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Abstract. Storing grain quality materials in post
harvest handling and storage is largely dependent on
correctly implemented the drying process. In agricultural
production mainly use costly convection dryer. The main
share of wasteful energy consumption accounts for heat
drying agent, some heat is lost to the environment through
the working surface of the dryers and spent coolant. Ways
to reduce these energy costs is to reduce the amount of
drying agent in the process to the level necessary to
absorb and remove moisture from the dryer and the
working volume of the principles of targeted "delivery" of
energy to vysushuyemoho material. Last principles
successfully implemented using contactless energy supply
of electromagnetic fields in a material exposure by
microwave or infrared radiation. The article deals with the
theoretical background processes of drying material in
cyclic mode with infrared heating and high frequency
electromagnetic field. The equations change over time
settings grain material by heating using high frequency
electromagnetic field or infrared light and ventilation in
the grain does not allow heated air drying cycle count
process. The algorithm calculating the overall process of
drying cycle to determine rational modes of the process,
providing minimize energy costs. The article deals with
the theoretical background processes of drying material in
cyclic mode with infrared heating and high frequency
electromagnetic field. The equations change over time
settings grain material by heating using high frequency
electromagnetic field or infrared light and ventilation in
the grain does not allow heated air drying cycle count
process. The algorithm calculating the overall process of
drying cycle to determine rational modes of the process,
providing minimize energy costs. The article deals with
the theoretical background processes of drying material in
cyclic mode with infrared heating and high frequency
electromagnetic field. The equations change over time
settings grain material by heating using high frequency
electromagnetic field or infrared light and ventilation in
the grain does not allow heated air drying cycle count
process. The algorithm calculating the overall process of
drying cycle to determine rational modes of the process,
providing minimize energy costs. The equations change
over time settings grain material by heating using high
frequency electromagnetic field or infrared light and

ventilation in the grain does not allow heated air drying
cycle count process. The algorithm calculating the overall
process of drying cycle to determine rational modes of the
process, providing minimize energy costs. The equations
change over time settings grain material by heating using
high frequency electromagnetic field or infrared light and
ventilation in the grain does not allow heated air drying
cycle count process. The algorithm calculating the overall
process of drying cycle to determine rational modes of the
process, providing minimize energy costs.

Key words: infrared heating, microwave heating,
ventilation, drying grain, cyclical drying.

Introduction

The problem of maintaining the quality of grain
materials in post harvest handling and storage is largely
dependent on correctly implemented the drying process.
Currently in agricultural production mainly use costly
convection dryer. The main share of wasteful energy
consumption accounts for heat drying agent, some heat is
lost to the environment through the working surface of the
dryers and spent coolant. Ways to reduce these energy
costs is to reduce the amount of drying agent in the
process to the level necessary to absorb and remove
moisture from the dryer and the working volume of the
principles of targeted "delivery" of energy to the material.

Formulation of problem

Last principles successfully implemented using
contactless energy supply of electromagnetic fields in a
material exposure by microwave or infrared radiation.
The prospects of using high frequency electromagnetic
field (EMF SHF) and infrared (ICHV) during heat
treatment and drying grain materials such as independent
energy sources defined experimental results. But the
search combined methods of treating materials in which
energy is supplied only to the material in an amount
necessary to achieve a specific action (heating, remove
surface moisture or internal) is very relevant and timely.
The prospects of using high frequency electromagnetic
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field (EMF SHF) and infrared (ICHV) during heat
treatment and drying grain materials such as independent
energy sources defined experimental results. But the
search combined methods of treating materials in which
energy is supplied only to the material in an amount
necessary to achieve a specific action (heating, remove
surface moisture or internal) is very relevant and timely.
The prospects of using high frequency electromagnetic
field (EMF SHF) and infrared (ICHV) during heat
treatment and drying grain materials such as independent
energy sources defined experimental results. But the
search combined methods of treating materials in which
energy is supplied only to the material in an amount
necessary to achieve a specific action (heating, remove
surface moisture or internal) is very relevant and timely.

