MINISTRY OF EDUCATION AND SCIENCE OF UKRAINE
LVIV NATIONAL ENVIRONMENTAL UNIVERSITY

Information technologies in energy & agroindustrial complex

"INFORMATION TECHNOLOGIES IN ENERGY
AND AGRO-INDUSTRIAL COMPLEX"

CONFERENCE MATERIALS

XI™ International Scientific Conference

October 4-6, 2022
LVIV 2022



MIHICTEPCTBO OCBITU TA HAYKU YKPAIHU
JIbBIBChKMI HAIIIOHAJIbHU YHIBEPCUTET
[MTPUPOJOKOPUCTYBAHHA

THOOPMAIIMHI TEXHOJIOT'TI B EHEPTETHUIII TA

ATPOIHPOMUCIOBOMY KOMIVIEKCI

MATEPIAJIM KOH®EPEHIIIT
XI-Toi MixkHapOAHOI HAYKOBO1 KOH(DEpeHIIii

4-6 xxoBTHs 2022 p.
JIBBIB 2022



VJIK: 004.9:[631+620.9]

Indopmaniiini  TexHosOrii B  eHepreTMui Ta  arponpoMHCI0OBOMY
koMILiekci: MaTepiaim XI Mixknap. nayk. koundepenuii (JIepiB, 04-06 xoBTHs
2022 p.) / JIHVII : 3a 3ar. pen. B. B. Cuituncekoro. JIeis : JIHYII, 2022. 80 c.

VY 30ipHUKY MpeACTaBJICH] MaTepiaii MIKHAPOJHOI HAyKOBOI KoH(pepeHIii 3a
pe3yibTaTaMu JOCHKEHb 100 BUKOPUCTaHHS 1HMOpMAIWHUX TEXHOJOTINH B
€HEpreTUYHOMY CEKTOp1 Ta B arpOIPOMHUCIOBOMY KOMILIEKCI.

Marepianu npu3HaydeH1 Il HAYKOBUX CHIBPOOITHUKIB, BUKJIA/1ayiB, CTYyICHTIB 1
acmipaHTIB BMIIMX HABYAJIBHUX 3aKjiaaiB, (axiBLIB arpapHux (popMyBaHb pIi3HOL
OprasizauiifHo-1paBoBO1 (OPMH.

BianoBiganbHICTh 3a 3MICT HaJIaHUX MaTepialliB, TOYHICTh HaBEJACHUX JIAaHUX Ta
BIIMOBIIHICTh MPUHITUIIAM aKaJEMIUYHOI JOOPOUYECHOCTI HECYTh aBTOPH.

Marepiaiu BUaH1 B aBTOPCHKIN pelaKIiii.

© ABTOpH Te3, BKIIIOUEHI J10 30ipHHKa, 2022
© JIpBIBCHKMI HAIlIOHATBLHUM YHIBEPCUTET MPUPOIOKOpUCTYBaHH:, 2022



SCIENTIFIC COMMITTEE OF THE CONFERENCE

V. Snitynskiy, honorary chairman

Co-chairs:
V. Boyarchuk, Lviv National Environmental University, Ukraine
M. Medykovskyy, Lviv Polytechnic National University, Ukraine

Committee members:
T. Nurek, Warsaw University of Life Sciences, Poland
A. Chochowski, Warsaw University of Life Sciences, Poland
B. Drozd, Warsaw University of Life Sciences, Poland
S. Sosnowski — President of the Higher School of Engineering and Economics in
Rzeszow, Poland
S. Kurpaska, Hugo Kollantai Agricultural University of Cracow, Poland
T. Jakubowski, Hugo Kollantai Agricultural University of Cracow, Poland
R. Konieczny, Academy of Jakub from Paradyz, Poland
A. Tomporowski, University of Technology and Natural Sciences, Poland
A. Radomska-Zalas, Academy of Jakub from Paradyz, Poland
J. Padgurskas, Vytautas Magnus University, Lithuania
G. Walowski, Institute of Technology and Life Sciences, Poland
Ya. Marechek, Mendel Agricultural University in Brno, Czech Republic
N. Kunanets, Lviv Polytechnic National University, Ukraine
V. Golovko, National University "Kyiv Polytechnic Institute”, Ukraine
A. Chaban, Lviv National Environmental University, Ukraine
I. Shchur, Lviv Polytechnic National University, Ukraine
V. Chumakevych, Lviv Polytechnic National University, Ukraine
V. Lytvynenko, Kherson National Technical University, Ukraine



CONFERENCE PROGRAM COMMITTEE
S. Kovalyshyn, chair

Co-chairs:
A. Tryhuba, Lviv National Environmental University, Ukraine
S. Syrotyuk, Lviv National Environmental University, Ukraine

Committee members:
P. Obstawski, Warsaw University of Life Sciences, Poland
M. Awtoniuk, Warsaw University of Life Sciences, Poland
J. Aleksiejuk-Gawron, Warsaw University of Life Sciences, Poland
U. Malaga-Tobola, Hugo Kollantai Agricultural University of Cracow, Poland
J. Gielzecki, Hugo Kollantai Agricultural University of Cracow, Poland
N. Shakhovska, Lviv Polytechnic National University, Ukraine
V. Ptashnyk, Lviv National Environmental University, Ukraine
S. Korobka, Lviv National Environmental University, Ukraine
O. Kolesnikov, Taras Shevchenko National University of Kyiv, Ukraine
K. Kolesnikova, Taras Shevchenko National University of Kyiv, Ukraine
R. Tkachuk, Lviv State University OF Life Safety, Ukraine
D. Kobylkin, Lviv State University OF Life Safety, Ukraine
O. Zachko, Lviv State University OF Life Safety, Ukraine
N. Burak, Lviv State University OF Life Safety, Ukraine
O. Smotr, Lviv State University OF Life Safety, Ukraine
V. Pohrebennyk, Lviv Polytechnic National University, Ukraine
Y. Melnik, State Agrarian University of Moldova, Moldova;
E. Wojciechowska, Norwegian Institute of Bioeconomy Research (NIBIO), Norway
V. Kozyrskiy, National University of Life and Environmental Sciences of Ukraine,
Ukraine
P. Kielbasa, University of Agriculture in Krakow, Poland
P. Findura, Slovak University of Agriculture in Nitra, Slovak Republic
V. Berzan, Institute of Power Engineering, Moldova



3MICT

Section 1
INFORMATION TECHNOLOGIES IN ENERGY SYSTEMS, INCLUDING
RENEWABLE SOURCES

COMPUTER SIMULATION OF APHOTOVOLTAIC PANEL IN THE LABVIEW
ENVIRONMENT

Boyarchuk V., PhD, Syrotyuk S., PhD, Korobka S., PhD, Syrotiuk V., PhD, Halchak V., PhD,
Syrotyuk H., PhD, Ptashnyk V., PhD, Aleksiejuk-Gawron J., PhD, Chochowski A., DSc,
Awtoniuk M., PhD, Obstawski P., DSc

HIGH-EFFICIENCY LAMELLA HEAT EXCHANGER SUPPLIED WITH
ENVIRONMENTALLY FRIENDLY REFRIGERANT - R290

Obstawski P., DSc, Gornicki K., DSc, Winiczenko R., PhD, Janaszek-Marnkowska M., PhD.,
Bry$ A., PhD

DEVELOPMENT OF A COMPUTER MODEL OF THE DYNAMICS OF SOLAR
RADIATION ON AN INCLINED SURFACE UNDER CLEAR SKY IN THE
LABVIEW ENVIRONMENT

Syrotyuk S., PhD, Boyarchuk V., PhD, Korobka S., PhD, Syrotiuk V., PhD, Halchak V., PhD,
Syrotyuk H., PhD, Ptashnyk V., PhD, Aleksiejuk-Gawron J., PhD, Chochowski A., DSc,
Obstawski P., DSc, Awtoniuk M., PhD

MICRO-CHANNEL PLATE HEAT EXCHANGER SUPPLIED WITH
ENVIRONMENTALLY FRIENDLY REFRIGERANT - R290

Obstawski P., DSc, Gornicki K., DSc, Winiczenko R., PhD, Janaszek-Marnkowska M., PhD.,
Brys A., PhD

PECULIARITIES OF MODELING HEAT PUMPS IN THE LABVIEW
ENVIRONMENT

Syrotyuk S., PhD, Boyarchuk V., PhD, Syrotyuk V., PhD, Korobka S., PhD,

Syrotyuk H., PhD, Boltianskyi B., PhD

A SOLAR TIMBER DRYING SYSTEM: EXPERIMENTAL PERFORMANCE AND
SYSTEM MODELING

Korobka S., PhD, Babych M., PhD, Krygul R., PhD, Syrotyuk S., PhD, Stukalets I., PhD
ENHANCING A MEASURING METHOD OF OUTPUT SIGNALS AND ITS
IMPACT ON POSSIBILITIES OF MODELING THE DYNAMICS OF
PHOTOVOLTAIC MODULES

Kurdyta J., PhD, Aleksiejuk-Gawron J., PhD, Awtoniuk M., PhD

PHOTOVOLTAIC CONTROL WITH ENERGY STORAGE

Gietzecki J., PhD, Brzychczyk B., PhD, Jakubowski T., DSc

Section 2
INFORMATION TECHNOLOGIES IN ENERGY EFFICIENCY, RESOURCE AND
ENERGY SAVING

MODE DECOMPOSITION PASSIVITY-BASED CONTROL OF DC DRIVE BASED
ON BIDIRECTIONAL ZETA-SEPIC DC-DC CONVERTER FOR ELECTRIC
VEHICLES

Shchur 1., DSc, Kuzyk R.-1.

PARAMETERS AND STRUCTURAL MODEL OF THE AUTOMATIC

CONTROL SYSTEM OF THE HYDRAULIC MOTOR

Mikhalyuk M., Ph.D.

10

12

14

16

18

21

23

26

28



Section 3
INFORMATION TECHNOLOGIES IN AGRO-INDUSTRIAL COMPLEX

3ACTOCYBAHHSA TEOPII ®YHKI[IOHAJIBHOI CTIMKOCTI 1151
THO®OPMAIIMHUX TEXHOJIOI'T KEPYBAHHS I'PYIIOIO

BE3NIJIOTHUX JIITAJIBHUX AITAPATIB

Ilynexo I. B., k.m.n., Yymakesuy B. O., x.m.n., [Imawnux B. B., k.m.n., Micin A. €.
APPLICATION OF A CONTROL SYSTEM FOR MICRO-INSTALLATIONS
PRODUCING AGRICULTURAL BIOGAS FOR INDIVIDUAL NEEDS OF A FARM
Anders D., PhD, Dybek B., PhD, Watowski G., DSc

MMPOI'PAMHO-AITAPATHUM KOMILJIEKC IS TOCJIKEHHS
IMAPAMETPIB POBOTH MOJIOTKOBOI TPOBAPKH

Illepemema P.b., k.m.H.

CONTROLLING THE LIGHTING PARAMETERS OF THE

BIOREACTOR OF PHYTOTROPHIC CULTURES

Brzychczyk B., PhD, Gietzecki J., PhD, Jakubowski T., DSc

METHODOLOGY FOR FORECASTING THE RESOURCE OF DIESEL UNITS
AND UNITS IN A BIOFUEL ENVIRONMENT

Zhuravel D., DSc

JOCJII)KEHHSI CTIMKOCTI CXWIIB 3A JJOIIOMOI' OO
HEHABAHTAKEHOI JITHIMHOI BATATOIIAPOBOI MOJIEJII IPYHTY 3
BUKOPUCTAHHSIM METOAY CKIHUEHUX EJIEMEHTIB

Maxontok JI. M., k.¢iz.-mam.n., Yymaxesuu B. O., k.m.n., Yymaxesuy B. B., mazicmp,
Heoowogenro O. C., macicmp

MOAEJIOBAHHSA IHQOPMAHIFIHOi CUCTEMM 3 1OITIOBHEHOIO
PEAJIBHICTIO «PO3YMHA ®EPMA»

Kenesnaxk AM., k.e.n., [Imawnux B.B., k. m.u., Cmonincokuti B.b., k.e.n.,

T'owro B.M., x.¢h.-m.H.

OCOBJIUBOCTI ®OPMYBAHHSI BA3U JAHUX IHOOPMALIINHO
CUCTEMMU YIIPABJIIHHSI PECYPCAMMU PILIBHUYOI'O
ITOCIHOJAPCTBA

Iaowxa P.1, k.m.u., JIyo IL.M., k.m.1., Tumouko B.O., k.m.h.

METHOD AND AUTOMATED TOOLS FOR NON-DESTRUCTIVE
QUALITY CONTROL OF ELECTRICALLY CONDUCTIVE OBJECTS IN
AGRO-INDUSTRIAL COMPLEX.

