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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
[1]. Currently in agricultural production mainly use costly
convection dryer [2]. 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 [3]. 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 [4].
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 [5]. 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
[6]. The prospects of wusing high frequency
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electromagnetic field (EMF SHF) and infrared (ICHV)
during heat treatment and drying grain materials such as
independent energy sources defined experimental results
[7]. 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 [8]. 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 [9]. 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 [10].

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 [11].

The implementation process of microwave drying
grain in specific units described in publications [12].

Energy and technological feasibility of energy of
ultrahigh frequency electromagnetic field to intensify the
drying process grounded in [11-13].

Question mathematical description and calculation
drying processes discussed in scientific studies [14].

Analysis of publications [10, 12, 14] 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

The purpose of the study is 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

Experience in carrying out lifting works testifies that
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 6c(z) and humidity U(z)
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 dé
qf(r)zrpoRV7°+ponC -
dr dr =

where: Ry=V/F — hydraulic radius, V — volume (particle
layer), F — surface, po — density completely dry body, C —
specific heat, r — enthalpy of vaporization, 6, 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:
du do
a,(2)=rp,——+pC 2)
dr dr
where: gv(z) — specific volumetric thermal output.
The values of g¢(z) and gv(z) — defined by the known
formulas [11, 13] for IR energy supply:

T 4 T 4
qf(T)= Aﬂaocnp ( j _(ZJ ' (3)

1
100 100
q,(r)=0.555-10"¢TE?gs , 4)

where: cpp=(e1l+£,1-1)? — shows the emissivity of, &,
— degree heat emissivity surfaces, oo — was the Stefan—
Boltzmann, A, — absorption coefficient of the material
infrared rays, & — dielectric permeability, tgs -
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=Np, 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:

PoViCo dﬁ—porvm d—UJraf (6-1)=P, @)
dr dr
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dat_ 4 (6-1), )
dr
where: Vi, Vy — the volume of material and the air in the
chamber, cm, ¢y — specific heat of the material and air, o —
heat transfer coefficient, 6, t — the temperature of the
material and air.

For closure system (4)—(5) equations, using criteria

P vVv C,

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

Substituting the value of dU/dr in equation (4) and
solving (4) and (5) in the initial conditions: =0, t=ty,
=6, we get:

0(z)=6, +§T—Q[§—TO)(1—e_irj, @

where: Q=PlaF, A=(mc mcp)l/(aF)?, B=(mc+mcy)/aF,
¢’=c(1+Rb1), To=(P/mc)+(aF/mc)(to-0o).

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)=R¢e?" rewrite equation (6) as:

Roeau diu = E dﬁ

. (6a)
dr rdr
Prodifferentiative dependence #(zr) and substituting
the value obtained in equation (6a) after differentiation
within U/—U, 0—1 get:

e 4+

Q . (Q
22T
,ca BT+(B ij ®)

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

G,c,n(t,—0)= em 99, )
dr

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

Changing moisture Alexander Lykov by the formula:

—‘lezk(e)(u -U,).

Solution equation (9) with the initial conditions: =0,
=60, will look like:

or)=t,+(6, -t T,
where: T=c 'm/GyCpn.
Using linear approximation dependence of drying
temperature: k(6)=k:6 of equations (10) and (11) we get:

(10)

(11)

(:lli = kl{tl +(0, —tl)eT}dr .12

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

(13)

+(u,-u p)exp[kltlr —(6, —tJI'e_T)

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

For continuous process using equation (7, 8) and (11,
13) replacing =xV*! (where V — the velocity of the
material, X — coordinate direction of the material). At the
zonal method of calculation equations replace Ati=AxV1.

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:

ACL108(T =TS F, =m.c, a9

qu T (4a)
—m, f——+af (0-1)

dr

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

= L0 (T2 +T2)+ (T, +T,),
and therefore substitution:
A 10°(T T} F, = o, F, (6, -6),

where: T, =273+6,, T,=273+60, 6, - radiator
heating temperature in steady state (after warming up).

eout

‘ Ug | T Uout
tl

Fig. 1. The scheme of calculating the cyclical drying
grain material.