Analysis of recent research results

Viability use directional energy to obroblyuyemyy
material, namely heating and drying processes through
targeted energy supply ultra high frequency
electromagnetic radiation is described in [1-4]. The
implementation process of microwave drying grain in
specific units described in publications [5-10]. Energy
and technological feasibility of energy of ultrahigh
frequency electromagnetic field to intensify the drying
process grounded in [11-12]. Question mathematical
description and calculation drying processes discussed in
scientific studies [13-18]. Analysis of publications [10,
19, 20] proved the effectiveness and drying cycle pulsed
electromagnetic field on the material. But research in
theoretical terms no matter the mathematical description
of the combined—cycle drying grain materials.

Purpose of research

Form a simplified model of the mathematical
description of the process of cyclic heat treatment and
drying grain material to determine energy efficient modes
of infrared and microwave systems processing grain
material.

Results of research

In general, the processes of heat transfer and mass in
capillary—porous bodies terms of microwave and infrared
heating system describing two or three differential
equations. A. Lykov a partial, solution of which is
considerable difficulty in practically useful forms can be
obtained only by numerical methods. Since the solution of
difficulties associated with the process parameters at
rozpodilenistyu gradient forms of transport, using the
approximate concentration hyphenation volume can be
obtained analytical solutions for specific processing
conditions of the product. Considering loose (particulate)
material that moves or is moved in a thin (1-3 grains) for
which microwave or infrared heating can be considered
uniform in volume corns can be greatly simplified
description of the process of heating and drying taking
these simplifying assumptions:

- gradients of temperature and humidity are so
small that they can be ignored and considered medium
volume temperature value 6¢(z) and humidity U()
material,

- excess pressure in the capillaries of the material
caused by the effect of EMF is a function of the
temperature of the material and recorded via the
temperature dependence of mass transfer coefficient
(drying),

- existing patterns of distribution of the radiation
absorbed in the thickness of the material can also be
averaged by volume (thickness) assuming uniform
heating.

Under such conditions, the solution interrelated
equations of heat and mass transfer leads to the integral
equation heat transfer Alexander Lykov [11]:

du déo
qf(r):rpORv : +pORvC 5
dr dz | (

where: Ry=V/F — hydraulic radius, V — volume (particle
layer), F — surface, po — density completely dry body, C —
specific heat, r — enthalpy of vaporization, §, U —
temperature and moisture content of the material, q(z) —
average heat flux through the surface material.
Dividing all the members of (1) to obtain Ry:
do

dU
q,(c)=rp,——+pPC @
dr dr

where: qv(z) — specific volumetric thermal output.
The values of gi(z) and gv(z) — defined by the known
formulas [11, 13] for IR energy supply:

Ty Ty
op (T): A/lo'ocnp{(loloj _(1()2()) } ©))

q,(r)=0.555-10"¢fEtgs, 4)
where: cnp=(e1+e21-1)? — shows the emissivity of, &1, &
— degree heat emissivity surfaces, oo — was the Stefan—
Boltzmann, A, — absorption coefficient of the material
infrared rays, &  — dielectric  permeability,
tgo — dissipation factor, f, E — the frequency and intensity
of the electromagnetic field.

Repeat grain drying material provides for periodic
heating of grain microwave source material, followed by
blowing air layer material (with heating and without
heating). To determine the outpouring of heat exposure of
the material and the length of its forced ventilation
(blowing) without heating and hot air drying for basic
characteristics (temperature and humidity of the material
during heating and purging) and the total time periodic
review process mode setting and continuous.

For the entire volume of the material (in the chamber
drying) process of heating the internal power source P
(P=Nn, where N — power microwave sources of EMF, n —
efficiency Megatron) in the presence of heat exchange
between the material and still air in the chamber heat
balance equation look like:

AV dﬁ—porvm v L (6-1)=P. (@)
dr dr
oV, = ot (9-1). (5)
dr
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where: Vi, Vy — the volume of material and the air in the -z
chamber, cm, ¢y — specific heat of the material and air, o — 0c)=t,+(6,-t)e T, (11)

heat transfer coefficient, 6, t — the temperature of the
material and air.
For closure system (4)—(5) equations, using criteria

Rehbinder Rb=cdf/rdU, obtain the equation of
communication:
du c do
== (6)
drz rRbdr

Substituting the value of dU/dr in equation (4) and
solving (4) and (5) in the initial conditions: =0, t=ty,
=60, we get:

0(r)=6, +QT—A(Q—TOJL1—GATJ: ()
B B\ B

where: Q=P/aF, A=(mc mcp)/(aF)?, B=(mc+m.cp)laF,
¢ '=c(1+Rb), To=(P/mc)+(aF/mc)(to-6o).