Chaplyha V., Sc.D., Minister J., Ph.D., Chaplyha V.

Section 4
PROJECT MANAGEMENT

KONCEPCJA ZARZADZANIA SYSTEMEM ORGANIZACYJNO-TECHNICZNYM
PRZY OBECNOSCI| ZAPLECZA BIOTECHNICZNEGO

Reshetiuk V., Dr inz.

THOOPMALIMHA NIITPUMKA TPUUHSTTS PIIIEHD I YAC
MNJIAHYBAHHJS ITIPOEKTIB 3AT'OTIBJI CUPOBUHMU

Tpueyoa A.M., 0.m.n., Kosane HA., Tamomup A.B., k.m.n., Tpueyoa LJI., k.c-e.H.

THO®OPMAIIMHI TEXHOJIOI'TI PEAJI3AIIII BAPOFHUUNX
IMPOEKTIB PIVIBHUILITBA
JIyo II.M., k.m.n., Ilaowxa P.1., k.m.n., Cmansvko B.IO., k.e.n., Ocmagincoka

JI. M., Ilicak T. B.
6

33

35

38

42

44

47

50

52

54

56

59

62



AHAJII3 IHOOPMAIIMHUX PECYPCIB 1151 BIIJIAJIEHOT'O
MOHITOPHUHI'Y POBIT Y IPOEKTAX ATPOITPOMHUCJIOBOI'O
KOMILJIEKCY

JIyo II.M., k.m.n., Kocapyun B.1., k.¢h.-m.n., Cnivax B.1, k.m.n., Onetioa P.A.
AJITOPUTM TA IIPOIT'PAMHE 3ABE3IIEYEHHSI OGIPYHTYBAHHAA
PAIIIOHAJIBHOI KOH®ITYPAIIII CHCTEM BE3NEKHW TEPUTOPIAJIBHUX
I'POMA

Tpueyoa A.M., 0.m.n., Pamywnuii A.P., Pyouneyv M.B., k.m.n., @edopuyx-Mopo3s B.1., k.m.h.,

Section 5
INFORMATION TECHNOLOGIES OF ECONOMIC AND ECOLOGICAL
ASSESSMENT OF PROJECTS AND SYSTEMS IN ENERGY AND AGRO-
INDUSTRIAL COMPLEX

ENERGY CLUSTERS - TECHNICAL, LEGAL AND ECONOMIC CONDITIONS IN
POLAND

T. Bakon, Dr.-Ing.

OPTIMIZATION OF THE BIOENERGY SYSTEM STRUCTURE BY
APPLYING ECONOMIC AND MATHEMATICAL MODELING

Syrotyuk H., Ph.D., Syrotyuk S., PhD, Konieczny R., DSc, Radomska-Zalas A., PhD,
Watowski G., DSc

BIPTYAJIbHUM 3ACIB PEABIJIITAI_[Ii XBOPUX OBJIITEPYIOUUM
ATEPOCKJIEPO30M CY/JIUH KIHINIBOK HA OCHOBI IIPOI'PAMHO-
ATIAPATHOI INIAT®OPMH LabVIEW

O.B. Jluca, x.m.u., A.-B.B. Mioux

65

67

72

74

76



Section 1.
Information technologies in energy systems, including renewable sources.

COMPUTER SIMULATION OF APHOTOVOLTAIC PANEL IN THE
LABVIEW ENVIRONMENT
V. Boyarchuk?, PhD, S. Syrotyuk!, PhD, S. Korobka?!, PhD, V. Syrotiuk?, PhD, V.
Halchak?!, PhD, H. Syrotyuk®, PhD, V. Ptashnyk?, PhD,
J. Aleksiejuk-Gawron?, PhD, A. Chochowski?, DSc, M. Awtoniuk?, PhD,
P. Obstawski?, DSc,
! Lviv National Environmental University
2Warsaw University of Life Sciences (SGGW), Poland

Abstract: A methodical approach to development of a computer model of a
solar photovoltaic panel, which is implemented in the LabVIEW software
environment of the National Instruments company, is presented. The computer model
allows to construct the volt-ampere and volt-power characteristics of a real
photovoltaic module under a variable level of solar radiation and a constant
temperature, as well as for conditions of a constant intensity of solar radiation and a
variable temperature of the photovoltaic module.

Keywords: computer model, photovoltaic panel, volt-ampere characteristic,
volt-power characteristic, solar radiation.

There are numerous software providing for modeling and analyzing operation
modes of a photovoltaic panel. They include Solar Pro, PV-Design Pro, PV-Spice,
PV CAD and others. Most of them, however, are rather expensive license programs
which are not available for researchers [1, 2].

It is, therefore, expedient to develop computer models by applying available
packages which are normally available for non-commercial researchers. They include
Matlab/Simulink, LabVIEW, etc. Application of the mentioned software enables to
make relatively fast and accurate building of the models and to study them that still
needs experimental eyiemTn in the real conditions.

A solar photovoltaic panel is a kind of solar element, which is a source of
current and is paralleled by a diode. The equation of the volt-ampere characteristics
of the solar photovoltaic panel can be described by the formula [3, 4]:

+ IR
Idzls exp M -1 ’
N KAT,
where |s — reverse current, A; g — charge of the electron, C; V,. — voltage of the open
circle, W; Ns — number of photoelements connected in a sequent chain, units; K — the
Boltzmann constant, J/ °K; A — ratio of the diode perfection; T, — temperature of the

photoelectric panel, °K; Rs — consecutive resistance, Ohm; R, — shunt resistance,
Ohm.



Modeling of a photovoltaic panel should be performed with consideration of its
actual electric parameters and therefore, the photovoltaic model of JA SOLAR
JAM60S09-320/PR type was taken as a basis.

Considering the general methodology of assessing the electric parameters of a
photovoltaic panel, the researchers developed a computer model of developing volt-
ampere and volt-power characteristics. A fragment of the frontal panel of the model
in conditions of the variable intensity of solar radiation and a constant temperature of
the photovoltaic panel is shown at the Figure 1.
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Fig. 1. Volt-ampere and volt-power characteristics of the photoelectric module under
variable solar radiation and a constant temperature

The similar studies are conducted for the conditions of solar radiation of
constant intensity and a variable temperature of the photovoltaic panel.

The developed model can be used as an instrument to study modes of the
photovoltaic model operation under the effect of a wide range of influencing
parameters and to substantiate the parameters of the means of load control.

References

1. Carta J. A. A continuous bivariate model for wind power density and wind turbine
energy output estimations. Energy Conversion and Management. 2007. Vol. 48.
P. 420-432.

2. Sharma D. K., Verma V., Singh A. P. Review and analysis of solar photovoltaic
software. IEEE International Symposium on Industrial Electronics, ISIE. 2014.
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HIGH-EFFICIENCY LAMELLA HEAT EXCHANGER SUPPLIED WITH
ENVIRONMENTALLY FRIENDLY REFRIGERANT - R290
P. Obstawski, DS¢, K. Gornicki, DSc, R. Winiczenko PhD, M. Janaszek-
Mankowska, PhD., A. Brys, PhD
Warsaw University of Life Sciences (SGGW), Poland

Abstract: The aim of the work carried out was to develop the design of a
lamellar heat exchanger characterized by a reduced mass of an environmentally
friendly refrigerant belonging to the A3 group of refrigerants - R290 propane. The
work analyzed various feasible designs of the lamellar exchanger, which would be
characterized by a larger heat transfer surface in comparison with standard designs of
lamellar exchangers. Based on the simulation studies performed, a lamella exchanger
was developed in which the standard round-section pipe was replaced by a
rectangular-section pipe. The developed design solution made it possible to increase
the heat transfer surface area and thus reduce the weight of the refrigerant in the
refrigeration system.

Keywords: lamellar heat exchanger, heat pump, Refrigerant R290

The purpose of the work carried out was to develop the design of the condenser
and evaporator heat exchangers of a compressor heat pump supplied with
environmentally friendly R290 (propane) refrigerant. The main design objectives
were to increase the heat transfer surface area by 10% compared to design solutions
available on the market, while reducing the refrigerant mass below 100g/kW and
limiting the negative impact of frosting and fouling on exchanger performance. Fin
exchangers are based on copper tubes with a circular profile [1]. Increasing the heat
transfer surface area while reducing the internal volume of the tube involves
changing its geometry [2, 3, 4]. For this reason, a simulation study was carried out to
analyze the effect of the design parameters of the lemel exchanger on its
performance, with respect to the mass of propane. The mass of propane in the
refrigeration system depends mainly on the amount of the refrigerant in the liquid
state. The mass of the refrigerant in the gaseous state is a small proportion of the total
mass of the refrigerant in the system, so the consideration of design solutions for the
lemel exchanger focused mainly on its operation in a refrigeration system as an
evaporator, fed with R290 propane in the liquid state.

The first stage of simulation studies was to analyze the design of the exchanger
based on the classically used tubes with a circular cross-section in terms of the
number and length of refrigerant runs, tube diameters, thickness and spacing of
lemels on the achieved efficiency in relation to the mass of propane. The study was
carried out for various operating conditions of the exchanger. In order to reduce
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calculation time, a so-called "one-meter model" was developed. Subsequently,
simulation studies were conducted to increase the heat transfer surface area while
reducing the mass of propane. The research consisted of comparing the effect of
different exchanger pipe geometries on the achieved performance with respect to a
pipe with a circular profile. The dimensions of the different profiles were chosen so
that the volume of each type of pipe was the same as that of the round pipe. Pipes
with elliptical, rectangular and square cross sections were studied. Figure 1 shows the
performance for a one-meter-long exchanger model with different pipe geometries as
a function of refrigerant mass flow. The graph shows that the exchanger achieves the
highest efficiency for a pipe with a rectangular cross-section and a height-to-width
ratio of 1:3.
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Fig. 1. Effect of the geometry of a 1 m pipe cross-section and the mass flux of
propane on the heat flux exchanged in the evaporator

The presented design solutions have been filed with the Patent Office of the
Republic of Poland. Patent application numbers P.439956, P.439961.
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DEVELOPMENT OF A COMPUTER MODEL OF THE DYNAMICS OF
SOLAR RADIATION ON AN INCLINED SURFACE UNDER CLEAR SKY IN
THE LABVIEW ENVIRONMENT
S. Syrotyuk?, PhD, V. Boyarchuk?!, PhD, S. Korobka?, PhD, V. Syrotiuk®, PhD,
V. Halchak!, PhD, H. Syrotyuk!, PhD, V. Ptashnyk®, PhD,

J. Aleksiejuk-Gawron?, PhD, A. Chochowski?, DSc, P. Obstawski?, DSc,

M. Awtoniuk?, PhD
!Lviv National Environmental University
2Warsaw University of Life Sciences (SGGW), Poland

Abstract: On the basis of the worked-out theoretical provisions of insolation, a
methodology for estimating the arrival of direct, diffuse and total solar radiation on
the receiving surface under clear sky conditions is proposed. Using the LabVIEW
software environment, a computer model of the arrival of solar radiation on the
receiving surface with visualization of the dynamic characteristics was developed.

Keywords: computer model, intensity of solar radiation flow, components of
solar radiation flow, dynamics of solar radiation arrival.

The current efficiency of solar energy installations during a day is definitely
determined by irradiance of the receiving surface by all flows of solar radiation, i.e.
direct Gy, diffuse Gqand reflected from the soil surface G,. The results of their term
measurements seldom correspond to the level of current irradiance of even close
placed power installations. Therefore, current efficiency of the power installation
operation is assessed by the pyranometers set near the surface of the solar energy
receiver. The results, obtained under different radiation modes, are proposed to be
assessed by the theoretically calculated parameters with the use of the corresponding
models of clear sky for solar rays [1].

All calculations are done starting from measuring intensity of the surface flow
of solar radiation by the formula:

G, =G,e ~0,8662:3, (M)-T,c(AM 2)m (1)

where Gg, — intensity of solar radiation, Wt/m?; SR(m) — optic thickness of the
Rayleigh air; T x(4M?2) — the Kasten’s factor of turbidity for atmosphere mass 2; m —
relative atmosphere mass.

The authors of the research choose the anisotropic model HDKR (Hay, Davies,
Klucher, Reindl) [2] for modeling a flow of solar radiation, under which the total
flow of radiation energy on the inclined surface is calculated by the formula:

Gy = G+ 4G, )R, + G, (1 4) (;_OSB{H /%sinsﬂ " G,hp—l“;c’SB ©
th

where Gpn, Ggn, Gin — direct, diffuse and total flows of solar radiation on the
horizontal surface, Wt/m?; 4; — factor of the function of spatial distribution of the
diffuse flow; Rg — ratio of the receiving surface inclination; 3 — angle of the receiving
surface inclination to the horizon, degree; p — air density, kg/m?.
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The experimental testing of the accepted model adequacy to the natural flows
of solar radiation was planned for the last decade of the year after the montage and
commissioning works are finished. Thus, modeling of the radiation parameters was
made on November 14 and its results are taken as the monthly average in power
engineering [2, 3].

