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Ukraine has significant land resources for agriculture and is able to provide its population not
only with food but also with raw materialsfor bioener gy.

Thearticle presentsa graph of heat capacities and the distribution of heat flowsin a bioreactor.
The dependences for determining the heat fluxes of flat and cylindrical surfaces are presented. The
article outlines the present state of utilization of fallen leaves of trees. The method of utilization by
anaer obic fermentation is proposed. The design of bioreactors and the main factors influencing the
methane for mation process are considered. The methodology for calculating the biogas production process
is presented. The productivity of the bioreactor has been deter mined, depending on the temper atur e of the
raw material and the time of hydraulic resistance
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Introduction

The main condition for any biogas plant is maintaining the chosen temperature regime inside the
tank, regardless of the temperature of the surrounding environment (Ulewicz M., 2021; Biernat, K., 2021,
Hosseini, S.E. 2013; Chtopek, Z.; 2017).

Since, in the amplitude of the internal temperature fluctuation over than 15 °C, the methane
formation process is stopped, therefore, it is necessary to provide the bioreactor with the required amount
of thermal energy throughout the fermentation cycle, at the same time consuming as little energy as
possible ( Ulewicz, M., 2020; Zhelykh, V., 2017; European Commission. Nearly Zero-Energy Buildings.
2014; Majumder, A.; 2021).

Heat-exchange surfaces are used for heating the substrate, which are located inside or outside of the
bioreactor. In order to maintain the temperature required for the fermentation process, it is necessary to
constantly bring the heat to the fermentation mass (Gokcol, C. 2009; Muresan, A.A. 2017; Miciuta, 1.;
2020). The need for it consists of the amount of heat needed to heat the substrate from the temperature at
which the raw material is fed into the reactor, to the fermentation temperature, and the heat going to
compensate for the losses (Panwar, N.L. 2011).

In the cold period of the year maintenance of the temperature regime is quite costly. To reduce heat
loss, insulation of the walls of thereservair is carried out by heat-insulating material.
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The productivity of a biogas plant depends on the following parameters: reactor volume: the larger
the volume of the installation, the greater the output of biogas, temperature in the reactor at which
fermentation occurs; internal temperature regime — methane-forming bacteria in oxygenless conditions
can emit gas in the temperature range from 0 °C to 70 °C (Bidlski, S., 2021; Marks-Bielska, R.; 2021).

Fluctuations in the temperature of organic raw materials in a bioreactor have a negative effect on
the fermentation time. The longer the oscillation, the stronger its impact. For example, with a temperature
drop of 50 °C to 40 °C and maintaining it for two days, and then increasing it to 50 °C, the biogas output
will decrease by about 11 % over the next few days, and with a temperature of 40 °C for a period of five
days — by 37 %. Lowering the temperature from 50 to 20 °C and maintaining it from two to five days
completely stops the process of methane formation (Marks-Bielska, R.; 2019; Bidlski, S.; 2018).

The purpose of the article

The aim of the article is determination of the distribution of heat flows in a bioreactor, taking into
account the temperature of the surrounding environment and thermal insulation in the reservoir wall
construct.

Confirmation of the possibility of utilization of fallen leaves in urban parks by anaerobic
fermentation, which would result in obtaining biogas and biofertilizers.

M ethology

Formation of physical models of thermal processes of a bioreactor.

To estimate the temperature regimes of a bioreactor, it is necessary to make a calculation scheme of
heat exchange. In this scheme, heat fluxes must be fully taken into account. Since the technological
process of biogas generation is continuous, the bioreactor must maintain a constant thermal regime.

Thetheory of graphsiswidely used to simulate and identify thermal regimes. This approach allows
to effectively solve the direct and inverse problems of heat transfer in the part of modeling, identification
and optimization of heat engineering physical processes and is based on the system approach for solving
complex heat transfer problems. The bioreactor is represented as a system of thermal capacities, between
the elements of which is heat transfer and which interacts with heat sources (Fig. 1).