The equation describes the change in temperature of
the grain material during heating in the microwave EMF.
Using the experimentally obtained dependence [6] The
moisture content of the criterion Rehbinder material:
Rb(U)=Roe?" rewrite equation (6) as:

Re™ du _cdg (62)
dr rdr

Prodifferentiative dependence #(z) and substituting
the value obtained in equation (6a) after differentiation
within U/—U, 0—t get:

eV 4
Q. (Q_
U(T)Zlm calB B )] ©
a | +— .
o (Aew
L B i

Equation (8) describes the change in moisture content
in the process of heat when exposed to EMF MVCH.

During the heated grain ventilation air temperature at
the inlet of the layer t1 heat balance equation is written as

,de
G.cn(t,—0)=c m 9)

where: n=(t1-t2)/(t1-0)=1-exp(-aF/Gycp), t1, to — the
temperature of the input and output layers of the grain

material.
Changing moisture Alexander Lykov by the formula:
du

Solution equation (9) with the initial conditions: z=0,
6=0q, will look like:

Py

Ttg 03 ‘ fl 04

where: T=c m/Gycpn.
Using linear approximation dependence of drying
temperature: k(@) =ki6 of equations (10) and (11) we get:

?TL: = kl{tl +(6, - tl)e_T}dr : (12)

Integrating the conditions: =0, U=U, after
transformations have:
U(r)=U,+

(13)

+{U,-U p)exp[kltlr -(6, —tl)reTj.

Equation (13) describes zmine moisture content of
grain heated during ventilation.

For continuous process using equation (7, 8) and (11,
13) replacing z=xV! (where V — the velocity of the
material, x — coordinate direction of the material). At the
zonal method of calculation equations replace Azi=AxV2.

The equations change over time settings grain
material when heated in the microwave EMF and with
aeration of grain not allow heated air drying cycle count
process as follows (Fig. 1).

When using moist heat radiation in the infrared
material equation (4) the value of the power source,
define internal formula (3) and rewrite it as:

de
Ach 10T -T} R, =m,c, ——
Acnp ( 1 2 ) w mmcm dT (4a)
—mmord—u+af(0—t)
dr

For analytical solution of the system (3) — (4a)
linearizes the left part of the equation (4a) using a [13]
linear coefficient of heat transfer by radiation:

a = L0 (T2 +T2)+ (T, +T,).
and therefore substitution:

A, 10T T )F, = &, F, (6, - 0).

where: T, =273+6,, T,=273+6, 6, - radiator

heating temperature in steady state (after warming up).
We write the equation of kinetics heating material
and ambient air chambers in the form of:

Tl—d'9+a19—b1:t, (14)
dr

T, —dt +a,t—-h, =6, (15)
dr

Us

U,

Fig. 1. The scheme of calculating the cyclical drying grain material.
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m_cC
where: lew, T,=-"",
oF +oF, aF
:aF+a|FW, blza'FWHW, aZ:KF°+aF,
oF oF aoF
KF,
b, =—2t,.
2 oF 0

Combining equations (14) and (15) to one that is
relatively solving system 6?(2') and t(r) will have two
equations:

2

A3§+B(;0+C0=Dl, (16)
T T
2

A(;LE+B$+Ct:D2, 17

where: A=TT,, B=Ta,+T,a, C=(aa,-1),
D, =b,+ab, D,=b +ab,.

