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STUDY OF THE PROCESS OF HEAT
AND MASS TRANSFER IN A
PYROLYSIS PLANT FOR HEATING
LIVESTOCK PREMISES

Agricultural production is one of the most energy-intensive
sectors of national economy. One of the unsolved problems of modern
livestock breeding in Ukraine remains the creation of standardized
conditions for keeping animals in livestock buildings. High concentration
of livestock per unit area leads to deterioration of air composition, which
is polluted with ammonia, hydrogen sulfide, carbon dioxide and dust.
As a result, slaughter increases, weight gain and safety of animals
decrease.

The standardized air exchange of livestock buildings is
provided by the system of mechanical forced supply and exhaust
ventilation. The main part of energy in animal husbandry, about 50%, is
spent on maintaining the required microclimate parameters. During the
heating period, which lasts 6-9 months in 80% of Ukraine, it is
necessary to heat air blown into livestock buildings. For this purpose,
from 60 % to 80 % of total heat energy consumed is used. At the same
time, to ensure the required microclimate parameters inside the
livestock house, ventilation air is removed to the atmosphere and, along
with harmful substances, a significant amount of heat is removed (90%
of total heat loss of buildings).

For Ukraine, which has a developed agriculture that produces
a significant amount of organic waste, biomass could become a priority
source of renewable energy resources. Currently, one of the directions
of energy utilization of biomass is production of fuel gas obtained by its
thermal decomposition. The study of a large number of pyrolysis plants
of various designs cited in scientific literature allows us to conclude that
many technologies cannot be sufficiently efficient due to a number of
drawbacks: improvement of technological modes is not considered in
functional connection with heat and mass transfer and hydrodynamic
processes in pyrolysis chambers during thermal decomposition of
organic raw materials; no measures are provided for prompt response
to current changes in physical and mechanical properties in the
feedstock flow and correction of pyrolysis process parameters in order
to achieve the required optimal results, which does not allow predicting
the composition of resulting gas. Therefore, research aimed at the
development of technology for effective heating of livestock buildings is
relevant.

Keywords: mathematical model, microclimate, pyrolysis,
heating, ventilation, air, heat and mass transfer, discharge, heat transfer,
livestock building.

Introduction. Pyrolysis of raw material is
carried out by heating it to a temperature of 300-
400°C. In the process of heating and interaction of
the material with air flow, intensive heat and mass
transfer processes occur in layer, among which we
will distinguish three main types of heat energy and
mass transfer. In first case, the heat and matter
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transfer inside the bed should be considered. As it
was noted earlier, the fluidized bed has a high
volumetric heat capacity, so transfer processes are
fully determined by mixing of the solid phase. In this
case, the effective diffusivity (a) will be identical to
the diffusion coefficient (D) [1, 2, 3, 4].

The second type of energy transfer is
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transfer from air to particles. Differences of heat and
mass transfer are caused by different heating rates
of particles. That is, in this case it is necessary to
consider problem of heat conduction of particle and
temperature distribution inside the particle in time.

The third type of energy transfer is caused
by the interaction of particle layer with the walls of
pyrolysis chamber. In our case, the walls are
isolated, so we will not consider heat exchange with
the walls.

The main obstacle to heat propagation is air
gaps, so the effective thermal conductivity
decreases with increasing porosity characteristic of
upper part of the material layer.

But because of heat transfer by moving
particles Aes is practically constant. Therefore, the
diffusivity (a) of the layer coincides with the diffusion
coefficient of mixing of solid particles [3, 4].

Volumetric heat capacity of particles:

(1-€):Cs'p = 1300 kI/mEK 1)

Then the effective thermal conductivity of
layer:

A =a(l-€) Cs'p =860 W/mK, 2
is quite high, even compared to metals.
Analysis of the latest research and

publications. In agriculture, livestock breeding is a
unique branch, because the peculiarities of keeping
one kind of animals can differ strikingly from
another. The most energy-intensive process (up to
40% of the total energy consumption) in animal
husbandry is the process of formation of the
required microclimate.

Indoor microclimate is a climate of a limited
space, which includes a set of environmental
factors: temperature, humidity, air velocity and
cooling capacity, atmospheric pressure, noise level,
content of airborne dust particles, microorganisms,
gas composition of air and illumination [5, 6, 7, 8].