Fig. 1. A graph of thermal capacities of a bioreactor

Heet capacities — Qg — the wall of the bioreactor (Quaer — the layer was filled with water, Qg — the

layer was filled with air), Qpig — biomass, Qqut — the environment. Heat flows are g, 0z, Gs, G4, Us.

General Information

A significant factor in determining the heeat loss is heat transfer. Heat transfer (heat transfer) is
called the process of transferring heat from a warmer (“hot”) coolant to a less heated (“cold”) coolant
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through a separating wall. Hesat transfer is a complex heat exchange, which consists of a chain of its
individual types. From a hot coolant to the wall of heat transfer is carried out by convective heeat transfer.
Inside the wall, heat is transferred by heat conduction. From the wall to the cold coolant hesat is
transferred by convective heat transfer. It should be added that with convective heat transfer
simultaneously can be carried out and radiant heat transfer. The intensity of the transfer of heat in certain
types of heat exchange is determined by the corresponding formulas. The separating wall may be flat or
cylindrical, single-layer and multilayer (Fig. 2).
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Fig. 2. The character of temperature changesin the wall:
a —flatwall; b —cylindrical wall

For a single-layered flat wall, the value of the specific heat flux in the case of heat transfer is
determined by the formula
At 1
= = Kk xAt—.
i+é+i Ra2+Rcm+Rax 2
a, A oy
At _ 1
ROCZ +Rcm +R0Lx i+é +i

a, A oy

_ te'tx

(D

where — coefficient of heat transfer; a. i ay — coefficient of heat transfer from the hot coolant to the
wall and from the wall to the cold coolant, respectively; t.i t, — temperature of hot and cold coolant;
At =t,—t, — temperature pressure; J i A — thickness and coefficient of thermal conductivity of the wall;
R.. — thermal resistance of heat transfer from the side of the hot coolant; R.,, — thermal resistance of the
thermal conductivity (walls); R, —thermal resistance of heat transfer from the cold coolant.

The coefficient of heat transfer characterizes the intensity of the transfer of heat and represents the

thermal flow for a unit temperature pressure (k = Ait ), W/(n?-K). The value of the inverse coefficient of

heat transfer is called the total thermal resistance of the heat transfer.
For amultilayer flat wall, the heat transfer coefficient is equal to

1
k= n 3 ) 5
1 ; 1
7+.é (i)cm-'-i ()
a, j=1 4 Oy
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For asingle-layer cylindrical wall, the values of the linear heat flux are determined by the formula
at, - t,)
d
1 + 1 An—3 + 1
ade 2 dB axd3

where d, i d, —inner and outer diameter of the cylindrical surface, m.

g = :7r><qk><At,

3

Fromtherdation (3) linear (for 1 m length of the pipe), the coefficient of heat transfer is equal to
1
" 1 .01, d3 1 4
+——An——+
ade 2 dB axd3
The denominator (4) represents the linear thermal resistance of the heat transfer, which is equal to
the sum of the individual thermal resistance — the thermal resistance of the thermal conductivity

d
cylindrical wall ixln—s' and thermal resistance of heat transfer 1 and ! .
2 dB o dB o d3
pes X
For a multilayer cylindrical wall, the linear coefficient of heat transfer is asfollows:
61 n o1 d , ot
h=g——+ & _(L1)+ a . (5)
@ade i=124 G a,dz u
Thelinear heat flux is determined by the formula
q =p>k(t -t)=p>k>Dt, (6)

d
Provided d—3 < 1,2 cylindrical wall is considered thin-walled, since the value of the heat flux does
B

not depend on the surface's curvature. In this case, it is important to apply the formula for a flat wall,
which will havetheform

€ 1 n 1 d 1 U
klzeT"' a _(%1)"' d l;l y (5)
e*-"p i=124 i %930
o = oxd Xt - t,)
1" 1 @06 1’ (7

0[2 g%m ax
where d =05(d, +d,) —average diameter of the pipe, m.
If it is necessary to reduce the intensity of heat transfer, you need to increase the thermal resistance.
This is achieved by applying a layer of isolation to the wall. For thermal insulation, materials with low
thermal conductivity are used. Increasing thermal resistance of heat transfer reduces thermal losses in the
environment. The equation of convective heat transfer from the layer of insulation in the environment for
aflat and cylindrical surface will be as follows

