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OPTIMIZATION OF HEAT PRODUCTION PROCESSES IN THE BIOFUEL
VORTEX COMBUSTION SYSTEMS

Purpose. Improving the energy efficiency of heat generation processes in vortex combustion systems of uncertified fuel by
streamlining the dosing regimes of fuel mixture components using an automated control system.

Methodology. The research process is based on mathematical modeling of the vortex combustion control system of uncertified
fuel. A peculiarity of the study is the three-circuit interconnected proportional-integral-differential (PI1D) control of fuel and air
dispensers taking into account their humidity and ambient temperature, as well as the implementation of correction of perfor-
mance control devices (dispensers) on the basis of these data.

Findings. To determine the rational dosing regimes of the fuel mixture components, experimental studies on energy-efficient
heat generation processes in vortex combustion systems of uncertified fuel are carried out. The research results will be used in the
process of setting up a technology management system based on fuzzy logic. For the first time, a comprehensive simulation mod-
el of the thermal energy generation system with an integrated control system is developed, which allows investigating the parame-
ters of the heat generator by using different types of crushed fuel, as well as testing the system in normal and critical modes. This
confirms the need to use artificial intelligence to optimize energy-efficient heat generation processes in vortex combustion systems
of uncertified fuel.

Originality. Based on the analysis of the characteristics of humidity, physicochemical and particle size distribution of uncerti-
fied solid fuel, temperature and humidity, as well as the percentage of oxygen in the flue gases, the effectiveness of rational dosing
of combustion components is substantiated using controlled modes of fuel supply dispensers and pressure blowers to provide the
required amount of air in the process of vortex combustion, which can be achieved through the use of intelligent control system.

Practical value. The application of the declared developments will allow solving the economic, energy, ecological and social
problems in Ukraine to a large extent at the same time, namely: 1) reduction in natural gas consumption; 2) new jobs; 3) reduction
in harmful emissions into the atmosphere. As a result of the study, an automated heat generation system based on vortex combus-
tion of uncertified fuel is developed. There are no analogues of such development, as the main fuel used in the drying process is
elevator waste, grain cleaning waste and biofuels, shredded waste.
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Introduction. It is well known that Ukraine takes one of
the last places in the heat generation system working on biofu-
els. According to the State Statistics Service of Ukraine, the
share of the natural gas in the total primary energy supply
structure was high (28.9 %, 26 million tons), while the share
of biomass, biofuels and wastes made only 2.2 % (2 million
tons of oil equivalent). At the same time, European countries
(including Lithuania, Sweden) have crossed the 50 % mark in
this sector.

The new Energy Strategy of Ukraine until 2035 “Security,
Energy efficiency, Competitiveness” dated August 18, 2017
No 605-p, which outlines the strategic guidelines for the de-
velopment of the fuel and energy sector of Ukraine for this
period, defines the scope of usage of renewable resources at
the level of 25 %, including biomass, biofuels and wastes —
11.5 % [1]. The proposed study implementation is an integral
part of the Energy Strategy of Ukraine. This Strategy cannot
be implemented without introduction of energy efficient tech-
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nologies for heat energy production in systems of the vortex
combustion of uncertified fuel.

Drying of grain crops is the most energy-intensive season-
al technological process in the agricultural sector. It consumes
about 2 billion m3 of natural gas, furnace fuel, diesel fuel, the
use of which leads to a sharp increase in production cost,
which is one of the main items of the state budged received as
the foreign currency from export.

Fact-based research shows that the replacement of tradi-
tional fuel with renewable biological wastes of local origin con-
tributes to a significant reduction (by 5—7 times) of gas con-
sumption, creates almost zero burden on the environment, as
well as provides additional work places.

