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MpencrtaBneHne o knactepax, Kak 0 MUKPOOOGBEMAX XUOKOCTU C YyNopsaaoYEHHON KpUCTanmnono-
[oBHONM ynakoBKOM aTOMOB MOCeAoBaTeNlbHO pa3BMBaeTCa BO MHOrMxX pabotax (Hanpumep, [1 — 4]).
B yacTtHocTn, B paboTe [2] oenaeTca npeanonoxeHne, YTo XUOKOCTb C KnacTepamun OOMmKHa KpucTtan-
nn3oBaTbCs Kak cuctemMa € 04eHb 60MbLINMM KONMYECTBOM rOTOBLIX 3apoAbllLer Kpuctannmaawmm.

Mo aHanorum ¢ ngeanbHbIM ra3om, B KOTOPOM AOMNYCKaeTCs CyLleCTBOBaHWE YacTul, C MarbiMu
3HeprusamMu, B pacnnaBse MOXHO JONYCTUTb CYLLECTBOBAHWE «BbIMOPOXEHHbLIX» MUKPOOOBHLEMOB, Y KO-
TOpbIX TemnepaTypa 3HaA4YMTENbHO HWXKE TemnepaTtypbl MAaBfeHNS U He NPEBOCXOAUT TemnepaTtypbl
Oebaga. [Ina Takmx y4acTKOB BO3MOXHO cyllecTBoBaHne bBose—koHaeHcauun [5]. B atom cnyyae ten-
nosas aHeprua KT consmepmma ¢ 3HEPreTU4ECKon pasHMLLEN OCHOBHOMO U BO30YXXOEHHOIO YPOBHEN.

Mexay aBneHnamMun pasnmyHon husndeckon npupoasl Nerko nporngasisaeTca aHanorus. Tak 3a-
NMCb OQHOMEPHOrO ypaBHEHUS TEMSIONPOBOAHOCTUN TOXAECTBEHHA 3anMCy BTOPOro 3akoHa anddysmm
®uka. MNpu 9TOM B ypaBHEHMUM TENMOMNPOBOAHOCTU ABUXYLLEN CUION SABMSETCH rpagueHT TemnepaTty-
pbl, @ KOAHULMEHTOM NPONOPLMOHANBHOCTU — KO3IPMULNEHT TEMNEPATYPONPOBOLHOCTU; B 3aKOHE
durka — rpagueHT KOHUEeHTpaumm n koadpuuneHT amddysnmn, COOTBETCTBEHHO. YpaBHEHNE KOHBEK-
TMBHOrO TenrnonepeHoca MMeeT COOTBETCTBYHOLNA aHanor — ypaBHeHWe MacconepeHoca. B aTux
YpaBHEHUSAX KOI(PPULUMEHT KOHBEKTUBHOIO TeNnoobMeHa aHanornyeH KoadppuumeHTy macconepeHo-
ca, a rpagueHTy TemnepaTtyp COOTBETCTBYET rpagMeHT KOHUEHTpauun Ha rpaHuue pasgena ¢as.

EcTtecTBEHHO nNpennonoxuntb, YTo 3akoHy CtedaHa—bonbumaHa B obnactn TennoodbmeHa many-

YeHneMm:
4
Te
=CpE , 1
9 0(100) @

Nnpn KOTOPOM NepeHOC SHEPIMK OCYyLLECTBNAETCA (bOTOHaMI/I, COOTBETCTBYET aHallorm4Hoe ypaBHeHNe
ana mMmacconepeHoca B npeanoriokeHnn, 4Y4T1o MnepeHoC 3Hepruu, HeobXxoAuMOM Ans akTMBauuu
D,M(*)(byHD,I/IpyI'OLLI,I/IX aTOMOB, OCYLLEeCTBNAT (bOHOHbI — BOJIHbI KOJIJ1EKTUBHOIO TEMJ10BOro ABM>XeHUA
aTOMOB:

m=a(grad C)b (2a)
nnnm
M=Kae, (cﬁp —Cﬁacn) , (26)

roe a, b — koapbduumeHTsl, yunThiBaloLLMe CBONCTBA Cpebl C TOYKM 3pEHMS ee NPOHULLaeMOCTH NS
doHOoHOB npu dopmmnpoBaHun knactepos; grad C — rpaguMeHT KOHUEHTpauun; Kz — aHanor KOH-