The interaction of a set of these parameters
directly affects the vital activity of organisms in the
room. The main parameters of indoor microclimate
affecting animal health are temperature and
humidity parameters.

The microclimate of livestock housing has
been considered by many researchers around the
world [7, 8, 9, 10]. Interesting are the results of
domestic scientists, each of whom developed a
method of microclimate research, or used an
already known one, but taking into account the task
set by their research [11, 12, 13].

Creation and maintenance of rational
temperature and humidity parameters of
microclimate in livestock buildings requires solving
engineering and technical problems [9, 10, 14].

Rational indicators of temperature and
humidity parameters in livestock buildings
contribute to a more complete realization of the
genetic potential of animals, disease prevention,
increasing natural resistance, as well as
lengthening the service life of buildings and
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equipment installed in them. Provision of rational
parameters of temperature and humidity in
premises is achieved by observing scientifically-
based values of the forming factors of the
environment (temperature, humidity, air velocity,
etc.), which are generalized and given for each type
of animal in relevant norms of technological design
of livestock enterprises [6, 7].

The aim and objectives of the research.
The aim of the study is to determine the main
parameters of the heat and mass transfer process
in the pyrolysis chamber for stable and efficient
heating of livestock premises.

Materials and methods of research. In
the considered technology of heating of livestock
buildings, periodic feeding of layer by cold particles
with frequency Ar is assumed.

C 2

G %%:)\ef%'a(TR'TO), (3)
where Gi flow characteristic of the
layer (m3/s); S cross-sectional area of the
apparatus; pi - fluidized bed density; R - radius of
the apparatus; To - temperature of the layer in
center (on the axis of apparatus); Tr - temperature
of the layer at wall of the apparatus; a - effective

heat transfer coefficient.

Boundary conditions
dT

Net Rl = 5Co(ToTw) @
ot iRl =0 (5)

Time of layer temperature equalization

along the apparatus diameter
_CpR?
Cal W (6)

For our case according to the given
dependence T1e~0.5 s, comparable to the layer
pulsation interval.

Solving the equation, we obtain
dependence that allows us to estimate the
temperature difference at material loading during its
interaction with the air and the layer during the time
period 1e=0.5 s:

— (TB-TR)(Cp|G|+GRS)

AT=Ty-T 7
o-IrR oG (7)

AT in first 0.5 s is approximately 10°C.
Results of the research. The air

temperature in front of gas distribution grille differs
significantly from the layer temperature. Consider
the heating rates of layer and thus determine at
what height of the layer the particle temperature will
be equal to air temperature. Measurements made
in industrial apparatuses of various sizes show that
this height does not exceed 10 diameters of
dispersed phase particles. If we assume that heat
and mass transfer process can be quantitatively
characterized by the specific volumetric heat
transfer coefficient av (W/m3K), then the
temperature difference between air and raw
particles should decrease exponentially in the



Ne 4 (115) Bibpauii 8 mexHiui

direction of air movement and will tend to zero at
the exit from the layer. At high thermal conductivity
of particles, it is possible to consider their heating
as a rather fast-flowing process. Measurement of
the temperature field inside particle is practically a
difficult task. Therefore, let us consider below
theoretically problem of thermal conductivity of a
particle. But first, let us evaluate heat transfer
processes for each of phases. For this purpose, let
us write down the heat transfer equation for air:

dT ,
deCapa—= 2 =G(1—-8a' (T, —Ty) (8)
for the Iayer
dTy '
(1(1 - €)CMpMF = G(l - 8)(X (TA - TM) 9)

Let us introduce characteristic parameters
of gas heating time T'a at Tw=const and Tw* at
Ta=const:

TZ ~1-¢ Go'’ (10)
« _ Cupud
Tn = ol (112)
Interfacial heat transfer equations:
« dT
TATTA =T, —Ta
4T, (12)
m = 1c—Ta
Solving these equations, we obtain:
TaATa, + TuTh, = (ta + T T, (13)

where Tt - the final temperature of the
phases (equilibrium temperature), Ta and Twm are
the initial temperatures of the phases.