Our state agricultural sector annually produces a tech-
nically available volume of biowastes in the amount of
25 million tons. Given that 2.5—3.0 tons of these wastes re-
places 1000 m? of natural gas, the implementation of diver-
sification efforts in primary heat generation systems can
make up a value equivalent to the import of 9—10 billion m?
of gas [2].
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Domestic and foreign scientists have studied the modes of
operation of distributed heat generation systems in terms of the
use of renewable sources and the nature of the distribution of
energy from them, developed autonomous heat supply systems
and their automation systems and analyzed the energy poten-
tial of renewable biofuels [3, 4]. The research highlights the
general design features of boilers fired with biofuels and gas-
eous fuels [5]. Chopped wood, straw, energy plants can be
used as a fuel [6]. Foreign experience in the use of biofuels as a
source of thermal energy for different consumers is considered
[7, 8]. However, in the above installations there is a dissipation
of low-potential heat energy, which negatively affects their ef-
ficiency factor. Therefore, to solve the problem of creating sys-
tems based on heat generators scientific communities more
often consider the question of using a decentralized heat sup-
ply system, through the use of generators-utilizers fired with
solid biofuels.

The issue of using an adjustable electric drive on solid fuel
fired boilers is also insufficiently considered. After all, these
systems use fuel with unstable parameters of humidity, density,
calorific value, which determines the use of neuro fuzzy sys-
tems to control the fuel combustion process. Insufficiently
studied by foreign and domestic scientists’ models or the com-
plete absence of the models for control systems in these tech-
nologies based on artificial intelligence [9, 10].

Purpose. Improving the energy efficiency of heat genera-
tion processes in systems of vortex combustion of uncertified
fuel by streamlining the modes of dosing fuel mixture compo-
nents using an automated control system

Materials and methods of research. The study provides
comprehensive automation of the processes of heat energy
production from uncertified fuels based on artificial intelli-
gence systems, controlled by adjustable asynchronous electric
drives, specially adapted sensors of: temperature, humidity,
speed, pressure levels, etc. Given the undetermined nature of
changes in technological parameters, it is foreseen the creation
of process models, the development of adaptive control algo-
rithms, software, which in complex will streamline the com-
bustion of uncertified fuel in continuous vortex furnace, coor-
dinate the supply of combustion products to the heat exchang-
er, to determine the range of air supply for heating to the re-
quired inlet temperature. It is necessary to take into account
the type of fuel, its calorific value, humidity, particle size dis-
tribution for the possibility of controlling the regulated supply
with the dosing fan. Adjustable fans of the vortex combustion
chamber provide an optimal combustion zone for uncertified
fuel, preventing its movement to the upper part of the heat
generator, where the exhaust fan is primary mixing combus-
tion products with atmospheric air and the temperature at the
top of the furnace is reducing to 650—700 °C, to prevent over-
heating of the primary chamber of the heat exchanger.

The research is aimed at the development a control system
that will ensure the coordination of all the above undeter-
mined parameters of the technological process to optimize
energy-efficient heat production modes in systems of vortex
combustion of uncertified fuel.

Theoretical research was based on the thermodynamics laws,
heat transfer theory and was accompanied by the development of
a mathematical model, which was performed using the theory of
identification, experimental theory and computer modeling.
Mathematical models of thermal processes in systems of heat en-
ergy production in systems of vortex combustion of uncertified
fuel, taking into account the influence of external factors, have
been developed using the theory of thermal processes.

Heat generators based on vortex continuous combustion of
uncertified crushed fuel are used in the research (Fig. 1). Fuel
supply into them is carried out by means of the screw dispens-
er with the frequency-regulated asynchronous electric drive
and the aspiration fan.

To increase the energy efficiency of heat energy produc-
tion systems, an automated control system has been deve-

Fig. 1. Exploratory prototype of a 2500 kW heat generator-uti-
lizer with the principle of vortex combustion of uncertified
fuel

loped, which will take into account a number of nondetermin-
istic factors, including that which are influencing its operation:
calorific value of a fuel, temperature and humidity of the air
supplied to the combustion chamber.

Studies performed show that to determining of the optimal
modes of operation of heat energy production systems that use
uncertified fuel, it is necessary to take into account its calorific
values. The efficiency of the fuel combustion process ensures
the cost efficiency of the heat generator’ operation and helps to
reduce environmental pollution. The process of vortex com-
bustion requires regulation of air supply, in accordance with
the humidity, heat and technical properties of the fuel, in par-
ticular, taking into account the excess air coefficient value.