Q=7 (ti - o) *Fom
Q= }”x(ti*s - tx)Xn Xdi3 q.
In these formulas t;, — temperature of the outer wall of insulation; F.,, — surface area of the flat wall;
d;; —outer diameter of theinsulation; | — pipe length.
Based on the foregoing, it is obvious that with an increase in the thickness of the insulation
temperature t,, decreases in both cases. In this case, the surface area F of the flat wall remains constant,

(8)
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and the surface area of the cylinder increases as a result of increase d_.In the case of aflat wall, the heat

flux Q decreases. In the case of a cylindrical wall, this conclusion can not be made, because Q, determined by
the product (t,, - t.)-d., in which the first multiplier decreases, and the second increases. This indicates

the existence of an extremum. In (7) it is shown that in the case of isolating a cylindrical surface with a
single-layer insulation, the additional thermal resistance in comparison with the non-insulated surfaceis

24 dy 5 %2 &d3 di5

where Ay = coefficient of thermal conductivity of the material to isolate.

gl O ¢
4R -—>4n§— - —— - —7, 9)

From the last expression it is clear that the thermal resistance of the insulation (the first term)
increases, and the second term decreases due to the growth of the outer surface ( d, >d, ). Toreducethe

heat loss it is necessary to AR > 0. Given this, the solution of the inequality (9) isrelatively 4, gives
1, sk, (10

€ aal. aad,, 6U
where k = @n&-_" ‘u/él -3
g eBae &

The smallest value of k is equal to one provided d,—d,. The analysis shows that the isolation

material is selected correctly if inequality is performed
j’i37[a2d3
2
and the so-called critical diameter of the insulation should be equal

| .
d, =2—+-.
Kp a 5 (lla)

The total coefficient of heat transfer by convection and radiation from the surface of insulation to

air can be determined by the approximate formula (6), W/(m*K)
a,=574+0,07(t, -t ). (12)

Theformulaisvalidfor t;,, <150 °C.

Taking into account the poor thermal conductivity of the air, in the walls of apartment houses and
in the lining of heat plants, air layers are left. If these layers are sedled, the process of transferring hest
between two walls can be considered as an elementary process of heat transfer by thermal conductivity. In
this case, the heat flux is determined by theratio:

A
Q k xF >(tCmm cmm) = gx xF >(tCmm_ tCmm) ' (13)

where k,, —coefficient of heat transfer through the layers by contact; 7, —the equivalent coefficient of thermal
conductivity, for which through the layers the same heat flux is transmitted as in the complex hest transfer
process. If theretio 4,/ isdenoted by e, then the heat transfer formulas through the layers have the form (7):

: (12)

—  for flat layers
& to t m tcm =& tcm cm +
q= (k np) Xem1 = tm2) = ks "( 1 2) 1 (14)
+%6 (Tcmlfloo) - (T2l 100) ]
— for cylindrical layers
% 4 4
ql - —(tcml - tcmz) + gl’l >€O Xﬂ' >dB (Tcmll:I.OO) - (TC’nZ/].OO) . (15)
In(d;/dz)
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If the layer is only part of a complex wall, it is hecessary to determine the effective coefficient of
thermal conductivity of the layers taking into account the radiant heat exchange by the formulas (8):
— forflat layers
I

4)=ekl +anp>d; (16)

— for cylindrical layers
2

e

d
» = A +050,, xd; n(i) , (17)

where a,,, —radiant coefficient of heat transfer.

Relevance of the theme:

The current level of urban development requires significant energy costs, including oil and gas and
their deposits are constantly decreasing.

Therefore, thereis a need to find alternative energy sources. One of the solutionsto thisissueisthe
use of biomass as an alternative energy source.