The agreement of the modeled time interval with the counting by the solar time
T and the moments of measuring set by the Kyiv time is conducted considering the
seasonal shift of the midday £ and the corresponding equation of time

E =229,2(0,000075 + 0,001868cosB — 0,032077sinB —
—0,014615c0s2B — 0,04089sin2B), (3)
where B =(n-1)2n/365; n — the serial number of the day in the year [3].

The described methodology enables performing computer modeling of the
dynamics of arrival of the direct, diffuse and total solar radiation on the inclined
surface in the conditions of clear sky. That task was fulfilled by using applied
LabVIEW software of National Instruments production. By using that software, the
users are provided with convenient interface including necessary time data and
graphic dependencies of the modeled process.

Fig. 1. shows a fragment of the frontal panel of visualization of the results of
the computer model of the solar radiation flow on the example of a total flow.
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Fig. 1. Results of modeling the dynamics of arrival of a total flow of solar radiation
on the inclined surface under clear sky

The planned experimental studies enable assessing correspondence of the
developed model to the conditions of clear sky, as well as facilitate the researchers to
adapt the model to the real flow of solar radiation with consideration of the factor of
air turbidity.

13
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MICRO-CHANNEL PLATE HEAT EXCHANGER SUPPLIED WITH
ENVIRONMENTALLY FRIENDLY REFRIGERANT - R290
P. Obstawski, DS¢, K. Gornicki, DSc, R. Winiczenko PhD, M. Janaszek-
Mankowska, PhD., A. Brys, PhD
Warsaw University of Life Sciences (SGGW), Poland

Abstract: The aim of the work carried out was to develop the design of a plate
heat exchanger characterized by reduced mass of an environmentally friendly
refrigerant belonging to the A3 group of refrigerants - R290 propane. The work
analyzed various feasible plate designs of the heat exchanger, which would make it
possible to increase the heat transfer surface area while reducing the mass of the
refrigerant in the exchanger. Based on the simulation studies performed, two designs
of micro-channel plate heat exchangers were developed.

Keywords: micro-channel heat exchanger, heat pump, Refrigerant R290

The commonly used plate heat exchangers are based on the design of
corrugated plates between which working media circulate. The notches in the
exchanger plates are designed to increase the heat transfer surface area, which has a
significant effect on reducing the size of the exchanger relative to its rated capacity
[1, 2]. The volume of the exchanger is a resultant parameter, which is determined by
the design parameters of the exchanger, including the heat transfer surface and the
spacing between the plates. In the case of the use of flammable agents, it is extremely
important to reduce the filling level of the refrigeration system, the value of which
depends largely on the volume of plate exchangers - especially the evaporator, since
the mass of the agent in the gaseous state is a small proportion of the total mass of the
refrigerant [3, 4].

As part of the ongoing research work, the design of a micro-channel plate heat
exchanger was developed. The design of the exchanger is characterized by the fact
that in the plate of the exchanger there are micro-channels of rectangular shape, in
which the refrigerant circulates. The micro-channels are washed with a medium
(brine, water) supplying or receiving, depending on the function of the exchanger in
the refrigeration system, heat. For the developed plate heat exchanger design, a series
of simulation studies were carried out to analyze the impact of design parameters on
the exchanger's performance. Figure 1 shows an example of the power values of a
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micro-channel plate heat exchanger with a height of 500 mm, with a constant micro-
channel height of 1.9 mm and variable width ranging from 1.1 mm to 2.9 mm, with a
constant mass flow rate of the refrigerant feeding the secondary side of the exchanger
of 0.03 kg/s and a variable mass flow rate of water feeding the primary side of the
exchanger. As can be seen from the presented results, the highest power in each of
the analyzed cases can be obtained for the highest mass flow of water and the
smallest width of the micro-channel, which translates into a reduction of the
refrigerant mass in the exchanger (Figure 2).
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Fig.1. Power dependence of a 500mm high exchanger on the width of the micro-
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Fig. 2. Propane mass in the exchanger at different microchannel widths

The presented design solutions have been filed with the Patent Office of the
Republic of Poland. Patent application numbers P. 439957, P. 439958.
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PECULIARITIES OF MODELING HEAT PUMPS IN THE LABVIEW
ENVIRONMENT
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Abstract. The research studies peculiarities of the methodology of computer
modeling of the process of converting low-potential heat into a hot heat carrier in a
"soil-water" heat pump. The proposed computer model consists of two components: a
soil temperature model and a heat pump model, which are determined by the
temperatures of the input heat flow and the heat carrier at the output of the heat
pump.

Key words: low potential heat, heat pump, computer model, heat supply
system.

To substantiate parameters of heat pumps, the applied software that is not in
free access for publicity is normally used. The dynamic assessment of the operation
modes of the heat pump installation should be reasonably based on the developed
computer models. Normally, such type of models is created in the
MATLAB/Simulink environment. A more informative and universal model can be
built by applying LabVIEW environment of the National Instruments production,
which has convenient interface of a researching user with the adequate functions of
visualization, formation and accumulation of databases, etc.

The most common type of heat pump is the pump of “soil-water” type which is
the most effective. To develop a computer model of such type of heat pump, it is
actually necessary to build two models. The first one will demonstrate the mode of
taking heat from soil, and the second — the pump itself.

While calculating the energy potential of soil at any depth, the seasonal
changes of temperature should be considered. It is calculated by the formula

- —Z«f § 2n(t—t
TsoiI(Z't):Tsoi|+ATair‘€ 352 . gin M—Z L_E ’(1)

365 365-a 2
where T

i1 — the annual average temperature of the soil surface (air temperature), °C;

AT, — deviation of the monthly average temperature of air in the hottest month (i.e.
the month with the highest temperature) from the annual average; z — soil depth, m; t

16



— current day of the year; to — shift of the phase of minimum temperature referring to
the start of the year; a — thermal conductivity of soil in m?/sec.

Parameters of the heat pump, which are determined by its construction and
energy peculiarities, are important for organization of the total system of
hybridization of a complex of power installations, in which the available resource
should be reasonably used. In particular, it deals with its current thermal potential,
which depends on the temperature of the primary source of heat, as well as on the
necessary temperature of the heat carrier which should be supplied to the user. In that
case, it is required to use technological data of the heat pump producers. Data for the
heat pump of GMLWI16 “air-water” type of Ochsner company were taken as an
example. Particularly, the researchers determined single-parameter regression
equations of the parameters of thermal potential, consumed power and the ratio of the
heat pump conversion in the whole process of operation. The equations were
composed for each temperature range of the heat pump operation and a consumer
(temperature 35, 45, 50 and 60 °C). The regression equations of the parameters for
the output temperature of the heat carrier at the level of 45°C were provided as an
example:

- thermal potential

y = -3E-06x* - 9E-05x3 + 0,0006x2 + 0,2978x + 12,718; (2)
- consumed power

y = 1E-07x* + 3E-06x3 - 0,0002x? + 0,0034x + 3,6648; (3)
- ratio of conversion

y = -1E-06x* - 2E-05x3 + 0,0003x? + 0,0779x + 3,4683. (4)

These data are used to make time and energy characteristics of the heat pump
operation. It should be controlled during operation of the system of the object power
supply.

In particular, daily duration of the heat pump operation in the current period is
estimated by the formula

i

24P;
T =—-1k

P ®)

where P — current thermal load of the object, kW; P/, — current thermal potential of

the heat pump, KW.
The data of the actual and expected work of the heat pump in the current period
are used to measure consumption of electric energy used for its work by the formula
Wi =1Py , (6)
where P!, - current capacity of the heat pump consumption, kW.

The data are necessary to develop a general strategy for choosing the time
mode of pump operation in the structure of the system of power supply for the object.
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A SOLAR TIMBER DRYING SYSTEM: EXPERIMENTAL PERFORMANCE
AND SYSTEM MODELING
S. Korobka, PhD, M. Babych, PhD, R. Krygul, PhD, S. Syrotyuk, PhD,
I. Stukalets, PhD,
Lviv National Environmental University

Abstract. The technological process of wood drying in a solar dryer was
studied. The modes of operation of the solar dryer with a mirror concentrator and heat
accumulator, additional moisture absorption and in conditions of natural cyclicity are
substantiated. The kinetic parameters of the moisture transfer processes, which
reproduce the time dependences of changes in the kinetics of wood drying, the
relative humidity of the incoming and outgoing air flows, were determined, and the
time dependence of the humidity of the outgoing flow was simulated.

Keywords: solar energy, solar dryer, temperature-humidity fields, heat mass
transfer, intensification, convective drying.

Heliothermal installations have been widely applied in the agricultural sector.
For example, when drying plant raw materials, specifically timber, solar energy is
actively utilized in the drying industry. A given type of dehydration is fully
applicable for the region of western Polissya (forest zone) (the city of Korets, Rivne
oblast, Ukraine), the structural-technological circuit of the solar dryer with a heat
accumulator and a flat mirror concentrator is shown in Fig. 1.

) 10 Solar energy Used heat

4 AN | carrier

" Solar energy

Fig. 1. Structural-technological circuit of the solar dryer with a heat
accumulator and a flat mirror concentrator: 1 — inlet channel; 2 — fan; 3 — air duct; 4 —
air collector; 5 — heat-accumulating material (gravel-based); 6 — drying chamber; 7 —

return channel; 8 — sieves; 9 — flat mirror concentrator; 10 — valve

Timber drying in a solar dryer over 24 hours is characterized by a periodic
irregularity in the arrival of a solar energy flux. Heat-mass exchange characteristics
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of the drying process, energy characteristics of the solar dryer, and the properties of
timber vary during 24 hours depending on weather and season. Thus, it is required to
separately substantiate kinetic and dynamic properties of the object of drying, or to
explore the drying process.

Based on the difference in the results of weighing the full sieves G, and empty
sieves: m=G,—Go, a mass of the batch is determined. Over the first and subsequent
hours, the mass of the product reduces, which is taken to be equal to the difference in
weight measurements:

Amz;G:_Gzr (1)
Am, =G, —-G,.
Theoretical moisture content of the outflow, calculated based on the loss of
mass by the timber, is derived from formula:

X, (Am) =0, 622M’ kg/kg (2)

P=9. ,(Am)-p,

where ¢sco..n, Psci..n are, respectively, relative humidity of the incoming and
outgoing heat carrier, %; p is the pressure of saturation in the outgoing flow, which is
taken from tables for the assigned air temperature, Pa.

Work of the solar dryer in combination with a mirror concentrator and a heat
accumulator: Operation mode of a solar dryer always depends on weather conditions,
which are rarely repeated. A conclusion about the effectiveness of a specific regime
can be drawn only based on the analysis of results from several studies. We shall
consider the operation mode of the solar dryer in combination with a flat mirror
concentrator and the air-gravel accumulator.

Using the concentrator made it possible to reach the following maximal energy
illuminance of the air collector: July 15 — 1,269 W/m?; July 16 — 1,184 W/m? (843
without the concentrator); July 17 — 1,147 W/m?. The values of energy illuminance of
the air collector, hourly averaged, are shown by a bar chart in Fig. 2. The shape of
temperature curves corresponds in general to the daily schedule of arrival of solar
energy and the temperature of the environment.
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Fig. 2. Energy parameters of the solar dryer operation over the period of
15-17.07.2022: T;, T, are, respectively, the temperature of the incoming and outgoing
heat carrier, K; E is the energy illuminance, W/m?
The kinetics of timber drying is represented by the time dependences of
humidity W(t) and the relative humidity of the incoming ¢; and outgoing o, air flows
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(Fig. 3). Results of the measurement of relative humidity of the incoming flow in Fig.
3 are shown by a solid black curve, that of the outgoing — by a red curve. Dotted line
shows the simulated time dependence of humidity of the outgoing flow @(Am),
calculated based on the hourly change in timber mass Am under assumption that it is
completely diffuses in the flow-through air stream.

