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[IpeacraBieHbl pe3yabTaThl UCCASIOBAHMI KPUCTAIM3ALMK aHTpalleHa, TeTpalleHa U eHTaleHa B yC-
JIOBUSIX TAPOBOTO (hU3MYECKOIO TPAHCIIOPTA B POCTOBBIX CUCTEMAX C OIHO- U IBy30HHBIM TEILJIOBbIMU
nojsiMu. Meronamu nuddepeHIMaaIbHO-CKaHUPYIOIIEH KaJJOPUMETPUU U TEPMOIPABUMETPUYECKOTO
aHaJlM3a MCClIeNoBaHbl 0COOEHHOCTU (pa30BOro MOBEACHUS U TEPMOCTAOMILHOCTb COSIMHEHUI C 1ie-
JIbIO YCTaHOBJICHUSI TEIUIOBBIX PEKMMOB BO3TOHKH BEIIIECTB, 00€CIIEYMBAIOIINX POCT KPUCTAILIIOB 0e3
yiep6a OT XMMUYEeCKOM aerpagauuu. [1jist pOCTOBBIX CUCTEM C OMHO- M IBY30HHBIM TEILIOBBIMU ITOJISI-
MU OIpeAeeHbl YCIOBUS IJIs1 BhIpalliBaHUsI KPUCTAIIOB CAaHTUMETpoBoro macimTaba (0.2—2 cm). Ha
OCHOBE BBIpAIllEHHBIX KPUCTAJUIOB IIEHTalleHa M3TOTOBJIEHA CepUsl ITOJIEBBIX TPAH3UCTOPOB B FE€OME -
TPUHU C BEPXHUMU 3JIEKTPOIAMM CTOKA/MUCTOKA U BEPXHUM 3aTBOPOM U MCCIICIOBAHBI X DJIEKTPUYECKHE

XapaKTCpUCTUKU.
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BBEJAEHUNE

JIuHeliHbIe alleHbl — MOJULMKINYECKUE apoMa-
TUYECKHUE YIJIE€BOJOPO/bl, COCTOMAIINE U3 JUHEHHO
COTPSI)KEHHBIX 0€H30JIbHBIX KOJIel] ¢ OOIIUM YJIeHOM
roMmosiornueckoro psana C,,.,H,, 4. OT0 0OnHO 13 Hau-
0oJiee U3BECTHBIX CEMEHCTB COMPSI)KEHHBIX MOJie-
KyJ1 JJ1 TIPUMEHEHUS] B OPTraHUYECKO DJIEKTPOHUKE
u ¢ortoHuke. Husmue ameHsl — HaTaJIUH U aHTpa-
LIEH — TPEICTaBJISIOT OOJbIIONH UHTEPEC B KaUueCTBE
pPacTBOPOB M KPUCTAIIOB KaK CUMHTUJUISIIMOHHBIE
netekTopsl [1, 2]. KpucTanibl TeTpalieHa 1 IeHTale-
Ha ABAsI0TCS 9(P(PEeKTUBHBIMU OPraHUYECKUMMU TTOJTY-
MPOBOAHUKAMU JABIPOYHOTO TUTIA, KOTOPbIE TPUMEHS -
IOTCSI B KAUECTBE aKTUBHBIX CJIOEB MPU U3TOTOBJIEHUU
MOJIEBBIX U CBETOU3IYYAIOLIUX TPAH3UCTOPOB [3—8].
MonekysipHOe CTpOeHUe JIMHEHBIX alleHOB Xapak-
TepuU3yeTcsl CPaBHUTEIbHO IIPOCTOM XKEeCTKOM (popMoit
¢ pombOuueckoit cummerpueid D,,, a ajeMeHTapHas
slyelika KpUcTajla MOHOKJIMHHOTO (HadTaluH, aHTpa-
LeH, P2,/a) Win TPUKJIMHHOTO (TeTpaleH, NEHTalleH,
P1) Tumna comepKUT BCETO IBE MOJICKYJbI, UTO AeIacT
UX TIPUBJIEKATEIbHBIMU JJIS1 TEOPETUUECKOTO MOJAEIM -
poBaHus CBOMCTB [9—11].

I1pu ycnoBum xopoieit pacCTBOPUMOCTH COEIH-
HEHMSI, UYTO peaiu3yeTcs MJIsi HU3IIMX alleHOB, Mpe-
MOYTeHWE OTHAaeTCs MEeTOoJaM BBIpaIlMBaHWUS W3

PacTBOPOB B CUJIY MPOCTOTHI UX peaiu3alnu, a Tak-
K€ BO3MOXKHOCTEI MacIITaOMpOBaHUSsI, YIIPABICHUS
1 KoHTpoJist. OMHAKO IO Mepe YBEJIMYEHUS 4YMcia
COMPSIKEHHBIX O€H30JIbHBIX KOJIeIl B MOJIEKYJIe pac-
TBOPUMOCTb COCAMHEHUSI CHUXXAETCS TT0 3KCITOHEH-
LOUAJIbHOMY 3aKOHY, UTO 3HAYUTEIHbHO OCJIOXHSIET
MNpUMEHEHNE PACTBOPHBIX METOMOB JUISI BhIpAlllMBa-
HUS KpUCTAJJIOB TeTpalleHa u neHTtaleHa [12]. Torna
JJIS TIOJTyYEeHUST MacIITaOHbIX MOHOKPHUCTAJLIIOB TLJIO-
XO PACTBOPUMBIX COEIMHEHU JIydllie BCETO MOAXOAST
METOIbI BEIpAIIUBAHUS B YCJIOBUSX TTApOBOTO (hU3U-
yeckoro TpaHcnopta (ITPT) [13]. B cpaBHeHuUHU ¢ pac-
TBOPHBIMM MeTonaMu, B ycioBusix [1DT kpucTamib
(G opmMupyIOTCS OBICTPEE U C CYIIECTBEHHO 00Jiee HU3-
KUM cojepxaHuem npumeceit. [Ipu 3Tom nmaposbie
METOIbl BBIpAIIMBAHUSI OPraHNMYECKUX KPUCTAJIJIOB
MPEIbIBISIOT K UCITOJIb3yeMOMY MaTepraly BaxkHOE
TpeOoBaHME: YCTOMUMBOCTb COCIMHEHUS K TeMIiepa-
TypaM, MPU KOTOPHIX OCYIIECTBISIETCSI €0 BO3TOHKA,
oOecrieunBaloiias JOCTaTOYHbII IJIs pOCTa KpUCTa-
JIOB YPOBEHb TaBJIEHNST HACHIIIEHHBIX ITapOB.

Jnas BhIpalliMBaHUSI OpraHUYECKUX KPUCTAJJIOB
B yciaoBugax [1DT naubosee pacrpocTpaHEHHBIM
(KJIaccuyecKrM) BapMaHTOM POCTOBOM yCTaHOBKU
SIBJISIETCS OMHO30HHAs IeYb C I'PagueHTHBIM TEIlJI0-
BBbIM I10JIEM, KOTOPOE CO3/1aeTCs C ITOMOIIbIO HEpaB-
HOMEpPHOTrO Illara HarpeBarteJibHOi cniupanu [14, 15].
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Puc. 1. [Ipodunu TeMnepaTypHOTo MoJisi BHYTPX POCTOBOI1 Teuu ¢ OaHOI (a) 1 1ByMsl (0) TEIJIOBBIMU 30HAMM.

ITo Takoii cxeme ObLIM MOJYYEeHBbI MIACTUHYATHIE MO-
HOKpPHUCTAJJIbl TeTpalleHa U TeHTalleHa pa3MepoM OT
0.2 mo 2 cm [16—20]. BapraHTBI POCTOBBIX YCTAaHOBOK
C HECKOJIbKUMMU TeMIlepaTypHbIMU 30HaMU, (hOPMHU-
PYIOIIMMHM CTYTIEHYATBIN TIPOQIITH TETIJIOBOTO TTOJIS
IUTST BBIpAIIMBAHUS OPTaHUYECKUX KPHUCTAJUIOB, B JIN-
TepaType BCTpevyaroTcs 3HaAYMTeIbHO pexe. Hampu-
Mep, B [21, 22] npencTaBlieHbl pe3yIbTaThl UCCIEIOBa-
HUS OPraHMYEeCKNX MOHOKPHUCTAJUIOB, BHIPAIIEHHBIX
B POCTOBOI TIeYM ¢ ABYMsI TeMIIEPATyPHBIMU 30HAMMU.
OTMETUM, UYTO IIPUMEHEHUE NBY30HHON POCTOBOI
CHCTEeMBI TTO3BOJISIET O0JIee TOUHO 3alaBaTh TEMITepa-
TYypHOE T10JIe BHYTPU POCTOBOM TPYOKH, UTO SIBJISIETCS
MPEUMYIIIECTBOM MEPEN KIACCUYECKUM OTHO30HHbBIM
cnocoboM BhIpaliBaHus KpucTaaaoB. OnHaKo B 1ie-
JIOM 3aKOHOMEPHOCTU KPUCTAJUIM3ALIMU OPTaHUYECKUX
COEIMHEHUI B YCJIOBUAX OMHO30HHOTO U JIBYy30HHOIO
TEIUIOBBIX I10JIEM B HACTOSALEE BPEMSI OCTAIOTCS MaJlo
U3yYEeHHBIMMU.

Hacrosiaga paboTta nocssiieHa UCCAEA0BAHUIO
3aKOHOMEPHOCTE pocTa KPUCTAUIOB aHTpalleHa, Te-
TpalleHa 1 TrleHTareHa B ycioBuax [1DT mpu ucmoms-
30BaHMU POCTOBBIX TTeUEi C OMHO30HHBIM U IBY30H-
HBIM TETUIOBBIMU TTOJISIMU. Ha ocHOBe BBIpaIIeHHBIX
MOHOKPUCTAJIIOB TIEHTAIleHa M3TOTOBJIEHBI 0Opa3IIhI
opraHudeckux nosesbix TpaHsuctopos (OIIT) u uc-
CJIeIOBaHbBI UX DJIEKTPUUECKNIE XapaKTEPUCTUKU.