Puc. 1. Cxema po3paxyHKy HUKJIIYHOTO BHCHXaHHS
3€pHOBOT'O Marepiaiy.

We write the equation of kinetics heating material
and ambient air chambers in the form of:
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Tld—0+a1¢9—b1:t, (14)
T
T, $+ at—b,=60 (15)
dr
m_cC
where: leimmcm , T,=-"7"
aF +aF, aF
aF +a,F, o, F KR, +afF
— Iw,bl: Ingla2= 0 ,
ok aF aofF
bZ—KFOt
oF

Combining equations (14) and (15) to one that is
relatively solving system H(T) and t(r) will have two
equations:

2
Ad—§+Bd—H+C0=D1, (16)
dr dr
A9t g oo a7)
dz? dz'

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

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

have the following changes:
Co,-D
O(r)= =701

[ Y4 nr D]_
—2 e —ret ]+—, (18)
c(r-r,) C
Ct,-D D
tlr)==2"2|re” —re™ |+—2. (19)
€)= e b
Using  experimental  approximation  criterion

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

dr
drying Kinetics equation we get:

LT nr
= Klrlrz(e2 —e* )

—Rgealud—U_Krr(rZ’ eﬁ”). (20)
T
Ccg,-D
Where K. = Z20 " =1
e -r)

Solution of equation (20) with the initial conditions:

7=0,U=U:

&ealuo _
3
Ur)==In2|—Kpl-e)+|. @
Qo b
+ Klrl(l_e2 )

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 U;(x) for each of the following areas will be the final
parameters 0,(x) and Ux(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

fom (with 0<x<L, x=L. 6,(x)=6,,
u,(x)=u,):

Q. A(Q ;
O(xX)=0 + =X——| =-T, |1-e VA |,(22
1(x) ' Bv B(B ]{ @)

Qs
Bv
a,  C@ Q
u(x)==Inle™ + —| +| =-T (23
) (2T e
B
><ée_NX

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

(in0<x<L,, x=L,, 8(x)=6,, u;( )=u,):

6l(x) =t +(6, ~t)e
uj(x)=u, +(u, —u, )x

X exp(kltlxvl —(6, - tl)e_ﬂxj '

For the second zone microwave heating (with

0<x<L,x=L, 6,(x)=6,, u,(x)=u,):

L0+ AQ g Y 1ew
92(x)_03+Bvx B[ 3j[l e j,(26)

(24)

(25)

(27)

For the second aeration zone (at O0<x<L,,

x=L,, ‘92,()(): Os, U;(X): Us):

1y
95 (X) =t + (94 _tl)e T (28)
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up(x)=u, +u, —u, )x

_1).
><exp(kltlxvl—(494 ~t)e V7 J

The third area of microwave heating (with
0<x<L, x=L, 6,(x)=6;, u,(x)=u,):

6,(x)=6, +Qx—A(Q—95)(1—eVAXj . (30)

(29)

Bv B\ B
. Ca
e +—x
( ) | R,
Uy(x)==1In 5\ |-(3D)
a —X
X gX+(9—6’5jée A
Bv B B
6, °C
80
60
40
20
0

0 1 2 3 4 5 6 X, mn

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.

Puc. 2. 3miHa TemmepaTypu CYIIiHHS 3epHa HpHU
LUUKJIIYHOMY HarpiBaHHI B MIKPOXBWJIbOBIH Tedi Oyna
noryxHicTio 400 Bt (Bara 0,12 kr) i BeHTHIISALIT NOBITPs
21 °C.

0.25
U,

kg/kga,
0.2

0.15

0.1 >
0 1 2 3 4 5 6 X, m

Fig. 3. Change the grain moisture content during the
drying cycle.

Puc. 3. 3miHa BMicTy BOJOTM B 3€pHI NPOTATOM
LUKy CYIIiHHS.

For the third venting zone (at 0<X<L,, Xx=1L,,
‘99:()() = gout ! U;(X) = uout ):

B(x)=t,+(6~t)e .