100 ~ 100 ¢
é 90 \ - i 90
5 g0 /fj"{ . Am) |||, / %0 2
i A -y §
g 0 4 b 05
= 60 \ 60
250 - NCJ N 50 =
T 40 ~/ < 40 5
. I NA - =
% 30 Ty \ -t30 3
720 i £
ERU) 10
z 0 0

d 1 4 7 1013 16 19 22 25 28 31 30 33 36 39 42 45 48

o Drying durationt, h

Fig. 3. Kinetic parameters of the processes of moisture release in the solar dryer over
the period of 15—17.07.2022: i, ¢, are, respectively, the relative humidity of the
incoming and outgoing flows of heat carrier, %; W is the humidity of the material

being dried, %; o(Am) is the simulated time dependence of the humidity of outgoing

flow of heat carrier, %

Fig. 4 shows results of the calculation of moisture content of the incoming X;,
outgoing X, and the simulated (for the released mass) X(Am) air flows. It also shows
a bar chart for the hourly decrease in the timber mass, calculated based on the
experimentally measured values for its moisture content W(t). The specified hourly
values Am are numerically equal to the rate of drying, which is a much more sensitive
parameter for the moisture transfer.

The moisture content curve of the outgoing flow (Fig. 4) indicates that the
main part of moisture is removed during daytime, with an elevated temperature of the
drying agent in full agreement with classical models of drying. Instead, the moisture
content of the simulated flow X(Am) is more sensitive to local changes in the rate of
drying, as evidenced by the correlation of positions of the respective deviations.

It was established that the use of an accumulator and a concentrator in the solar
dryer decreases the duration of drying by 23 hours. This makes it possible to speed up
the intensity of the process by 1.5 times. Over the period of work of the solar dryer,
the area of 1.5 m? of the air collector surface received 30.2 kW-h, or 108.5 MJ, of
thermal energy at moisture evaporation of 2.8 kg. Energy efficiency of the process
amounted to 10.7 kW- h/kg, or 38.8 MJ/kg.
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Fig. 4. Dynamics of processes of mass transfer in the solar dryer over the period of
15-17.07.2022: Xi(9a), Xo(@sq) are, respectively, the moisture content of the incoming
and outgoing flows of heat carrier, kg/kg; Am is the hourly change in the mass of
material being dried, kg; Xo(Am) is the simulated time dependence of moisture
content in the outgoing flow of heat carrier, kg/kg

We analyzed energy parameters, kinetic processes of moisture release, dynamic
processes of mass exchange, and temperature-humidity fields in the processes of
convective timber drying.

ENHANCING A MEASURING METHOD OF OUTPUT SIGNALS AND ITS
IMPACT ON POSSIBILITIES OF MODELING THE DYNAMICS OF
PHOTOVOLTAIC MODULES
J. Kurdyta, J. Aleksiejuk-Gawron, M. Awtoniuk
Warsaw University of Life Sciences (SGGW), Poland

Abstract: The following paper describes an off-grid photovoltaic system with
a station monitoring its operation. It is described how particular modules have been
connected, such as current transducers with current shunts, voltage transducers, and
the LB-480 data gathering module. After assembling the station LBX software has
been configured to record the data. The possibilities of measuring output signals of
photovoltaic modules have been documented before and after the modification of the
station. To conclude, the structure for the models with a greater number of output
signals allowing for measurements with a higher degree of accuracy has been
proposed. The new structure will be used for further analysis of models in MATLAB
software.

Keywords: measured signal, current transducer, voltage transducer, model
structure.
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The photovoltaic system discussed in the paper is an off-grid system. The
laboratory station is located on the grounds of the Warsaw University of Life
Sciences (SGGW), in Building No. 19 of the Institute of Mechanical Engineering of
the Department of Fundamentals of Engineering and Energy at the Faculty of
Production Engineering in the Laboratory of Unconventional Heating Technologies.
A photovoltaic generator consisting of six modules, connected to a station in the
laboratory (Figure 1).

Fig. 1. Photovoltaic generator

In addition to three different types of photovoltaic modules (monocrystalline,
polycrystalline and thin-film amorphous), the lab bench includes charge controllers,
batteries, and inverters. The installation uses two Phocos CXN 20 charge controllers
using pulsed PWM charging technology and a Phocos MPPT 100/30 controller that
tracks the maximum power point. Four Victron Energy lead-acid batteries using
AGM technology are connected to the photovoltaic installation. Two Victron
Energy's Phoenix Inverter 12V 180VA inverters are installed on the bench.

The modernization of the described laboratory bench included the
comprehensive installation of four current transducers with current shunts, one for
each transducer, and four voltage transducers. The presented actuators constitute four
sets, which are assigned to four photovoltaic modules, whose parameters are
monitored on the bench. The modules mentioned, on which measurements are carried
out, are a polycrystalline module, a monocrystalline module, a thin film module on a
tracking structure and a thin film module mounted horizontally on the ground.

Currently, measuring the voltage on photovoltaic modules uses a directly
scaled variable from the converter. Upgrading the test stand also makes it possible to
measure another type of output signal. Using mounted current transducers together
with current shunts, it is possible to realize current measurement on photovoltaic
modules.

Using a database containing measurement data from the SGGW weather
station and the output signals of photovoltaic modules measured on the test stand,
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signals will be proposed for the inputs and outputs of the OE, TF and ARX models.
To simplify the description of the structure of the mentioned models, the following
variable names were introduced (Tab. 1).
Models have been proposed in SISO, MISO, SIMO, and MIMO with the
appropriate structure. An example of the SISO model is summarized in Tab. 2.
Tab. 1. Variables designation model  Tab. 2. Proposed signals for the SISO

Measured signal Variable Input signal Output
description designation signal
Irradiance Ei Ei Ui
Ambient T, Ei li
temperature = P
PV module Tm Ei Tm
temperature T, Tm
Voltage Ui T, Ui
Current l; T, I;
Power Pi T, P,
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PHOTOVOLTAIC CONTROL WITH ENERGY STORAGE
J. Gielieck PhD, B. Brzychczyk PhD, T. Jakubowski DSc
University of Agriculture in Krakow

Abstract. A dedicated power meter DTSU666-H 250 A/50 mA was used in the
control of photovoltaics with energy storage by Huawei, it monitors, among others,
the amount of auto-consumption in quantity and percentage, exports to the grid in
quantity and percentage, imports from the grid in quantity and percentage Figure 1
and 2 grid import is indicated around the clock, production and self-consumption
only during PV operation. Visualization of production, self-consumption, import
from the grid is presented in the Fusion Solar Web and mobile applications, the
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amount of energy imported or exported to the grid is presented on an ongoing basis.
It is possible to read the measurement data directly by using the RS485
communication module and creating your own application for the visualization of the
measured data.

Keywords: photovoltaic

panels, photovoltaic control, energy storage.

Fig. 1. Intelligent power meter DTSU666-H 250 A / 50 mA

Energy Management Day  Month Lifetime 2022
Yield: 4.85 vwh Consumption: 1.0 mwh
99.12% 0.88% 100.00% 0.00%
Consumed: 4.81 MWh Fed to grid: 42.83 kWh From PV: 1.01 MWh From grid: 0.00 kWh
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Fig. 2. Energy yield with rational management of its consumption

The intelligent DTSU666-H 250A/50mA power meter uses an IC with digital
sampling technology, it is specially designed to monitor power and measure energy
demand, taking into account the power system. It is mainly used to measure and
display real-time parameters such as three-phase voltage, three-phase current, active
power, reactive power, frequency, positive and negative power, electricity, etc. As a
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monitoring device in energy management systems, it can be widely used for
monitoring power demand in photovoltaic installations.
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Section 2.
Information technologies in energy efficiency, resource and energy saving.

MODE DECOMPOSITION PASSIVITY-BASED CONTROL OF DC DRIVE
BASED ON BIDIRECTIONAL ZETA-SEPIC DC-DC CONVERTER FOR
ELECTRIC VEHICLES
I. Shchur, DSc, R.-I. Kuzyk
Lviv Polytechnic National University

Abstract. In order to provide wide speed control and regenerative braking, a
bidirectional Zeta-SEPIC DC-DC converter integrated with a DC motor is used in the
drive of electric vehicle. In this work, two separate control systems of such electric
drive, separately for traction (Zeta) and braking (SEPIC) modes, which are built
according to the Passivity-Based Control method, which provides satisfactory
dynamics of fourth-order nonlinear systems, are synthesized and investigated.

Keywords: Zeta-SEPIC DC-DC converter, DC motor, electric vehicle,
Passivity-Based Control, mode decomposition.

DC motors with magnetic excitation are often used in the drive systems of
electric vehicles of small forms for various purposes, which are controlled, as a rule,
by a single-quadrant DC-DC converter of the step-down type, powered by a battery
of the appropriate voltage. Improvement of such a system is possible in the direction
of providing a wider range of speed regulation and regenerative braking. To do this,
you need to use a bidirectional DC-DC converter of the step-down-up (buck-boost)
type. To obtain motor speeds higher than nominal, such a DC-DC converter can raise
the battery voltage several times to power the motor armature. At high speeds, the
current and torque of the motor can decrease, which corresponds to safe traction
modes, and regenerative braking will be energy efficient.

Among the well-known buck-boost DC-DC converters, the Zeta and SEPIC
topologies are distinguished by a common negative bus and the possibility of their
combination in one bidirectional converter, as shown in Fig. 1(a) [1]. At the same
time, the Zeta DC-DC converter controlled by the switch S1 using the internal
freewheeling diode of the switch S2 will work in the traction mode, and the SEPIC
DC-DC converter controlled by the switch S2 using the internal freewheeling diode
of the switch S1 will work in the regenerative braking mode.
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Fig. 1. Bidirectional Zeta—SEPIC DC-DC converter (a) and based on it calculation
scheme of the power part of the DC electric drive system (b)
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Similar to [2], in this work, the DC motor is integrated into the Zeta—SEPIC
DC-DC converter: the armature winding of the motor with parameters L, and R,
replaced the choke L2, and the electromotive force of the motor e, replaced the
capacitor C2 (Fig. 1(b)). In traction and braking modes, the structures of the resulting
object are different and are described, respectively, by the following systems of
equations:

Traction mode Regenerative braking mode
d. 1 _ _ d. 1 _ _
alu = E[(l_ul)vm +u, (Eg - ILlRB)_ILlRl] E'Ll = :[szm —(=p,)(Eg + ILlRB)_ILlRl]
d . 1 . . Ve, +(1— Kdw—V,., —
a|a=L_[ulvm—eaJrul(EB—|L1RB)—|aRa] gia:i HaVez | ( uz)_( ® = Vg,
| al dt L. | (Eg +i,Rg))—i,R,
v =—[A-w)i . — i d 1 . .
dt Ver Cl [( ul)ILl ulla] Evm ZC_[_H2||_1+(1_M2)Ia]

1

d 1o, ..
—o==[k®i, -T d 1 ,
dt(D J[ a L] a(ﬂzj[—k(pla-i—-rl_]

where p; and p, are the PWM duty ratios of the switches S1 and S2 control, v and i
are the voltages and currents of circuit elements, kd and ® are the EMF motor
constant and angular speed, respectively, and J and T, are the moment of inertia and
load torque of the drive, respectively.

Since the structures of the object described by the above systems of equations
are different, the synthesis of the control system must be carried out for each of the
operating modes of the drive separately. The work uses an energy approach to the
construction of control systems — the Passivity-Based Control (PBC), which is based
on physical laws and ensures the asymptotic stability of a nonlinear system [3].
According to the author's developed method, a structural synthesis of two PBC
systems were carried out and effective control influence formers (CIF) were obtained
for both control subsystems, which are switched depending on the motor operating
mode. The parametric synthesis of the obtained CIFs were carried out on the
computer model of the proposed electric drive system developed in the
Matlab/Simulink environment. The results of computer simulation showed high
dynamic performance of the system in wide ranges of motor speed control and load
of the electric drive.

Thus, the obtained results confirmed the effectiveness of application the mode
decomposition to development of the PBC system of this complex nonlinear dynamic
system.
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PARAMETERS AND STRUCTURAL MODEL OF THE AUTOMATIC
CONTROL SYSTEM OF THE HYDRAULIC MOTOR
M. Mikhalyuk Ph.D.
Lviv National Environmental University

Abstract: The considered hydraulic drive in which the speed of movement and
the position of the output link changes according to a certain law and depends on a
certain action on the control link. The concept of the output link means the rod of the
hydraulic cylinder and the shaft of the hydraulic motor, the control link is the device
to which the appropriate signal is sent. The used models, methods and tools for
automating the design work of the gas turbine engine, diagnostic technologies,
operational data analysis using models, methods and means of their integration.

Keywords: CAD, design, hydraulic drive, tracking hydraulic drive, model,
model, dynamics, process, state, hydraulic motor.

The considered hydraulic drive in which the speed of movement and the
position of the output link changes according to a certain law and depends on a
certain action on the control link. The concept of the output link means the rod of the
hydraulic cylinder and the shaft of the hydraulic motor, the control link is the device
to which the appropriate signal is sent. The used models, methods and tools for
automating the design work of the gas turbine engine, diagnostic technologies,
operational data analysis using models, methods and means of their integration.