OKCITEPUMEHTAJIbHAA YACTb

Mamepuanwvi. 151 ucciaenoBaHU UCIIOJb30BaAIN
aaTpaneH (99%) u terpanecH (98%) mpon3BoOACTBa
Sigma-Aldrich, a Takxe nenTareH (99.999%) npons-
Boactea TCI. B kauecTBe MHEPTHOTO ra3a it MPOIAYB-
KW POCTOBOI TPYOBI B IIPOLIECCE POCTA KPUCTAIIIIOB MC-
mmoJb3oBanu aproH (99.9999%, HUM KM, Mocksa).
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Augpepenyuarvro-ckanupyrouias Kaiopumempus
(IACK) u mepmoepasumempuueckuii anaaus (TIA). s
YTOUHEHUST TEMIIepaTypHOTO AUaTia30Ha CTaOMITLHOCTH
¥ XapaKTepa BO3TOHKH UCXOTHOTO KPUCTAITUYECKOTO
Marepuaa NcCcaeqoBaIi TETUIOBBIE CBOMCTBA METOIOM
CHMHXPOHHOTO TEPMUYECKOTO aHaju3a B AUara3oHe
temriepatyp ot 293 no 773 K ¢ ucrnoab3oBaHUEM ajlio-
MUWHUEBBIX OTKPBITHIX TUINIE. OTHOBPEMEHHO U3Me-
pstin TerioBoii notok (JICK) u motepto maccel (TTA)
Ha TepMoaHaauTudeckoM komiuiekce STA 449 F1
(Netzsch, I'epmanus). DKcniepuMeHThl MTPOBOAUIN
B MToTOKe aproHa (70 MJi/MUH) MpU HAarpeBaHUM U OX-
JaxnaeHuu co ckopoctbio 10 K/MuH. AHTpaleH 1 neH-
TareH MCCIeA0BAIN B MCXOTHOM MEJTKOKPUCTAJLIN -
YEeCKOM COCTOSTHWHU, TeTpalleH — B BUAEC OMHOKPATHO
MepeKPUCTAIUTM30BAaHHBIX M3 Mapa TOHKOIIEHOYHBIX
KpucTauioB. Macca HaBeCOK He mpeBbiiaia 1 mr.

Pocm kpucmannos. 1151 vicciaenoBaHus pocTa Kpu-
crannoB MetogoM I1DT ObM 3aaeiicTBOBaHBI JBa
TUIIa TOPU3OHTAJbHBIX POCTOBBIX TeYeii: Kiaccuye-
CKas ¢ OOHOM TEMJIOBOM 30HOM, B KOTOPOW 3a0aeTcCs
rpagudeHT TemmeparypHoro mois [13, 15] (puc. la);
C JByMsl TETJIOBBIMU 30HAMU, BHYTPU KaXKI0M U3 KO-
TOPBIX 3a/1aeTCsI KBa3UOAHOPOJHOE TEMJI0BOE I0Jie
[20] (puc. 16). B 1By30HHOI1 pOCTOBOII Meuun ropsiyast
30Ha, WIX 30HA ucrapeHus (3oHa 1), ucmonab3yercs
JIJIsT BO3TOHKU BEIIECTBA, a XOJoaHas (30Ha 2) — st
OCaxKIeHMsI KpUCTAJIOB U 3aJaHus TeMIIepaTypHOIo
rpagueHTa (puc. 16). st Kaxmoit 30HbI KCITOJb30Ba-
JIM OTACIBHYIO IeYb COMPOTUBJIEHUS ¢ HE3aBUCUMBIM
yIpaBJeHUEM I10 TeMmIlepaType. POCTOBY10 KBapleByIO
TpyOKy nuameTpom 19 MM, B KOTOPOIi MPOUCXOINIO
HUCIapeHue BelllecTBa U ocaXJAeHUue KpUCTAIoOB, T0-
MellaJau BHYTPb pOCTOBOIi Teun. B xone akcnepuMeH-
TOB Uepe3 POCTOBYIO TPYOKY MPOIYBaJIM UHEPTHbIN ra3
¢ pacxonom ~0.2 j1/4. PocT KpucTayljioB MpOUCXOaNJI
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Puc. 2. Cxema ycrpoiictBa OIIT (a), ontuueckoe nzodpaxkenue OIIT Ha ocHOBe MOHOKpUCTaJIJIa MEHTalleHa Mepea HaHe-

ceHMeM dJIeKTpoja 3aTBopa (0).

Ha TTIOBEPXHOCTU KBapleBOK pOCTOBOI TPYOKM WX Ha
Al-doJibre, BHITIOMTHSIONIEH POJIb MTOIJTOXKMU.

151 aHTpalieHa 1 TeTpalleHa MPOBeAeHbI UCCIeI0-
BaHWSI BIUSTHUS TeMIIepaTyphl Ha XapaKTep KPUCTa-
JIU3alMu B OAHO30HHOI pocToBoit meuu. s pocta
aHTpaleHa TeMmIlepaTypy nctouyHuka (7) 3amaBanu
B uHTtepBaiie 403—443 K ¢ marom B 5 K, a Takxke mpu
453, 473 n 493 K. [li1s TeTpalieHa IIpOBEIECHEI MCCIIEN0-
BaHUs Npu Temneparypax 7y B uHTepBaie 493—573 K
¢ mraroM B 20 K. IIpu kaxmoit TemiiepaType IIpoBo-
JWJIA TI0 TpU dKcnepuMeHTa. [lepuoa pocrta kpucrta-
JIOB aHTpalleHa M TeTpalleHa BO BCEX SKCIIEpUMEHTaX
coctaBiisi 5 4. ITocie 3aBepIiieHUsI pOCTOBOTO 3KCIIe-
pYMEHTa TIPOBOIMIIN aHAJIU3 pacIipeneIeHIsT KpUCTa-
J0B Ha Al-doJbre B MpuBs3Ke K MpoMUIIO TEIJIOBOTO
TI0JISI BHYTPH POCTOBOI TPYOKM TIPU pa3HBIX TeMIlepa-
Typax T BHyTpU UCTOUYHMKA (puc. 1a). B otnensHOM
AKCIIEPUMEHTE KPUCTAJUIBI TeTpalieHa JUTMHOM 10 5 MM
ObuTH BIpalieHsl 3a 72 4y ipu 1= 488 K [13].

ITpu ucronb30BaHUU IBY30HHOI POCTOBOM TeYU
JUTd aHTpalleHa Temneparypa 30Hbl 1 (7)) cocraBnsna
433 K, a Temniepatypy 30HbI 2 (7,) U3MEHSIIU B UHTEP-
Basie oT 373 mo 403 K ¢ marom 10 K. I1pu uccnenoBannm
KpUCTAJUIM3alIMKU TeTpalleHa TeMIiepaTypa 30HbI UcCIa-
peHus Takke Obuta HensMeHHa: 7, = 533 K, a Temne-
paTypy xoJonHO 30HbI T, u3MeHsu ot 453 no 473 K
c marom 10 K. Ilepuon pocra KpucTajljloB aHTpalieHa
M TeTpalleHa BO BCEX OMbITaX COCTaBIsUI T = 15 4.

WccnenoBaHue pocTa KpUCTaJJIOB MeHTalleHa
(99.995%, Sigma Aldrich) B omHO- 1 JBY30HHOM Te-
MJIOBBIX MOJISIX MoapoOHo onucaHo B [20]. B HacTos-
et padborte onucaHo UccieloBaHe POCTa KpUCTa-
JIOB MEHTalleHa B YCJIOBUSIX JBY30HHOIO TEILJIOBO-
ro ToJisi ¢ GUKCUPOBAHHOU TeMIlepaTypoii ropsiueit
30HBI 7} = 553 K 1 ¢ TemniepatypaMu XOJOQHOMN 30HbI
T, = 513 u 493 K ¢ ncnonbp3oBaHreM KOMMEPUYECKO-
ro matepuaia ot apyroro npoussoautenst (TCI) 6e3
MpeaBapuTeTbHON OUYNCTKH.

Muxpockonus. @opMy KpUCTAIIOB U MUKPO-
MOP(}OIOrui0 UX MOBEPXHOCTU MCCIENOBAIU C MO-
MOIIbIO JIIOMUHECIIEHTHOrO MHUKpockoma BX 61
(Olympus, AnoHust), KoH(pOKaIbHOT0 MUKPOCKOMa
LEXT OLS3100 (Olympus, AAnoHus1) 1 aTOMHO-CUJIO-
Boro mukpockona (ACM) Ntegra Prima (NT-MDT,
Poccus) B xontaktHoM pexume [23]. I[TomyyeHHBIE
ACM-TornorpaMmMbl 00pabaThiBall U aHAIU3UPOBAIU
¢ momolkio mporpamMmMmbl Gwyddion [24].

Anekmpuueckue ceoiicmea. ViccnenoBaHus dJeK-
TPUYECKUX CBOKCTB BbIpallleHHbIX MOHOKPUCTAJIJIOB
neHrtaueHa mmposogmwiu Metogom OIIT B reomeTpun
C BEpXHUMHU KOHTAKTaM1 ¥ BEPXHUM 3aTBOPOM, MC-
MOJIb3ysl B KauyeCTBE MOA3aTBOPHOTO OUIIEKTPHU-
Ka OCaXIEeHHBII B BAKyyMe METOJIOM MapoOBOI0 XM-
MMYECKOro TpaHcropTa Imojaumep napujeH-C [25,
26] (puc. 2a). B xauecTBe TMOIITOXKN MCIOIb30Ba-
JIM MPEeIMETHOEe CTEeKJIO C HAHECEHHBIM aAre3uBOM
IUIS 3aKperuieHns KpucTamia. st 31eKTpomoB CTO-
Ka 1 MCTOKa MCIOJIb30BaIN IIPOBOISIIYIO MACTy Ha
OCHOBe TpaduTa, KOTOPYI0O HAHOCUJIN Ha KPUCTAILI
CBEpXY, MocJje yero odpasell BhICYLIMBAIU B Teue-
Hue 1 4 B BaKyyMHOM cylIujabHOM mKady rmpu 80°C.
Ha moBepXHOCTb KpucTajjia ¢ HAaHECEHHBIMU 2JIeK-
TpomaMu npu AasieHun ~1073 Topp ocaxmanu cioi
MOA3aTBOPHOTO IHMAJIeKTpHKa (TTapuiaeH-C) TOJIIN -
HoOl ~0.9 MKM ¢ TIOMOIIIbIO YCTAHOBKW HaHECEHUS
noauMepHbIX MoKpbiTUil YCIT5-23A “Maiisa” (Jlabo-
paTopusl BaKyyMHoro obopynosaHnusi, Poccust). Ha
chopMUpOBaHHBIN CJIOM IMoJMMepa B 00JIacTH Ka-
HaJIOB TPaH3UCTOPOB ONMCAHHBIM BhIlIE CTTIOCOOOM
HAHOCHWJIM KOHTAKT 3aTBOpa Ha OCHOBE IPOBOISIICH
rpaguToBoii mactel. TomuuHy 1ieHKU napuieHa-C
Ha nominoxke onpenensii Mmerogom ACM. Tlepena-
TOYHBIE U BBIXOTHBIE BOJILT-aMIIEPHBIE XapaKTepU -
ctuku (BAX) ycrpoiicts OIIT uccienoBanu ¢ 1mo-
MOIIBIO MCTOYHMKaA-u3Meputeas 2612B (Keithley,
CIIA) na 3oug0Boi#i cranunu LA150DC (Semiprobe,
CITA). [ToaBuxxHOCTL HOCUTEJIEH 3apsiaa U B pexXuMe
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HaCBIIEHWs OTpenesiii Ha OCHOBE TTOJYYEHHBIX
MpU U3MEPEHUU MEPEeIaTOUHbIX 3aBUCUMOCTEM 3HA-
YyeHuii Toka /g, MeXay UCTOKOM U CTOKOM OT Harpsi-
>KeHUSI Ha 3aTBope V; 1o craHnapTHO# MeTonuke |20,
27] ¢ TIOMOILBIO BhIPasKEHUST