The final solution of the equations is of the

form:
-T
T, — Tp = Lo f
eTO
(14)
Ty — Tp = 2aTF’
e"O

where To - characteristic time of heat
exchange
TATH
Th+Ty (15)
The characteristic time of heat exchange
determines the layer height ho, at which the
condition Tm = Ta is fulfilled

2
hg =———P.100d ~ 1
o=sa " 00d ~ 10d

It is theoretically proved that the layer
height ho=10d. The time of particle heating is
determined from the equations:

*

%‘[A

Top =

T _ a(aZT(r, 9,200, o
ot arz r
Initial condition:
T(r0)=T; 0<r<R a7)
Boundary condition:
2 aT(grl’T) —a(Tg ~Ty)+L- DLC(;:L,T) — u(z) (18)

Let us represent the solution of the problem
(16)-(18) in the form:
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T(r,7)=T(r,7)+U(r,7) (19)
We select the function so that the boundary
condition (18) is satisfied, that is:

U(ro)=— #(T) (20)

We differentiate (19) and substitute into
(18), then:

TRy7)  T(RL7) 1
4 or _l( or +/1 H(T))__ (21)
=a(Ty-T,)+L-D- Ry 7) =1 aT(;l'T) + u(7)

In equation (19) - is the solution of the
boundary value problem with initial condition:

T(r0)=T, =T(r,0)+U(r,0)
from where:
T(r,0)=T V0=, ——,u(O) (22)

Boundary conditions for:
/1(6T(r, 7) N ou(r,7)
or or

) =
=R (23)
0C(Ry,7)
a0

Let us substitute into (23) the expression for
from (20):

= a(Ty~T,)+L-D-

T (R,,7)
() = )
6T(R1,T)
AT =0 (24)

Equality (24) is the
condition.
Let us substitute (19) into (16), having

previously differentiated the expression

zero boundary

aT(r,z) ou _8%T(, 9, aT(r 7)
CLEUL2 e )+
or ot ar r
a8V, 2.0
a2 roor

Let us differentiate the expression for from
(20), then:

Gf(r,r)_a(ﬁzf(r,r)Jrg'&f(r,r) -
or 6r2 r or B (25)
=—§u'(r)+f—j-y(r)
Let's assume that
(r)+ u(r)=@(r,7)  (26)

The solutlon of the boundary value problem
(24) with initial condition (22) for the differential
equation (25) is represented in the form:

T(ro) =T (ro)+Ta(re) (27
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where T_l(r,r) there is a solution to the
problem

NrO=T-240 g
T (r,7)
A—112 —0
or (29)
M) oMo 2 Ao,
or ar r o @ GO

and 'ITl(r,T)there‘s a solution to the
problem

Ty(r,0)=0 (31)
dTo (r,7)
222" g
or (32)
6T2(r,r)_a(asz(r,r)_’_g'@Tz(r,r)) N
ot ar2 roor %Y

Let us solve the problem (28)-(30), it is
necessary that the homogeneous boundary
condition (29) is satisfied. The solution is
represented in the form:

= )
Ti(r,0)= 3 Ty’ -
1 (r T) mZ:]_ m r

where yp - the positive roots of the
transcendental equation tgym =7m -

Substituting (34) into the initial condition
(28), we obtain:
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sin r
o ym o
()= % im (36)
m=1
r
ymo-
Im :;Zlez(r)sin Rl r2dr
sin y, d 0
m_
Ry (37)
r
1 Rl . r
:7. 2 (j)z(r)smymR—lrdr
sm;/mR—l
r
Let's calculate the norm:
. r 2 ) r r
Sinym — Sin® ym — R1c052ym—
Ri| _ 1 2 Rt
= 5 rfdr= | ——=dr=
r “ 0 r 0 2
Rl
Ry sin 2y, .
Rysin2
HE L) =Ry ) (38)
2 2Ym 2 m

= —%Rl(cos2 ym-1) = %Rlsin2 7m

Then, taking into account formulas (35) and
(38), expression (37) will take the form:

2 Rl r . r
Im=——"F— | [Tl—z,u(O)}r-mmym-R—dr (39)
Rysin®ym O 1

Let Ty =const, then:

. r
© SNym 5~ Im = 2_ Tlelrsinyder—&F}lrzsinyder (40)
(1) 1 r Rlsinzym 0 Rl A0 R
XTI ——==T -~ u0)=2(r) (35
m=1 r A R, .
Let us decompose the right part of equality Let's calculate the integral | rsinym R—dr
(35) into a Dini series: 0 1
applying the formula for integration by parts:
u=r;dv=sin y Lar
oy ’ "R r-R (7t Rig r
| rsin ym—dr= R =—=-COSym—| + | —-cos;/mﬁdrz
0 1 du:dr;v=——1cos;/mRL m o 07m 1
7m
RY RE. ot g R{ RE
==—=C0Sym +—5SNymo-| =-—=C0Sym+—5-Sinym = (41)
ym 7 Ry 0 rm 7m
2 2 2
R R . R
=1 cos? ’m + 21 cos? YmSin ym = — 1 (—cos2 ”m 1 cos? ’m) =0
SN Ym Sin“ ym SN 7m
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using the same method:
Let's calculate the integral [r2sin ymR—dr
0 1

:r2;dv:sin m RLdr

R
[ rzsinyderz R :_rz—lcos;/mRL +
0 1 du=2rdr;v=——1cos;/mL Ym 1lo
rm Ry
2R R R 2R R ‘
+—= rcos;/m—dr_——cos;/ +—= [ rcosym—dr=
ym 0 Ry 7m ym 0 Ry
r
u=r;dv=cosym—=dr
MR R 2Ry Nl
= R =——=—C0Sym +— ( L sin m—=— -
du=drv=—Lsinyy—| /™ ym o 7m 1lo
ym Ry
3 2
R R R K
- [ —=sin 7/m—dr)_——003y +—=x(—=sinym +
(I) ym Ry ym ym¥m (42)
R? ; g R> 2R 2R} 2R}
+—20037mR— )=——=C0S¥m + SN ym +—5-C0Sym ~—3- =
7 g ym M M ym
RS 2R3 2R3 2R3
SN 7m 7m 7m 7m
RS 2R3, 2R3,
SN Ym sSin“ ym sin® ¥m
3 3
2R R
—3—10053 ym = 1 (os? rm + 2R3 (cos;/m -1
sin® ym sin ym J/m
According to (35) and (36) we will have: function of problem (31)-(33), calculated by the
r . formula
sinym — sin ym — o,
© @ R1 1 Sin ym—-Sinym =
T —== Y zp————
mzzl m . mzzl m . (43) 6(r.poo 1) = Ff Zl 21 ) Ri R
P
then it can be stated that: T, = zp, Lm=lsin 27/ m (46)
Substitute into (34) to find (43). —a/Mr)
Let us find T,(r,z)as the solution of ‘e R12

problem (31)-(33). Let us represent T_z(r,z-) as: . Lon 28,
@(p,r)=—§ﬂ(7)+zu(f)

sin L —aﬁ(’[—f,) . .
. © () m R12 Features of mass t_ransfer.m the pyrolysis
To(r,z)= X Tr% — 1. (44) chamber. The features of interfacial heat transfer
m=1 r presented above are also true for interfacial mass
T ) transfer processes. Since active pyrolysis occurs in
o _ o n. ' layer region ho=10d, the pyrolysis gas concentration
Ta(r7) (j)é G pyz=7)P(p,7)- p7dpd (45) in upper layers does not differ practically from that
) , . in equilibrium with the dispersed phase. In layer
where is G(r,p,z—7") - the Green's jth height h0=10d, the concentration of volatile
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components of raw mixture significantly differs from
the equilibrium one. To estimate the intensity of
mass transfer in the literature [6, 7] the dependence
is proposed

d
Sh = BD_ef' (47)

where [ - the heat transfer coefficient;
Des - diffusion coefficient.

For this layer, the mass transfer rate
constant must be calculated for specific conditions.
Practically, the effective mass transfer coefficient 3*

is usually used. If size ho is estimated, i.e. the
effective mass transfer coefficient is actually
determined by correlation

Sh = 0,025ReSc03 (48)

The equation of the balance of the
concentration of volatile components in the particle
and air is represented by the equation

oc(r,7) C(r r) 2 oC(r,7)
or arl r or
re [Rl, Rz] boundary conditions:

= &(r,7) (49)

C(Ry,7) =Cn(7) (50)
C(Rp.7)=Cn () (51)

Initial conditions
C(r, z')| 7= =W2(r) =const (52)

The right-hand side of equation (49)
represents the heat source and is a delta function:

@(r,7)=0 (53)

We solve the problem (49)-(52) in parts

using the method of superpositions. Let us
represent the function C(r,7) as a sum of

unknowns; choose a solution in such a form that it
satisfies the boundary conditions (50) and (51).