The description and research of the mathematical model of GSRP was carried
out within the framework of the given task, which is the basis of the simulation
model of the system. A formalization of the mathematical statement of the state
research problem was made.

The first approach consists in the need to determine the current state under the
condition that:

{aAco(t),te[to,t .} A0(ty)=Pt,) Ap(t,)=P(t, ) }
Vi, j’ti,j e[tmt ] t <t meS(P(t ) tz )> meS(P(tJ)_ P(tz))
- Is a measure function.
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Fig. 1 Scheme of a hydraulic drive with an adjustable hydraulic motor: 1 — frame; 2 —
housing of the drive machine; 3 — housing cover; 4 — rotor with rollers; 5 — flexible
hose; 6 — hydraulic motor; 7 — coupling; 8 — hydraulic cylinder; 9 — conical tip; 10 -

hydraulic distribution

At the same time, the change in the angle Ag(t)= 0 of rotation is not known at
all (Fig. 2a)). The second statement of the problem: determine (t,, P(t,)) under the
condition:

JAp(t) telt,t,] Aplt)=P(t,) Aplt, )= P(t, )
{Vi, it eft ]t <t, mes(P(t,)- P(t,))>mes(P(t,)- P(t,)} ft, —t,| — min }
I.e. to perform quick identification when changing the states of the GSRP (Fig.
2b).

! .
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Fig. 2. Change of states according to: a) a priori known information; b)

identification
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Structural identification is reduced to the choice of a mathematical model that
describes the functioning processes of the research object.

Thus, the set of sets (Fig. 3) forms the basis of the model that simulates the
hydraulic drive test.
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A set of random values of del definition f ]
) model definition from
inputs and parameters y . ) ¥
. b model libraries
over time

Fig. 3. Data structure for simulating a test of a hydraulic drive with an adjustable
hydraulic motor

Modeling in terms of Petri nets is carried out at the level of events - basic
states of the model, and transitions (actions) between them. Note that the phase
portrait corresponds to a set of values of the parameters of the GSRP mathematical
model.

The set of Petri net events is defined and described using the tab. 1.
Tab. 1. States of the adjustable tracking hydraulic drive

11213/4(5(6|7|8|9|10(11|12|13|14|{15/16/17|18|19|20

# | #|0|#|# 1 #|#/#/0 (1 |0 |12 1 1|0 |0 1 |1 |0 |1
# #|#|1|# # 0|#/#/# (0|12 1 (0|1 |1 1 0|0 |0 23
#I#|H#H|H|O00 \#|# | #|# (0 |0 |# |# |# |# |# |# | # |# |4
ooj1/0,0/0/0/0f1f1 |2 |2 /O |2 O |1 |1 (0|1 |1 |5
111|/0# | #|#|#|#|#|/0 |# (# |0 |1 (1 |0 |1 |1 (O |1 |6
#|#|#/0/0/0/0(0OjO0O|O (O |O |O 1 |2 |2 (O 1 |2 |O 7
1{0|#|1|0(1|1|0|#|% |# |# |# |# |% |# |# |# |(# |# |8
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Notes:
"0" ("1") - the coefficient for the phase portrait is significant and is equal to 0 ("1");
"#" - the coefficient for the phase portrait is significant and is equal to "0" or "1"; % -
the coefficient for the phase portrait is significant when the value is "0" and "1" at the
same time.

Each column of the table 1 corresponds to one of the partial solutions of the
system (phase portrait), and the set of all solutions constitutes the mathematical
model of the GSRP. The row number of the corresponding column is the parameter
index of the reduced system of differential equations.

The researched conceptual model of input data as statistical time series, the
task of processing which is reduced to three tasks: the task of system identification;
diagnostic tasks of GSRP tasks of determining the adequacy of the model.

the task of processing a set of
received data

v

determining the
adeauacy of the

K

¥

system
identification

diagnostics of GSRP

. 4 ' 3
— | Determination of basic states
Determination Diagnosis of
of the limits of EEN Determination of the state of the hydraulic drive B 2 - causes and
IM application N || factors
Studv of transient processes
Determination | prediction of the states of the hydraulic . .
; Diagnosis of
of processes
P E3 predicting the behavior of the hydraulic —| processes and
and factors A I .. - -
drive in specific conditions factors

Fig. 4. The structure of research tasks of the GSRP simulation model

Conclusions:

1. A structural and functional analysis of the hydraulic follower drive as an
executive and monitoring element of the machine system, the quality of which is
determined by the ability to ensure compliance with a given state with a given
reliability under certain restrictions, was carried out. The main structural components
of the GSRP, states and transitions that determine the process of its functioning are
defined.

2. The task of increasing the efficiency of the process and the quality of the
design is urgent, since the GSRP are quite complex and multi-parameter systems. The
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construction of integrated simulation models of states as a basis for the CAD of
GSRP machines is a promising direction for solving the given problem.

3. In order to support synthesis decision-making, the development of adaptive

information technology for monitoring and diagnosing the state of the gas turbine,
through the study of multidimensional simulation models of the maximum possible
level of integration and methods of operational analysis of structures, data and
models, is the basis for the construction of integrated models.
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Section 3.
Information technologies in agro-industrial complex.

3ACTOCYBAHHS TEOPII ®YHKIIOHAJIBHOI CTIMKOCTI AJIs1
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B. B. IImawnux® k.m.n., ooyenm, A. €. Micin* ooyenm
Ulepycaenuii ynisepcumem «JKumomupcoka nonimexuixar
2Hayionansnuil ynieepcumem «J/Ibgiscoka nonimexuixa
3 /TvbsiecbKuil HayionansHuil ynisepcumem npupoooKopucnysants
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Abstract. In the current state of the Silk state, promising € the establishment of
a group of unimportant literary devices from the vicarious elements of the theory of
swarm keruvannya. On osnovi analizu information The vimogi to keruvannya with
such a GROUP that zagalnih PROVISIONS teorii funktsionalnoi stiykosti visunuto
taki vimogi: obtaining information about the mutual position of the UAV in space
and in the group, working capacity of its onboard equipment, to ensure the detection
of deviations in the normal functioning and, if necessary, to redistribute resources
within the UAV swarm system.

Key words: functional stability, unmanned aerial vehicles (UAVS), group of
UAVs, swarm control theory, serviceability control, restorability

B cyyacHOMy C1IbCBKOMY TOCIIOIAPCTBI BCE OLIbINE 3aCTOCYBaHHS 3HAXOMATh
oesminotHi mitanbH1 amapatu (BITJIA). BoHu ciiakyroTe 3a J03piBaHHS BPOXKaro,
OOIMPUCKYIOTh TIOCIBH CHEIllaIbHUMHU pPIANHAMH Ta PEUYOBHHAMHU, OXOPOHSIOTH
TEPUTOPIIO BiJI HECAHKI[IOHOBAHOTO NPOHMKHEHHS Tomo. OCTaHHI JOCTIIKCHHS
BKa3yloTh Ha Outblry edexTuBHICTh 3acTocyBaHHa Tpynu BIIJIA. CyTHicTh Takoi
TEXHOJIOT1] TOJIATAa€ B PO3MOIJICHHI PI3HOMaHITHUX 3a7a4 MIX arapaTaMu B TPyTIi.
Hnst epextuBHoro kepyBanHs BIIJIA B rpymi Ha JOMOMOTY MNPUXOIUTH TEOPIs
poiioBoro kepyBanHs. [Iporiec kepyBaHHS TPYNOK amapariB IMiAMOPSIKOBYETHCS
3arajibHiil MeTi, 3aJeKUTh BiJl YMOB HAaBKOJIMIIIHLOTO CEPEIOBHUINA Ta TMOBEAIHKU
anapariB B rpymi Toio (puc. 1).

B3aemonis amapaTiB B TpyIi po3riisiHyTa B po6otax [1 — 3]. OgHak B 1ux
TOCITIKECHHSI HE BKa3ye€ThbCs, SK pearyBaTH Ha 3MIHM B CEPEAHMHI TPYIH, SKH
BUKJIMKAaH1 30BHINIHIMU TEpenIkoJaMu Ta BiAMoBaMM camux amapariB. Came 1
MUTaHHSA PO3IJIAae Teopis (QYHKIIOHATBHOI CTIMKOCTI B pobotax mpodecopiB
Mamkosa O.A., Bapabama O.B., Kpasuenka 10.B., Kopoduuncskoro M.B. [4 - 7]
tomo. CyTHICTh JaHOi Teopii moyiArae B yTpuMaHHi 00’€kTa abo rpynu 00’€KTIB B
Meax 3aJJaHOTO IMOJIA CTaHIB, KOHTPOJIIO HOTO Mpane3aTHOCTI Ta BIAHOBIIOBAHOCTI.
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Takum dYuHOM JUIsi CTBOpEeHHS (YHKIIOHAJIBHO CTIWKOi 1H(OpMAaIIHHOT
TEXHOJIOT1i KEPYBaHHs TPYIOI0 OE3MUIIOTHUX JITATBHUX anapaTiB HEO0OX1JHO: MaTH
IoCTOBIpHY 1H(MOopMario npo mnosnoxkeHHs BIIJIA B mpocTtopi Ta rpyrmi, cTaH HoOro
OopToBOi amapaTypu, 3a0€3NMeYUTH BHSBJICHHS BIAXWJICHb B HOPMAaJbHOMY
(yHKIIIOHYBaHHI Ta, y pa3l noTpedu, Nepepo3NOAITUTH PECYPCH B CEPEIUHI CUCTEMU
poto BILIA.

[IpoBeneHi AOCHIKEHHS TO3BOJUIN CHOPMYIIIOBATH YMOBHU JJISI CTBOPEHHS
(YHKIIIOHATBHO CTIMKUX 1H(OpPMAaIIMHUX TEXHOJIOT1HM KepyBaHHs rpymnoro BITJIA.
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APPLICATION OF A CONTROL SYSTEM FOR MICRO-INSTALLATIONS

PRODUCING AGRICULTURAL BIOGAS FOR INDIVIDUAL NEEDS
OF A FARM
D. Anders, Ph.D., B. Dybek, Ph.D., G. Walowski, DSc
Institute of Technology and Life Sciences-National Research Institute, Poland

Abstract. The article presents the concept of a micro biogas plant control

system. For the needs of a specific installation, an electrical installation design and a
control system based on the PLC controller and a HMI SCADA visualization system
has been made. The selected techniques were reviewed and their technological
aspects were characterized.
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Key words: Agricultural biogas, control system, mechanical agitator,
intensification, circulation system, PLC, HMI SCADA

There are many possibilities [1] to carry out anaerobic digestion, but the most
Important is to choose the mode of operation [2] of the fermentation chamber. The
chambers are most often built on the surface of the ground, and are less often
recessed. It is also possible to completely recess the chambers in the ground, which
allows for better thermal insulation, but makes it difficult to access its interior or
auxiliary equipment [3].

The substrate pre-treatment system is a tank with instrumentation that enables
grinding and mixing substrates to obtain the right consistency, and dosing, usually
with pumps, into the fermenting chamber [4, 5].

The current state of knowledge on the exploitation of agricultural biogas plants
concerns relatively large systems with a capacity of 250 kW to 3 MW and relatively
simple technologies of using biomass produced mainly on arable lands. Numerous
scientific reports relate to standard attempts to the anaerobic fermentation of
substrates and co-substrates as a post-production residue and by-products generated
by agricultural farms and in rural areas. Publications in this field provide information
on the biogas capacity of individual biomass biogas types [6]. Much fewer accessible
publications contain research results from the preparation of specific digestion
mixtures from available substrates and co-substrates with already known biogas
capacity [7]. This research is conducted by the Institute of Technology and Life
Sciences in Poznan [7, 8].

The agitation system applied in the fermenter according to the invention of [9]
provides homogenization of the fermentation mass composition, as well as addition
of components which support the fermentation process, as regards quality. The by the
process of conversion of pigs slurry (liquid manure) into biogas gets improved,
providing biogas production in a simple and efficient manner. The rough surfaces of
the tubes help to achieve better deposition of the fermentation bacterial flora.

Complex process of energy conversion requires adequate control to ensure
stable work of the entire system. This task is well realized by PLC driver and HMI
SCADA software. It allows to visualize the entire system, and preview of individual
parameters [8].

The following devices were used to read the measured values and control of
the actuators, data archiving and production process management:

- PLCdriver - Astraada One ECC2250 (16 DI, 16DO, 12Al, 6A0),
- operator panel - Astraada AS43TFT1525.