In addition, for efficient combustion of solid fuel, it is nec-
essary to ensure coordinated control of specific modules of
electricity technological complex of the heat generator, in par-
ticular solving the problem of regulating the speed of electric
drives of fans and a screw, which determine the dosing volumes
of fuel mixture components and vortex combustion modes.

Simulation modeling theory was used to create computer
models and the Matlab/Simulink software environment was
used; graphical presentation of modelling results was per-
formed using MS EXCEL and Matlab environment.

The Fig. 2 presents a block diagram of the control system
for technological modes of operation of the bioheat generator.
It is performed by means of computer simulation modelling in
MATLAB environment (Simulink).

A specific feature of this model is the three-circuit inter-
connected proportional-integral-differential (PID) control of
fuel and air with dispensers taking into account their humidity
and ambient air temperature, as well as making corrections of
productivity control of operating devices (dispensers) basing
on these data.

Such an approach enables to reduce the error of regulation
in the dynamic of the equipment transient operation modes,
especially obvious during the occurrence of stochastic changes
in humidity of uncertified fuel.

The PID TI1 controller maintains the set temperature
(1000 °C) in the combustion chamber (furnace) until the set
temperature of the heat transfer agent T2 (120 °C) is set at the
exit from the heat generator, then it switches to the output
value limiting mode and, thus, does not affect the control pro-
cess. The temperature in the furnace is reduced, and the tem-
perature of the heat transfer agent (T2) is maintained constant
by introducing of the controller PID T2 into the control pro-
cess. The signals from the controllers PID _T1 and PID T2
are fed to the summing unit, which also receives the correction
signals K=AW,,, T,,,), functionally related to the humidity of
biofuel W, and the air ambient temperature 7,,,. The corre-
sponding control signals generated in this way are fed to the
control channel of the screw dispenser Out Shn.

To ensure the completeness of the fuel combustion and, at
the same time, to increase the energy efficiency of the heat gen-
erator in the system, the control of the percentage concentration
of oxygen (O,) in the flue gases by using a A-probe is foreseen.
Information from this sensor is fed through the comparison ele-
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Fig. 2. Heat generator control system with three-circuit interconnected PID control

ment to the entrance of the PID_O2 controller and the corre-
sponding control signals from it through the summing unit are
fed to the control channel of the air fan-dispenser Out Vent. The
productivity of the dispensers for the fuel mixture components is
controlled by the frequency-regulated asynchronous electric
drives with energy consumption optimization functions.

The modelling was carried out in the time interval of
0—7200 s (2 hours). The results of the modeling of the system
functioning are shown in the Fig. 3.
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Fig. 3. Time dependences of heat generator operation:

1 — ambient temperature T,,,, ‘C; 2 — relative humidity of biofuel
Wyio» %, 3, 4 — performancei (in relative units) of the biofuel dis-
penser Q,, and the fan Q,, accordingly; 5 — temperature in the
furnace of the heat generator T|, °C; 6 — the temperature of the
heat transfer agent at the exit of the heat generator T,, “C

Graphical dependences 1, 2 illustrate stochastic changes in
the operating conditions of the heat generator (ambient tem-
perature and relative humidity of the biofuel) as input destabi-
lizing effects, according to which the correction of control
signals of the dispenser Q, and the fan Q, (dependences 3, 4),
formed by the functional blocks K,=£(7,,) and K, =f(W,,,) of
the control system is carried out (Fig. 2). The Charts 5 and 6
show the temperature modes in the furnace and at the exit of
the heat generator, respectively. The error of regulation of the
set output temperature 7T,, according to the Chart 6, taking
into account the dynamic transient processes, does not exceed
1%.

Analysis of the modelling results and experimental studies
made it possible to obtain the dependence of the heat genera-
tor’s energy efficiency indicator n on the relative humidity of
the biofuel W}, and the excess air coefficient (according to the
indicator A), the graphical interpretation of which is shown in
the Fig. 4.

Graphical dependence gives grounds to make appropriate
conclusions, which show, that the energy efficiency of a heat
generator significantly depends on the humidity of the biofuel
and the excess air coefficient during combustion, so these reg-
ularities must be taken into account when designing such heat
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Fig. 4. Dependency of the heat generator’s energy efficiency in-
dicator 1 on the value )\ and the relative humidity of the
biofuel W
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supply systems based on the processes of vortex combustion of
uncertified fuel and are intended for operation in various sec-
tors of the economy (economy of Ukraine).