(32)

us(x)=u, +(us —u, )x

_1.
><exp[k1t1>0/1—(<94 ~t)e VT j
where: 6

ot U — final temperature and moisture

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

(33)

out

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.

References

1.Bogaert L., Mathieu H., Mhemdi H., Vorobiev E.
(2018).  Characterization of oilseeds mechanical
expression in an instrumented pilot screw press. Industrial
Crops and Products. 121. 106-113.

2.Dobrin D., Magureanu M., Mandache N., lonita M.
(2015). The effect of non-thermal plasma treatment on
wheat germination and early growth. Innovative Food
Science & Emerging Technologies. 29. 255-260.
https://doi.org/10.1016/j.ifset.2015.02.006.

3.Gorji A., Rajabipour A., Tavakoli H. (2010).
Fracture resistance of wheat grain as a function of
moisture content, loading rate and grain orientation.
Australian Journal of Crop Science. 4. 448-452.

4.Kotov B., Kalinichenko R., Spirin A. (2015).
Mathematical modeling of heat and mass transfer process
under heat treatment of grain materials in dense layer.
TEKA. Commission of Motorization and Energetics in
Agriculture. 17(5). 54-57.

5.Kotov B. I, Spirin A. B., Tverdokhlib I. V.,
Polyevoda Y. A., Hryshchenko V. O., Kalinichenko R. A.
(2018). Theoretical researches of cooling process
regularity of the grain material in the layer. INMATEH:
Agricultural Engineering. 54(1). 87-94.

6.Kroulik M., Hila J., Rybka A., Honzik I. (2016).
Pneumatic conveying characteristics of seeds in a vertical
ascending  airstream.  Research in  Agricultural
Engineering. 62(2). 56-63.

7.Kuznetsov Y. A, Volzhentsev A. V.,
Kolomeichenko A. V., Kalashnikova L. V. (2017).
Grounding of construction parameters of pseudofluidized
layer dryer working chamber. INMATEH: Agricultural
Engineering. 52(2). 33-38.

8.Rogovskii I. L., Palamarchuk I. P., Kiurchev S. V.,
Verkholantseva V. O., Voinash S. A.,,  Sokolova V. A.,
Gogolevski A. S. (2020). Mathematical modeling of the
impulse bubbling process of bulk mass by the coolant
flow. 10P Conference Series: Materials Science and



28 V. O. Hryshchenko

Engineering. 919. 052026. doi:10.1088/1757-899X/919/5/
052026.

9.Rogovskii I. L., Stepanenko S. P., Novitskii A. V.,
Rebenko V. I. (2020). The mathematical modeling of
changes in grain moisture and heat loss on adsorption
drying from parameters of grain dryer. IOP Conference
Series: Earth and Environmental Science. 548. 082057
doi:10.1088/1755-1315/548/8/082057.

10. Kuznetsov Y. A,, Volzhentsev A. V.,
Kolomeichenko A. V., Kalashnikova L. V. (2018).
Influence of technological parameters of pseudofluidized
layer grain dryer on the grain drying quality. INMATEH:
Agricultural Engineering. 54(1). 81-86.

11. Lukaszuk J., Molenda M., Horabik J., Szot B.,
Montross M. (2008). Air flow resistance of wheat bedding
as influenced by the filling method. Research in
Agricultural Engineering. 54(2). 50-57.

12. Rogovskii I. L., Titova L. L., Trokhaniak V. 1.,
Solomka O. V., Popyk P. S., Shvidia V. O.,
Stepanenko S. P. (2019). Experimental studies of drying
conditions of grain crops with high moisture content in
low-pressure environment. INMATEH. Agricultural
Engineering. Bucharest. 57(1). 141-146.

13. Paziuk V. M., Liubin M. V., Yaropud V. M.,
Tokarchuk O. A., Tokarchuk D. M. (2018). Research on
the rational regimes of wheat seeds drying. INMATEH:
Agricultural Engineering. 56(3). 39-48.