cTaHTbl bonbuMmaHa; €3 — CTelneHb «4epHOTbI» cpeadbl AIA (*)OHOHOB, aHanor creneHn 4epHoTbl €
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cuUCTeMbl TennoobmeHa nanyyeHnem; Cpp— KOHUEHTpauus npumecun B knactepe; Cpacn — paBHoO-
BECHasi KOHLEHTpaunsa npumMecuK B pacnnase; p — nokasaTtenb cteneHu (B 3akoHe CtedaHa—bonbu-

MaHa p paBeH 4).

®OHOHbI BO3bOYXXOalTCs NPU TEMMOBOM ABWXKEHUW aTOMOB PELUETKW, YNPYro CBA3aHHbIX Apyr
C OpYromM XMMWYEeCKUM B3ammogencranmem. Ho ectb 1 Opyron UCTOYHMK BO3BYXKOEHUS — 3TO aTOMbl,
coBepLUaloLLne nepeckok u gecdopmMmupylolime peweTKy B nepesanibHOM nonoxeHun. Penakcauus mc-
Ka)KeHWI, OCTaBLUMXCS MOCIe Nepeckoka, Takke NPOUCXOAUT MYyTEM POXAEHUS KOPOTKOBOSHOBbLIX ¢ho-
HOHOB, BO3OENCTBYHOLUMX Aaniee Ha ocTalnbHble aToMbl. B 0ObIMHBIX YCNOBMAX Npy Temnepartypax
Bbille ©p BO30yXgalTca (POHOHbI BCEX AOMYCTUMbIX YacTOT BMnoTb A0 Aebaesckon. OgHako B TeM-
nepaTtypHOM uWHTepBane a3oBbiXx NEPExogoB OObIMHO MPOSABMASETCS CTPYKTYpHasi HEYCTOMYMBOCTb
PELLETOK, BCNEACTBUE YEro B OCHOBHOM BO30Y>KOAKTCA HU3KOYACTOTHbIE (DOHOHLI, AN KOTOPbIX BOSI-
HOBOW BEKTOP HanpaBfieH BOONb TPAEKTOPUN YMEHbLUEHNS NOTeHUMana. TeM caMbiM pe3ko CHuXaeT-
CH 3Heprusa nepesarnibHOro COCTOAHWUA npu anddysumn, a Bosgencrane (POHOHOB NPUBOOMUT K MOYTU
KONMEKTUBHBIM AN dY3MOHHBIM nepexogam Tuna auddysmm B none HanpsbkeHus. MoxHo npegno-
NOXWUTb, YTO B OTNM4YME OT 3akoHa CtedaHa—bonbumaHa, KoTopbi cnpaBennve Anst BCEX ANUH BOSH
N, COOTBETCTBEHHO, ANA BCeX TemnepaTyp, npeanaraemoe ypaBHeHue (2) 4OmKHO paboTaTb TOMbKO
npy onpegerieHHblX TemnepaTtypax, B YacTHOCTW, Mpu TemrnepaTypax, COOTBETCTBYIOLMX (Ppa30oBbIM
nepexogam. C aTUX NO3MUMIA pacnnaB paccMaTpmBaeTCs Kak HEOAHOPOAHas cucTema MUKpoobbe-
MOB, pasnuyaloLnXca npexae BCero ypoBHAMU NoTeHuuansHou aHeprn. Knactepbl npegcraBnstoT
cobon y4acTkM C MUHMManbHOW aHeprnen. OHM Kak Obl ABNAOTCA OCTpOBKaMu KpucTanna. Mexay
Knactepamu pacnonoxeHa anddysmoHHasa 30Ha, rae HenpepbiBHO reHepupyroTca OOHOHBLI U NpoTe-
KaeT maccoobMeH, To ecTb KknacTtepbl kKak 66l obMeHuBalTCa POHOHaMK C pacnnaBoM, COCPeaoTo-
YeHHbIM B A Y3NOHHOM 30HE.