Having considered the problems of drying process control,
it is established that to implement energy-efficient modes of
the stationary dryer, it is necessary to determine the optimal
power of bio-heat generator’s electric drives, which could
maintain the temperature in the dryer, taking into account the
grain moisture and provide the necessary productivity of fans
for supplying air into the heat exchanger as well as the boiler’s
furnace depending on the oxygen content in the flue gases and
the screw dispenser of biofuel depending on the temperature of
the heat transfer agent at the exit of the heat exchanger.

One of the methods for reduction the energy consumption
for ventilation and dosing of raw materials is the introduction
of frequency-regulated asynchronous electric drives based on
the modern frequency converters with a built-in function of
energy consumption optimization.

The control system of the dryer heat generator provides
regulated air and biofuel supply depending on the necessary
drying temperature. Therefore, the main tasks of the dosing
control subsystem for the combustion components in the heat
generator are aimed at maintaining of required temperatures at
the exit of the heat exchanger 7, and the temperature in the
furnace 7, at specified levels, oxygen concentration in flue
gases —up to 1 %.

Taking into account these parameters and depending on
the ratio of humidity and ambient temperature, type of biofu-
el, its density and humidity, the screw and fan production rate
values are determined.

The operating algorithm of the subsystem for regulation of
air and biofuel supply to the heat generator is as follows:

1. Processing of information from temperature sensors,
fuel level, lambda probe, as well as air and fuel humidity values
with a certain discreteness in time.

2. Calculation of the required productivity of the screw
dispenser Oy,

Qsd :f (queh taut)a

where wy,, — fuel humidity; #,,, — required outlet temperature
of the heat transfer agent.

Qsd = f(tamb’Q;d)’

where 7,,,, — ambient air temperature.
3. Calculation of the required productivity of the fan Q,

Qfan :f(wairs Qsda 7‘)7

where w,;,. — air humidity; A — oxygen percentage in the flue
gases.

To implement this algorithm, the Control System subsys-
tem has been developed, which allows tracking the influence of
input parameters on outputs both independently of each other
and taking into account their interconnection.

According to the control algorithm, the screw productivity
is determined at the first stage, depending on the required out-
let temperature of the heat transfer agent, taking into account
the influence of fuel humidity.

In our calculations of the screw productivity we rely on the
following. Approximately 4 kWh of energy can be produced
from 1 kg of standard fuel. Taking into account the heat power
of the dryer heat generator is 2500 kW, the maximal screw pro-
ductivity (kg/s) is as follows

Oy, max = 2500/4/3600 ~ 0.17.

In the range of outlet temperature 60—120 °C and fuel hu-
midity 7-50 % the dependency Opy = /(W ersfou) 00 Oy max
in percentage with approximation reliability grater, than 0.98
can be described with the following equations

fort¢,,=120°C

out —

0, =0.0001-w2,, ~0.0019-w ., +0.675;

for¢,,=110°C

0;,=0.00005-w2,,—0.0017-w/,, +0.5813;
for ¢,,=100 °C

0., =0.0004-w?,,, —0.0016-w ,,, +0.52;
fort,,=90°C

Q;d =0.0004- W}uel —0.0012- quel +0.4963.

For further correction of the screw productivity taking into
account the influence of ambient air temperature

0., = f(t,.,0.,) the following functional dependence estab-
lished experimentally was used

" (1) =—0.0057-1+0.7507,

where O, — screw productivity, v.u.;  — ambient air tempera-
ture, °C.

The value of the expected results of this study is that a va-
riety of solid fuels: shredded wastes, fuel of biological origin
with an annual complete recovery cycle (corn cobs, straw, sun-
flower husks, industrial wood production wastes, etc.) can be
used as a fuel. The transition to alternative, renewable energy
sources, accounting for the potential of Ukraine, will signifi-
cantly reduce our country’s dependence on imported energy
and provide an opportunity to obtain cheap heat and electric-
ity as well as a partial solution of the environmental problem of
household waste utilization.