YRENITTRS

W= | "o, |

(1

rone Wu L — mmpuHa U AjJWHa KaHajla TpaH3UcTopa
COOTBETCTBEHHO (puc. 26), Cy — 2JIEKTPOEMKOCTD 3a-
TBOpA CO CJIOEM TOA3aTBOPHOIO AUDJIEKTPUKA, OTHE-
CeHHasI K eIMHUIIE TUTOIIAAN TOBEPXHOCTH. IS M3ro-
TOBJIeHHOI cepun ycrpoiicTtB OITT u3 Tpex TYyK OT-
HomeHne W/L nameHsum B Tipenenax 3.6—15 (puc. 20).
Benuuuny ynenabHOI 2J1eKTPOEMKOCTH OIPEneIsiiin 1o
dopmyne Cs = ¢ - g/d,= 2.9 u®/m?, e d, = 0.9 MKM
" & = 2.9 — TONIMHA U TUDJIEKTPUIeCcKas TPOHMIIAE-
MocTh mapuieHa-C [26].

PE3VIIBTATBI 1 UX ObBCYXIEHUE

JCK u TTA. O6pa3selr aHTpalleHa B KpUCTaJLIMYe-
CKOM COCTOSTHUU TepsieT 5% OT MCXOTHOM MacChl ITpU
temneparype 15, = 437 K (puc. 3). IIpu nanpHeiem
HarpeBe IMpoliecchl UCTIapeHHUs BellleCTBa MPOTEKaIOT
WHTEHCUBHEE BIIOTH M0 TUIABJICHUS, SHIOTEPMUIE -
ckuii muk kotoporo Ha kKpuboit JICK cooTBeTcTBYET
490 K [28]. B naHHOM ciyyae MHTEHCUBHAasI HI0TEp-
MUYecKas peakliivs BbI3BaHa MapaijieTbHO TEKYIIH-
MU IIpolieccaMU TIIaBJAeHUSI U UCTlapeHus, KoTopas
3aBepuiaetcsd npu 494 K, korna Bech oOpasell moJ-
HOCTBIO yjeTyuyuBaeTcs. TakumM oO6pa3oMm, aHTpalleH
TTOJTHOCTBIO MCTIApSIETCS TIPU TIepeXoae U3 KPUCTAIUITH -
YECKOTO B XKUJIKOE COCTOSIHUE, ITPU 3TOM XUMUUYECKOM
Jerpagaliiy COeIMHEHNS He HaOIomaeTcs.

O6pasen TerpaleHa tepser 5% Macchl Hpu
T, = 500 K (puc. 3). IIpu nanpHeiinieM Harpese uc-
napeHue 3HaYUTeIbHO UHTeHCU(PUIIUPYETCSI, TOCTHU-
rasg MmakcuMyMma mpu 563 K, u moaHoCTbhIO 3aBepiia-
erca npu 570 K. B turie ocraercst okosno 8% or uc-
XOIHOM Macchl 00pasiia — OCTaTOK AeTpaarpOBaBIIETO
BeuectBa. [Ipu vccienoBaHUM TEMJIOBOTO MOBEAEHMS
KPUCTaJLJIOB TeTpalleHa B 3aKPbITOM TUIJIe ObLIU 3a-
(buKcrpoBaHbI MOJIMMOP(HLII ITepexon U TeMIepary-
pa riasnenus npu 7,, =583 Ku 7,, = 616 K cootseT-
CTBEHHO [12], YTO HEMHOTO OTJAMYAETCS OT JaHHbIX,
MOJIyYeHHBIX B OTKpbITOM TUTJE [29]. Takum oOpaszom,
TP TIPOTPEBE B OTKPHLITOM THUIJIE MaJIOM HAaBECKH BCE
BEIIECTBO MOJHOCTbIO UCHAPSIETCS N0 TOCTUKEHUS
TeMIIepaTypsl MTOTUMOPMHOTO TIepexonaa.

5% macchl o6paslia eHTalleHa YAeTyduBaeTCs Ipu
Ts,, = 620 K. IIpu 645 K Ha xpusoit JCK Habmona-
eTCsl HEOOJIBIIION SHAOTEePMUYECKHI MUK, a TIpu 683
n 693 K ormeuaroTcs 6ojee KpyITHBIE SHIOTEPMMU-
YEeCKUI U IK30TePMMUUYECKUIN MUKW COOTBETCTBEH-
Ho (puc. 3). UHTeHCUBHOE McIapeHUe BellecTBa
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Puc. 3. Kpusbie TTA (crumomnbie) u JICK (myHKTUD)
aHTpaueHa ( /), rerpaueHa (2) u neHraieHa (3).

npekpamaercs npu 688 K, u ipu 750 K B Tumite ocra-
eTcd uyTh MeHee 4% OT MCXOMHOI Macchl oopasua. [To-
JoOHasi KapTUHA TPU aHaJKU3e TMeHTalleHa MEeTOI0M
JCK nabmonanace B [29] u [20]. ComtacHo [29] ipu
635 K nmpoucxoauT 3HaYMTEIbHASS UHTEHCU(UKALINS
npolecca XMMUIECKOM Aerpagalui MaTepuania, KOTo-
past HauMHAeT NMPosBIAThes yxe npu 563 K [20]. Us-
3a MpoOJeMbl JeTpajgalluy TeMrepaTypa IaBIeHUs
MeHTaleHa B JuTepaType 3a(hMKCUpoOBaHa HEUETKO.
Tem He MeHee, onupasich Ha naHHble [20] u pe3yiab-
TaThl HACTOSIIIETO UCCICTOBAHUS, MOKXHO TIPEIIIOJIO-
KUTb, YTO HAOIIOMAEMbIi MaJlblii SHAOTEPMUYECKUIA
nuK rpu 645 K cooTBETCTBYET IIaBJIECHUIO BEILIECTBA,
KOTOPOE OCJIOKHEHO OTHOBPEMEHHO MPOUCXOASILINMU
MpolieccaMy UCITapeHUs U IeTpagalliu.

OCHOBbBIBasICh Ha MPENCTABIEHHbBIX BbIIIE PE3YJib-
TaTrax, MOXHO JaTh PEKOMEHIALIMU [JIs1 BhIpalllMBaHUs
KPUCTAJIJIOB UCCeAyeMbIX alleHOB. Bo3roHky aHTpa-
LeHa MOXHO OCYLIECTBIIAThL OT nopora T, = 437 K
BIUTOTH A0 Temneparypsl riasnenus 7, = 490 K. g
TeTpalleHa HUKHUI ITOPOT TeMIIEPATypPHhI 111 BO3TOH-
ku BewecTBa 15, = 500 K, onHako u3-3a CKJIOHHOCTH
K TEpPMUYECKOM nerpagalyu BellecTBa XKelaTeJIbHO He
neperpesarhb ero Buile 563 K. /Insg nmeHraieHa mopo-
rosast Temrneparypa Ts, = 620 K saBasercst onacHoit
13-3a Pa3OXEHUs] COeAUHEHUS], TTOTOMY BEPXHIOIO
TeMIIepaTypHYIO TPaHUILY AJIsI BO3TOHKM BeIlleCcTBa He-
00X0mMMO TTOAAePXUBaTh He Boile 563 K, 4To, K co-
JKaJICHU10, HEN30eXXHO MPUBEIET K 3HAUUTEILHOMY Y/I-
JIMHEHUIO POCTOBOIO IIMKJIA.

Pocm kpucmannos. Odnozonnoe mennogoe noae. Ha
MEPBOM 3Talle MCCIEI0BAHUS MIPOLECCOB POCTAa KPH-
CTaJUTOB ObLT TIPOBEEH PsII IKCIIEPUMEHTOB B OTHO30H-
HOM YCTAaHOBKE € IPaIUEHTHBIM TEMITEPATYPHBIM I1OJIEM.

JIuHeliHbIe pa3Mepbl KPUCTAIOB aHTpalleHa yBe-
JMYMBAIOTCS C POCTOM Temmepatypsl 1 B paiioHe
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Wctounmnk

KVIJINIIOB u np.

Puc. 4. Kpucrauibl aHTpalieHa, ocaxIeHHbIe IIPY Pa3HbIX TeMIlepaTypax UCTOYHMKa (chbeMKa rpu YDd-ocBeleHnn) Ha
Al-domnbre pu T =403 K (a) u Ty = 443 K (0); pacnipeneneHue ocaxIeHHbIX KPUCTAJUIOB aHTPaLleHa Ha TOBEPXHOCTH
KBapLEeBOii TpyOKU Iocsie pocToBoro nukia npu 7y = 433 K (BblaeseHHasi IyHKTUPOM 00J1aCTb CIIPaBa — YBEJIUUCHHOE
n300paxkeHre 30HbI OCAKACHUS KPUCTAIOB BOJIM3U UCTOYHUKA) (B).