Mpeonaraembin 3cdeKkT B3aMMOOENCTBUA MeXOy KracTepamu C MOMOLLbIO BOJSIH TEMMOBbIX
konebaHun MoxeT HabnwaaTbCAa Ha PacCTOSHUSX, KOTOpble MO MOPSAKY BEMWYUHbI COCTaBMSOT
10°—10* aTomHbIX AnameTpos [1], T. e. oxBaTbiBaeT obnactb B 10° aTOMOB, 4TO XOPOLLO cornacyeTcs
C pa3mepamMu KnacTepos.

YpaBHeHus (2a, 6) MOryT ObITb UCNOMNB30BaHO AN ONUCaHUsA «CobBCTBEHHOro» B3aUMOAENCTBMS,
OTBETCTBEHHOrO 3a KpucTtannusaumio n satsepaeBaHve. OnmMpasicb Ha 3TO ypaBHEHWE, MOXHO 06bSAC-
HUTb MHOIME SIBIEHMS MPU KPUCTaNM3aLmm pacniaBoB: IPOMagHy0 CKOPOCTbL NEPECTPONKN BnmxKHe-
ro nopsigka ¢ obpasoBaHuem AanbHero nopsiaka, opMMpoBaHue ABYX(A3HOW 30HbI, PACXOXAeHWNe
B OLiEHKaX KOonuyecTBa BblAensowenca TennoTsl Kpuctannmsaumm u T. n. B yacTHOCTK, rpoMagHyto
CKOPOCTb NepecTpoviku BrnvkHero nopsaka ¢ obpasoBaHMeM AanbHero nopsigka npy Kpuctannmsauum
MOXHO OOBACHWUTb TEM, YTO B COOTBETCTBUM C MPEOSIOKEHHON 3aBUCMMOCTbLIO (2) NPOMCXoAnT Mpo-
Lecc naBMHOO6pa3HOro YoOpMMPOBaHMSA KITACcTEPOB, a TakkKe UX NPUCOEeANHEHMS K KNacTepHO—LUepo-
XOBaTOW MOBEPXHOCTWN TBepAon dasbl (Kak 3TO npeacTtaBnAeTca npu onnucaHMm MexaHusma 3aTeep-
aesaHuna B paborte [6]).

B cooTBeTCTBUM C 3TMMK NpeacTaBneHnaMmn ocobeHHOCTU (POPMUPOBaHMS MOBEPXHOCTU KnacTe-
POB AOMKHbI, MO—BUANMOMY, MOAYUHATLCS 3aKOHOMEPHOCTSIM pOCTa 3apoablllent Npy NPpUCoeaMHEHUN
K HUM aTOMOB M3 OKpy>KatoLLlen Xunakon dasel. CTpyKTypa NOBEPXHOCTU KnacTtepa (CTeneHb LIepoXo-
BaTOCTM) OOSMKHA 3aBMCETb OT OCOBEHHOCTEN aTOMHO—KPUCTaNNMYEeCKOro CTPOEHUS KOMMOHEHTOB
pacnnasa.

Bo3moxxHasa cxema nNpucoeamnHeHns Knactepa npumMecu K OCHOBHOMY KOMMOHEHTY MpuBeAeHa Ha
puc. 1. O4YeBMAOHO, UMEHTCA OrpaHudeHus, onpedensilomne yCTOMYMBOCTb Takoro obpasoBaHus.
OHeprma mexdasoBoro B3aMMOLENCTBUSA AOMMKHA 3aBUCETb OT BeNIMYMHbLI MOBEPXHOCTU KOHTAKTa,
CTENeHn ee aTOMHOM LUEPOXOBATOCTU, M3OMOpPdM3Ma PELUETOK MaTepuanoB KOHTAKTMPYHOLMX MO-
BEPXHOCTEN, (haKTopa COOTBETCTBUSA aTOMHbIX pa3MepoB.