Studies performed show that in the process of designing
heat generators for combustion of solid uncertified fuel it is
necessary to take into account its basic physical and chemical
properties. The combustion process requires regulation of air
supply, in accordance with the humidity and physicochemical
properties of raw materials, i.e. taking into account the air ex-
cess coeflicient value. The optimal value of the air excess coef-
ficient also depends on the combustion technology and fuel
type. The efficiency of the fuel combustion process ensures the
efficiency of the heat generator operation and helps to protect
the environment from pollution.

In the process of conducting research basing on the math-
ematical and computer models created by us, the results were
obtained, which will allow to determine a number of regulari-
ties:

- dependences of the movement speed of the working bod-
ies of the dispensers and energy consumption in them in the
process of preparation of the fuel mixture in the vortex com-
bustion systems of heat generators, accounting for stochastic
changes of uncertified fuel properties;

- establishing of relationships between uncertified fuel
properties and the main parameters of the technological pro-
cess of production heat under the influence of non-determin-
istic external factors;

- a neuro-fuzzy system for automatic control of vortex
combustion processes of uncertified fuel for a solid fuel gen-
erator has been developed.

Conclusions.

1. The efficiency of rational dosing of combustion compo-
nents with the use of regulated operational modes of the fuel
supplying screw and fans is substantiated for the first time,
which will increase the energy efficiency of solid fuel heat gen-
erators, reduce harmful emissions into the atmosphere, ensure
safe fuel supply into the combustion chamber.

2. Rational modes of dosing the fuel mixture components
are determined, experimental researches of energy-efficient
heat generation processes in the systems of the vortex combus-
tion of uncertified fuel were carried out. The research results
are used in the process of setting up the technology control
system based on the fuzzy logic.

3. A heat generator control system with three-circuit inter-
connected PID-control was developed for the first time, which
allows to provide the necessary parameters of its operation us-
ing different types of crushed fuel, as well as to investigate and
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check the system operation in normal and critical modes. This
confirms the need to use artificial intelligence means to opti-
mize energy-efficient heat production processes in the systems
of vortex combustion of uncertified fuel. The produced energy
is 5—7 times cheaper than that produced using gas, oil and
coal.
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OnTumizanis nponeciB Temiorenepauii
B CHCTEMAaX BUXPOBOIO ropiHHsA OionmajauBa

B. C. Dedopeiixo, M. I. Pymuno, 1. C. Ickepcokuil,
P. I. 3acopooniii
TepHomninbChbKUIT HalliOHATLHUI TI€AATOTIYHUI YHIBEpCUTET
imeHi Bononumupa 'Hatioka, m. TepHormiiab, YKpaina, e-mail:
kaf mki@tnpu.edu.ua

Mera. [linBuiieHHsI eHeproedeKTUBHOCTI MPOLECIB Te-
TUTOreHepallil y cucTeMax BUXPOBOTO TOPiHHS HecepTU(iKO-
BaHOTO NMaJMBa LUISIXOM pallioHali3allii pexX1MiB 103yBaHHS
KOMITOHEHTIB MaJMBHOI CyMillli i3 3aCTOCYBaHHSIM aBTOMaTH -
30BaHOI CUCTEMU KepyBaHHSI.

Metoauka. B ocHOBY npoliecy 10CaiIKeHHs MOKJIaaeHO
MaTeMaTUYHe MOJETIOBAHHST CCTEMU KepYBaHHS BUXPOBOTO
ropiHHst HecepTUdikoBaHOro najusa. OcoOJMBICTIO AOCITi-
TDKEHHST € TPUKOHTYPHE B3aEMO3B si3aHe TTPOITOPITiiTHO-iHTe -
rpanbHo-nudepeHiianbie (ITI[1) perynoBaHHS 103aTOpaMu
MMajIBa 1 MOBITPsI 3 ypaxyBaHHSIM X BOJIOTOCTi Ta TeMIIepaTy-
pU OTOUYIOYOTO MOBITPSI, a TAKOX 3iICHEHHS Ha MijcTaBi
VX JTAaHUX KOPEKIIil PeTyJTIoBaHHS TPOXYKTUBHOCTI BUKO-
HaBYMX MPUCTPOIB (103aTOPiB).