(2)

1 HM

F 90
80
r70
- 60

©)

Puc. 5. Tonorpadpuueckue ACM-n300paxkeHNsT TOBEPXHOCTU Pa3BUTOM I'paHM KPUCTAJUIOB aHTpalleHa: a — y4acTOK I0-
BEPXHOCTH CO CTYIICHSIMM POCTa BBICOTO# 6—8 HM; 6 — yJacTOK ITOBEPXHOCTH C 3JIEMEHTApHOI CTYIEeHBIO pOCTa BBICOTOM
~1 HM. Ha n3o0paxkeHusIX MMOKa3aHbl TPOMUIN CTyIIeHeit pocTa BeIcoTOM ~3 (a) 1 ~1 HM (0).

WCTOYHHMKA C BEILIECTBOM UM B TO K& BpeMsl CHUXKACTCS
IUIOTHOCTh KPUCTAJIJIOB B 30HE ocaxkaeHus. B kaue-
CTBe IIpuMepa Ha puc. 4a, 40 nmpuBeneHsl poTorpadun
KPUCTAJIJIOB aHTpalieHa, OCaXXACHHbBIX Ha (POJIBTY IIpHU
temrneparype ucrounmka 403 n 443 K cooTBeTCTBEH-
Ho. IIpu ncnons3osanuu ¢oasru npu 7g= 403 K
ocaxkJeHUe KPUCTAJUIOB aHTpallcHa HauMHaAeTCsl Ha
paccrossHuM [ = 10 ¢cM OT UCTOUYHMKA C BEIIECTBOM

(puc. 4a), a o Mepe yBeauuyeHus: Temneparypsl T
HayaJio 30HBI OCAXIEHUS KPUCTAIOB OTOIBUTAETCS
JaJbIlle OT UCTOYHKKA C BEILIECTBOM.

H71s TToydeHUsT HaISIAHOM KapTUHBI OCaXKIACHMS
13 Tapa OB IPOBENEHBI OTBITHI IO BHIpAITUBAHUIO
KPUCTAJUIOB Ha TIOBEPXHOCTU POCTOBOM KBapIieBOI
TpyOBI. [Ipn 3TOM KapTHHA OCaXIeHUsST KPUCTALIOB
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Puc. 6. M300paxeHus1 KpUCTAJLIOB TE€TpalleHa, BbIPALLEHHBIX IPU Pa3HbIX TeMIepaTypax uctounuka T 513 (a), 533 (0)

n 553 K (B).

(a)

©)

10 Mxm
E——

Puc. 7. KondokansHoe (a) u Tonorpadpuueckoe ACM-uzobpaxkeHust (0) yuacTKOB ITOBEPXHOCTU KpHUCTaJlJla TeTpalleHa,
BolpaleHHoro npu T = 488 K. Ha ACM-u3o6paxenuy 1nokazaH npoduib NOBEPXHOCTU ¢ OTMEUYEHHOI CTYIEHBIO Bbl-

coToii ~18 HM.

npeTepreBaeT 3HaUUTEIbHOE U3MEHEHHE MO CpaB-
HEHMIO C OCaXIEeHHWEeM KPUCTALJIOB Ha (POJIbIy: pocT
Haunbosiee KpYMHbIX KPUCTAJUIOB C HAMMEHbIIIe T10T-
HOCTBIO OCaKIEHUST HabItonaeTcs psiaoM ¢ UCTOYHM -
KOM — Ha paccTossHuu 2—7 cM (puc. 4B), 4TO CBSI3aHO
¢ OoJiee CUJIBHBIM B3aMMOIEHCTBUEM OCAXKAAIOIIMX-
Csl KPUMCTAJIJIOB C TTOBEPXHOCTHIO KBApLEBOK TPYOKH.
B s10ii pocToBOIi 0671acTH 32 mepuon T = 5 4 popMu-
PYIOTCSI XOPOIIIO OTpaHEHHbIe KPUCTAJLIbI, TOCTUTAI0-
mue B IIMHY 5 MM (puc. 4B, cripasa). ITo mepe otnaine-
HUS OT UICTOUYHMKA B 00J1acTh 00Jiee HU3KUX TeMIepa-
TYp TUIOTHOCTh OCaXKIEHHBIX KPUCTAIJIOB 3HAYUTETHLHO
YBEJIMYMBAETCS, a UX JIMHEWHbIE pa3Mepbl YMEeHbIIIa-
1oTcs.

Ha puc. 5 npuBeneHbl Tonorpapuyeckue ACM-
n300paxeHnusd y4acTKOB IOBEPXHOCTU KPUCTA-
Jla aHTpaleHa pasMepoOM ~5 MM, BbIPAIIEHHOIO IIPU
T¢= 453 K. Ha Gosblueit yacTy IianKoi NOBEPXHOCTH
KpHCTaJlJIa HAOMIONAIOTCS CTYIIEHU POCTa BBICOTOM OT

KPUCTAJIJIOT PAOUA Ne 2
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3 1o 12 uM (puc. S5a). Ha HeKOTOpbIX yuacTKax MoBepX-
HOCTU OOHapyXeHbI CTYIIEHU POCTa BHICOTOM ~1 HM
(puc. 50), 4TO COOTBETCTBYET BHICOTE MOHOMOJIEKY-
JaspHoro cnod dy,, = 0.92 um [13].

[Tpu kpucTamIM3auuu TeTpalieHa HabJIIoaaeTCsl Mo~
Xoxast KaptuHa (puc. 6). OTINYNTETbHBIMUA YepTaMU
KPpUCTAJUIM3alliy TeTpalleHa SIBJISTIOTCS 00pa3oBaHue
CPOCTKOB KPUCTAJIOB U (popMa KPUCTAJIOB B BUJIE
M30THYTBIX TUIEHOK (puc. 6a, 66). Hanbonee KpyrHbie
KPUCTAJLJIBl TeTpalleHa IIUHOM A0 2 MM ObLIU MOIY-
yeHbl pu Temreparypax Tg¢= 553 u 573 K (puc. 68).

Ha nmoBepxHOCTH pa3BUTOI TpaHU KpUCTaJjIa Te-
TpaueHa, BeIpameHHoro npu 7 = 488 K B Teye-
Hue 72 4 (KpucTaul JJIUHONK ~4 MM U TOJIIUHONI
100 £ 10 MkM), HaOIOAAIOTCSI MAKPOCTYIIEHU POCTa
BBICOTOI B COTHM HAHOMETPOB, a TakXKe AMCIOKaIIM-
OHHBII XOJIMMK POCTa, BepllIMHA KOTOPOTO OTMeye-
Ha cTpenkoii (puc. 7a). Ha Tormorpacduueckom ACM-
M300pakeHNU yJacTKa IMMOBEPXHOCTH TePPAChl MEKITY
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Puc. 8. Kpucranisl nenraneHa, ocaxaeHHble Ha dhoabry (7= 563 K). BBepxy ykazaHbl pacCTOSIHMS OT LIEHTPa UCTOYHUKA

C BEILIECTBOM.

JIByMsI MAaKpOCTyNeHsIMU (puc. 70) HabI0aal0TCs CTY-
MEeHU POCTa ¢ HAaMMEHBIIEH BBICOTO# ~18 HM, UTO cO-
cTaBjisieT 15 MOHOMOJIEKYJISIPHBIX CJI0€B TOJLIMHOM
dyo; = 1.22 1M [13].

s nentaueHa npu 7= 563 K ocaxneHue Kpu-
CTaJUIOB Ha (OJIbIy MPOMCXOAUIO Topa3ao OJuxKe
K MCTOYHMKY, YeM ISl aHTpalleHa U TeTpalieHa (puc. 8)
[20]. Habmomamoch oOMIbHOE OCaXKIeHNE MUKPOKPH-
CTaJIJIOB MEHTalleHa C CYIIECTBEHHO 00Jjiee BbICOKOI
TUIOTHOCTBIO, YeM TIpU KpUCTAIM3allui aHTpalleHa
u TeTpaneHa. Cpeny MHOXECTBA MUKPOKPUCTAIIJIOB
MOXHO ObLJIO HabJI0IaTh TOHKHWE CUHUE TIJIacTUHYA-
ThIe KPUCTAJUIBI IEHTalleHa IJIMHOI 10 3 MM (puc. 8).

Kak a5 aHTpalieHa, Tak 1 JJis TeTpalieHa HabJona-
€TCsI BOJTHOOOpa3HOe pacIpeie/icHUe KOJTMUECTBa KPU-
CTaJIJIOB B 30HE pocTa (puc. 4a, 4B). bblIM TOCTPOEHBI
rpaduKu pacupeneseHns cpenHeil IoTHocTu <ng>
OCaXXJCHHBIX Ha IOIJIOXKY KPUCTAJIJIOB aHTpalleHa
(puc. 9a) u TerpanieHa (puc. 96) 1o TeMIieparype B 30He
pocTa npu pasHbix 3HaueHusIx 7. Bennunny <n > oue-
HUBAJIU TMyTeM IOACYeTa KPUCTAJIJIOB HA yJ4acTKe, CO-
OTBETCTBYIOIIIEM OIpeeIeHHOMY TeMIIepaTypHOMY MH-
TepBaJly, NOJIyYeHHbIE 3HAYCHUS JIJII KaXKIIOr0 MHTEp-
BaJia YCPEeIHSIIM MO pe3ybraTaM TpeX OIbITOB. B 30He
pocTa onpenesstoTcs, Kak MpaBUJIo, 1Ba BbIPaKeHHbIX
MakcuMyma <ng>, KOTOPBIE CJIETKa CMEIIAIOTCS B CTO-
pPOHY 0oJiee BBICOKOI TeMIlepaTyphbl MO Mepe yBeJnJe-
Hus T B obmactu nmepsoro makcumyma (1 Ha puc. 9)
dopMUpYIOTCST HauboIee KPYIHbIE KPHUCTAIBI.