The PLC driver software has been made in the open source CODESYS
development environment. The controller reads the values from the sensors via
analogue and digital inputs. On this basis, individual actuators (pump motors, valves)
are actuated. All data via the MODBUS \ TCP IP bus goes to the operator terminal.
The panel software was created using the ASTRAADA HMI CFG programming
environment. This software is dedicated to this particular device. It allows the
creation of an extensive production process management system. In addition to the
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visualization of the installation, it is also possible to create trends, recipes, reports,
logging historical data, logging events and changes introduced by the operator [10].

A pilot gas producing plant, using pig liquid manure, has been located on the
premises of a farm with 1100 fattening pigs, kept in a slatted floor system. The
production unit of raw biogas is a system of transport of biogas produced in
a fermentation tank/vessel together with equipment/accessories, provides the
fermentation process, its monitoring and regulation/control.

The agitator in the operating tank caused seizing and incomplete preparation of
the substrate. Therefore, a system of three valves controlled in accordance with the
algorithm had to be used. This resulted in the intensification of the substrate content
in the fermentation tank for the biomass vertical circulation system and the freshly
obtained biogas circulation system. The applied biomass mixing system ensures
homogenization of the composition and temperature of the ferment, as well as the
supply of specific ingredients that support the fermentation process qualitatively.
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IIPOTPAMHO-AITAPATHHH KOMITJIEKC JUIA JOCAIIJKEHHA
IIAPAMETPIB POEOTH MOJIOTKOBOI /IPOFAPKH
Illepemema P.b., k.m.Hn.

JIvgiecoKuil HAUIOHAILHUIL YHIGEpCUmMeEm NPUPOOOKOPUCHYBAHHA

Abstract. To study the parameters of productivity and power consumption of
the hammer crusher, a hardware-software complex has been developed. To develop
the software, the algorithmic language of graphical programming in the LabVIEW
environment was used. This complex allows you to display and record instantaneous
values and changes in power consumption, engine speed and crusher performance
and process measurement results in real time.

Key words: crusher, power consumption, productivity, LabVIEW.

Jlist nocnipKeHHs mapaMeTpiB MOJIOTKOBOT APOOapKH po3pOoOJICHHIA anapaTHoO-
MpPOTpaMHUN KOMIUIEKC, SKHH JI03BOJISIE BiAOOpakaTh 1 peecTpyBaTH MUTTEBI
3HAUYCHHS W 3MIHU CIIOKMBAHOI MOTY>XHOCTi, OOEPTIB €NEKTPOJABUTYHA, a TaKOX
MPOJYKTUBHOCTI JIpoOapku 1 O0OpOOJIATH pe3yjbTaTH BHUMIPIOBAHb Y PEATLHOMY
Macitadi yacy.

Jlis  excriepuMeHTaIbHUX JOCTIKEHb SK OCHOBY OyJIO BHKOPHUCTaHO
MOJIOTKOBY ApOOapKy, €IeKTPOJABUTYH, YaCTOTHHUN NEPETBOPIOBAY, MEPCOHATBHUN
KOMIT'toTep, naBad Hampyru, twiaty Arduino Uno Ha 06a3i MiKpOKOHTpoJepa
ATmega328P, naBau ctpymy, naBad o0epTiB 1 TeH3o0jaBayl. Cxema po3po0JIeHOro
CTeHJ1a 300pakeHa Ha puc. 1, a 3aranbHUl BUTIISA — Ha puUC. 2.

Crenn (muB. puc. 1, 2) cki1agaeTscs 3 MOJIOTKOBOI ipoOapku 1, 1o po3mimieHa
Ha paMi i MPUBOJIUTHECSA B PYX 3a JOIOMOTOKO €JIEKTPOJIBHUIYyHA 2, 00EpTH SAKOTO Ha
PI3HHUX pexXuMax poOOTH 3MIHIOIOTHCS YaCTOTHUM meperBoproBadueM 3 mapku WEG
CFWO08. Cno)xuBaHa TMOTY>KHICTh BH3HAYA€THCA 3a JIOMOMOTOI0 BUMIPIOBAHHS
CTpyMy 1 Hampyru Ha OAHIN 3 (a3 KUBJICHHS €JICKTPOABUTYHA. J[J11 BUMIpIOBaHHS
CTpyMy BHKOpuUCTaHO aHajmoroBuii natuuk [A12-100, mo mo03BoJiIE BUMIPIOBATH
3MiHHUM cTpyM Bix 0 10 SA.
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Puc. 1. Cxema cteHaa 715l MPOBEACHHS €KCTIEPUMEHTABHUX JTOCI1HKCHD:
1 —monoTKOBa ApoOapka; 2 — eNeKTPOJABUTYH; 3 — YaCTOTHUI NEPETBOPIOBAY;
4 —TIK; 5 — naBau Hanpyry; 6 — wiarta Arduino Uno; 7 — naBau ctpymy; 8 — naBad
o0epTiB; 9 — TeH301aBavl

Puc.2. 3aranpHuil BUTIIA CTEHIA

Takoxx po3pobsieHo cxeMmy (puc. 3) 3 BUKOPHUCTAHHSIM JI1I0JTHOTO MOCTa 1
ornronapu PC817 st 6e3nmevyHOro IMiIKIFOYeHHS Ta BUMIPIOBAHHS 3MIHHOI HaIlpyTH
Ha OfHIM 3 (pa3 eNIEKTPOIBUTYHA 3a JOTIOMOTOI0 MIKPOKOHTpOJIEpa.
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Puc. 3. Cxema BUMIipIOBaHHS 3MIHHOT HANIPyTH

Jlnst Bu3HAUEHHS OOEPTIB EIICKTPOABUTYHA BHKOPHUCTAHO JaBa4 ONTHYHHUI
moayns KY-033, mo nmae 3mory (ikcyBaTu dYac, 3a SIKMM JBUTYH BUKOHA€ OJIUH
ITOBHHM 00€pT.

MutTeBe 3HAUEHHS MPOAYKTUBHOCTI BH3HAYaJIO YOTUPH HAMiBMOCTOBUMU
TEH30/laBauyaMui, 10 3’€AHaHl y MOCTOBY cxemy (puc. 4). Hns poGotu 3 mumu
TEH30/laBauyaMy 3aJlifHa creniamizoBaHa Mikpocxema HX711, saxa mae ALl 3
PO3AUTHHOIO 3/1aTHICTIO 24 OIT, 3aBISKH YOMY 3a0€3MeUyeThCsl BHCOKA TOYHICTD
BUMIpIOBaHb. Mojyinb mpaitoe 3 yactororo BuMiproBaHHs 80 I'i ta 3abesneuye
koedimieHT macuneHHs 32, 64 ado 128.

LA

-
P T
/—tllr ’

Pucynok 4 — Cxema mij’ e THaHHS TEH30/1aBaviB Ye€pe3 MOCTOBY CXEMY
o moayist HX711

Jnst po3po0JiIeHHST MPOTpaMHOr0 3a0€3MEeUeHHs] BUKOPHUCTaHA alTOpUTMIYHA
MoBa rpagiqHOro nporpaMmyBanHs y cepenosumii LabVIEW [1].

Jlnst koMyTallii CUrHaiiB Bij JaBayviB JO MPOrpaMu, CTBOPEHOI y CepelOBUIII
LabVIEW, Bukopucrano enekTpoHHy IUIaTGOpPMY NPOTOTHITYBAHHS 3 BIJIKPUTHUM
kogoM — Arduino, a came mumaty Arduino Uno R3 Ha 6a3i 8-6itHoro AVR
MikpokoHTposiepa ATmega328P. Ha mnati 3Haxomutbes 14 mudpoBux, a Takox 6
aHAJIOTOBUX  BXOJIB/BUXOMIB. BBIiJ/BHBIJ CUTHAJIIB TPOrPaMHOI  YaCTUHU
BHUMIPIOBAJILHOTO KOMILIEKCY 3IHCHIOEThCs Yepe3 nociigopauii mopT (UART).

Ha ¢ponTanpHiii maHeni BIpTyadbHUX TpWIANiB (puc. 5), mo sBISE COOOIO
eKpaHHMI 1HTep(eiCc, BCTAHOBIIOIOTHCS NpUIaAUd BimoOpaxkeHHs i1HGopMmaiii Ta
YOpaBIiHHSA MPOLIECOM BUMIPIOBaHHS, a Ha OJOK-Aiarpami, ska € MpPOTPaMHOIO
YACTUHOIO CUCTEMH, B110OpaxeHo HeoOX1aHuit Habip BipTyanbHux npunanais (BII) ta
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3M1MCHEHO 3’€JIHaHHS iX y BHUMIPIOBaJIbHY CHCTEMy, sKa 3abesreuye HeoOXiaHi

byHKIIi.
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Pucynok 5 — Po6oue BikHO MoHiTOpa 1K a1 excriepuMeHTanbHOTO JOCIII)KEHHS
napameTpiB poOOTH MOJIOTKOBOI IpoOapKu
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Pucynox 5 — [1anens 6510k-aiarpamMu PyHKITIOHAIBHOTO B3a€MO3B’ 3Ky
MDK eJIeMEHTaMHU BUMIPIOBAIBHOI CUCTEMU
BxigHuMu curHanamu, 1o HaJaxosATh 10 BUMIPIOBAIbHOI CUCTEMH, € CUTHAIIH
BiJl 1aBaya CTpyMy, HampyTu, o0epTiB Ta BiJ TEH30/1aBayiB.
[IporpaMHy YacTHHY KOMIUIEKCY JUJIsl JOCIIIPKEHHS MOJIOTKOBOI ApoOapKu
3abesneuye mporpamHuii komiuiekc LabVIEW  ¢ipmm  National Instruments.
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Po3pobky mnporpamMHOro 3a0e3nedyeHHs] MPOBOJIWIM B JAaHOMY CEPEJAOBHIIN 13
3aCTOCYBAaHHSIM IPHUKIIAJIIB TporpaMmyBanHs Ha LabVIEW [1, 2].

OYHKITIOHAIBHI B3a€EMO3B’SI3KM MK €JIEMEHTaMH 1 TaHelb OJIOK-Jiarpamu
BIpTyaJIbHOTO OocIuiiorpada 300paxeHo Ha puc. 0.

byno mpoBeneHo kamiOpyBaHHS MOKa3HUKIB YCIX JaBadiB 3a JOMOMOTOIO
MOPIBHSHHSA IXHIX 3HA4YeHb 13 TMIOKA3HUKAMHM ETaJOHHHUX TMPUJIadiB. 30Kpema,
BUMIPIOBAHHA CTPyMy NpPOBOAWIU CIELIaJbHUMH KIIIIAMH, HAOpyru — 3a
JIOTIOMOT'OI0 BOJIBTMETpA, JlaBauya o0epTiB — Jia3epHUM TaxomeTpoM. KaniOpyBaHHs
TEH30/1aBauiB MPOBOJUIOCA 3 BUKOPUCTAHHSIM CIICIIAIIBHOTO MPOrPAMHOI0 KOAY Ta
€TaJIOHHO1 Baru 3 Jiana3oHoM BumiptoBanHs 0—500 r, y pe3ynbTaTi 40ro OTpuMaHo
KaJiOpyBalbHUM KOe(IIIEHT KOHKPETHO JIJIs JTaHOI CXeMU 3’€JIHaHHS TEH30/aBayiB,
SIKAM cTaHOBUTE 24,73.

[IporpamHo-anapaTHuii KOMIUIEKC MJiS JOCHIIKEHHS TMapaMeTpiB poOOTH
MOJIOTKOBOI Jpobapku 3a0e3meuyuB MaKCHMajbHE HaOMMKEHHS Horo pobotu A0
BUPOOHMYMX YMOB, a 3aCTOCyBaHHS mporpamHoro komiekcy LabVIEW dipmu
National Instruments mo3BoyMII0 BiTOOpa3HTH, 3alMCATH Ta MPOAHAI3yBaTH MUTTEBI
3HAYEHHS 3MIHM JOCHIPKYBAaHMX IMMAapaMeTpiB, a TaKOX MaTEMaTUYHO OOpOOUTH W
MPOAHAJII3yBaTH OTPUMAaH1 Pe3yJIbTaTH B pealbHOMY MacIuTadi Jacy.