C(r,7) =C(r,7)+U(r,7)
where r - the current radius of particle.
The summand takes into account the
inhomogeneity of equation (49) and initial condition

(52); the summand takes into account the boundary
conditions (50) and (51) for equation (49).

(54)

U(r,7)= RZ Cn(0)+ 2 —2-Cn(0) 9
Ri—Ro 1
Let's find U(r,7) at the initial moment of
time
Troy-_——Re r-R &= 56
U(r,0) = R1 ey OO+ 2 Cn (@) (56)

Let us find the function C(r,z), which will
satisfy equation (56) when redefining C in C:
~ 2=~
oc(r,7) 0“C(r, r) 2 6C(I’ 7)
-D rr)
ot { or? r - 7)

and the initial condition
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Cr0) =po(r) -+ 2. R 58
Clr0)=va() -5 —2-Cn(0)- Rz_Rl Cn(0)=C(r) (58)
and boundary conditions
C(Ry,7)=0
= (59)
C(Rp,7)=0
The function E(r,r) will be:
C(r,z) =C(r,7)-U(r,7) (60)

We differentiate (59) by first substituting
(55) into (59):

C(r, 1) =C(r,7) - er Y -.C,(1)- er__Rll .Cn(x) (61)
B by 7:
6C(r,r):6C(r,r)_ r-R, C (1) r-R, T (1) (62)
ot ot R-R, "7 R,-R, "
_ byr
oC(r,1) :aC(r,t)_ 1 € (0)— 1 C(0) (63)
or o R-R, " R,-R, "
5%C(r,r)  o%C(r,7)
= 64
8r2 ar2 ©9
Letus substitute (61)-(63) into (56):
oc(r,7) o 02 C(r 7) 2'66(r,r) -
ot ar r o |
_ =Ry -R
= (r,7) 1_R2 .Ch(r)- z—R1 .Ch(r)+
2 1 —
E D{; R, OO —%(r))}

The right-hand side of (56) is of the form:

@y (r,7) = B(r, r)+ RZ @),
LR .aCn(r)_D,Z.;.[cn(r)_cn(r)
R,—-R, o7 r Ri-Ry

Let us use the superposition principle
(superposition principle) to solve (64):

C(r,7)=A(r,7)+B(r,7)  (66)
where A(r,z) - is the solution of the
boundary value problem

A(r,0) = Cp (r,0) (67)
A(R{,7) =0 (68)
A(Ry,7) =0 (69)
for the equation:
OA(r,7) _ ) O2AT) 2 OALT) | g ()

or r or

ar2

where B(r, 1)
boundary value problem

the solution of the
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B(r,0)=0 (71)
B(R,7)=0 (72)
B(Rz,‘[) =0 (73)

for the equation:
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sinmz(r - Ry) mz P
Rz Rl 7D{R -R } !
Z Com) - € o (78)
sin mz(p—-Ry) sinmz(r—Ry)
R
? 2 ki RZ - Rl R2 - Rl ~ 2
= : Ca(p) |- pidp
,i[ Ro—Ry mzzl p r "

oB(r, 1) °B(r, ‘t) 2 oB(r,1)
ot _D{ or? r or =,(r,7) (74) Let us take the solution (72) in the form:
Let us take the solution of (68) in the form: . sinM  m??De
Sinimn(r - Rl) mr | B(r,T) = ZBm R2 — Rl ‘€ (Re~Ry)* (79)
A -y A R,-R, _D{Rz—Rj ! (75) m=t '
()= Z m’ r € We will consider the right-hand side of
m=1 i mor(r - Ry) equation (72) as:
(r —
” ?R’ll L @y (r,7)=N(r)-P(7) (80)
A(r,O):mZ:lArn- r =Cn(n)= (76) Let's do N(r) a Dini series:
sin mz(r—Ry) . mz(r—Rq)
7R2 Ry " sin RoR
Z Cn(m)% Nr= > Nnm 2r 1 (81)
Let's change the variable of integration: m=1 ) .
sinma(p—R,) where Nm - Fourier coefficient:
) R, 7R _R sin mn(p—Rl)
Com = [ CoP)-————-p’dp (17) % R,-R,
R,-R; ¢, p N = jN(p)#-p dp (82)
It follows from (75) that A =C, ., then 2 IR p
. I . Substituting  (77) into (72) and
given the initial conditions: differentiating, we obtain:
_p__Mz
2°
® 2 mr 2. mzx (RZ—R]_) e . mz(r—Ry)
Y Bm|—D( )< - D(- )< |sin (r-Rq)-e N, -sin ———=2. P(z) (83)
ma | Rp-Ry Ry =Ry Rp—Ry Z " 2R