Pesyabratu. /11 BU3HAUEHHS palliOHATBbHUX PEXUMIB
JI03YBaHHSI KOMITOHEHTIB MaJMBHOI CYMillli TTPOBEACHI eKC-
MEePUMEHTAIbHI JOCTIIXKEHHS eHeproe()eKTUBHUX MPOLIECiB
TeruIoreHepailii B cMucTeMax BUXpPOBOTO FOpiHHS HecepTUdi-
KOBaHOTO TayimBa. Pe3ynbratu mociimkeHb BUKOPUCTaHI Y

MpolLeci HAJaroJpKeHHSI CUCTEMM KepyBaHHSI TEXHOJIOTIEIO
Ha 0a3i HeYiTKOi JIOTiKM. Ymepiie po3pobieHa KOMILIEKCHA
iMiTalliifHa MOJieJIb CUCTEMU reHepallii Ternao0BO1 eHeprii 3 iH-
TErpOBaHOIO CUCTEMOIO KEPYBaHHS, 1110 1a€ 3MOTY TOCTiTUTHA
rnapaMeTpu TerjioreHepaTopa MpU BUKOPUCTaHHI Pi3HOrO
BUJIY MOJAPIOHEHOTO MaJiMBa, a TAKOX MepeBipUTH (PYHKIIIO-
HYBaHHS CUCTEMU y IITATHOMY Ta KpUTUIHOMY pexxumax. Lle
MiITBEPIKYE HEOOXIIHICTh 3aCTOCYBaHHS 3aCO0IB IITYYHOTO
iHTeJIeKTy U ONTUMi3allii eHeproeeKTUBHUX MPOIIECIB Te-
IUIOreHepallii B CUCTeMax BUXPOBOIO TOPiHHS HecepTUdiko-
BaHOTO MaJIiBa.

Haykosa HoBu3Ha. Ha ocHOBI aHai3y XapaKTepUCTUK BO-
JIOrocTi, (hi3UKO-XiMiYHOTO Ta TPaHYJOMETPUUYHOIO CKJIALY
TBEPIOro HecepTU(dIKOBAHOTO MajuBa, TeMIEpaTypu i BO-
JIOTOCTi 30BHIIITHBOTO MOBITPSI, & TAKOX BiICOTKOBOTO BMiCTY
KHUCHIO Y AMMOBHX razax o0rpyHToBaHa e(heKTUBHICTb peali-
3allii pallioOHaJIbHOTO 103YBaHHSI KOMITOHEHTIB TOPiHHS 3 BU-
KOPHCTAHHSIM PEryJIbOBaHUX PEKUMIB pOOOTHU 103aTOPIB IO~
Jlavi majmBa Ta HarHiTAJIbHUX BEHTUJISITOPIB JIJIs 3a0€e3IeueH-
HsI HEOOXiTHOT KiJILKOCTI MOBITPSI y MPOLIECi BUXPOBOTO I'o-
PiHHS, 110 MOXe OYTH JOCSITHYTO IIJISIXOM 3aCTOCYBaHHS iH-
TeJeKTyaJbHOI CUCTEMU KepYBaHHSI.

IIpakTyHa 3HAYUMICTb. 3aCTOCYBaHHS 3aMeKJIapOBAHUX
PpO3p0O0OK JA03BOJIUTh Y 3HAYHI Mipi OAHOYACHO BUPILLIUTHU
€KOHOMIi4Hi, eHEpPreTUYHi, €KOJIOTIUHI I couiajibHi TTpobJie-
MM B YKpaiHi, a came: 1) 3MEeHILEeHHS CIIOXUBaHHS IPUPOJI-
HOTO rasy; 2) HOBi po6oui Miclisl; 3) 3MEHIIIEHHSI IIKiIUTMBUX
BUKUIIB 10 atMocdepu. Y pesysibTaTi BUKOHAHHS JTOCIi-
IKEHHST po3po0JieHa aBTOMAaTH30BaHa CHUCTEMa TEIJIOTeHe-
pailii, 1110 0a3y€ThCsl HA MPUHLKITI BUXPOBOIO TOPiHHS He-
cepTUdiKOBaHOTO IMajJBa. AHAJIOTIB TaKoi pO3pOOKHU He ic-
HY€E, OCKiJIbKMU OCHOBHE MaJuBO, 10 BUKOPUCTOBYEThCS Yy
MpOLIeCi CYIIiHHS — 1Ie BiIXOIM OYMCTKH 3€pHA eJIeBaTOPHO-
ro rocrojapcTna, MoApiOHEHi BiIXoAu NepeBUHU Ta Gioma-
JINBO.