CymMMapHas BepOosAATHOCTb MPUCOEAMHEHUS YacTuLbl K TBepaon dase [6] onpegenseTcsa koadhdu-
LMeHTOM akkomogaumnn As | , XapakTepu3ayioLM BEpPOATHOCTb Nepexoaa atoma B Apyryto dasy:
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roe Qun/Tnn=Sns — SHTPONUS NNABMNEHWs, a Takke HanpaBlieHUEeM W CKOPOCTbIO ABWXEHWS Kna-
cTepa.
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Puc. 1. BoaMmoxHas cxema NpucoeanHeHNst KnacTepoB K KNacTepHO—LLEPOXOBaTOM MOBEPXHOCTM TBepAOoN dhasbl

BeposiTHOCTbL NpucoeanHeHUsT K NOBEPXHOCTM TBepAon dasbl ANs KnacTtepa, kak u ans otaernb-
HOro aToma, O4YeBMAHO, OydeT onpedensiTbC Takke YCMOBUSMWU KpucTannmsauun. B yacTHocTm xa-
pakTep Kpuctannusauuu metanna B KpUBONMHENHON yCTaHOBKE HEMNPEpPLIBHOM pasnunBku OyaeTt onpe-
OEensATbCsl KPOME BCEro Npo4Yero M yriom, nopd KOTOpbiM pacrnofiaraeTcs paccMaTpuMBaeMoe CeveHune
Kpuctannusauun. Npn aToM KpucTannusaumsi Ha pasnuYyHoOM PaccTOSHUM OT OCY KpUCTannm3ayoLLero-
cs cnmTtka (Rey U Ryap) B NyHKe, ANUHA KOTOPOW AOCTUraeT OEeCATKOB METPOB (pUC. 2), eCTECTBEHHO,
OygeTt npoucxoautb no—pasHomy. Ob6pasoBaHMe 1 NPUCOeOMHEHNE KNacTepoB K TBEPAOW MOBEPXHO-
cTn OyayT Takke pasnuyartbCes.
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Puc. 2. Cxema nyHku Kpuctannmsauum

o HEKOTOPOro KpUTU4EeCKOro cev4eHund FKp’ B KOTOPOM KMHETUYECKNM BITUAHNEM CTPYU pacniiaBa

MOXHO npeHebpeyb, HeOOXoAMMO Y4uTbIBaTb BRMSHWE HA KpUCTannmM3auuio Cus, y4yacTBYHLLUX
B mpouecce: Cun rpaButTauum u umnynbca ABwXKeHua cTpyu. [Bwxkywias cuna kpuctannusauum —
rpagueHT TemnepaTyp — HanpaBfieH No HOpManu K TOpLy paccMaTpUBaeMOro CeYEHUs!, HO KaXabin
pa3 nog CobCTBEHHbIM yrroM ¢ (puc. 2), uameHswowmmes ot 90° B Havane kpuctannuaatopa go 0°
Npy BbIXO4€E Ha rOPU3OHTAasbHbIA poribraHr. To eCTb B Ka4oOM paccMaTpUBaEMOM CeYeHne co3daroT-
Cs1 pasnuyHble YCMOBUS KpUCTanNu3auum, Tak Unu nHade BNuMsOLWME Ha 3aKOHOMEPHOCTU BblaerneHuns
B TBepAyo a3y OCHOBHOIO KOMMOHEHTA N NMPUMECEN.

3akno4yeHue

Takum obpas3om, NosiBnsieTcsi BO3MOXHOCTb YBA3aTb pacrnpeferieHue 3rIeMeHTOB Mo TONLuHE
CNUTKa C M3MEHEHUSIMW YCIOBUI KpUCTanmM3aumm (C BENIMYUHON yria @, KOTOPLIA, B MPUHLMNE, OAHO-
3HaAYHO onpeaensieT U TemnepaTtypy), a Takke y4ecTb BMsSIHAE UMNysbca cTpyu. Kpome Toro, Heobxo-
AMMO yBsi3aTb KOOpAMHATY pacrofiokeHusl npuMecy — paguyc R; (COOTBETCTBYIOLLMIA PACMONOXEHUIO
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npmuMmecn Ha pacCcTtoAHUU k,‘ OT ocun CJ'II/ITKa) — C TeKyWwunM yrriomMm ;. PacnonoxeHue KPpUTN4ECKOro

cevyeHunda onpegendeT MOMEHT Ha4dana 06paBOBaHVIF| NOPUCTOCTUN, a TaKKe BblOeNIeEHNA KPYMNHbIX HEe-
MeTannM4Yeckmx BKITIOYEHNIN Ha OCK CrnTKa.
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