Bioaiorpagiynuii cnucok
1. Iletiu JI. U., Touwmmunu J. A., Ilomnak b.II. LabVIEW pans HOBHYKOB U
crieriuanuctoB. Mockga: I'opsiuas nunus-Tenexkom, 2004. 384 c.
2. Tpesuc JIxx. LabVIEW nns Bcex. / mep. ¢ anrin. H. A. Knymuna; mox pen.
B. B. lllapxoga, B. A. I'ypseBa. Mocksa: JIMK IIpecc; [Tpubop Kommuexr, 2005.
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CONTROLLING THE LIGHTING PARAMETERS OF THE BIOREACTOR
OF PHYTOTROPHIC CULTURES
B. Brzychczy PhD, J. Gietiecki PhD, T. Jakubowski DSc
University of Agriculture in Krakow

Abstract. The project submitted to the Patent Office of the Republic of Poland
(application number P. 429507 "System for the cultivation of photosynthetic
microorganisms") assumes an automatic control system for the PAR radiation
intensity of a bioreactor for the cultivation of phototrophic organisms. The follow-up
arrangement of a cylindrical light coat is based on LED lighting, the automation of
which ultimately provides protection, control and piloting along with the optimization
of all the basic parameters of phytotrophic crops, including: monitoring of light
radiation in the reactor space, temperature, optical density, feeding of various gases
and nutrients. All functions can be supervised by proprietary control software, which
provides an intuitive and dynamic interface for online monitoring and visualization of
measured data, as well as creating user-defined protocols.
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Keywords: bioreactor, photobioreactor, LED lighting system, automatics of
photobioreactor, automatics of bioreactor lighting system, microalgae.

Figure 1 presents a block diagram of the automation of the follow-up system
for providing additional lighting for phytotrophic cultures in the bioreactor. Figure 2.
Shows the automatic lighting control system for phytotrophic farms,

MODBUS RTU

| |
5 A CONTROL SIGNAL ; S| ¢ sl D \ 5 :
| I

MODBUS RTU
SENSOR SIGNAL

- Programable Logic Controller

- SQ-522-SS Sensor

- MODBUS RTU - DMXS512 Gateway
- LED DMX512 Controller

- Algae bioreactor

Hoowe

Fig. 1. A schematic diagram of the automation of the follow-up lighting system for
phytotrophic cultures in a bioreactor

Fig. 2. Automation of the lighting control system for phytotrophic farms
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On the way to find the effective use of the energy of light radiation, a system
was used, which, thanks to the study of the light spectrum at each given point in the
reactor space, will enable optimization and distribution of radiant energy. The authors
assume that the proposed system will allow for the active simulation of lighting
conditions characteristic for a given species in a given geographical location, which
the species receives. The built-in PBR model aims to maximize the efficiency of the
conversion of radiant energy. For this purpose, a method of collecting information
about the spectrum and light distribution using a spectrophotometer and a control
system using the collected data was proposed.
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METHODOLOGY FOR FORECASTING THE RESOURCE OF
DIESEL UNITS AND UNITS IN A BIOFUEL ENVIRONMENT
D. Zhuravel, DSc
Dmytro Motornyi Tavria State Agrotechnological University

Abstract. The peculiarities of the methodology of forecasting the resource of
diesel engine assemblies and units are considered. It was established that the
determination of the resource of the main functional systems and the residual
resource of the tractor as a whole is based on the dependence of the marginal wear of
parts of units and aggregates, taking into account the materials of the friction pairs,
the environment and operating conditions, which are characterized by the coefficients
of wear, environment and operating modes.

Key words: methodology, biodiesel, forecasting, resources of nodes and
aggregates.

JocnimkeHHs: 6a3yBajiocsi Ha po3poOIll METOMOJOTI OIIHKH TPUOOTEXHIUYHUX
BJIACTUBOCTCH O10AM3EIBHOTO IajliBa 3 BUKOPUCTAHHSAM EJICKTPOHHHMX OCBITHIX
pecypciB MATLAB/Simulink, Go-Lab Tta Phet.Colorado. Ile mamo 3mory Ham
Bi3yaJIbHO OIIIHUTH BIUIMB Oi0JM3CIBHOTO MAJBHOIO Ha TIOBEPXHEBY CTPYKTYPY
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MartepiajiiB TOBEPXOHb TEPTS Ta BUKOPUCTOBYHOUYH OTPUMaHI €KCIIEpUMEHTAIbHI J1aHi
CIPOTHO3YBATH Pecypc By3JiB 1 arperaTiB AU3ENS B LIJIOMY.

Cepen mnepeBar 010M3€JILHOTO TaJKMBa, MOPIBHAHO 3 IHIIMMU JKEpETaMU
€Heprii, CiIiJ BII3HAYUTH HACTYINHI: OlOAM3ENbHE TMAJUBO OTPUMYIOTH 3
BIJIHOBJIFOBAHMX PECYpCiB; HOro XIMI4HI BJIACTMBOCTI JyXe OJM3bKI 10 HadTH.
[TanmuBo Mae XoporIni 3MailyBajibHI BJIACTUBOCTI 1 MPHU MOMaJaHHI B IPYHT IIBHJIKO
po3kianaeTscsi OaktepisiMu. BuxopuctanHs Oioau3enss 3HAYHO 3MEHIIYE BHUKHUAU
NapHUKOBUX Ta3iB, ByTJEBOAHIB, YaJHOTO Ta3y, CaXKi Ta KaHIIEPOTEHIB; 3MEHIIY€ThCS
3aJUMJICHHS BiAMpanboBaHUX rasis. Ll mOKa3HUKU MOXYTh MO3UTUBHO MO3HAYUTHUCS
HAa TEpMiHI CcoyOu au3enbHOro naBuryHa. OJHaK € HEAONIKH, SKi HEOOX1THO
YCYHYTH: 010713€JIb TOCHITIOE XIMIYHE 3HOIIYBaHHS MaTepiajiB JAeTaleil Tu3eIbHOTO
JBUTYHA, OCKUTBKH € OUIbII arpeCUBHUM, HIK 3BUYaliHE JU3EIbHE NATUBO.

BceraHoBieHo, 10 MOTipUIEHHS] TPOTU3HOCHUX BJIACTUBOCTEH MU MiJABUILEHH]
BMICTY MEpKANTaHIB 1 METaHOIy B O10AM3€]l NPU3BOAUTH JO BHJUIEHHS BUIBHOIO
BOJAHIO IpH po3kiagaHHl. IIpu HHU3BKOMY iX BMICTI BOJEHb BUTPAYAETHCS HA
B1JIHOBJICHHSI OKCHJIIB Ta IHIIUX MPOAYKTIB KOPO3ii, MPUCYTHIX HA MOBEPXHSIX TEPTH,
a KOJIM 1X BMICT BHILUNA, BOJEHb, B3aEMO/JIIFOYHU 31 CTAJIEBUM KOHTPTIIOM, PU3BOJIUTH
710 BOJAHEBOI'O 3HOCY.

Jlj1s BU3HAUEHHS CTIMKOCTI MaTepialliB IeTalel CIIOIy4YeHHs 10 3HOIIYBaHHS B
PI3HMX CEpelOBUIIAX MPUUHATO KOEPIUIEHT 3HOCY, SKHH € Yy3araJlbHEHUM
MOKAa3HUKOM CHUJIOBUX, KOHCTPYKI[IMHUX 1 MIBHJIKICHUX TIapaMmeTpiB JeTayen
TPUOOCTIPSIKEHD.

J1y1s1 OLIIHKY CTYTEHIO BIUIMBY 010MaJIbHOTO Ha KOHCTPYKIIIMHI MaTepiaiu HaMu
BBEJICHO TOHATTS KOe(dIlliEHTa aKTUBHOCTI, SKHH XapaKTepu3ye BiJHOIICHHS
KUTBKOCT1 J€COpOOBAHUX YACTHHOK JIJIsl PI3HUX METaJiB B CEpeOBUIIl Oloau3ens i
MIHEpaJbHOTO JW3EJIBHOTO TajabHOro, skuii crtaHoBuTh K(&)=1,05...1,12, B
3aJIEKHOCTI B1J] MaTepialiiB TPUOOCTIPSKEHb.

Mu 3BepHyIM TaKOX YyBary Ha BUHUKHEHHS CTaTUYHOTO 3HOIITYBaHHS
TEePTHOBUX 3'€IHAHD SKE MPOSBISIETHCS B MPOIIEC MPOCTOIB TEXHIKU. Y 3B’SI3KY 3 LIUM
HaMu OyJI0 BBEACHO TMOHATTA KOEQIIEHTAa PEXKUMY pOOOTH, 3HAYEHHS SKOTO
crtanoButh Kt=0,78...0,92. MiHiManpHU#l 3HOC MAalOTh CTalll 3 BMICTOM XPOMY
2,5...3% 1 Oinbme. ToMy crami, sfiKi B JaHMA 4Yac BUKOPUCTOBYIOTHCS B SIKOCTI
KOHCTPYKIIWHUX MaTepiajiB NPAKTUYHO HEMOBUHHI BUKOPUCTOBYBATHUCS MPHU pPOOOTI
B CE€pEIOBHUIII 010MATBHOTO OCKUIBKH Y HUX BMICT XpOMY CTaHOBHTH 1,5...2%.

JecopOriisi 4acTMHOK MaTtepiayliB B CEpeAOBUIIE 010MaJbHOIO € BaXKJIUBUM
MOKa3HWKOM OLIHKHM iX moBeAiHKW. OnHak, OUIbLI MOBHY KAapTHUHY HaM Jaju
pe3yiabTaTH  JOCHIDKEHHS TPOLeCYy 3HOIIYBAaHHS. 3a3HA4ye€Hl  JIOCIIKCHHS
IPOBOJWINCH Ha CIELIaJIbHO BUTOTOBJIEHIM YCTAHOBII, fKa 3a0e3neuyBajia TepTs
napu TUIY «POJUK-KOJOAKa». bymu BumpoOyBaHI HaMOUIBII pPO3MOBCIOMKEHI
Martepiajiy JjIsl BUTOTOBJICHHS BIJMOBIIAJIbHUX €JIEMEHTIB (DYHKIIIOHAJIbHUX CHCTEM.
Pesynapratn BumpoOyBaHb pI3HUX MaTepiajiB Ha MAaIIUHI TEepPTA JO3BOJISAIOTH
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CTBEP/)KYBAaTH, 1110 BUCYHYTa paHillIe TinoTe3a Npo CTYMIHb MBUAKOCTI 3HOLIYBaHHS
PI3HUX KOHCTPYKLIMHHUX MaTepialiB B 3aJ€KHOCTI B iX CTPYKTypHU 1 XIMIYHOTO
CKJIAJTy IiJITBEPIKY€EThHCA.

ExcnepumenTanbHi TpUOOTEXHIYHI JIOCHIKCHHSI BIUTUBY OlOMaJbHUX Ha
MOBEJIHKY PI3HUX MaTepialiB MOKa3ajk, IO IPH BUKOPHUCTaHHI I[LOTO BHUIY
NaJbHOI0 HEOOX1JHO 3aMIHMTH MaTepiajiu 3 SKUX BHUTOTOBJICHHI JeAKl  JeTail
(GYHKIIIOHATBHUX CUCTEM.

B sikocTi 00'€KTIB AOCIIKEHHS OyJin oOpaHi MaTepiaiu JaeTajei: BTyIKa Oyia
BurotoBiieHa i3 ctam IIIX15 3 tBepaictio moBepxui 60-62 HRC; kononka: OGponsa
Bbp OCL] 5-5-5; cipuii yaByn CY 20; Ctanb 45 (TepmiuHo 00poOiena); amominiit A0.

Jisg Toro, mo0 NPOrHO3YBAaTHU pECypC CIPSIKEHb, HANPUKIAL —«TUIb3a
HMTIHAPA-TIOPIIHEB] KIIbLA», HEOOXIHO 3HATH, AK OyIyThb BECTH ceOe naeTal B
mpolieci  eKCIulyaTallli, a TakoXX SKHiM OyJae MaTtu Micue BHJ 3HOCY. MeTor €
BCTAQHOBJICHHS aHAITUYHUX 1 EKCTIEPUMEHTAIBHUX 3aJICKHOCTEH ISl TPOTHO3YBaHHS
CTPOKIB HapoOITKy A0 BIJIMOBH CIpSDKEHBb 4epe3 KoedilleHT 3Hocy. B cBoro uepry,
3HAIOYM CTPOKU HApOOITKY J0 BIJIMOBU MOXHA JIaTH MPOTHO3 IO arperaTy B LIJIOMY.

OCKITBKH pecypc arperaTy BHU3HAYA€THCS 3HOCOM OCHOBHHX CIIOJy4€Hb, TO
3HAIOUM M0 PO3PaXyHKOBUX CXE€Max BEJIMUYMHY TpaHuuHoro 3Hocy [Urp] okpemmux
TPUOOCTIPSKEHb, MOKHA BHU3HAUYUTH TPAHWYHUI HApOOITOK BY3miB 1 arperariB T
UTIHIPO-TIOPIITHEBOI TPYTIH.