Solving ordinary differential equations (16) and (17)
with the initial conditions: 7 =0, =6, t=t,, will
have the following changes:

CH -D L nr D
0(r)= C(ri—rzl)[rlez —r,et ]+C1 (18)
Ct,-D b ] D
t(r)= C(‘;l_r;)[rle2 —r,et ]+CZ (19)
Using  experimental  approximation  criterion

depending on humidity Rebinder Rb'(U) Equations (6a)
and derivative dH(z')/dr (18):
dH(T)

= K,fr, (e'ZT —e’l’),

drying Kinetics equation we get:

Y du r,r nr
- Roe v E = Klrlrz (e —e ) (20)
C(rl - rz)

Solution of equation (20) with the initial conditions:
7=0,U=U:

R, _
1 8
U(r):—ln% —Kn e )+ |.

+ Klrl(l—erﬂ)

aUy

(21)

Equation (21) determines the change in moisture
content material with infrared irradiation temperature

radiator @, = const in air temperature t = const .

Changes in temperature and moisture content of the
material at the heated grain aeration is determined by the
equations (11) and (13).

The algorithm for calculating the cyclical drying
process consists of sequential calculation curves heating
and drying formulas (7), (8) for microwave irradiation,
and the formulas (11), (13) calculated temperature change
material and its moisture content mode ventilation layer
material.

The initial (input) values of the parameters 61(x) and
Ui(x) for each of the following areas will be the final
parameters 6»(x) and U,(x) the previous zone.

For example, in the first zone of microwave heating
in the direction of the grain bed just formulas (7) and (8)
that are accepted in the diagram (Fig. 1) notation written

in this form (with 0<x<L, x=L,, 6,(x)=4,,
u,(x)=u,):

Q. A(Q oy
xX)=60 + =—X——| =-T, [1-e VA |,(22
H()=6+ 2 x=5| 5T (22)

Qs
Bv
1 a  Ca Q
u(x)==Inle*™ + —| +| =-T |x||.(23
)= e 8 [ 2, e e
_By
X_e Av

For the next first zone ventilation (air filtration)
kinetics equation heating and drying written in the form

(in 0<x<L,, x=L,, 8(x)=6,, uj(x)=u,):

Ay
6’1'(X)=t1+(6’2 _t1>e T
uy(x)=u, +(u, —u, )

1
x exp[kltixvl —(6, —tl)e_VTX]'

For the second zone microwave heating (with

0<x<L, x=L, 6,(x)=6,, uy(x)=u,):
0+ 9 A Y e w
Hz(x)_<93+Bvx B( @J{l e J,(26)

(24)

(25)

B
Q.
Bv
1 . Ca Q
U,(X)==In|e™ + —| +| =-6, |x 27
O Ll I N | N
_By
X_e Av

For the second aeration zone (at 0<Xx<L,,
x=L,, (x)=6,, uy(x)=u,):

.
Oy(x)=t,+(0, -t )e ' (28)
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4—up)><

_1).
><exp(kltlxvl—(¢94 ~t)e V7 J

The third area of microwave heating (with
0<x<L, x=L,, 6,(x)=6,, uy(x)=uy):
Q,_A(Q e
O.x)=6,+ = x——| =—-6, | 1-e ™ |,(30
()= + 5 x— 5| 5 =6 (30)
c'a
—X
R,

1
J(x)==1 (31)
Uy (x) ~In QH(Q_ jA B
Bv B B

For the third venting zone (at 0< x<L,, x=1L,,
9?:()() = gout ) U;(X) =Ugy ):

6;(x)=t, +(6, n)e”
us(x) =u, +(ug —u, )x

“1).
><exp(kltlxvl—(6’4 ~t)e V7 J

OuiUge — final temperature and moisture

content of the material.
Fig. 2-3 is shown graphic changes depending on
parameters of drying cycle.

ug(x)=u, +(u
(29)

e +

(32)
(33)

where:

6 °Ch
80

60

40

20

0 -
0 1 2 3 4 5 6 X, M

Fig. 2. Change the temperature grain drying under
cyclic heating in the microwave power was 400 watts
(weight 0.12 kg) and ventilation air 21 °C.
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0.25
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kg/kgay
0.2
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0.1 >
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Fig. 3. Change the grain moisture content during the
drying cycle.