14. Rekas A., Scibisz 1., Siger A., Wroniak M. (2017).
The effect of microwave pre-treatment of seeds on the
stability and degradation kinetics of phenolic compounds
in rapeseed oil during long-term storage. Food Chemistry.
222. 43-52,

Cnucok airepatypu

1.Bogaert L., Mathieu H., Mhemdi H., Vorobiev E.
Characterization of oilseeds mechanical expression in an
instrumented pilot screw press. Industrial Crops and
Products. 2018. Vol. 121. P. 106-113.

2.Dabrin D., Magureanu M., Mandache N., lonita M.
The effect of non-thermal plasma treatment on wheat
germination and early growth. Innovative Food Science &
Emerging Technologies. 2015. Vol. 29. P. 255-260.
https://doi.org/10.1016/j.ifset.2015.02.006.

3.Gorji A., Rajabipour A., Tavakoli H. Fracture
resistance of wheat grain as a function of moisture
content, loading rate and grain orientation. Australian
Journal of Crop Science. 2010. Vol. 4. P. 448-452.

4.Kotov B., Kalinichenko R., Spirin A. Mathematical
modeling of heat and mass transfer process under heat
treatment of grain materials in dense layer. TEKA.
Commission of Motorization and Energetics in
Agriculture. 2015. Vol. 17, Issue 5. P. 54-57.

5.Kotov B. I, Spirin A. B., Tverdokhlib I. V.,
Polyevoda Y. A., Hryshchenko V. O., Kalinichenko R. A.
Theoretical researches of cooling process regularity of the
grain material in the layer. INMATEH: Agricultural
Engineering. 2018. VVol. 54, no 1. P. 87-94.

6.Kroulik M., Hula J., Rybka A., Honzik I
Pneumatic conveying characteristics of seeds in a vertical
ascending  airstream.  Research in  Agricultural
Engineering. 2016. Vol. 62, no. 2, P. 56-63.

7.Kuznetsov Y. A., Volzhentsev A. V.,
Kolomeichenko A. V., Kalashnikova L. V. Grounding of
construction parameters of pseudofluidized layer dryer
working chamber. INMATEH: Agricultural Engineering.
2017. Vol. 52, no. 2. P. 33-38.

8.Rogovskii I. L., Palamarchuk I. P., Kiurchev S. V.,
Verkholantseva V. O.,  Voinash S. A.,  Sokolova V. A.,
Gogolevski A. S. Mathematical modeling of the impulse
bubbling process of bulk mass by the coolant flow. IOP
Conference Series: Materials Science and Engineering.
2020. vol. 919, 052026. doi:10.1088/1757-
899X/919/5/052026.

9.Rogovskii I. L., Stepanenko S. P., Novitskii A. V.,
Rebenko V. I. The mathematical modeling of changes in
grain moisture and heat loss on adsorption drying from
parameters of grain dryer. IOP Conference Series: Earth
and Environmental Science. 2020. Vol.548. 082057
doi:10.1088/1755-1315/548/8/082057.

10. Kuznetsov Y. A, Volzhentsev A. V.,
Kolomeichenko A. V., Kalashnikova L. V. Influence of
technological parameters of pseudofluidized layer grain
dryer on the grain drying quality. INMATEH:
Agricultural Engineering. 2018. VVol. 54, no 1. P. 81-86.

11. Lukaszuk J., Molenda M., Horabik J., Szot B.,
Montross M. Air flow resistance of wheat bedding as
influenced by the filling method. Research in Agricultural
Engineering. 2008. Vol. 54, no. 2. P. 50-57.

12. Rogovskii I. L., Titova L. L., Trokhaniak V. 1.,
Solomka O. V., Popyk P. S., Shvidia V. O.,
Stepanenko S. P.  Experimental studies of drying

conditions of grain crops with high moisture content in
low-pressure environment. INMATEH. Agricultural
Engineering. Bucharest. 2019. Vol. 57. No 1. P. 141-146.

13. Paziuk V. M., Liubin M. V., Yaropud V. M,
Tokarchuk O. A., Tokarchuk D. M. Research on the
rational regimes of wheat seeds drying. INMATEH:
Agricultural Engineering. 2018. Vol. 56, no 3. P. 39-48.

