieiica B pe3ylhTaTe oT#ura pasnl Pa-
Teputa GopaTa miotenus. IlpeacraBieHHbId ceKTp Xa-
pakTepusyet oGpa3oBaHue (asbl paTepuTa Npu coxpaHe-
HUHU 3HaYuTenbHOro Konuuectsa Lu,Os. Cmertp (c) xa-
paKTepusyeT cocTofgHue o6pasiia nocie OnuCaHHOro BbI-
e CTyNneH4yaToro HarpeBa. BuaHO, 4TO MO CpaBHEHUIO
co cnextpoM (b) mons dassl GaTepuTa NpU CTYyNEHIATOM
HarpeBe yBelW4MIach, a JONA OCcTaBIIeilcA UCXOAHOI (a-
3bI OKCHJA JMIOTelNUA NMOHU3NIACh, XOTA U HE3HAUUTEND-
Ho. Cnemyer, ofHaKO, MOJUYEPKHYTh, UTO CyMMapHOe
BpeMf CTYMEeHYaToro oT#ura obpasia NpeBbIlaio Bpe-
MA HeNpephIBHOrO Harpera B ~ 3 pasa.
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Puc.1. JudpaknuonHsle cneKTpel obpasna GopaTa JioTe-
WA, IPUTOTOBIEHHOT0 U3 MUKPOCKOMUYECKMX KOMIOHEH-
ToB Lu2O3

Ha puc.2 mokasaHbl xapaKkTepHble IU(pPaKRINOHHBIE
CmeKTphbl BTOpOi cepun oGpasuoB. CmerTp (a) xapaw-
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Puc.2. Indpariyonssie cieKkTpbl o6pasna GopaTa JioTe-
YA, IPUTOTOBIEHHOr0 U3 HAHOCKONIMYECKUX KOMIIOHEHTOB
Lu203

TepU3yeT MCXOJHOe cOCTOAHMe obpasna. HKpecTuramuy,
Kak U Ha puc.l, oTMeueHb! pedIeKchl OKCHAA TIOTEINA.
3HaunTelbHaA MUPUHA 3TUX pediIeKCcoB 0 CPaBHEHUIO
C aHaJNOrMYHBIMU Ha puc.l o6yciIoBIeHa HaHOCKOMMYEC-
KUM pa3MepoM paccerBalOIINX ANEeMEHTOB. 3Be3J0YKOii
OTMEYEH caMblif cUIbHBIN pedierc okcuaa Gopa B2Os.
Cnexrp (b) xapakrepusyer cocrosHue ofpasua mnocie
HenpephIBHOro HarpeBa. (paBHeHHMe 3TOro CIeKTpa ¢
aHaloru4yHbIM 1A o6pa3ia U3 UCXOTHBIX MUKPOKOMIIO-
HEHTOB HAarifAJHO NMOKA3bIBaeT, YTO B CIyYae HCIOIb30-
BaHMA 00pa3la U3 HAHOKOMIIOHEHTOB HENpEePhIBHBIN Ha-

rpeB NPUBOAUT K MONHOMY Nepexony B ¢a3y ¢arepura.
Onnakxo Gonee BaKHBIM [JIfl HAC Pe3yJIbTaTOM fABIAETCA
cOXpaHeHMe MCXOJHOI ¢a3bl OKCHAA JIOTELUA MPU CTY-
meHyaToM OTure obpasua, cMm. cnetp (¢). U xora
cyMMapHoe BpeMf npebbiBaHuA o0pasla B Ipolecce OT-
JKUTra B 3TOM ciiyuae B 3 pasa 6onblile, a BpeMA OTKUra
npu 800°C paske B 6 pa3 Gouablle, yeM IPHU HeNpephIB-
HOM HarpeBe, J0JA OCTaTOYHOH (a3bl okcuia JOTEnuA
coctaBiger ~ 11%. Hanuuo ctumynupyiolee feiicTsue
HellpepbIBHOT0 Harpesa Ha (pasoobpas3oBaHue NpU TBep-
JnojazHoM cuHTe3e.

Eme Gonee Bneuatnawomwuit 3dPeKT BIUAHUA He-
IpepPLIBHOTO HarpeBa Ha (pasoobGpa3oBaHue NMpU TBepIO-
(azHOM CHHTE3e NPOJEMOHCTPUPOBAN OTHUI 00pa3loB
TpeTheil cepun, cM. puc.3. Kak yie ykasrsiBanocs Bhllle,
HUCXOJHOE COCTOfIHME B BTOM clyuae fABIAeTCA aMmopd-
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Puc.3. NTudpakrinuonHsle creKTphl obpasia GopaTa IiOTe-
IV, IPUT'OTOBIEHHOTO Sol-gel MeToqO0M