Conclusions

1. As a result of theoretical research formulated a
mathematical model of drying material in cyclic mode
and simplified formula for calculating the heating and
drying process using microwave heating and infrared
heating.

2. Algorithm for calculating the overall process of
drying cycle to determine rational modes of the process,
providing minimize energy costs.
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MOJIEIIOBAHHSA I PO3PAXYHOK
EHEPI'O3BEPII'AIOUMX PEXMMIB CYIIIHHA
3EPHA B EHEPTETUYHUX IT10JIAX
b. I. Komos

AHoTanis.  30epiraHHS  SAKICHEX  3€PHOBHX
MaTepiamiB mpu o0poOmi Ta 30epiraHHi micis 300py
BpOXKalo 0arato B 4YOMY 3aJE€KHUTh BiJ IPaBHUILHO
BUKOHAHOTO nporecy CYIIiHHSL. Y
CLUIBCHKOTOCIIOZIAPCEKOMY ~ BUPOOHHMITBI  HEPEBAXKHO
BHUKOPHCTOBYIOTh JIOPOT'i KOHBEKIiHHI cymapku. OCHOBHA
YacTKa MAapHOTPAaTHUX EHEProBUTpAaT NpHUMANaE Ha
TEIJIOBY CYyIIapKy, 4YacTHHa TeIUla BTPAyacThCs B
HaBKOJIMIIIHE CEPENIOBUINE dYepe3 poOody IOBEPXHIO
CyImIapoK 1 BIANPanbOBaHY OXOJOKYIOUY piAWHY.
Cnoco6u 3HIKEHHS [IUX €HEPTeTUYHUX BUTPAT IIOJISTAE B
3HIDKCHHI KINBKOCTI CYIIMJIBHOTO arcHTa B TIPOIECi 0
piBHS, HEOOXiTHOTO /IS TIOTIMHAHHS 1 BUJAJICHHS BOJIOTH
3 CymapKW, a TakoX pobodoro o0'eMy NPUHIHIIIB
LJIECTIPSIMOBAHOT «IOCTaBKH» €HEPTii 10 BBHICHIXAIOIEMY
Mmarepiany. OCTaHHI NPUHLIMIN YCIHILIHO peali3oBaHi 3

BUKOPDHUCTAHHSIM  OE3KOHTAaKTHOTO  €HEprornocTayaHHs
SJICKTPOMArHiTHUX TOJIB MNpH BIUIMBI  Marepiany
MIKPOXBHILOBUM abo iHppauepBOHIM

BUIPOMIHIOBAHHIM. Y CTaTTi PO3TIIANAIOTHCS TEOPETUIHI
OCHOBH TPOIIECIB CYIIHHA MaTepialy B IHKIIYHOMY
pexuMi 3 iH(ppaYepBOHUM HarpiBaHHM i
BHCOKOYACTOTHUM €JIEKTPOMArHITHUM I0JeM. PiBHSHHSA
3MIHIOIOTh 3 YacOM HaJlallITYBaHHS 3€PHOBOTO MaTepiairy
IIPU HAarpiBaHHI 3 BHKOPUCTAHHAM BHCOKOYAaCTOTHOTO
€JICKTPOMArHiTHOTrO moJjist abo iHdpavyepBOHOrO CBITIA, a
BEHTWJIALSL B 3€pPHI HE JO3BOJISIE TPOLEC IiJPaxyHKY
LUKy CYUIIHHS  HarpiTUM  MOBITPSM.  AJITOPUTM
pPO3paxyHKy 3arajiHOro MpoLeCy CYIIHHS IHKIY
JI03BOJISIE BU3HAUNUTH paIliOHaJIbHI PEKUMHU TMPOIIECY, IO
3a0e3neuyroTh MIHIMI3al[il0 eHeproBUTpar. Y CTarTi
PO3MIIAAAIOTHECS. TEOPETHYHI OCHOBM MPOLECIB CYIIiHHSA
MaTepiary B IHUKIIYHOMY pexuMi 3 iH(padepBOHHM
HarpiBaHHAM 1 BHCOKOYACTOTHMM €JIEKTPOMAarHiTHUM
rojeM. PiBHSHHS 3MIHIOIOTH 3 YacOM HAJIAIITYBaHHS
3epHOBOTO Marepially NMpH HarpiBaHHI 3 BUKOPHUCTaHHSAM
BHCOKOYACTOTHOTO  EJIEKTPOMarHiTHoro mons  abo
iHppauepBOHOrO CBITJIA, a BEHTWIALIS B 3€pHI He
JI03BOJISIE MPOLIEC MiAPaXyHKY LUKy CYIIIHHS HarpiTUM
HOBITPSIM. AJITOPUTM PO3paxyHKy 3arajbHOI0 IpoLecy