14. Rekas A., Scibisz 1., Siger A., Wroniak M. The
effect of microwave pre-treatment of seeds on the stability
and degradation kinetics of phenolic compounds in
rapeseed oil during long-term storage. Food Chemistry.
2017. Vol. 222. P. 43-52.

MOJIEJIIOBAHHS 1 PO3PAXYHOK
EHEPT'O3BEPII'AIOUNX PEXMMIB CYIUIHHS
3EPHOBUX MATEPIAJIIB I AI€IO
EHEPI'ETUYHUX ITOJIIB
B. O. I'puwenxo

AHoTanis. 30epexeHHs sIKOCTI 3epHOBHX MarepialiB
IpU Tics30upasibHOT OpOoOKM 1 30epiraHHs B 3HAYHIN
Mipi 3aJISKUTh BiJ NPaBHJILHO PEaji30BAaHOTO MPOLECY
cyminHHi. B arpompommcioBoMy  BHpPOOHHITBI B
OCHOBHOMY BHUKOPHCTOBYIOTH 3aTpaTHI KOHBEKIIHHI
3epHocymapki. OCHOBHA JIOJIsI HEMPOAYKTHBHHUX 3aTpat
eHepril MPUXOANUTHCS Ha HArPiBaHHS CYIIMJILHOTO areHTy,
YacTHHA TEIUIOTH SIKOTO BTPAa4YaeTbCsi B OTOUYIOUE
ceperoBumie Yepe3 poOOUi IOBEPXHI CyMAapKH 1 3
BIANPAalbOBAaHUM TEIUIOHOCIEM. PanukambHUM criocobom
3MEHIIEHHS TAaKUX BUTpPAT €Heprii € 3MEHIIEeHHS
KIJIBKOCTI CYHIMJIBHOTO areHTy B IPOIECi /0 BEITHMYMHHU
HEeOoOXiJTHOT JJIsl TOTJIMHAHHS Ta BHUAAICHHS BOJIOTH 13
pobodoro 00’eMy cymapkd i BHUKOPHCTaHHS NPHHIHIIIB
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anpecHoi  «JIOCTaBKH» €HEprii 110  BHCYIIYEMOTO
marepiany. OcTaHHI TPHWHIUIN YCITITHO PeaTi3yIThCs
IUIIXOM BUKOPHCTAHHS OE3KOHTAKTHOTO ITiJBEICHHS
€HepTii eTeKTPOMArHiTHUX IIOJIiB Y BUTIISAAI ONPOMIHEHHS
MaTepiary  MIKpOXBHJIBOBUM  a00  iH(pauepBOHHM
BHIIPOMIHIOBaHHAM. B CTaTTi pO3MIAHYTO TEOpETHYHi
NepelyMOBH MPOLIECIB CYLIIHHS MaTepially y IUKIIYHOMY
peKIMi 3 iHppauepBOHUM Ta HarpiBom
SJNICKTPOMArHiTHUM  TOJE€M  HaJBHCOKOI  YacTOTH.
OtpuMaHi piBHSHHS 3MIHM B 4aci mapaMeTpiB 36pHOBOTO
Marepialy [pW  HarpiBaHHi 3  BUKOPHUCTAHHIM
€JICKTPOMArHiTHOIO TIOJIsI HAJIBUCOKOi YacToTH abo
iH(ppadepBOHNM BHIIPOMIHIOBAHHSM 1 IPH BEHTIUTIOBAHHI
3epHa HE MiIrpiTUM TOBITPSM JO3BOJSIOTH PO3paxyBaTh
mporiec MUKITigHOTO cynriHaA. ChopMyIp0BaHO ANTOPHTM
3arajibHOTO PO3PaxyHKY IPOLECY IMUKIIYHOTO CYIIiHHSA
JI03BOJISIE BU3HAYUTH PaliOHANBHI PEXUMH NPOBEICHHS
TIpoIIeCy, SKi 3a0e3MeUyI0Th MiHIMI3aIlif0 BUTPAT CHEPTIi.
KawouoBi  cioBa: [Y-narpis, = HBU-narpis,
BEHTWJIIOBAHHS, CYLIIHHS 3epHa, IMKITIYHE CYILiHHS.