B pocToBhIX 3KcIIepuMeHTax HaOII0maICsa 3HAUM -
TeJbHBIN pa3z0opoCc KPUCTAIIOB I10 JIMHEHHBIM pa3-
MmepaM. Il OLleHKM KMHETUYECKUX XapaKTepPUCTUK
pocTa KpUCTAJUIOB OIPENe/IsUId CPeAHUE JTUHEMHBIS
pa3Mephl TISITU cCaMbIX KPYITHBIX KPUCTAJJIOB B Ka-
KoM onbiTe. Ha akcriepuMeHTaIbHOI 3aBUCUMOCTH

cpenHei mmMHbI <> KpUCTaI0oB aHTpalleHa OT TeM-
nepaTtypbl ucTouyHuka (puc. 10a) Habm0maeTCsT MaK-
CUMYM B nuarna3oHe 3HaueHuii 7 ot 443 no 463 K.
DKcnepuMeHTalbHbIe JaHHBIE XOPOIIO anIpOKCH-
MupytoTcst pyHkuuein I'aycca ¢ MakcuMyMoM Mpu
449 K: <L> = 2.26-exp{—0.5((Ts— 449)/28.8)*} mm
(R?> = 0.96). Ha puc. 10a npaBas ocb OpAMHAT CO-
OTBETCTBYET CpelHeil CKOPOCTU POCTa KPUCTALIOB
<r> = f(Ts), xoTOpas cBsA3aHa CO CpelHel IINHOI
KpUcTaiia quHeiHo: <r> = <L>/t (t = 54 — nepu-
ol pocrta). TakuMm 0O6pa3oM, B yCJIOBUSX OMTHO30HHOTO
TETIJIOBOTO ITOJIST UCITOTb3yeMOI POCTOBOM TTeYH C TOY-
KU 3peHUs] MaKCUMAaJIbHBIX 3HAYEeHNIT CKOPOCTHU pOCTa
¥ TUHEHHBIX pa3MepoB KPUCTAIJIOB aHTpalleHa OTTH -
MaJIbHBIM YCJTIOBUSIM COOTBETCTBYET OUAIla30H TEM-
nepatyp T ot 443 no 463 K, npu KOTOPOM CpenHsist
CKOPOCTb POCTa KPUCTAJIJIOB BAOJb Pa3BUTON TpaHU
MakcuMaibHa: <r> = 400 MKM/4.

st KpucTaaaoB TeTpalieHa 9KCIEepUMEHTalbHO
MOJIy4YeHHBIe TaHHbIE 3aBUCUMOCTHU <L > 1 <r> OT TeM-
nepaTypsl 7¢ MTHTEPIOIUPYIOTCS CTENEHHON (PYHKIIM-
eit: <L>=0.223 + 1.876(T5— 440)**' mm (R? = 0.99)
(puc. 106). B nuccienyemoMm mHTepBaje TeMIIepaTyp
MaKCHUMaJIbHbI€ CPEIHSISl JIMHA U CKOPOCTh pocCTa
KPUCTAJUIOB T€TpalleHa TOCTUTAIOTCS B KpailHEH TOUKe
untepBaia (573 K). IToaTomy MOXHO Mpeanoa0XUTh,
YTO yBeJIWYeHNE TeMIlepaTyphel T IMOBJIEUYET 32 COOOM
YBEJIMUYEHUE CKOPOCTU POCTA U JIMHEUHBIX Pa3MEPOB
kpuctaiioB. C npyroii CTOpOHbI, Cyls IO NPENCTaB-
JICHHBIM BBILIIE pe3yjbrataM U JaHHbBIM [12], ipu Ha-
rpeBe KPUCTAJJIOB TeTpalieHa Bhile 563 K 3HaunTe b-
HO BO3pAacTaeT BEPOSATHOCTh XMMUUECKOM Aerpagaliuu
coeauHeHusi. TakuM oO6pa3oM, B YCIOBUSIX OTHO30H-
HOT'O TEIJIOBOTO IMOJISI JJIsl BbIpalllUBaHUST KPYITHBIX
KPUCTaAJUIOB TeTpaleHa HauboJjiee OJaronpusiTHBIM
SIBJISIETCS TeMTepaTypHblit uHTepBai 7= 540—560 K.

KPUCTAJIJIOTPAOUA  tomM69  Ne2 2024
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Puc. 9. PacnipeneneHue cpeaHeii TIOTHOCTU KPUCTA/UIOB aHTpalleHa (a) u TeTpalieHa (0) B rpaleHTHOM TEIUIOBOM IT0JIe
MPH pa3HBIX TeMIlepaTypax UCTOYHUKA. MaKCUMyMBI 1 1 2 XapaKTepH3yIOT 001aCTH OCaXKICHNS HanboJiee KPYITHBIX U MeJI-

KHX KPUCTAJLJIOB COOTBETCTBEHHO.

st oObsicCHEHUSI BOJTHOOOpa3HOTO pacrhpeaese-
HUSI OCaXIEHHBIX KPUCTALJIOB B OAHO30HHOM TEILIO-
BOM MoJie (puc. 9) paccMOTpUM MpPenCcTaBICHHYIO Ha
puc. 11 cxematuueckywo PT-nuarpaMmy ¢ n3oopaxe-
HUeM obuiacteil (pa30BBIX COCTOSTHMIT BOJIM3U JTUHUU
¢azoBoro paBHoBecus KpucTaaa—Iiap (CIaolIHas
kpuBas). Touka 1 Ha IMHUKU (Pa30BOro paBHOBECUS
COOTBETCTBYET MOJIOKEHUIO UCTOYHUKA C BEIIIECTBOM
nipu temneparype 7. JIBrxKylueil cuiioil Kpucrauiimnsa-
LIVU SIBJISIETCST PA3HOCTh XUMUUYECKUX TIOTEHITNATIOB ALt
mapoBoit (i,) M Kpuctaummueckoi (p,) das. Ha nuaun
(hazoBoro paBHoBecust Ay = 0, a 17151 MEPECHILLIEHHOTO
rmapa MaKCUMyM BEJTUYMHBI |Ap| OTIPENENSIET TPaHUILY
MeTacTabMIIBHOCTH TTAPOBBIX COCTOSTHM (ITyHKTHUPHAST
KpuBas Ha puc. 11). 3meHeHre BeJTMIrHBI Al ¢ U3Me-
HeHueM naBieHust P u temneparypsl T onpenessieTcs
TepMOJAMHAMUYEeCKUM BbipaxkeHueM [30]:

_(ou, du, o, o,
A= ( oP  JP JAP+( or dT )AT B Q)
=(Q, - Q,)AP + (S, — S.)AT

roe Q, 1 Q. — yAETbHBIA 00beM, MPUXOAAIINICA Ha
OIHY MOJIEKYJTy B Iape 1 KPUCTaJlJIe COOTBETCTBEHHO,

KPUCTAJIJIOTPA®USA TomM 69 Ne2 2024

S, 1 S, — SHTpoNus MapoBOi U KpUCTAIIINYECKOH (a3
COOTBETCTBEHHO.

PaccMoTpuM myTh KpUCTATU3aLIMY TIPU BO3TOHKE
U cyOaMMalMM BelllecTBa B pOCTOBOI TpyOe. B Touke
1 mapoBas haza HaXOAUTCS B paBHOBECUHN C KpUCTa-
JlJaMH, a TIpU CMEIIeHUU B 0oJjiee XOJI0MHYI0 001acTh
pOCTOBOI TPyOHKI TTOCTETNIeHHO nepechiniaerca. Ha da-
30BOIi 1MarpaMMe cMellleHWe napa B CTOPOHY MEHb-
X TeMIlepaTyp MPOUCXOIUT KBa3UM300apUIeCKU
(AP = 0), 4TO COOTBETCTBYET rOPHU30HTAJILHOMY y4acT-
Ky 1—2 tpaekTopuu (puc. 11). Ilpu HeKoTOpoM mepe-
oxnaxnenun AT, = Ty — T,,, mapoBas (paza 1ocTUraeT
TPAaHUYHOTO METACTAOMIBHOTO COCTOSTHMS, B KOTOPOM
obpa3oBaHNe KPUCTAIOB CTAHOBUTCS HEM30EKHBIM.
B aTOM ciyyae BeJMUYMHY ABUXKYILEH CUJIBI KpUCTa-
JIN3allMU, COrIacHO (2), MOXHO OMNpeneauTh CAenyto-
IIMM 00pa3oM:

A = AHgAT, 1 T, 3)
rne AHg= T (S, — S,) — sHTanbnusa cyoamMaunu
npu temneparype T Ilpu MaccoBoil Kpucraniusa-
LMY JaBJeHUe MEePechIIIEHHOTO Mapa pe3Ko MOHU-
JKaeTcsl U MpUOIMXKaeTcsl K paBHOBECHOMY 3HAUEHUIO
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Puc. 10. 3aBUCUMOCTb OT TeMIIEPaTYpbl ICTOUHUKA YCPEAHEHHBIX 3HAYSHU ATMHBI < L> U CKOPOCTH pocTa <r> KpUCTa-
JIOB aHTpalleHa (a) u TeTpalieHa (0) B OMHO30HHOM TEILJIOBOM ITOJIE.

Ap =max(|Ap|) .

Kpucrammmueckas
¢aza

T

P (naBnenue)

AT,

ng (TUIOTHOCTH KPHUCTAIIOB)

Iap

Tn72 1

T (temneparypa)

T,

m

Ts

Puc. 11. Cxematndeckas ¢dasoBast nmarpaMma Juist 00b-
SICHEHUSI OCOOEHHOCTEM KPUCTA/UIN3aLMU KPUCTAILIOB
M3 1apa B TpaldeHTHOM I10Jie TeMITepaTyphl; CILIOIIHAS
KpuBas — JIMHUS (pa30BOro paBHOBECUST KpUCTA/UI—IIap,
IIYHKTUPHAsI — TPaHuIa 00J1aCTU METacTaOMIbHOCTU
MEePECHIIEHHOIO Mapa, YepHble CTPEJKU YKa3bIBalOT
MyTh KPUCTAJUTU3ALINH,

3 KBa3uM30TepMUYECKHU (BEpTUKAJbHBINA y4aCTOK
2—3 tpaekTopun). OKpeCTHOCTh TOUKM 3 Ha (azo-
BOI TUIOCKOCTH COOTBETCTBYET O0IACTH JIOKATU3AITUN
[1€PBOr0 MaKCMMYyMa IJIOTHOCTH 71 KDUCTAIIJIOB B 30HE
pocta (puc. 9). UMeHHO 31eCh MPOUCXOAUT (POPMU-
poBaHue HamboJlee KPYITHBIX KpUCTaioB. Ha ocHOBe
(2) nyst BeMMUMHBI CHUXKEHUS JaBJI€HUST HACHIILIEHHOTO
rmapa B OKPECTHOCTH TOYKHM 3 MOXHO 3arucarh Hepa-
BEHCTBO

AH AT,

AP ——2——,
(Qv _Q())TS

3)

Hanee cuTyalusi MMOBTOpSIETCS: TIPU TIepexoe U3
TOUKHU 3 B TOUYKY 4 mo u3obape map, Iepechlasich,
BHOBb JOCTUTAET TPaHULILI METaCTaOMJILHON 00sacTu
OTHOCUTEILHO PABHOBECHOIO COCTOSIHUSI MPU TEMIIe-
parype T,,,, Ip1 KOTOPOI HAOIIONAETCS BTOPOI MaK-
CHMYM TUTOTHOCTH OCaKJIEHHbIX KPUCTAJLJIOB, a TaBje-
HHE CHMXAETCsl 10 OYepeTHOT0 PaBHOBECHOTO 3Have-
HU (ToYKa 5).