CYUIHHS [HUKIY [O3BOJSIE BH3HAYUTH palliOHAIBHI
PSKUMH  TIpoIeCy, 10 3a0e3meuyroTh  MiHIMI3aIio
€HeproBuTpar. Y CTarTi pO3IJISJaloThCsl TEOPETHUUHI

OCHOBH TIPOIIECIB CYIIIHHA MaTepialy B IHKIIYHOMY
PpeXHMI 3 iHppauepBOHUM HarpiBaHHAM i
BHCOKOYACTOTHUM €JIEKTPOMArHiTHAM I0jeM. PiBHSIHHS
3MIHIOIOTh 3 YacOM HaJlallITyBaHHS 3€PHOBOTO Marepiairy
IIPYU HarpiBaHHI 3 BHUKOPUCTAHHSIM BHCOKOYACTOTHOTO
€JIEKTPOMAarHiTHOTO ToJisi abo iH(ppadyepBOHOTO CBITIa, a
BEHTIJIAIIS B 3€pHI HE JO3BOJIIE TPOILEC MiAPaxyHKY
OUKTy CYIOIHHS  HarpiTUM  TOBITPAM.  ANTOPHTM
PO3paxyHKy 3arajlbHOro MpOLECY CYLIHHS LUKy
JI03BOJISIE BU3HAUNUTH paIliOHaJIbHI PEKUMHU TMPOIIECY, IO
3a0e3meuyroTh MiHIMI3aIlil0 eHeproBUTpaT. PiBHIHHA
3MIHIOIOTH 3 9aCOM HACTPOWKH 3€PHOBOTO MaTepiaiy Nmpu
HarpiBaHHi 3  BHKOPUCTAHHSIM  BHCOKOYacCTOTHOTO
€JISKTPOMAarHiTHOro noss abo iHdpayepBOHOTO CBiTNIA, a
BEHTWIALISL B 3€pHI HE JI03BOJISIE TPOLEC IiIPaxyHKY
LUKy CYIIiHHSA HarpiTUM IOBITPSM. AnroputM
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pPO3paxyHKy 3araJlbHOro MpoLeCcYy CYLIHHS UKy
JIO3BOJISIE BU3HAYNUTH paIliOHaJbHI PEKUMHU TPOIIECY, IO
3a0e3nedyroTh  MiHIMi3alilo eHepro3arpar. PiBHSHHA
3MIHIOIOTh 3 4YaCOM HACTPOHKH 3€pPHOBOTO MaTepiary mpu
HarpiBaHHI 3  BHKOPHCTaHHAM  BHCOKOYAaCTOTHOTO
€JIEKTPOMArHiTHOTO 1ot abo iHdpadepBOHOTO CBiTIa, a
BEHTWIALISL B 3€pHI HE JO3BOJISIE MPOLEC IiJIPaxyHKY
LUUKIy CYWIHHS  HarpiTuM  TOBITPSM.  AJTOPUTM
pPO3paxyHKy 3arajlbHOro IIpOLECY CYLIHHSA MKy
JI03BOJISIE BU3HAYUTH PalliOHAJIbHI PEXHUMH TPOLECY, L0
3a0e3neuyroTh MiHIMI3allil0 €eHepProBUTPAT.