Fallen leaves from trees is a valuable raw material which has significant energy potential and on
the other hand - this garbage that must be disposed of. The most effective way to solve these problemsis
to use an anaerobic or methane fermentation method. This process is the decomposition of organic
substances to end products, mainly methane and carbon dioxide, due to the vital functions of a complex
microorganism complex under anaerobic conditions. Under certain conditions, these gases are formed in
quantities that make up 90-95% of the decompaosed organic matter. The remaining 5-10% is spent on the
recovery of bacterial cells.

Analysisof existing data:

According to McCarthy's theory, the complete destruction of organic matter is as follows
(http://ert.hol.es/book/e2.2.html):

C,oH,0:N+45H,0® 6,25CH, +375C0, +NH, +HCQ. (18)

Pursuant to modern ideas, anaerobic methane fermentation has four related stages::

1. Thestage of enzymatic hydrolysis of insoluble complex organic substances with the formation
of simple soluble substances;

2. Stage of the acid-forming process with the release of volatile fatty acids (VFA), amino acids,
alcohols, hydrogen and carbon dioxide (acidogenic stage);

3. Acetogenic stage of transformation of VFA, amino acids and alcohols into acetic acid;

4. The methanogenic stage is the formation of methane from acetic acid and the reduction of
hydrogen carbon dioxide.

For the formation of biogas from plant material, it is necessary, first of al, to create comfortable
anaerobic conditions for the life of three types of bacteria. These bacteria are among themselves
successors, that is, the following species feeds on the products of life of the previous species. Firgt, it is
hydrolytic bacteria (they are responsible for the processes of biomass destruction under the action of
water and temperature), the second type of acid-forming bacteria (they allow to obtain from hydrolyzed
products of the molecule of organic acids) and, finally, methane-forming, which regulate the processes of
consumption of organic acids and biogas generation. In the process of biogas production, not only
bacteria of the class of methanogens take part, but all three species.

Methane bacteria manifest ther livelihoods within the temperature range from 34 °C to 70-90 °C. If
thetemperatureis higher, they begin to die, at a negative temperaturethey survive, but stop their livelihoods.
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Since metabolic activity and the level of reproduction of methane bacteria are lower than acid-
forming, the excess of acids (pH below 6.5) reduces the activity of methane bacteria. On the other hand,
an increase in the pH value above 8.0 (an excess of amino acids) also leads to the decay of the methane
formation process. Usually the pH value is maintained at a constant level. Also, for active life of
organisms it is necessary to maintain normal pressure, for example, to accumulate biogas into an elastic
reservoir. Humidity of raw materials should be 85-92 %.

Biogas is a mixture of methane (60-85 %) and carbon dioxide (1540 %). It is obtained in special
installations of a variety of design execution, depending on local conditions.

The advantage of using this type of renewable energy source in the simplicity of the technical
implementation of the process, the raw material is constantly restored in nature. In the process of
recovery, up to 90 % of organic matter is converted into gas and water. There is a complete disinfection
of recyclable waste received highly bio (compost).

Biogas is produced in reactor-methane tanks in volume from 0.5 m® to several thousand cubic meters
directly near sources of waste, it is simply transformed into heat and dectric energy and consumed in everyday
life

Production and consumption of biogas solves at once three general problems: energy, economic,
agrochemical. The heat of combustion of solid fuels, for example coal, is 6-32 MJkg. Biogas has a heat
of combustion from 21-36 MJkg under normal conditions. From one ton of organic substances rel eased
from 250 to 600 m® of biogas (http://ert.hol.es/book/e2.2.html). After the methioning process, compost
remains. From different substances you will receive an unequal amount of biogas (table 1) (http://ert.hol.es/
book/e2.2.html). It should be noted that if you add up to 30 % of cellulose in biomass, the biogas output
will increase 2—-3 times.

Kilogram of manure gives: 0.18 kg of methane, 0.32 kg of carbon dioxide, 0.2 kg of water and 0.3 kg of
humus. One kilogram of biogas provides heet, which allocates 0.6 kg of kerosene, 1.5 kg. coal, 2-3 kg of
firewood. To date, more than 70 types of biogas technologies have been developed (Khan, S. 2015; Adnan,
A.l. 2019).