Takum obpasom, Ha ¢da3oBoii AUarpaMme MyTh
KPUCTAJIM3AIIMK BellleCTBa MOXHO YITPOIIEHHO TIPe-
CTaBUTb B BUIIE KacKaaa CTyMeHei, KaKaas u3 KOTo-
PBIX XapaKTepusyeT 00pa3oBaHUE U POCT KPUCTAIOB
B HEKOTOPOM 00JIacT! 3HAYCHU TeMIIepaTyphl 1 1aB-
JIEHUSI TIepechIlieHHoro napa. Omnpenenss TemIiepary-
Py, COOTBETCTBYIOIIYIO TTIEPBOMY MaKCUMYMY TIJIOTHO-
CTH OCaXXICHHBIX Ha TOIJIOXKKY KPUCTAIIJIOB, MOXKHO
YCTAaHOBUTH IIMPUHY METAaCTaOMILHOI 00J1acTu nepe-
CBIIIEHHOTO Mapa, MepeoxJIaxKaeHHOTO OTHOCUTEIbHO
COOTBETCTBYIOILEH paBHOBeCHOI TemmepaTypsl T,
a TakXKe OTpeneIuTh OJaronpusITHBIC YCIOBUS IS
BhIpalllMBaHUsI HauboJiee KPyMHbIX KpUCTaaioB. Ipa-
HUYHbIe nepeoxyuaxaeHust AT, mepecrlleHHOTOo napa
aHTpaleHa (puc. 12a) u terpaueHa (puc. 126) obLIU
YCTAHOBJIEHBI 110 JaHHBIM O pacmnpenejeHuu cpeaHeit
IUIOTHOCTHU KPUCTAJIIOB (puc. 9).

st paccMaTpuBaeMbIX TeMIIEpaTypHBIX IMana3o-
HOB I'PaHUYHOE TIEPEOXJIAKIEHNE MTPU yBeIndeHnun 7
B clly4yae aHTpalleHa pacTeT U BBIXOOUT Ha HACKIIICHNE
npu AT, = 64 K, a 1151 TeTpalieHa — CHUXAETCs C Bbl-
xonoM Ha Hacblenue npu AT, = 61 K. Takum obpa-
30M, C POCTOM TeMIlepaTypbl UCTOUHUKA T g LIMPUHA
006Jy1acTu MeTacTabUIBLHOCTU AT TIEPEOXIAXKICHHBIX
COCTOSIHUI HACBIIIEHHOIO Iapa KaK aHTpalieHa, Tak
U TeTpalleHa BBIXOAUT HA TTOCTOSTHHOE 3HAUeHHWE B MH-
tepBayie 60—65 K.

Jleyszonnoe mennogoe nose. B JaHHBIX yCIOBU-
SIX POCTA XapakKTep KpUCTAJJIU3ALNU UCCIEeoyeMbIX

KPUCTAJIJIOTPAOUA  tomM69  Ne2 2024
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Puc. 12. ITepeoxnaxnenue napa (AT, = Tg— T,,,) Hal CKOTUIEHUEM KPYITHBIX KPUCTAJUIOB aHTpalleHa (a) 1 TeTpaueHa (6)

KakK (YHKIIUSI TeMITepaTypbl HCTOUHMKA.

3o0Ha 1

Puc. 13. PacnipenejieHue KpuCTaajJoB aHTpalleHa B POCTOBOI KBaplieBOii TpyOe mocije 3KCIepuMeHTaJIbHOIo 1IMKJIa
B IBY30HHOM TerutoBoM none (7, = 433, T, = 373 K) (a); Haubosee KpynHble KpUCTAJIIbl aHTPALIEHA, BEIPALLIEHHbIE TIPU
T, =373 (6), T, = 383 (B) u T, = 393 K (r); uzobpaxeHue 06JacTi ocaxaeHusl Hanbosee KPYMHbIX KPUCTAJUIOB MEXILY
nBymst 3oHamu ipu 403 K (). @ortorpaduu cnenansl ipu YD-ocBenieHUN.

COCAMHEHUN CYyIIeCTBEHHO OTIMYAeTCsl OT HabIona-
€MOTr0 B OJHO30HHOM TEIJIOBOM I10JIe: MHTEHCUBHBIA
POCT KPHUCTAJUIOB MPOUCXOIUT HA ydacTKax pe3Koid
CMEHBI TEIIJIOBOrO pexXXMMa: 3a mpenejgamMu 30H 1 u 2
(puc. 13a) [20]. KpymHble KpucTaaibl (hOPMUPYIOTCS
B IIEPEXOIHOM 00JacTh MexXny 30HamMu 1 u 2.

bojsiee moapo6HO Obla McciaegoBaHa KpucCTal-
Ju3auus aHtpaueHa (puc. 13a). Ilpu paBHBIX TIe-
puomax pocta ¢ USMEHEHHUEM TeMIlepaTypbl XOJIO/-
HOI 30HBI T, U3MEHSIOTCS CPEIHUE Pa3Mepbl KpU-
CTaJJIOB, OCAXJIEHHbBIX B MTPOMEXYTOUHOU 00J1aCTH.
[Tpu T, = 373 K B mpoMeXyTOUHOI 00JaCTH B OCHOB-
HOM 00pa3yloTcsl YIUIMHEHHbIe KpUCTa/UIbL (puc. 130).
Ne2 2024

KPUCTAJIJIOTPA®USA  ToMm 69

C poctom temmeparypsl 7T, y IIOCKUX KPUCTAJIIOB
yeT4ye opopMiieHbl 00KOBBIe rpaHu (puc. 138, 13r).
Poct Hanbo1ee KpyIMHBIX KPUCTA/UIOB HAOIIOOAIN TIPU
T, = 383 K (puc. 13B): ObUT MOJy4E€H KPUCTAILI, IJTMHA
kotoporo npesbiaia 20 mM. [pu 7, = 393 K Habi0-
JaeTcsl TeHAEHIMs K GOpMUpPOBaHUIO O0Jsiee yTOMIIEeH -
HBIX OrpaHEeHHBIX KpUCTAJLIOB (puc. 13r). BHyTpeHnHMe
YIJIbI MEXJy OOKOBBIMM TPaHSIMUA KPUCTAJLJIOB 3a4a-
ctyto 0im3ku K 110° m 125°, 94T0 COOTBETCTBYET KpU-
crajorpa¢guyecKoil opueHTaIMM OOKOBBEIX I'paHE
napauienbHo 1iockoctsaMm (100), (110), (110), (100),
(110) m (110) [31] (puc. 138, 131). [Ipn T, = 403 K xpu-
CTaJUIbl aHTpalleHa ¢ MEHBIIUMU JIMHEUHBIMU pa3Me-
pamMu U HauboJiee BbICOKOI TJIOTHOCTbIO OCaXKIEHMUS
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Puc. 14. 3aBucuMOoCTb yCpeTHEHHBIX 3HAYSHU I TOTIIN-
Hbl <h> (1) u puHbl <L> (2) KpUCTaJIOB aHTpalleHa OT
nepenana remneparyp AT, , mexiy 3oHamu (T; = 433 K).

0o0pa3yroTcs BOJM3U MCTOYHHMKA C BEIIECTBOM
(puc. 13m).

Cpennsist TonmuHa <A> u qimHa <L> HauboJee
KPYITHBIX 00pa3I0B KPUCTAJLUIOB aHTpalleHa 3aBUCHUT
OT BEJIMYMHBI repenana remmepatyp AT, =T, — T,
MEXIY XOJIONHOM 1 Topsiueit 3oHamu (puc. 14). B uc-
cleIyeMoOM IHMaIta3oHe TeMIlepaTyp BenwmdauHa </>
yObIBaeT JIMHEHHO ¢ pocToM AT, a JUI BETUIMHbBI
<L> nabmonaercst Makcumym nipu AT, = 50 K.

IMomo6Hass KapTHHA OCaXIACHHUSI W pOCTa KPUCTAII-
JIOB B IBYy30HHOM TEIIJIOBOM TI0JIe HAOIIOMAeTCs ISt
TeTpalieHa u nieHTaleHa [20]. B kauecTtBe npumepa Ha
puc. 15a pencrapiieHO n300pakeHue pOCTOBOI KBap-
11eBOI1 TPyOKM C OCaXKACHHBIMU KpUCTa/UIaMU TeTpalie-
Ha TocJie [MKJa pocta. Haubosiee KpymHble KpUcTal-
Jibl (hOPMUPYIOTCS HA y4acTKe Mexay 3oHamu 1 u 2
(puc. 150), a 3a BHEIITHUMU TPAHULIAMU TUX TETLIOBBIX
30H (hOPMUPYIOTCS O0JIee MeJIKUe KPUCTALIbI C BbICO-
KO TNTOTHOCTBIO ocaxaeHus (puc. 158). CaMblii KpyII-
HbIIl MOHOKpUCTaJL, BeIpallleHHbIi ipu 7, = 463 K,
UMeeT JUIMHY 4.5 MM 1 TomuHy ~70 MKM, ero 60Ko-
Bbl€ T'PaHU XOPOIIIO BbIpaxkeHhsl (puc. 15r). IToBepx-
HOCTb Pa3BUTOM IpaHM y TAHHOTO KpUCTalIa TIaaKast
(puc. 15a). I1pu BeIpalliMBaHUU KPUCTAJLJIOB TeTpalie-
Ha B AMana3oHe TeMIiepaTyp XOJOAHOM 30HbI OT 453
10 473 K ocoObIx NU3MEHEHMIA B XapaKTepe OCaKIeHUs
KPUCTAILTIOB ¥ X MOP(OJIIOTUY HE BBISIBJICHO.