KarouoBi  ciaoBa:  indpauyepBoHMii  00irpis,
MIKpOXBHIJILOBE ONAJICHHS, BEHTWIALIS, CYIIIHHS 3€pHA,
OUKITIYHA CYIITKA.

MOJEJIMPOBAHUE U PACYET
OHEPT'OCBEPEI'AIOIINX PEXXMMOB CYIIKN
3EPHA B DHEPTETUYECKUX TTOJIAX
b. 1. Komos

AHHoTanusi. XpaHCHHE KAyeCTBEHHBIX 3EPHOBBIX
MaTepualioB Ipu 00paboTKe W XpaHEHHH TNocie cOopa

ypokas BO  MHOTOM  3aBUCHUT OT  HPaBWIBHO
BEITIOJTHCHHOT O mporiecca CYIIKH. B
CeNbCKOXO035HCTBEHHOM TIPOU3BOJICTBE
MIPEUMYIICCTBEHHO HCTIOJB3YIOT JIOPOTOCTOSIIHE
KOHBEKIIOHHEIE CYIITHIIKH. OcHoBHas TTOTISt
pACTOYMTENBHBIX ~ DHEpPro3arpar  NPUXONUTCS  Ha
TEIJIOBYI0  CYIIWJIKY, YacThb TeIja Tepserca B

OKpYXAIOUIYI0 Cpely 4Yepe3 pabouylo IOBEPXHOCTh
CYHNIMJIOK W OTPa0OTaHHYIO OXJIAXKIAIOUIYIO JKUAKOCTB.
CnocoObl CHW)XEHHMsI JTHX DJHEpPreTHYeCKUX 3arpar
3aKJI0YaeTcsl B CHIDKEHHM KOJIMYECTBA CYIIMJIBHOTO
areHra B Ipolecce A0 YPOBHsS, HEOOXOAUMOro st
MOTJIONICHHUST M YAaJCHHUs BIIATd W3 CYNIMJIKH, a TaKXKe

paboyero oObeMa TNPHUHIMIOB  IeJICHAPABICHHON
«IOCTAaBKM» DJHEPrHM K BBICHIXAIOIIEMY MaTepHay.
[locnenHue TNPUHOMNBI  YCIEITHO  peaju30BaHbl  C

UCTIONIB30BAaHMEM  OECKOHTAKTHOTO  IHEPrOCHAOKEHHUS
JJIEKTPOMArHUTHBIX MOJIEH NP BO3ACHCTBUM MaTepHasna
MHUKPOBOJIHOBBIM MJIM HMH(pPaKpacHBIM H3IydeHueM. B
CTaTb€  pPacCMaTPHUBAIOTCA  TEOPETHUECKHE  OCHOBBHI
IIPOIIECCOB CYIIKH MaTepHaja B IUKIMYECKOM PEeKUME C
nHppakpacHBIM  HAarpeBOM U BBICOKOYACTOTHBIM
ANEKTPOMArHUTHBIM TMOJIeM. YPaBHEHHS MEHSIOT CO
BPEMEHEM HACTPOWKHM 3€pHOBOrO MaTepuana IpH
HarpeBaHWU C HCIOJIBb30BAHUEM BBICOKOYACTOTHOTO
9JIEKTPOMAarHUTHOTO TOJISl WJIM MH(PAKPAacCHOTO CBETA, a
BEHTWIALMSI B 3€pHE HE IO3BOJSIET IpoLecc MoicueTa
LUKJIa CYIIKM HarpeTbIM BO3AyXOM. AJTOPUTM pacueTa
oO1iero mporecca CyIMIKH IMKIA TTO3BOJISET ONpPENeSUTh
palnMoHaNbHBIE PEXUMBI TIpolecca, O00ecIeYHBaroIne

MUHUMU3ALHIO JHEprosarpar. B CTaTbe
PaccMaTpHBAIOTCS TEOPETHYECKHE OCHOBBI IPOILIECCOB
CYIIKM MaTepuaga B  LUKIMYECKOM  peXHUME C
HHQpaKpacHBIM  HAarpeBOM H  BBICOKOYACTOTHBIM
3JIEKTPOMAarHUTHBIM IIOJIEM.  YDPAaBHEHHS MEHSIOT CO
BPEMEHEM HACTPOWKM 3€pHOBOTO MaTepuanga MpHU
HarpEBaHUU C UCIOJb30BAHUEM  BBICOKOYACTOTHOI'O