HBIM, cM. cnekTp (a) Ha puc.3. Kar BugHO U3 puCyHKa,
B OTJMYME OT MCXOJHO MUKPOKPHCTANINYECKOr0 U Ha-
HOKPUCTAIMYECKOT0 00pa3loB B Cllyyae HENPEepPhIBHOTO
Harpesa amop¢Horo obpasua (cMm. cnextp (b) Ha puc.3)
He HabII0JaeTCA OCTATOYHBIX (Pa3 UCXOJHBIX KOMIOHEH-
T0B (Lu2O3 u T.1.). Bonee Toro, gononnurensHo ¢ ¢asoii
(haTepuTa npu TaKOM Harpese o6pas3yeTcA 3HAUNTEIbHOE
KOMM4YecTBO (a3bl KanbLUTa, OTMEUYEHHON Ha PUCYHKe
3HakoM “c”. Umesa B BuAy, 4TO paBHOBecHasg Moaudu-
KalufA KalbIUTa [PYU KCIONE30BaHMN MUKPOIOPOIIKOB
obpa3yeTca TolbKO nmpu TemnepaTtype ~ 1037 °C, mos-
HO YBEpEeHHO KOHCTATHUPOBATh BIWAHUE pa3mepa Kpuc-
TaNIUTOB UCXOJHBIX KOMIOHEHTOB Ha (azoo6pasoBaHue
npu TBepaodasHOM cHHTE3e ClI0oMHbIX oKkcuaoB P3M.
CpaBuenve gudparuuonusix cnextpoB (b) u (c) Ha
puc.3 mMoKa3bIBaeT, UYTO U HENpephiBHOE U CTyMeHYa-
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TOe TOBBIINIEHWE TeMIepaTyphl NMPUBOAUT K o6pasoBa-
HMIO (a3bl KanblUTa, OOHAKO A0NA 3TOi (a3wl Aana ob-
pasua, noJlBepruyToro 6oee KOPOTKOMY MO BpeMeHH, HO
HENpEepPbIBHOMY HarpeBy, 3HAUUTENbLHO OOJIbIIE, HEMETN
oA obpasiia, MOABEPTrHYTOr0 MIUTEILHOMY CTyNeHdYa-
Tomy oTmury: ~20.0% u ~9.5%, coorBercTBenno. Ilo-
JIyUeHHbI pe3ylbTaT N03BOJNAET YBEPEHHO KOHCTATUPO-
BaTb MHUIMMPYIOlIee NeficTBMe HeNmpephIBHOTO Harpesa
Ha (a3zoobpa3oBaHue NpU TBepAOPA3HOM CUHTE3E CIOMH-
HbIX okcugos P3M.

CrenyeT OTMETUTBL, UYTO B mpoliecce 060UX TepMo-
BpPEMEHHbBIX MaplIpyTOB TBepAoda3HOro cuHTE3a o6pas-
I[bI BCce BpeMA HaXOAWJIUChH TPH MOBLIMIEHHLIX TeMIlepa-
Typax u, cilefioBaTelbHO, CUHTe3 GopaTa JNIOTelnus ocy-
IIECTBJANCA HEMPEPLIBHO BO BCEM MHTEPBalle TEPMOBpe-
MEHHOr0 MapuipyTa. B 3ToMm mniaHe MHTepecHO ObI-
0 CpPaBHUTH MONYYeHHbIE PE3YNbTAThI C pe3ylbTaTa-
MU, MOJYyYEeHHBIMU CTYNEHUYAThIMU OTKUTAMU MPERYP-
copa B TeueHUe (QUKCUPOBAHHOT'O BPEMEHM C TOCIERY-
IOIMUMHM OXJaMIEeHUAMU N0 KOMHAaTHON TeMmIepaTyphl,
NMpyd KOTOPOi CHHTE3 CoeqUHEHWA MpeKkpallaeTcA. Ta-
KOii pe3ynbTaT npejacTaBieH Ha puc.4. Ha Hem nokazaHbl
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Puc.4. Iudparnuonnbie cnekTpbl obGpasuma Gopara Iio-
TeluA, NPUTOTOBIEHHOr0 IOCIeJOBATEILHBIMHM OTUTraMMU
npexkypcopa B Teuenue 6 yacos mpu 500 °C, 600 °C, 700 °C
n 800 °C

IudPaKLUOHHBIN CIEKTP NpeKkypcopa (HUMHUN CIEKTD)
U MOCJIEYIOIUE CIEKTPhI, MONYYEeHHbIE TPH KOMHATHOM
TeMmnepaType oT ofpa3ua, NOABEPrHYTOro CTyleH4aTo-
My oTsury npu temmepatypax 500, 600, 700 u 800°C
B TeueHHe 6 4 Ha KamJoi TeMmIepaTypHoii noiouke. U3
PHCYHKa HarlAaJHO BUAHO, 4YTO B 3TOM clIy4ae (pasa Kalb-
nuTa BooOile He o06pa3yeTcA, XOTA CyMMapHOe BpeMfA
oTura coctaBnano 24 4, yto npubanszutensHo B 10 pas
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Gonble, HemeNnd NPU HENpPEepPhIBHOM TePMOBPEMEHHOM
MapuIpyTe, Ipu KOTOpoM ofpasyeTcsi 3aMeTHOE KOIU-
YyecTBO (a3bl KaNbIUTA.