PaHee ObL10 ycTaHOBJIEHO, YTO MpPU BhIpallldBa-
HUM KPUCTAJUIOB TIEHTalleHa B IBY30HHOM TETIJIOBOM
nose npu 7, = 563 K ¢ usmeHeHueM TeMneparypbl
X0JIOOHOM 30HBbI T, U3MeHsI0TCS opma U TOJNILHU-
Ha KPUCTAJIOB: (hOpMUpOBaHNE HanboJee KPYITHBIX
¥ TOHKUX KPUCTAJIOB HAOIIOMATIOCH TP MUHUMAJTb-
HOM Temrieparype xosonHo# 30HbI T, = 493 K, a o

KVIJINIIOB u np.

Mepe yBeJMueHUsI TemnepaTypsl 1, (U1 yMEHBLIEHUS
AT ,) cpenHue pasMepbl pa3BUTOM rPaHU KPUCTAILIOB
YMEHbBIIAJIMCh, HO TIPU TOM HAO0J101aJI0Ch YTOJIILEHHE
KPUCTAJIJIOB U OoJjiee 4eTKoe 0(popMiIeHHE X OOKOBBIX
rpaneii [20]. B HacTosmeit pabote ¢ LeJIbl0 CHU3UTD
BEPOSITHOCTh JeTpagallii BelllecTBa ¢ 0O0pa3oBaHUEM
OKCHU-TIPOM3BOAHOTO — 5,l4-meHTaleHAMHOHA, KO-
TOPOE OTIAEIbHO KPUCTAIU3YETCS B 00JIee XOTOTHOM
00J1acTH B BUJIE KOPUYHEBBIX UTOTBUATHIX KPUCTAJLJIOB
[20], pocT KpucTa/UIOB NEHTalleHa OCYILECTBIISUIN IIPU
T, = 553 K. IlpoBeneHHbIe McCIeN0BAHMS TOKA3AIIH,
YTO OOHapyXeHHBIe paHee 3aKOHOMEPHOCTH KpH-
CTaJUTM3allMy TICHTarleHa BoctipousBoasaTcs. Harmpu-
Mep, npu T, = 493 K Taxxke oTmeyascd pocT HanboJee
KPYITHBIX U TOHKUX KPUCTALIIOB, (DparMeHThl CAMOTO
OOJIBIIIOTO M3 BBIPAIICHHBIX B TAHHBIX YCJIOBUSIX KPU-
cTaJula TIpeACTaBJIeHBI Ha prc. 16a (Bo BpeMs U3BJIe-
YyeHUs U3 TpyObl TOHKUI KpUCTaJLT packosofcs). Pa3-
BUTasl TpaHb y KpUCTAJLJIOB Iaakas (puc. 166). [1pu
T, = 513 K dopmupoBaiucb MeHee KpyIHbIe, HO 00-
Jiee TOJICTble KPUCTAJLIBI TIEHTalleHa, YTO IMO3BOJISIIO
UX MepeMellaTbh ¢ ONHON MOBEPXHOCTU HAa IPYTYIo
(puc. 16B). Y 1aHHBIX KPUCTAIIJIOB ITOBEPXHOCTH GoJree
pemvedHas (puc. 161).

Cyns o HabaomaeMbIM 0COOEHHOCTIM Mopdo-
JIOTMYECKOTO Pa3BUTUS KPUCTAILJIOB MEHTAlleHA B yC-
JIOBUSIX BY30HHOTO TEIJIOBOTO MOJISI, MOXHO Mpen-
MOJIOXKUTh, YTO MPU Mepernanax TeMInepaTyp Mexay
TeTuloBbIMM 30HaMu AT, > 60 K HaunHaeT mposs-
JIATBCS 3apOIBIIIEBbI 2D-MeXaHU3M ITOCI0IHOTO PO-
cTa, 6;aromapst KOTOpOMY IIJIsT TTOBEPXHOCTH Pa3BUTOM
rpaHu XapakKTepHO HaJM4Yre IIepOXOBaTOCTH Ha YPOB-
HE TOJILIMH HECKOJbKUX MOHOMOJIEKYISIPHBIX CJIOEB.
B nosib3y 3TOro CBUAETENLCTBYET TOMOTpacruueckoe
ACM -uzobpaxeHue (puc. 17) yuactka moBepXHOCTU
(parmMenTa Kpucramia, IpuBeAcHHOTO Ha puc. 16a.
Ha nosepxHocT HabIIOAAIOTCSI OCTPOBKU IBYX BUIOB:
OoJiee KPYITHBIEC IIMPUHON B HECKOJIBKO MUKPOMETPOB
1 BBICOTOM 1.5—2.5 HM U y3kue mupuHoit 0.5—1 MKM
U BbicOoTO# 10 20 HM (sipKre TouKu). ToJalIrHa MOHO-
MOJIEKYJISIPHOTO CJIOS1 U1l Pa3BUTOM rpaHU KpUcTasia
neHTaueHa d;y, = 1.4 um [20]. Takum o6pa3om, HabITIO-
JaeMble OCTpOBKHM (puc. 17) comepxKaT OT OmHOro 10 15
MOHOMOJIEKYJISIDHBIX CJIOEB, 32 CUET pa3pacTaHuUs KO-
TOPBIX B HIMPUHY MPOUCXOAUT GPOPMUPOBAHUE PA3BU-
TOU rpaHu KpucTtasia.

ITpu AT, < 60 K, no Bceit BUIMMOCTH, NpeBam-
PYeT IMCIOKALIMOHHbBIA MEXaHU3M MOCIOMHOTO pocTa
KPUCTAJJIOB, B CUJTy YeTO CKOPOCTb X POCTa B TOJI-
IIMHY 3HAYUTEIbHO YBEIUUMBAETCS, @ pa3BUTasl TPaHb
CTAHOBUTCS OoJiee pesibedHOIt 32 cUeT pa3BUTUS Ma-
KPOCTYIIEHEI I POCTOBBIX XOJIMUKOB (pHc. 16T).

OTHOCUTETLHO TIPUYMHBI OTCYTCTBUSI POCTa KPU-
CTaJJIOB BHYTPU KBa3MOTHOPOIHOTO TETUIOBOTO TTOJIS
XOJIOAHOM 30HBI, HAXOASIIErocs MpU TeMrepaType
T,, MOXHO TIpUBECTH ciieaylolee cooopaxenue. I1a-
poBasi ¢haza BHYTPHY XOJIOAHOM 30HBI HAXOIUTCSI B CO-
CTOSTHUM HEKOTOPOTO IMOCTOSTHHOTO TEPeCHIIeHUS

KPUCTAJIJIOTPAOUA  tomM69  Ne2 2024
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Puc. 15. PacnpeneneHue KpUCTaIoB TeTpalieHa B pOCTOBOI TpyOe IMocjie 9KCIepUMEHTaIbHOTO LIMKJIa B IBy30HHOM Te-
mioBoM nioie (7, = 533, T, = 463 K) (a); 6, B — yBeIMUeHHbIE N300pakeHNUsT y4aCTKOB POCTOBOM TPYObI B OKPECTHOCTSIX,
oTMeueHHbIX cTpesikamu | 1 11 cooTBeTCTBEHHO Ha BepxHei hoTorpaduu; r — caMblii KpYITHbBII M3 MOJTYYeHHBIX KpUCTaI-
JIOB TeTpalleHa; I — yBeJIMUeHHOE N300pakeHWe y9acTKa Kpasi KprUcTayia, IpeacTaBJIeHHOTO Ha puC. T.

c nepeoxyiaxaeHueM AT, OTHOCUTENIbHO PAaBHOBECHO
TeMIiepaTyphl U TIPU TTOCTOSTHHOM JaBJIEHUU. DTO CO-
CTOSTHHE MOXXHO OXapaKTepru30BaTh KaK OTHOCUTEIBHO
ycToitunBoe MetactabuiabHoe ¢ Ap = const (puc. 11),
U3 KOTOPOTO MOXHO BBIUTU TyTeM uaMeHeHust P u T.
ITo aT0it mpuunHe 0Opa3zoBaHUS U POCTa KPUCTAIJIOB
BHYTPM OIHOPOIHOTO TOJISI TeMIIepaTyphl XOJOTHOM
30HbI HE HabJoaaeTcsi. B MpoTUBOIOJOXHOCTb 3TO-
MY, MTHTEHCHUBHBIE POCTOBBIE TIPOIIECCH TIPOUCXOIST
B MEPEXOMHBIX 00JIACTSIX, T UMEeT MECTO TIepera
Temnepatyp. Takum oOGpa3om, riaBHasi pojib XOJIO/I -
HOIi KBa3MM30TEPMUUYECKOM 30HBI B POCTOBOI TpyOe
3aKJI0UaeTCsl B CO3IaHUU TpajuMeHTa TeMIepaTypbl
B MEPEeXOnHON 00JacTU, BapbUpPysT KOTOPBIH MOXKHO
MoaOUpPaTh YCIOBUS pOCTAa KPUCTAILIIOB.