Tablel
The amount of biogas from 1 kg of dry matter liter/kg
o The amount of biogas : o
Ne Raw from 1 kg of dry matter liter/kg Percentage of methanein gas %
1 | Grass 630 70
2 | Falen Leaves 210-294 59
3 | Pinebranches 37 69
4 | Potato leaves 420 60
5 | Corn stems 420 53
6 | Wheat straw 342 58
7 | Ryesraw 359 59
8 | Domestic waste and rubbish 600 50
Table 2
Volume of fallen leaves (Tkachenko S., 2004)
Name Volume kilogram per cubic r?eter - specific g_ravi_ty or vgl ume
amassof 1 m density in g/cm
Fallen leaves, weight 1 m® im? 300 0.30
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At present, there are the following schemes for handling fallen leaves:

1. Removal of fallen leaves on landfills of solid household waste;

2. Preservation of falen leaves at the place of education in order to prevent the violation of the
ecological well-being of the territory;

3. Composting of vegetable waste.

Results

Taking into account the specifics of the utilization of organic wastes, the authors propose the
following scheme of treatment of fallen leaves:

1. Falenleavesin places of its largest accumulation are stored in tight transportable containers —
bioreactors volume 1-1,5 m”.

2. After full filling of this capacity, it is transported to places of defense.

3. This may be a special warehouse with a temperature that corresponds to the process of
methane fermentation.

4. Theterm of hydraulic defending will be from 3 to 6 months.

5. The peculiarity of the proposed scheme is that due to small capacities, it is possible to increase
the number of reactors and constantly increase the number of fallen leaves that is being processed.

6. All tanks are interconnected by a gas collector, through which the gas enters the gasholder in
which it accumulates for storage.

7. After the fermentation process (46 months), the perforated leaves can be used as biohumus
for thefertilization of crops.

Biogas plant is intended for ecological processing of organic waste. The basis of the bioreactor's
work is the biological processes of digestion and decomposition of organic substances under theinfluence
of methane-forming bacteria in anaerobic conditions characterized by the absence of free oxygen, high
humidity and constant temperature environment (Sun, L.; 2013).

Biogas plant solves the problem of utilization and efficient use of organic wastes for the benefit of
the environment. The resulting gas is partly converted into electricity, and the balance is used for the
needs of the economy.

7

gas holder
Biogas

Fig. 3. Scheme of utilization of fallen leaves
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The bioreactors in the form of vertical capacities for static reasons mainly have a round cross-
sectional shape (Fig. 4). Their advantage lies in the fact that in comparison with the horizontal version
they are more compact, have a favorable ratio of surface area to volume, which reduces the cost of materials
and heet loss.

The existing geometric forms of domestic biogas digesters were analyzed and bioreactor of cylindrical
shape with truncated cones upwards and downwards was proposed, which takes into account energy
saving characteristics and features of the process. (https.//90zavod.ru/raznoe/ves-1m3-listvy-skolko-vesit-
1-m3-opavshix-listev-sobrannyx-grablyami-v-kuchi-dlya-vyvoza.html)

From a technical standpoint, this form provides the smallest area of contact of the surface of the
reservoir with the surrounding medium which in turn minimizes heat loss.

"y /{4

Fig. 4. Scheme of bioreactor for utilization of fallen leaves
1 —tank; 2 —mixing system; 3, 4 — pipe loading and unloading of raw materials;
5, 6 —upper and lower service hatches; 7 — discharge valve;
8 —a branch pipe of an exit of biogas; 9 — heater; 10 — movable support

An important characteristic of a bioreactor is the ability to produce a certain volume of biogas.
Therefore, thereis aneed for atheoretical calculation of the estimated amount of biogas output. The basis
of the calculation is a method for determining the volume of biogas from solid household waste, and
adapt it for fallen leaves of trees:

One of the important factors affecting the amount of biogas generated is the kind of fossilized
biomass. This is due to significant differences in the chemical composition of organic raw materials.
Therefore, designing the volume of methane tank (fermentation chamber) of a biogas reactor begins with
the collection of data on the type of organic waste that is to be recycled (Ymeri, P.; 2020; Mattioli, A.
2017; Leckner, B. 2015).