KunrouoBi cioBa: necepmuchixosane nasuso, Giocuposuna,
mennoeeHepamop, eHepeoepexmusHicmn, ougepcugixayis

Onrumusanus NpoueccoB TemjaoreHepanun
B CUCTEMAX BHXPEBOro ropcHusA OuoTOIIMBA

B. C. ©edopeiixo, H. U. Pymuno, U. C. Hckepckuii,
P. U. 3aeopoonuii
TepHOMOMBCKMIT HALITMOHAJIBHBIN MENAarornyeckuii yHuBep-
cuteT umeHn Brnagumupa ['HaTioka, r. TepHormonab, Ykpau-
Ha, e-mail: kaf_mki@tnpu.edu.ua

expb. [ToBbiieHNe 3HEPro3(PHEKTUBHOCTH MPOLIECCOB
TEIJIOreHepalli B CUCTEMaxX BUXPEBOTO FOPEHMSI HECEPTH -
(MLIMPOBAaHHOTO TOIIMBA TYTEM pPallMOHAIM3ALMU PEXM-
MOB JIO3MPOBAHUS KOMIIOHEHTOB TOIJIMBHOM CMECH C MpPH-
MEHEHHEM aBTOMAaTU3MPOBAHHOM CUCTEMBI YITpaBICHUSI.

Metoauka. B ocHOBY mpoliecca McciiefoBaHUS TOJIO-
KEHO MaTeMaTU4YeCKOoe MOIETMPOBAHUE CUCTEMBI yIpaB-
JICHUSI BUXPEBOT'O TOPEHUS HeCepTHUMUIIMPOBAHHOTO TO-
mBa. OCOOEHHOCTBIO UCCAEAOBAHUS SIBJSIETCS TPEXKOH-
TypHOE B3aMMOCBSI3aHHOE MPOMOPIUOHATBHO-MHTErpaib-
Ho-nuddepeHunansioe (ITWJ1) peryaupoBaHue m03aTo-
paMu TOTUTMBA M BO3IyXa C YIETOM MX BIAXKHOCTHU U TEMTIC-
paTypbl OKpYXXalolIero Bo3ayxa, a TakxKe OCYIIECTBICHUE
Ha OCHOBaHMM 3TUX JAHHBIX KOPPEKIUH PEryJIUPOBAHMUS
MPOM3BOAUTETLHOCTU UCITOJHUTEIBHBIX YCTPOUCTB (103a-
TOPOB).

PesyabraTel. 1151 onpeneneHus] pallMOHATbHBIX PEXM-
MOB JIO3MPOBAHUS KOMITOHEHTOB TOTUIMBHOM CMECH TTPOBE-
JIEHbl DKCIEepUMEHTaIbHbIE MCCIeI0BaHUsI dHeproaddex-
TUBHBIX TTPOIIECCOB TETUIOTEHEPALIMU B CUCTEMAaX BUXPEBOTO
ropeHus1 HecepTU(ULIMPOBAHHOTO TOIJIMBA. Pe3yabTaThbl
HCCIIeAOBAaHMI MCITOJB30BaHbI B IIPOIECCE OTIANAKKM CUCTE-
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MbI YIPaBJICHUsI TEXHOJIOTMEe Ha 6a3e HEYETKOM JIOTHMKU.
BnepBrie paspaboTaHa KOMIUIEKCHAsE MMMUTAIlMOHHAsI MO-
JIeJb CUCTEMBI TeHEPAIUK TEIIOBOM SHEPTUM C MHTETPUPO-
BaHHOI CUCTEMOM yIIpaBJICHUS, KOTOPasl MO3BOJISIET UCCIIE-
JIOBaTh MapaMeTphl TeIUIOreHepaTopa Mpu MCITOIb30BaHUK
Pa3IMYHOTO BUIA U3MEIbYCHHOTO TOTUIMBA, a TAKXKe TTPOBE-
PUTH PYHKIIMOHUPOBAHWE CUCTEMbI B IITATHOM U KPUTHYE-
CKOM peXuMax. DTO MOATBEPXKIAET HEOOXOAMMOCTD MPUME-
HEHMS CPEICTB MCKYCCTBEHHOTO MHTEJJICKTA JUISI ONTUMM-
3alUK dHEProadEeKTUBHBIX MTPOLIECCOB TEIIOTeHEpalluy B
CHCTeMaX BUXPEBOTO TOPEHMST HeCePTU(MUIUPOBAHHOTO TO-
TUIMBA.