From the condition of generalized functions

8 _N B(r,7) = B(r)- B(r) (85)
m=Nm
From (81) taking into account (72): _ _(RmﬁRl)DT
B o™ \2B_pr) () B(r)=e 2 (86)
or R2 - 1
0 Sin (I’— Rl) D( mz )Z(T—t)
B(r,r)= Y N, Rl je R =Ry P(t)dt =
m=1 r 0
r R, ., SIN—"(p—Ry) sin (V—Rl)
-] 2 7 i R, —Ry . R2 .
~D( ) (1)
xe R -Dy(p,t)- pPdp = @)
. m
: R, o SN (p—Ry) sin " (r-Ry)
- 2 3 RZ—Rl T Ry-Ry §
0 R R2 — Rl m=1 P r

The resulting equations were solved in

D m—’;)z(rft)

@y (p.1)- p°dp.

Mathcad 2001 (Fig. 1).
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Fig. 1 Heat and mass transfer characteristics of the particle: a) dependence of relative
concentration of volatile components on heat treatment time; b) temperature change in time.

Assuming that concentration distribution in
layer by analogy with the temperature distribution
has an exponential law:

(88)

where ho=U/B*SHo, we obtain the equation
for calculating the effective mass transfer
coefficient:

B* _ U(UZ-4psy)”°-u? (89)
B BSHODef
Passing to the layer as a whole for the
stationary regime we write:

d?C dc "
Det— = Uluequ,eu,0) 757 = B7SH, (C = C), (90)
where  Sho the mass transfer area;
Ch - the saturation concentration.

Conclusions.

1. Effective reduction of energy costs in
systems of providing heating of livestock buildings
can be achieved by using pyrolysis plants.

2. In the pyrolysis unit, two types of
unsteadiness of the temperature and concentration
fields are identified, which are related to the feeding
of the bed with cold feed particles. Due to the fact
that inside the layer there is intensive circulation
mixing of  material, all  thermophysical
characteristics across the cross-section of the layer
are equalized. At the same time due to mechanical
transfer of thermal energy concentrated in the
particles thermal conductivity of the layer can
exceed the thermal conductivity of metals.

3. It was found that the equalization of
temperature and concentration differences due to
the above effects occurs within 0.5-1s, i.e. in the
time interval comparable to the period of layer
pulsations.

4. To evaluate the heat and mass transfer
characteristics in the layer, effective heat transfers
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and mass transfer coefficients are introduced. In
this case for their calculations.

5. It was found by calculation that the
equalization of concentration and temperature
values of the layer material and air occurs at a
height of 10d of the particle.
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AOCHNIAXEHHA NMPOLIECY
TEMNJIOMACOOBMIHY B MIPONI3HIA
YCTAHOBLUI And 3ABE3NEYEHHA
ONANEHHA TBAPUHHULBKUX MPUMILLEHb

CinbcbKkoeocrnodapcbke 8upobHUUMEO €
OOHIiet0 3 HaUbinbw  eHepa2oeEMHUX  2arnysel
HapoOHO20 eocriodapcmea. OdHiero 3
HesupiweHux npobnem cyyacHo20 meapuHHUymaea
8 YkpaiHi 3anuwaemscsi CMeopeHHs1 HOPMO8aHUX
YyMO8 ymPpUMaHHsI meapuH Yy meapUHHUUbKUX
npumiweHHsix. 3a 8UCOKOI KOHUeHmpau,ii nozonig's
Ha 00uHuuyro rnnowi, ei0bysaembcsi Mo2ipUIEHHSs
cknady nosimpsi, sike 3abpyOHHEMbCS amiakom,
CipKOBOOHEM, 8yernieKuciiuM 2a3oM |  [UsIoM.
YHacniook Ubozo 36inbwyemscs naoix,
3HUXYIOMbCS npupicm macu ma 36epexeHicmb
meapuH.