QJICKTPOMArHUTHOI'O 1OJIA HJIHN I/IH(i)paKpaCHOFO CB€Ta, a
BCHTWJIALIUA B 3C€pHE HE MNO3BOJIICT IPOLECC IMOACUCTA
HUKJIa CYIIKHW HAarpe€TbiM BO3JYyXOM. AHFOpI/ITM pacyera

o0IIero mporecca CyIIKH ITUKIA TTO3BOJISIET ONPEIeInTh
panroHaJIbHBIE PEXUMBI TIPOLECCa, OOECTIeYHBAOIINEC

MHUHAMH3ALUIO 9HEpro3arpart. B CTaThe
paccMaTpUBAlOTCSl TEOPETHYECKHE OCHOBBI IIPOIIECCOB
CYIIKH MaTepuala B IUKIMYECKOM pEKHUME C
nHppakpacCHBIM  HarpeBOM H  BBICOKOYAaCTOTHBIM
9JIEKTPOMAarHUTHBIM TOJEM. YpaBHEHHS MEHSIOT CO
BPEMEHEM HACTPOMKHM 3€pHOBOIO MaTepHayia Ipu
HarpeBaHMM C HCIOJIB30BAHUEM  BBICOKOYACTOTHOT'O

9JIEKTPOMArHUTHOTO TOJISl WM MH(PAKPacHOTO CBETa, a
BEHTWISALMS B 3€pHE HE IMO3BOJSET IPOILECC IMOJCYETa
LUKJIa CYIIKA HarpeTbiM BO3AYyXOM. AJIFOPHTM pacueTa
o0miero mporecca CyIKH [UKJIa MO3BOJSET ONPENeIIHTh
palMOHANbHBIE PEXUMBI IIpoLecca, OOecIeYHBAIONINE
MUHHMH3ALHUIO JHEpro3arpar. YPaBHEHHS MEHSIOT CO
BPEMEHEM HACTPOMKM 3EpHOBOrO MaTepuaja IpH
HAarpeBaHHH C HCIOJIb30BAaHHEM  BBICOKOYACTOTHOTO
9JIEKTPOMATrHUTHOTO TMOJS MM MH(PPAKpacHOro CBETa, a
BEHTHJIAIMA B 3€pHE HE IO3BOJIIET IIpoLecC INoAcYeTa
IIUKJIa CYIIKA HarpeThIM BO3AYXOM. AJTOPUTM pacdera
o0miero mporecca CyIIKU IUKIa MO3BOJSET ONPENeIUTh
palOHAJIBHBIE PEXUMBI TIpoliecca, OoOecleunBaronue
MHHUMHM3AIMIO JHEprozarpar.YpaBHEHHS MEHSIOT CO
BPEMEHEM HACTPOMKHM 3EpHOBOrO MaTepuaja IpHu
HAarpeBaHHU C HCIOJIb30BAaHUEM  BBICOKOYACTOTHOTO
9JIEKTPOMArHUTHOTO IMOJS MM MH(PAKPaCHOro CBeTa, a
BEHTWLILUS B 3€pHE HE MO3BOJSIET IIPOILecC Iojacyera
LKA CYIIKA HArpeThiM BO3IYXOM. AJITOPHTM pacdeTa
o0miero mporecca CyIKd LUKJIa MO3BOJSIET ONPEICIHTh
palOHAJIBHBIE PEXUMBI TIpoliecca, OOecleunBaronue
MHHUMHM3AIHIO SHEPro3aTpar.

KaloueBble ciaoBa: wuH(pakpacHeli — 00oOrpes,
MUKPOBOJIHOBOE OTOIIJICHHUEC, BEHTUWJIALIUA, CYIIIKa 3€pHA,
LUKIIMYECKas CyIIKa.
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