Output data: ti, — biomass temperature,°C; W, % — humidity of the substrate; A, % — ash content of
dry organic raw material.

1. Determinethe concentration of organic substances, kg/m®:

S=py, {100- W)x100- A)x10™ 4, (19)
where W — humidity of the substrate, %; 4 — ash content of dry organic raw material, %; p,, — volume
biomass density, kg/n’.

2. Calculate the density of biomass, kg/m®:

= Pou 200
v 100+Wxp A0 3-1) (20)
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where p . —density of solid biomass fraction, kg/m.

3. Wecalculate the kinematic coefficient K according to the formula
Kl S- 9

’ (21)
(BxS- K_xd)
inwicth K, - coefficient of proportionality.
4. Deerminethe coefficient of proportionality:
_ (38>S- 205)xP
Ke= (22)

100t - 17.8)
where t. —temperature of the fermentation process, °C; P — correction factor, (P=1 by t =33-53 °C).

5. Calculate the maximum rate of growth of microorganisms pmin biomass, day-1.
m =0013>t, - 0129. (23)
6. Determinethe daily output of biogas Vs, m¥m’day:
& o)
Vg = B>681_ K _
TS TUyC 1+K 5
where B — maximum biogas output, m¥/kg; S — concentration of organic substances in the feedstock,
kg/m3; T —time of fermentation, days.

The results of the study are shown in Fig. 5.

Fig. 5 clearly illustrates the peaks of daily methane formation; they are characterized by an increase
in theinternal temperaturein the reservoir.

Since the additional effect of anaerobic utilization of organic waste is biohumus, then we have the
following advantages of leaf humus (http://organic.ua/uk/lib/3074-lystjanyj-peregnij-koryst-sadu-prynese-
lystopad):

—  Leaf humus, introduced into the soil, helps to retain moisture longer at the plant roots, helping
them to survive the summer drought.

— In the deciduous humus, rain worms live and breed well, which greatly loosen the soil and
effectively transform organic residues into high quality humus.

— Hardwood (even semi-finished) is an excellent component of garden compost.

—  How mulch Leaf humus prevents weed growth, weathering and erosion of the upper layers of
the soil.

(24)
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Fig. 5. Daily output of biogas Vg from 1 m?® of bioreactor depending on the time ¢
of fermentation and the internal temperature of the processtin::
1-tin=20°C;
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Fig. 5. (continuation). Daily output of biogas Vi from 1 m® of bioreactor depending on thetime
of fermentation and the internal temperature of the processtin:
2—-tin=30°C; 3—-tin=40°C; 4—-tin=50°C

Research carried out for the bioreactor volume 1 m®. The internal temperature of biomass tin was taken
in the range from 20 to 50 °C. As organic raw materials, the leaves of trees with a humidity of W =59 % and
ash content of dry biomass— A = 15 % with adensity of solids fraction pout = 350 kg/m® — were used.

Conclusions

The construction of a bioreactor with the use of spiral polyethylene tubes was proposed. A graph of
thermal capacities and the distribution of heat flows in a bioreactor were provided. In addition, the
dependencies for determining the heat fluxes of flat and cylindrical surfaces were presented in this article.

I's proposed the design of a bioreactor for organic waste disposal.