DnekmpuuecKkue ce0licmea Kpucmaniios nenmayend.
Hust cepun yerpoiictB OIIT Ha ocHOBE MOHOKpPUCTAII-
JIOB TIEHTAlleHa YCTAHOBJICHBI CPETHIE 3HAYCHUS JTbI-
pOYHOI TTOABMXXHOCTHU U ITOPOTOBOTO HATIPSIKEHUS:
<u>=(13+£8)- 103 cm?B-lc, <V;> =7+ 1B. s
o6pasua OIIT (puc. 2a) ¢ MaKCUMaJIbHOM ABIPOYHOI
MOIBIKHOCTBIO W, = 2 - 1072 cM?B~'c™! (V= 8 B)
MNpUBeEIeHBI TlepeaaTouHblie (puc. 18a) U BBIXOIHBIE
(puc. 186) BAX. HecMoTps1 Ha CpaBHUTEJIbHO HEBBI-
COKOE 3HaYeHHE BEJTMIMHBI [, CTOUT OTMETUTD BBICO-
KO€ KaueCTBO BBIXOIHBIX XapaKTepUCTUK (puc. 180)

KPUCTAJIJIOT PAOU A Ne 2

TOM 69 2024

B CpaBHEHMU ¢ XapakTtepuctukamu yctpoiicts OIIT,
M3TOTOBJIEHHBIX B TEOMETPUU C HUKHUM 3aTBOPOM
Y1 BEPXHUMU 3JICKTPOJAMU CTOKA M MCTOKA, HAHECEH-
HBIMU B BUJI€ TOHKOIJIEHOYHBIX 30JI0ThIX KOHTAKTOB
BaKyyMHbIM TepMUUecKUM ocaxaeHueM [20]. BuaHo,
YTO FUCTEPE3NC BHIXOMHBIX XapaKTePUCTUK IIpaKTUIe-
cK1 oTcyTcTBYeT. BhixomHbsie BAX MMeIoT TMHeHbIH
BUJI BOJM3U HYJIEBOTO HAIIPSIKEHUS Ha CTOKE, UTO CBU-
JIETEeJIbCTBYET O XOPOIIIEM OMUYECKOM KOHTAKTE ITOJTy-
NPOBOAHUKA U IPpadUTOBBIX JIEKTPOAOB. TaKuM 00-
pPa3oM, UCIOJb30BaHKE B KAYECTBE 2JIEKTPOIOB MACThI
Ha OCHOBE yIJIepoaa, XapaKTepu3yIolerocs 00Jjee Bbl-
COKMM XMMMWYECKUM CPOJICTBOM K KpHCTajjiaM MeHTa-
1IeHa, YeM 30JI0TO, U TOA3aTBOPHOIO IUIJIEKTPUKA HA
ocHoBe napuieHa-C o0ecreunBaeT Jy4llnie KOHTaKT-
Hble CBOICTBA U OoJiee KayecTBeHHbIe BAX moneBbIxX
TPaH3UCTOPOB.

SAKIIIOYEHUE

BrimosHeHHBINM KOMILJIEKC MCCAEIOBAHUIT KpU-
CTaJIM3allMU aHTpalleHa, TeTpalleHa W TeHTalleHa
meTomoM [MPT mpu MCITONB30BAHUU POCTOBBIX CH-
CTEM C OIHO- ¥ IBY30HHBIM TEMITepaTypPHBIMU TTOJISIMU
MO3BOJIUII ONPEISTUTh YCAOBUSI BhIpalllMBAHUSI KPU-
cTajijloB caHTUMeTpoBoro maciurada (0.2—2 cm). s
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320 MM

Puc. 16. Kpucranibl neHTaleHa, BbIpallleHHbIE B IBY30HHOM TeTuioBoM nojie pu 7, = 553 K: (pparmenTs! Kpucraia,
BbipanieHHoro npu 7, = 493 K B Teuenue 72 4 (a) 1 yBeIMYeHHOE M300paxeHue ero Kpas (0); KpUCTaslibl, BbIpALlleHHbIE
npu T, = 513 K B Teuenue 120 4 (B) 1 yBenM4eHHOE N300paXkeHUsI KPAeBOTO y4acTKa OJHOTO U3 KPUCTAJLIOB (T).

5 MKM

Puc. 17. Tonorpaduueckoe ACM-u3o0paxeHue yyact-
Ka TTOBEPXHOCTU KPUCTAJIIA TIEHTAlleHa, BEIPAIIEHHOTO
npu T, = 493 K. Ha BcTaBke BBepXy — YBEJIMUYEHHOE
n300paxkeHre BBIIEICHHON BHU3Y OeJIbIM MYHKTUPOM
00J1aCTH C OCTPOBKOM BBICOTOIT ~2.5 HM.

OIIHO30HHOTO MOJIS ¢ TPAAUEHTOM TEMIIEPATYpPhl MyTh
KpUCTaIM3alMU BelllecTBa Ha (Ga30BOil [1uarpamMmme
MMeET TPaeKTOPHIO B BUIIE Kackajaa CTYIeHel, Kaxaas
U3 KOTOPbIX XapaKTepu3yeT 00pa3oBaHUe U POCT Kpu-
CTaJIZIOB B HEKOTOPOIi 00J1aCTU 3HAUCHU A TeMIiepaTy-
pbl U 1aBjieHUs epechillieHHoro mnapa. [To xapakTepy
OCaXJEHUSI KPUCTAJIOB B 30HE C TPAJMEHTOM TeMIIe-
paTypbl MOXHO YCTAHOBUTD IIMPUHY METACTAOMIbHOM
00JTaCTH TIePECHIIIEHHOro T1apa, IepeoxJIakAeHHOTO
OTHOCHUTEJIbHO COOTBETCTBYIOIIEH PaBHOBECHOI TeM-
neparypsl. bpulo MokazaHo, 4TO MPU BbIpalllUBaHUU
OpraHn4YecKmMx MoHoKpucTayuioB MeTtonoM ITDPT misa
YBEJIMUEHUSI CKOPOCTH POCTa U pa3Mepa KPUCTALIOB
WUCTOJIb30BaHUE POCTOBOI CUCTEMBI C ABY30HHBIM
TEIUIOBBIM MoJjieM OoJjiee 3(p(EeKTUBHO B CpaBHEHUU
C KJIaCCUYECKUM BapUaHTOM CUCTEMBI C OAHO30HHBIM
MoJjieM TeMmIiepaTyp. YCTaHOBJIEHO, UTO UCIIOJIb30BaHUE
JIBYy30HHOM pOCTOBOI CHCTEMBI MTO3BOJISIET OKA3bIBATh
BJIUSIHUE Ha pa3Mepbl U POpPMY KPUCTAIIIIOB, a TaAKXKe
Ha MOP(dOJIOTHUIO MOBEPXHOCTU IyTeM 3aJaHusl mepe-
najia remreparyp AT, , mexiy 3oHamu. MiccienoBanus
MOKAa3aJIu, YTO KPUCTAILJIbI MPEUMYILIECTBEHHO OCaXK/1a-
JOTCSl HA Y9acTKaX CO 3HAUUTEJbHBIM IPaJUECHTOM TeM-
neparypbl (MEXIy Topsiueii U XOJOIHOKW 30HaMU 1 3a
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Puc. 18. [Nepenatounsie (a) 1 BeIxomHbIe (6) BobT-aMIiepHble Xapaktepuctuku OTTT Ha ocHOBe MOHOKpUCTaJIIa TICHTalleHa.

UX BHELIHMMMU MpeeiaMu), a BHYTPU XOJOIHOM 30HbI,
rJe TeMIepaTypHOe MoJjie KBa3MOAHOPOIHO, KpUCTall-
JM3alus He HaOonaeTcs, MOCKOJbKY JaBJIeHUe HAaChl-
ILIEHHBIX TTAPOB MPaKTUUYeCKU He u3MeHsietcs. [1o Beeii
BUJIMMOCTH, JUISI TIEHTAlleHa TIpU Meperiaae TeMIiepa-
Typ Mexny 30Hamu AT, < 60 K mocoitHbIi pocT Kpu-
CTaJJIOB B OCHOBHOM IPOUCXOAUT IO TUCIOKALIMOHHO-
My MEXaHu3Mmy, a npu AT ,> 60 K HaunHaer peaauso-
BaThcs 2D-MexaHM3M MOCIOMHOIO pocTa KpucTalia,
YTO MPUBOIUT K (POPMUPOBAHNMIO KPYITHBIX 1 OJTHOBpE-
MEHHO TOHKHUX (HECKOJIbKO MUKPOH) MOHOKPUCTAJLJIN-
YECKUX IUICHOK C MIAJKON MOBEPXHOCTHIO.

Ha ocHoBe BbIpallieHHbIX MOHOKPUCTAJLJIOB MeHTAa-
1ieHa pazMepoM oT 2 10 5 MM usrotosiieHbl OINT ¢ ap-
XUTEKTYpPOil “BepXHUE KOHTAKThl—BEPXHUIT 3aTBOP”
C MOA3aTBOPHBIM IURJIEKTPUKOM Ha OCHOBE Mapuie-
Ha-C. UzrorosnenHsle OIIT mposBisIiOT MOMIYyIIPOBO-
THUKOBBIE CBOMCTBA ABIPOYHOTO TUMA. [ToaydeHHBIE
BAX mokazanam, 4TO MCIIONIb30BaHKUE TpaUTOBBIX
3JIEKTPOIOB 00eCTieurBaeT XOPOIlIne OMUIECKUE KOH-
TaKThl ¢ KpUCTaJJIaMU TieHTalleHa. BenuyuHa noaBux-
HOCTHU HOCUTeNel 3apsifa, o-BUAUMOMY, OTpaHUYeHa
BBICOKOI IIEPOXOBATOCTHIO MOBEPXHOCTHU MCITOJIb30-
BaHHBIX KPUCTAJIIIOB, KOTOpasi 00yCIOBAUBACT HAIM -
yre OOJIBIIOTO KOJMYECTBA JIOBYIIEK B MIPUTIOBEPX-
HOCTHOM TPaHCITOPTHOM CJIO€.

PabGora mpoBeneHa B paMKax BBIIOJHEHUS TOCY-
mapctBeHHoro 3amanusa HUI “KypuatoBckuit nH-
CTUTYT” C ucnojb3oBaHueM obopynoBaHus LIKII
“CTpyKTypHas AuarHoctuka matepuanon”. [1pno6-
peTeHure, BhIpallluBaHUE U UCCIeIOBaHUE dJIeKTprUYe-
CKHX CBOMCTB KPUCTAJIJIOB MEHTalleHa KaK OTIOPHOTO
OpPraHMYeCcKOTO TOJIYIIPOBOAHUKA, UCITOJIb3YEMOTO
B Ka4yecTBEe CTaHAapTa CPaBHEHUSI, ObUIO BHITIOJTHEHO
npu noguepxkke Poccuiickoro HaydyHoro oHaa (rpaHT
Ne 22-13-00255).
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CRYSTALS OF LINEAR ACENES: FEATURES OF VAPOR
PHASE GROWTH AND SOME PROPERTIES
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The results of the crystallization studies of anthracene, tetracene, and pentacene under conditions of
vapor phase transport in growth systems with single- and two-zone thermal fields are presented. The
features of the phase behavior and thermal stability of the compounds were studied by using the methods
of differential scanning calorimetry and thermogravimetric analysis to establish the heating regimes of
substances ensuring crystal growth without damage from chemical degradation. Conditions for growing
crystals of centimeter scale (0.2—2 cm) were determined for growth systems with single- and two-zone
thermal fields. Based on the grown pentacene crystals, a series of field-effect transistors with top drain/
source electrodes and top gate were fabricated and their electrical characteristics were studied.
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