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B pabote nccrnenyercs KUHETHKA [IEPEX0/a B KpUCTAILII HAHOPa3MEPHBIX IUIEHOK pacmiaBoB OLIK
MeTaJuIoB. MccnenoBanue mpoBOJUTCS METOIOM MOJIEKYIIIPHOM TUHAMUKHU JJIsl pacIIaBOB MOJIMOIeHA 1
taHTa’na. [lyig uccienoBanus BIOpaHbl TEMIIEPATYPHL, JIEKAIINE HUKE KAIOPUMETPHUUECKOM TeMIiepaTyphl
CTEKJIOBAHHUS PacIlIaBa.

Jnst ananu3a 1uHaMuKH (pa3oBOro nepexoa UCIoiIb30BAIUCH PACIIPEIEICHNS KPUCTANINYECKUX
3apoblIleii B IPOCTPAHCTBE «pa3Mep — napamerp achepruunoctny». CTaTUCTHKA HabUpaslach 10 OOJBIIOMY
yucity M/] Tpaekropuii, COOTBETCTBYIOIIMUX OJHUM U TEM K€ TeMIlepaType U II0THOCTU. OOHapyKeHbI
0COOECHHOCTH, MOKA3bIBAIOLIIE OTKIIOHEHUE TUHAMUKHU (Pa30BOT0 MEepPexoia OT MPUHATON B KJIaCCUYECKOM
TEOPUH 3apObIIIIE00pa30BaHU:

1. JInst TOHKMX MJIeHOK (6 HM) MoMO/ieHa U TaHTajla 0OHapy»keHo, uTo Oosbiias noist M/ Tpaekropuii
MMEIOT YBEJIMUEHHOE BPEMSI )KU3HU IO OTHOLICHUIO K KPUCTAJUIM3AIMKU. AHAIN3 3apObIIIEH MOKa3bIBAET, YTO B
3TUX CUCTEMAX €CTh XapaKTEpHbIE JOITOKUBYLIUE KJIacTepbl pa3MepoM ~70 aToOMOB.

2. Ilpu kpucramuzanuyu MosinbieHa oOHapy>KEHO J1Ba MEXaHM3Ma KPUCTAJUIM3ALUH: YaCTh TPAEKTOpUi
KPUCTAJIIN3YETCS YEPE3 POCT OAHOIO KPUCTAJUIMYECKOTO KIIaCTepa IPUCOEIMHEHNEM aTOMOB U3 PacIlIaBa,
4acTb — 4epes3 CIAUsSHUE HEOOIbIINX KPUCTAIUTMUECKUX 3apo/blliell B 0oiee KpyIHbIE.

3. To, npu Kakoi CKOPOCTH OXJIAXKAECHUS ObLIN MOJTy4eHbl HAYaJIbHbIE COCTOSHUS, MEHIET MEXaHU3M
KPUCTAJJIN3aLMU U BEPOSTHOCTh 00pa30BaHUsl JOJITOKUBYIIUX KJIACTEPOB: B CUCTEMAX, MOITYUEHHBIX C
OO0JIBIIION CKOPOCTBIO OXJIAXK/IEHUS], BBIIIE BEPOATHOCTh 00pa30BaHMs JOITOXKUBYIIUX KIACTEPOB, a
KpUCTAJJIN3alUs UAET B OCHOBHOM I10 MEXaHU3MY CIIUSHUS KPUCTAIJIUTOB; B CUCTEMAaX, MOTYUYEHHbIX C
MEHBIIMMH CKOPOCTSIMH OXJIAKIEHUS, YMEHBIIAETCSI BEPOATHOCTD MOSBJICHUS JOJITOKUBYIIUX KJIACTEPOB, a
MEXaHU3M KpUCTAJIM3aLUU CABUTAeTCs K MPUCOEAMHEHNIO aTOMOB U3 paciliaBa.

4. Jlns TaHTana ObUIo MOJIyYEHO, YTO IPU YBEIMUCHUU TOJILIMHBI IJIEHKH ¢ 6 HM 110 10 HM
«JIOJITOXKMBYILIMEY TPACKTOPUH MCUYE3AIOT.

Takum 00pa3oM, POAEMOHCTPUPOBAHO BIMSHUE YCIOBHH OXJIAXKIEHUS U Pa3MEPOB CUCTEMbI Ha
KUHETUKY KPUCTAJUIM3AI[MM TOHKUX METaNINYECKUX IJIEHOK. B yacTHOCTH, 3TO MOXET 03HAYaTh, YTO €CTh
(byHAaMeHTalIbHbIE OTPaHUYEHUS Ha TOJIIMHY aMOP(HOM METaUTMYECKOH MJICHKH, HE CBA3aHHBIE C
BO3MOKHOCTBIO OBICTPOTO OTBEICHUS TEIJIa U3 CEPEIUHBI.

We investigate the kinetics of crystallization of thin films of molten BCC metals. The study is made using
the molecular dynamics method on the examples of molybdenum and tantalum. The temperatures studied lie
below the calorimetric glass transition temperatures for the melts.

To analyze the dynamics of the phase transition, we used the distributions of the crystalline nuclei in the
«size-asphericity parameter» coordicates. The statistics was gathered over a large number of MD trajectories
corresponding to the same temperature and density. There are a few features showing the deviation of the
crystallization dynamics from the mechanism assumed in the classical nucleation theory:

1. For thin (6 nm) molybdenum and tantalum films it is found that a significant fraction of MD
trajectories have a longer lifetime with respect to crystallization. The analysis of the probability densities shows
that those systems have characteristic long-lived crystalline clusters with the size of about 70 atoms.

2. We found two mechanisms of crystallization on the example of molybdenum films: some trajectories
crystallize through the growth of one crystalline cluster by attachment of atoms from the melt, some — through
coalescence of smaller clusters into larger ones.

3. The cooling rate used to obtain the supercooled melt state has a significant effect on the crystallization
mechanism and the probability of occurence of the long-lived clusters. In the systems obtained at high cooling
rate, the probability of long-lived clusters is higher and coalescence is the dominant crystallization mechanisms.



In the systems obtained at lower cooling rate, the probability of long-lived clusters is lower, and the
crystallization mechanism shifts to the attachment.

4. We have found on the example of tantalum films that increasing the film thickness from 6 nm to 10 nm
leads to elimination of the long-lived MD trajectories.

In the conclusion, we have demonstrated the effects of the cooling conditions and the system size on the
crystallization mechanisms in thin metallic films. In particular, there might be a fundamental limitation on the
thickness of an amorphous metallic film not related to the possibility of fast cooling of the material that“s far
from the film surface.