HopmoeaHuti nosimpoobmiH
MeapUHHUUbKUX  MPUMIiWeHb  3abesrnedyembcsi
CUCMEeMOI0 MexaHiYHOI MpuMyco80i MpurnueHo-
sumsikHol eeHmunsuji. OcHosHa YacmuHa eHepeaii
y meapuHHuumsei, bnusbko 50 %, sumpadaemscs
Ha nidmpumaHHS  HEOobXiOHUX  napamempie
mikpoknimamy. [1id yac onasntoganbHO20 repiody,
Akuld Ha 80% mepumopii YkpaiHu mpueae 6-9
micsuyie, HeobxidHO nidiepieamu nogimps, Wo
HagHimaembCsi Yy MeapUHHUUBKI MpUMIUeHHs. 3
uieto memoro eukopucmosyemscsi 8i0 60 % 0o

80 % yciei eumpadeHoi ~mennogoi  eHepail.
BoOHouyac  0na  3abe3neyeHHsi  HeOOXiOHUX
napamempie MIKpoOKniMamy ecepeduHi
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meapuUHHUUbKO20  MPUMIUWEHHST  8eHmunsuiliHe  2i0poduHaMidHUMU rpouecamu 8 KaMmepax rniponisy
rnosimpsi gudansembcs 8 ammocepepy i, nopsi® 3i i@ 4Yac mepMiyHO20 pPO3KnadaHHS oOpaaHiYHOT

WKiénueumu pedyosuHamu, 8uUdansiembCs 3HaYyHa  CUPOBUHU; He nepedbayeHo 3axodie
Kinbkicmb mennomu (90 % 6i0 3aecanbHUX  OfepamueHO20 peazy8aHHs Ha MOMOYHY 3MiHYy
mennosmpam 6ydieerb). pisuko-mexaHidyHUX eracmusocmel y omoui

Llnsa YkpaiHu, sika mae pO38UHEHE CiflbCbKE  CUPOBUHU ma Kopensauii 3 Hew; He rnepedbayeHo
eocrnodapcmeo, wio npodyKye 3HaudyHy Kinbkicmb  3axodie ornepamueHO20 peaz2yeaHHs Ha MOMOYHY
opeaHidyHUx 8idxodie, 6iomaca Moxe cmamu  3MiHy  (hi3UKO-MexaHiYHUX  enacmueocmel Yy
npiopumemHum Oxepesiom 8i0HOB/MI0BAHUX ~ MMOMOUi CUPOBUHU mMa Kopesnsauii napamempie
eHepzopecypcie. HuHi  O0HUM i3 HanpsiMie  MEXHOJI02iHHO20 rpouecy Miponizy 3 Memoro

eHepeemu4yHo20  eukopucmaHHs  biomacu €  OOCS2HEeHHS HeobXiOHUX onmumarbHUX
8UPOBHUUMEBO ManueHO20 2a3y, OmpuMaHo20 pesyrnbmamis, wo He 0a€ 3Moau MpPoeHOo3ysamu
Wwisixom i mepMi4Ho20 posknadaHHs.  cknad ompumaHo20 2a3y. Tomy OOCIiOXeHHS,
JocnidxeHHss  8enukoi  KinbKocmi  Mipofli3HUX  CrpsIMO8aHi Ha pO3pobKy mexHosoail

yCmMaHOB80OK PpI3HOI KOHCMPpYyKUii, HagedeHux y  egheKkmugHo20 ornarneHHs meapuHHUUbKUX
Haykosili nimepamypi, dae 3amoay Oilimu 8UCHOBKY  MPUMIUWEHb € aKmyasbHUMU.

npo me, wjo 6azamo MmexHonoziti He MoXymb 6ymu Knro4voei crioea: mamemamuy4Ha Moderb,
docmamHbO  eheKmuBHUMU  4epe3  HU3KY  MIKPOKiMam, riposi3, oOnaneHHs, 8eHMusIsyis,
Hedorikie: yOOCKOHarneHHs MeXxHOJI02iYHUX  108imps, mennomMacoobMmiH, HaecHImaHHs,
pexumie He posensdaiomb y yHKUioOHanbHOMYy — mensonepedaya, meapUHHUUbKe MPUMIUEHHS.
38'3Ky 3 menomMacoobMiHHUMU ma
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