Hayunasa HoBusHa. Ha ocHOBe aHaim3a XapaKTepUCTUK
BJIAXKHOCTH, (DU3UKO-XMMHUUYECKOTO 1 TPAHYJIOMETPUIECKOTO
coCTaBa TBEPAOTO HeCepTU(UIIMPOBAHHOTO TOTUIMBA, TEM-
nepaTtypbl U BIAXKHOCTH HApy>KHOTO BO3MyXa, a TaKXke Mpo-
LIEHTHOTO COJEPKAHUSI KUCIOPOIa B IBIMOBBIX ra3zax 000-
cHOBaHa 3()(EeKTUBHOCTh peaanu3aluy PalrOHAIBHOTO J10-
3UPOBAaHMS KOMIIOHEHTOB FTOPEHMSI C UCIIOJIb30BAaHUEM PETY-
JIUPYEMBIX PEXXUMOB pabOThl 103aTOPOB MOJAYM TOILJIMBA U
HarHeTaTeIbHBIX BEHTHJISITOPOB I 0OecIeueHUsT Heo0X0-
IMMOTO KOJIMYECTBA BO3AyXa B IPOLECCE BUXPEBOIO rope-

HUSI, KOTOPOE MOXET OBITh TOCTUTHYTO ITyTeM TTPUMEHEHUS
WHTEJIEKTYaIbHOW CUCTEMBbI YIIPaBIECHMUSI.

IIpakTuyeckas 3HaunMocTh. [IprMeHeHMe 3ameKIapupo-
BaHHBIX Pa3pabOTOK MO3BOJUT B 3HAYUTEJIbHOUN CTENIEHU Ofi-
HOBPEMEHHO pPEIINTh JKOHOMUYECKUEe, JHEePreTUYecKUe,
SKOJIOTUYECKUE M COLMaIbHBIE MPOOJEeMbl B YKpauHe, a
MMEHHO: 1) yMeHbIIIeHUe MOTpebIeHUs TTPUPOTHOTO Ta3a;
2) HOBBIE paboune MecTa; 3) YMEeHbIIeHUE BPeAHbIX BHIOPO-
coB B aTMocdepy. B pe3ynbTare BHITTOIHEHUS NCCIENOBAHNUS
pa3zpaboTaHa aBTOMATU3MPOBAHHAsl CUCTEMa TeIUIOreHepa-
1M, KOTOpast 6a3upyeTcst Ha MIPUHIIUIIE BUXPEBOTO TOPEHUS
HecepTU(hUILIMPOBAHHOIO TOIIMBA. AHAJIOTOB TaKOi pa3pa-
OOTKM HE CYIIECTBYET, MTOCKOJIbKY OCHOBHOE TOTUIMBO, MC-
TOJIb3yeMOe B TIPOLIECCE CYIIKM — 3TO OTXOIbI OYMCTKH 3ep-
Ha 2JIeBaTopa, U3MeJbUeHHbIE IPEBECHbIE OTXOAbI U OMOTO-
TIJTUBO.

KmoueBbie cnoBa: necepmuguyuposannoe monaugo, 6uo-
cbipbe, Menao2eHepamop, IHepeo3IhpekmusHocmy, ougepcughu-
Kayus
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