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JUHAMUYECKUX CBOMCTB KOHCTPYKIMOHHBIX MAaTe€pUajoB, CIOCOOHOW I'€HEpUpOBaTh
Harpyaromue UMIyiabschl B auana3zone ot 1 1o no 40 I'Tla. /luana3oH ckopocTeil cHa-
psana ¢ ynapaukom ot 80 1o 1620 m/c. CkopocTh ynapHuka noadupanach Takum oopa-
30M, 4TOOBI B MTPOLIECCE HEYNIPYTOro B3aUMOJIEHCTBUS TeMIlepaTypa aMop(HON JEHTHI
He npesbimana 350 °C.

[IpoBeneHHbIE HCCIEA0OBaHMS METOJAMU PEHTTEHO-CTPYKTYPHOI'O aHAJIU3a U aTOM-
HOM CHJIOBOM MUKPOCKOIIHUH MOKa3aJH, YTO MEXaHUYECKOE YIapHOE HATPYKEHUE MPHU-
BOJIUT K MTHOBEHHOW HaHOKpHCTaIM3auuu (Hosibru amoppHoro cruiaBa. Bpems npo-
necca obpazosanus nopsaka 10 — 5 c. IIpouecc yarapHOro HarpyeHusi COpoBOXK/1a-
eTCcs KpaTKoBpeMeHHOM HarpeBoM 00pa3ioB 10 350 °C (uro Ha 150 °C HuUXE TepMu-
YEeCKOro Mopora KpUCTAITM3AIMK ) U IPUBOAUT K TIOJTHOM KpUCTAIIU3AIIMH aMOP(HOTO
cruiaBa (BO BceM 00beMe JICHT TONIMHON 25 MKM) C BBIJIEJICHUEM KPHUCTAIIOB TBEP-
noro pactBopa o-Fe(Si), 6iu3koro nmo cocraBy kK FegoSiz, cTabunbhol ¢das3er FesSi u
METacTa0MIIbHBIX FeKCArOHANBHBIX (a3. [lomydeHHbI pe3ynbTar SBIsSeTCs elle OJHUM
KOCBEHHBIM JIOKa3aTEIbCTBOM BO3MOXKHOCTH MOCTKACKAIHBIX JUHAMHYECKUX dPPek-
TOB NPU MOHHOW GOMOapANPOBKE.
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The process of nucleation and growth of crystals in a metastable medium is studied theo-
retically in the presence of Meirs kinetics. The removal of crystals and their “diffusion” in the
space of radii are taken into account in the Fokker-Planck equation for the distribution func-
tion. The time-dependent external heat (or mass) flux which controls the level of system met-
astability is included in the heat (mass) balance equation. The effect of nonlinear growth rate
for spherical crystals is shown.

The present work is concerned with a mathematical description of the phase tran-
sition process in a crystallizer when the kinetic equation takes into account the crystal
withdrawal rate and the balance equation contain the heat (mass) source term. The dis-
tribution function f accounting for the particle fluctuations and crystal withdrawal rate
takes the form [1, 2]

T+2@N+h0f =5(pF), > ()
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Here r and T are the spatial and time variables, function h(r) describes the crystal
withdrawal rate and 7; is the critical radius of crystals. The exact form of coefficient D
is a hard task of statistical physics. However, for the sake of simplicity, one can use the
following approximation [1]

D =dyg(z,7) 2)

where d; is a constant coefficient. The growth rate g of particles for the kinetic
regime can be expressed as [3]

9(®) = g(AC) = B.AC(1 — kTAC), k = EL=, 3)

l
where AC (or A@) are the supersaturation (or supercooling), C (or ) are the cur-

rent concentration of impurity (or temperature), S, is kinetic coefficient, 4, is the ther-
mal conductivity, p is the density of the solid phase, L is the latent heat of phase tran-

sition. Let us assume that the coefficient h is constant

h=§,09grp, (5)

where g and V are the feed rate and total volume, 7, is the radius of product crys-

tals. Taking into account expressions (3)-(5) we rewrite the kinetic equation (1) in the
form

of of — o°f
ar+G(C) ar+hf_d16(c)ar2' (6)
The mass (heat) balance equations can be written as
L = Q¢ — 4nC foorz(f(r T)E—Da—f)dr (7)
dr o ¢ pJr, ' dr ; or 6f’
0 r
pmCn— = Qo +4mLy fr* r? (f(r, 7) ——D E) dr, (8)

where Ly is the latent heat of solidification, C, is the concentration at saturation, p;,
and C,, are the density and heat capacity, Q, and Qg are the external mass and heat
fluxes.
We assume that the initial distribution function and supersaturation are known
f=for),T=0; AC =ACy,1=0. 9)
The boundary conditions for the distribution function take the form [3]
gf —pL=140), r=r, ©>0:(10)
f=0, r=mn,. (11)

Fig. 1 shows that the nonlinear growth rate of particles in a metastable liquid of
crystallizer substantially changes the particle size distribution. Parameter y character-
izes the crystal withdrawal rate.
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Fig. 1. Dimensionless distribution function versus dimensionless radius of crystals for k=0
(straight line) and k = 2 - 107° (dotted line).
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Annotation. The interference spectra are found for scattering of attosecond pulses of an
electromagnetic field by graphene. Analytical expressions for the scattering spectra are ob-
tained. It is shown that the interference spectra depend on defects in graphene.

PaznuuHble KpHUCTamipl U HAHOCTPYKTYPUPOBAHHBIC MUILIECHU SBISIOTCS €CTE-
CTBEHHBIMH JU(PPAKIMOHHBIMU PEIIETKAMHU J1JI1 PEHTI€HOBCKOTO U3ayyeHust. OObIYHO
sBJIeHUE AU(QPAKIIMKU PEHTITCHOBCKUX JIydel Ha pa3iMuHble pojia MEPUOAUYECKUX
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