The possibility of utilizing fallen leaves in urban parks through anaerobic fermentation has been
confirmed. The scheme of collecting and transporting the fallen leaves is proposed. The performance of
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the bioreactor is determined depending on the temperature and the time of fermentation. Are presented the
graphs of biogas yield depending on the temperature of fermentation raw materials. The internal
temperature of biomass tin was taken in the range from 20 to 50 °C. It was established that the fastest
process of decomposition of organic raw material occurs at the temperature of raw materials 50 °C. From
the obtained dependences it can be concluded that with increasing fermentation time the amount of daily
biogas yield decreases.
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! kadeapa TEIIora3onocTayalHs Ta BEHTHIIALIT,

2 kadepa TEIUIOCHEPTCTUKH, TEIUIOBUX Ta ATOMHUX CICKTPHYHHUX CTAHINIH

O JKenux B. M., ®@ypoac FO. B., lllanosan C. I1., Casuenxo O. O., Illenimuax B. 5., 2021

EHEPI'O3BEPEXXEHHA MOAYJIbHUX BY IUHKIB
3A JIOMMOMOTI' OO BIOT'A30BUX TEXHOJIOI' T

VYkpaiHa Mae 3HauHI 00CATH 3EMENBHUX PECYPCIB ISl CUILCHKOTO TOCIIONAPCTBA Ta 37aTHA 3a0e3MeunTH
CBO€E HACEJIEHHS HE TUIBKU DKEIo, ajie i CUPOBHHOO JUIsl OioeHepreTHKy. SIk CUpOBHHY B Oi0€HEpreTHIll MOXKHA
BUKOPHCTATH BIXOIU Ta CLILCHKOrOCIIOAAPCHKI 3AJTUIIKH, sIKi YTBOPIOIOTHCS IMiJT Yac 30UpaHHs CLTHCHKOTOCIIO-
JIAPCHKUX KYJIBTYp Ta MiJ Yac iX mepepoOKH, 30KpeMa COJIoMa 3J1aKOBHX KYJBTYp, 3€pHOOO0OBUX KYIBTYD,
HACIHHS KYKYPYI3U Ta COHSAIIHUKY, JIYIITNIUHHS COHSILIHUKY, M’ SKOTh IIyKpOBUX OYPSIKiB, ONajie JHUCTS TOILIO.

[pyr BUPOOHHUIITBI TA30MOAIOHOrO MAIKBA 13 OMAJIOrO JIUCTSI YTBOPIOETHCS HE TUIBKU JDKEPENO eHeprii —
Oiora3, ane il BUCOKOSIKICHI OOpHBa, SIKI MO)KHa BUKOPHCTOBYBATH JJIsl BJIACHHX IOTPEO, YW NPOAABATH
(epmepchknM rocrnonaperBaM. [Iporiec BUpoOHuMIITBA Giorasy BigOyBaeThesl y OiopeakTopax, KOHCTPYKIN SKHX
JIOCHUTH PI3HOMAHITHI 1 BIPI3HIOTHECS 3a (HOPMOI0, MaTepiaoM, CriocodaMu 3MIITyBaHHS Ta HarpiBaHHs 0ioMacH,
00CATOM TIepepOOKU CUPOBUHH.

[pencraBneHo rpadik TEMIOBUX EMHOCTEH Ta PO3MOILTY TEIUIOBUX MOTOKIB y OiopeakTopi. HaBeneno
3aJIeKHOCTI Ul BU3HAUYEHHS TEIUIOBUX IOTOKIB IUIOCKHX 1 IMJIIHAPUYHHUX MOBEPXOHb. HaBeneHo cyyacHuit
CTaH BHKOPHUCTAHHS OIAJIOro JIUCTS JiepeB. 3arporoHOBaHO METOJI BUKOPUCTAHHS 3a JOIOMOTOI0 aHAepOOHOI0
OponinHs. Po3risiHyTO OCHOBHI (bakTOpH, IO BIUIMBAIOTH Ha YTBOPEHHs MeTaHy. [IpeicTaBiieHO po3paxyHOK
BUpOOHHMIITBa Oiorazy. BusHaueHO MPOMYKTUBHICT OiopeakTopa 3aJeKHO Bijl TEMIIEpaTypyu CHPOBHHH Ta 4acy
TiIpaBIivHOrO OPOMiHHS.

Karouosi cioBa: iorazoBa ycraHoBka, 0iopeakrop, 0iofo0puBa, ajibTepHATUBHE JIKEPesIo eHeprii,
Tem10i30/1s11is, aHaepoOHa (pepMeHTALlsA, Teopis rpagikis.
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