MOJIEJIMPOBAHUE U PACYET
SOHEPI'OCBEPET'AIOIINX PEXXMMOB CYIIKH
3EPHOBLIX MATEPHAJIOB IIOJJ AENCTBHUEM

SHEPTETMYECKMX ITOJIEN
B. A. I'puwenxo
AnHotanusi. CoxpaHeHHE KadecTBa 3EpPHOBBIX
MaTepHaioB TNpH  MOcIeyOOpOYHOH  OOpaboTKH ¢
XpaHeHHUs B 3HAYUTENBHOM CTENEHH 3aBHCHT OT
NPaBUJIBHO PEAM30BaHHOIO MpoLiecca CYIIKH. B
arpoNpOMBIIIJICHHOM  TIPOU3BOACTBE B OCHOBHOM

HCHOJIB3YIOT 3aTpaTHbIC KOHBCKIITMOHHBIC 3€PHOCYIINIIKHU.
OcHoBHas J0JIA HEIMPOU3BOAUTCIILHBIX 3aTpaT J3HCPIHUU
NpUXOAUTCA Ha HArpeB CYMWIBHOIO0 areHra, 4acTb

TEIUIOTHl KOTOPOTO TEpSIeTCSl B OKPY’KAIOLIYI0 Cpeny
yepe3 pabouyne  TOBEPXHOCTH  CYNIMJIKH H  C
0TpabOTaHHBIM TEIIOHOCHUTEJIEM. PagykansHbIM

crocoOOM  YMEHBIICHHS TAaKHX PpAcCXOIIOB DHEPTHH
SIBIISICTCS YMEHBIIICHNE KOJMYECTBA CYIIIIIFHOTO areHTa B
mporiecce 1O BETUYHWHBI HEOOXOAMMOW ISl TIOTJIOMICHHUS
U yJaJeHus BIaru u3 pabouyero oObeMa CYMIWIKH HU
WCTIONB30BaHUSl  TPUHIMUIIOB  aIpECHON  «IOCTaBKH»
9HEPrMHM [0 BHUCyHIyemoro wmarepuaia. Ilocnennue
MIPUHIIMIEI YCIIEITHO PeaTu3yIOTCs IyTeM UCTIOIh30BaHUS
OECKOHTAKTHOTO MOJBOJA JHEPTHH DJICKTPOMATHUTHBIX
moJyied B BuAe OONyYeHHS MaTepHania MHUKPOBOIHOBHIM
W HHPPAKPaCHBIM HU3Iy4YeHHEM. B cTaThe pacCMOTPEHBI
TEOPETUYECKUE  MPEANOCBUIKA  MPOLECCOB  CYLIKH
MaTepualia B NUKIMYSCKOM PEXUME C MHPPAKPACHBIM H
HarpeBOM JJIEKTPOMArHUTHBIM TOJEM CBEPXBBICOKOH
yacToThl. [lojydeHHblE ypaBHEHHS HM3MEHEHHUS BO
BpEMEHH TIapaMeTPOB 3EPHOBOTO  MaTepuaia MpHu
HarpeBaHWM C UCIOJb30BAaHUEM OJEKTPOMArHHTHOTO
MOJII CBEPXBBICOKOH YacTOTHI WM HHMPAKPaCHBIM
M3TyYeHWEM W TPU BEHTWIMPOBAHUM 3€pHA  HE
ITOJIOTPETHIM BO3yXOM ITO3BOJIIIOT PAcCYUTATh IPOIECC
nuknuaeckoro  cymku.  ChopmynupoBaHO — anropuTM
o0mero pacdera Tmpolecca NUKIMYSCKOrO CYIIKH
MO3BOJISIET  OMNPEAETUTb  pallMOHANbHbIE  PEXHUMBI
MPOBEACHUS  Mpolecca,  KOTOpPbIE  OOECIECYMBAIOT
MUHHMU3ALHMIO 3aTpaT SHEPTUH.

KnwueBble caoBa: UWK-narpes, TBY-narpes,
BEHTHISAINH, CYIIKH 3€PHA, ITUKINIECKOE CYIITKH.
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