IlonyueHHbIi pe3ynbTaT ClleAyeT CPABHUTh C Pe3yiIb-
TaTOM KpPaTKOBPEMEHHOI'0 OT:;KWUra HpeKypcopa cpasy
npu temneparype 800°C B Teuenue 20 MuH (cpemHsas
CKOpOCThL HarpeBa = 25.0rpag./mun.), cM. puc.5. B
ATOM cliyuyae o6pa3yeTca MOUTH PaBHOE KOMUYECTBO (a3

1500
L (100),, (104) (102), v — vaterlite
1250 - ¢ ¢ — calcite
. r (102),
b 1000 |+
é’: i
2 750
2 L (002),
2 500
250 - w
o o W

0 T 1 N L 1 N 1 L 1 " 1 " 1 z
15 20 25 30 35 40 45 50 55 60
2-theta (deg)

Puc.5. JudparumoHHbli ciekTp o6pa3iia 6opaTa JOTenus,
MPUTOTOBIEHHOT0 KPaTKOBPEMEHHBIM OT#UT'0M IpPEeKypCco-
pa npu T = 800 °C B Teuenue 20 MuH

(aTepuTa U KalbLUTa, XOTA BpeMf CyMMapHOro OT#Ura
B 72 pa3a MeHbllle, YeM IPU [0CIEI0BaTENbHbIX CTYNEH-
yaThIX OTHUrax ¢ oxiaxjgeHueM. IlomyueHHEINH pe3ynb-
TaT oToOpas;aeT ycKhopeHue nponecca (pazoobpa3oBaHuf
¢ yBeln4ueHNeM CKOPOCTU Harpena.

Cnenyer o6paTUTh BHUMaHUe Ha 3HaUYUTeNbHOE pas-
I14Ke dKCNepUMeHTalbHbIX Pe3ylbTaToB AlNA MUKPO- U
HaHO-JMCNepPCHBIX MCXOJHBIX 00pa3IoB NepBoil 1 BTOpoit
cepuil OT pe3ylnbTaToOB HJIfl UCXOJHO aMOpP(QHBIX obGpas-
0B TpeThbell cepuu. ITO pas3nuyue, Ha Hall B3TJAL,
ofycioBieHo TeM, 4To (pasoobpa3oBaHue npu TBepaodas-
HOM CHHTe3€ M3 MUKPO- WM HAHO-KPUCTANIUTOB Tpe-
6yeT npocTpaHcTBeHHOI nuddy3un oTAenIbHBIX aTOMOB
OT KPUCTAININTOB OJHOr0 TUna (Hanpumep, KPUCTANIHU-
ToB Luy,03) K Kpucranauram apyroro tuna (Hampumep
B503). B ucxonuo xe amop¢ubix o6pasuax, NoiydeH-
HBIX sol-gel meTonoM, pa3zoobpasoBaHyue UIET TOIBLKO Ha
YPOBHe JIOKalbHOT0 NepeynopAfoYeHNfl, YTO 3HAUUTENb-
HO yCHKopfeT mpolecc (azoo6pa3oBaHuf.

B 3aknioueHre OTMETHM, UTO, Kak U B cly4dae UHU-
NUUpYIOLlero AefcTBUA CTPYKTYDHBIX NEpEcTPOeK He-
NpephLIBHBIM OXJaJeHUeM U HellpepbIBHLIM HarpeBoM B
MOHOKpHUCTAallax, Npupoja MHUIUUPYIOLIero AefdcTBUA
HelpepLIBHOTO HarpeBa Ha (paszoobpa3oBaHUe IPHU TBep-
Joda3HOM CHHTe3€e CI0HHbIX OKCHI0B, 06HApYy#EeHHOT0 B

4*
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HACTOAIIIEM HMCCIeJOBAHUM, OCTaeTCA Heu3BecTHOH. Tem
He MeHee, OTKPBIThIN 3(PPerT cTUMynaupoBaHuA (a3o-
ofpa3oBaHuA NpU TBepaoda3HOM cuHTe3e 3a Golee KO-
pOTKMe BpeMeHa U Npu Oojlee HU3KUX TeMIepaTypax
yie cefiuac MoeT ObITh MCNOAb30BaH IJIA NPOU3BOJCT-
Ba IPOCTLIX U CIOMHBIX OKCUJOB peJKO3eMENbHbIX 3Je-
MEHTOB C 3aJaHHbIM pa3MepPOM HaHO-KpUCTalIUTOB. B
YacTHOCTH, B HACTOAIIEM HCCIeI0BaHUYU OH ObLT MCNOJb-
30BaH AJfl NONYy4YeHUA HAHO-KPUCTANINTOB POCTHIX OK-
cugoB u GopaTa jioTelUA ¢ MUHUMAalbHBIM pa3MepoM
~ 10 HM.

Pa6ora BbrinonHeHna npu (GUHAHCOBOI NOAAepHKKe
rpanTta Poccuiickoro ¢onga ¢yHmzaMeHTaNbHBIX HCCIe-
noBauuit # 06-02-17298.
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