Busznaueno, 1o BUKOpUCTAaHHS 010AM3€IbHOTO MAJLHOTO B POOOTI MOOLITBEHOT
CITBCBKOTOCTIOJIAPCHKOT  TEXHIKM  HEraTUBHO  BIUIMBA€E HA  HAMIAHICTh il
¢dynkuionansHux cuctem. Cepen pakTopiB, 110 BUKIUKAIOTH 3HIKEHHST HAA1MHOCTI,
HalOLIbII 3HAUyIN YMOBH ekcruryaramii (15...20%) Ta pexxumu podotu (50...60%)
Ta (P13MKO-XIMIYHI BJIACTUBOCTI KOHCTPYKLIMHUX MaTepialiiB, 10 BUKOPUCTOBYIOTHCS
JUIS BUTOTOBJICHHSI OKpeMuX esleMeHTIB (25...30%).

JoBeaeHo, mo 610au3eNb € O1IbII arpeCUBHUM JI0 KOHCTPYKLIMHUX MaTepiaiiB
MOPIBHSHO 3 MiHEPAJIIBHUM AU3EIbHUM MATMBOM. Lle mOsSICHIOETHCS TOSIBOIO BIIBHOTO
BOJHIO Ha TMIOBEpPXHI MaTepialiB, IO CHPHUSE YTBOPEHHIO OKCHIHMX IUTIBOK 1
MPOHUKHEHHIO BOJHIO B MOBEPXHEBI IIapW METaly, MO CIPHUSE BOIHEBOMY 3HOCY.
HiBemtoBanHs 111€1 HETAaTUBHOI AKTMBHOCTI MOXKJIMBE 3a PaxyHOK 3MEHIIICHHS
KUJTBKOCTI METaHOJIy B 010IU3€JI1.

Bu3HaueHO aHAMITUYHI Ta €KCIEPUMEHTANbHI 3aJIEKHOCTI JIJIsl MPOTHO3YBAHHS
yacy poOOTH [0 BUXOAY 3 JaAy TPHUOOCHPSIKEHb «Tilb3a IWIIHApPA - MOPUIHEBE
KUJIBLIE» 33 paXyHOK Koe(illieHTa 3HOCY.
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JOCJJIKEHHS CTIMKOCTI CXWJIIB 3A JOITOMOTI OIO
HEHABAHTAEHOI JITHIMHOI BATATOILIAPOBOI MOJAEJII TIPYHTY 3
BUKOPUCTAHHSAM METOAY CKIHHEHUX EJIEMEHTIB
J. M. Iakonwox’, k.giz.-mam.n., ooyenm, B. O.Yymaxesuu?, K.m.H., doyenm
B. B. Yymakeeuu ', mazicmp, O. C. Heoowiosenko?, mazicmp
Ulvsiecokuit nayionansnuii ynieepcumem imeni leana @panka
’Hauionanvhuii ynieepcumem «J/Ibgiscoka nonimexnika

AHoTanisi. Po3risiHyTO 3MiHM METEOPOJIOTITYHUX YMOB Ha TepUTOpii YKpaiHu
Ta 3p00JIECHO BHUCHOBOK MPO 3POCTaHHS KUIBKOCTI OMAJiB Ta CTUXIMHUX NuX. Sk
HACIZIOK TaKWX KIIMaTUYHUX 3MiH OyayTh 3MIHIOBAaTHUCh HECydYl BJIACTHUBOCTI Ta
CTIMKICTh TPYHTIB, IO MOXKE TPHUBECTH 10 TIJBUIIECHHA HEOE3MeKu TiJ Yac
MPOBEJICHHS CUTbCHKOTOCTIOIAPCHKUX POOIT Ha cxmiax marop6iB ta rip. Ha ocHOBI
JiHIAHOT OararomapoBoi MOJENl IPYHTY 3 BUKOPHUCTAHHAM METOJY CKIHYEHHUX
€JIEMEHTIB TOKa3aHO MOXJIMBOCTI MPOTHO3YBaHHS 3MIHM CTIMKOCTI Ta HECY4YHX
3IaTHOCTEM TPyHTIB Ha cxuiiax. HakpeciieHo moganbIii Hamps MK JOCITIIPKEHb.

KurouoBi cjioBa: cxuj, CTIHKICTh, €KBIBAJICHTHI IJIACTUYHI JIeopmariii, METOT
CKIHYEHUX €JICMEHTIB

OcTaHHIM YacoM CIOCTEPIraeThCsi 30LIbIIEHHS KIIBKOCTI omagiB B [1-3]
BKa3yeThes: «B YkpaiHi HAWMOMMPEHIMUM CTUXIHHIM METEOPOJIOTIYHUM SIBUIIEM €
Ty’K€ CUJIBHHUH IO, IO 3YMOBIIOE€ KaTacTpo(iyHi 3JIMBH, CEJi, TOBEHI, 3aTOILTIOE
3HaYHI TEPUTOPIi CUIBCHKOTOCTIOAAPCHKUX  YTifb, JKUTIOBI Ta BHUPOOHUYI
MPUMIIIEHHS 1 HaBITh MPU3BOAUTH A0 3MiHM JaHmmadty [1]. 3a 1986—2010 pp.
3adikcoBano 1355 BumankiB takoro momry (1ie 44 % Bin yciei kinmbkocti CMS, 1o
criocTepiraiucs B YKpaiHi B 1ieil mepion). 3a JaHUMH [2] y cepeaHbOMY LIOPIYHO
peecTpyeTbes 53 BUIMAIKHU JyKe CHIIBHOTO Jomry.» Takox B [3] HOBoguThes puc. 1 Ta
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http://www.tsatu.edu.ua/tstt/wp-content/uploads/sites/6/mamontov.pdf
http://www.tsatu.edu.ua/tstt/wp-content/uploads/sites/6/boltjanskyj-o.2.pdf
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http://www.tsatu.edu.ua/tstt/wp-content/uploads/sites/6/skorb.pdf
http://www.tsatu.edu.ua/tstt/wp-content/uploads/sites/6/zavolokin2.pdf
http://www.tsatu.edu.ua/tstt/wp-content/uploads/sites/6/zhuravel2.pdf
http://www.tsatu.edu.ua/tstt/wp-content/uploads/sites/6/vodjanyckyj.pdf
http://www.tsatu.edu.ua/tstt/wp-content/uploads/sites/6/sapozhnykov.pdf
http://www.tsatu.edu.ua/tstt/wp-content/uploads/sites/6/boltjanskyj.pdf
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HacTymnHa ¢paza: «HaiiBuila moBTOPIOBaHICTh AYyKe CHIIbHUX AOIIIB (30 MM 1 OjIbIIe
3a 12 roauH 1 61s1bIIe) AT BCi€T TEpUTOPil YKpaiHU XapaKTepHA JJIs TITHBOTO CE30HY
— 61 %.» TakuM YMHOM MOXHA KOHCTaTyBaTH, IO 3HA4YHAa KIJbKICTh OMAJIiB Ta
CTHXIMHHUX SBHII BIJIOKBAE€THLCI caMe B JITHI MICSIll, KOJIU Ha IOJISI BUBOJIUTCS BEJIHKA
KUIBKICTh TEXHIKH.

W Yepseno W Jlvnede M Cepnexdb W lHWI micayi

Puc. 1. [ToBTOpIOBaHICTH JIyK€ CHIIBHUX JOIIIB JIJIsl TEPUTOPIl YKpaiHU B Pi3HI MiCSII

CyuacHe 3emiiepoOCTBO BHKOPUCTOBYE MAUISIHKA HE JIMINE HA PIBHUHHINA
MICIICBOCTI, @ ¥ Ha cxujax marop6OiB, Tip Tomo. Ciia BIAMITATH, IO MPU TaKii
KUIBKOCTI OTaJIiB 3pOocTae Hebe3eKka OMoB3HIB, 00BaJIiB, 3CYBIB IPYHTY TOIIO.

TakuM YMHOM MPOTHO3YBaHHS CTIMKOCTI CXUJIIB MPH 3MiHI KJIIMAaTUYHUX YMOB
Ta KUIBKOCT1 BOJIOTH B IPYHTI € aKTyaJbHOIO 33]1a4€lo.

B psnai miteparypu [4 — 9] nmoka3aHo, 10 NMPU 3MiHI BOJIOTOCTI IIapiB IPYHTIB
3MIHIOIOTBCSl X HECyYl 3/aTHICTh Ta CTIMKICTh. B pe3ynbTaTi Takux 3MiH Oe3neka
MPOBEJCHHS CUTHCHKOTOCIIOIAPCHKUX POOIT Ha CXHMIJIaX MaropOiB Ta Tip 3HU3HUTHCA.
Tomy HEOOX1THO TPOTHO3YBATH 3MIHY 1X HECYUHUX MOMJIMBOCTEN Ta CTIMKOCTI.

[Tix gac mocmikeHb CTIMKOCTI CXMIJIy MU BUKOPUCTOBYBAIM METOJI CKIHUECHUX
enementiB (mam MCE) [4-9]. Meroax BUHHMK JUIs BUPIIICHHS 3aBJaHb OI[IHKH
€JIACTUYHOCTI Ta CTPYKTYPHOTO aHaNI3y CKIAJHUX KOHCTPYKIIH B iHXKEHepii.

MCE-nporpamu 3a0e3ne4yt0Th MUPOKUN CIIEKTP MOMKIMBOCTEH MOJICITFOBAHHS
KOHTPOJIIO CKJIATHOCTI CUCTEM PI3HOTO HOPSAKY.

CyTHICTb METOJy TMOJsIra€e B YHUCEIBHOMY 3HAaXOJKEHHI PO3B’SA3KIB
IHTErpaJIbHUX Ta JU(PEPEHLIaTbHIX PIBHAHbD Y YACTKOBHUX MOX1AHHX.

Ha puc. 2 — 3 HaBeneHo npuKIaau nporpamHoi peanizauii merony. Haxanp Ha
JaHOMY €Tall MU He 3aBepUIMJIM MOAYJb MOJENI, SKHM BiANOBiAa€ 3a MOOYIOBY
€KBIBAJICHTHUX IIJJACTUYHUX Je(OpMalllil Eeqpl, TOMY TIpadiuHy I1HTEPHOJALIIO
JIOTPUMAHMX JaHUX 3AIMCHIOBAIM 3a JOMOMOTroo mporpamu Surfer (puc. 4).

B sKocTi HampsMKy TOAadbIIMX JOCHIPKEHb OyJIeMOo MporpamyBaTh
MIPUBaHTaXEHHS PI3HUX 00JIacTel 30HU JAOCTIKEHHS (pucC. 5).
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Puc. 2. IloGynoBa KOpJIOHIB IPYHTIB Puc. 3. 'enepyBaHHs TpUAHTYJISAIIIHOT
CITKHM TPUKYTHUX CKIHYECHUX €JIEMEHTIB

! 3

; A

Puc. 4. 'eHepyBaHHs €KBIBaJEHTHUX Puc. 5. BapianTu HaBaHTaXXE€HHS Ha
IUTACTUYHUX AePOpMALIIH Eeqpl B CXUJT
nporpami Surfer

Bukopucranas MareMaTUYHOrO MOJEIIOBaHHS CTIMKOCTI CXWJIIB JO3BOJUTH
IIJIBUIIUTH O€3IEeKy MPOBEICHHS POOIT.
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MOJEJIOBAHHS IHOOPMALINHOI CUCTEMMH 3 JIOITIOBHEHOIO
PEAJIBHICTIO «PO3YMHA ®EPMA»
A.M.)Keneznax', k.e.n., B.B. [Imawnux*, k.m.n.,
B.B. Cmonincokuit*, k.e.n., F'owxo 5.M.%, k.¢h.-m.n.
UTveiecokuit nayionansnuii ynigeepcumem npupoookopucmysanus
2/Tveiscokuii nayionanvruii ynisepcumem im. leana @panka

Abstract. The study presents the structure of the information system with
augmented reality "Smart Farm™ and gives its description. The directions of the
transformation of the "Smart Farm™ information system are proposed, taking into
account the main challenges and opportunities of the digital transformation of
technological processes in agriculture.

Keywords: information systems, modelling, smart farm, augmented reality,
agricultural enterprises.

3 KOKHMM POKOM CIJIbChKE TOCTIOJIAPCTBO BCE O1NIbIIIE BUKOPUCTOBYE PO3yMHI
TEXHOJIOT1i N1 BUPIIIEHHS BUPOOHWYUX 3aBAaHb. J[OCHTH YacTo Ii TEXHOJOTii
BUKOPUCTOBYIOTbCSI B OKPEMHX Taly3sfX CUIBCBKOTO  ToOcCmojapcTBa  abo
TEXHOJIOTIYHUX TIpollecax. 3MiHa KJIIMAaTy Ta 3pOCTaHHS IiH Ha 3acCO0U 3aXHCTY
pociuH, n00puBa, HadTy, Ta3 3yMOBIIOIOTH HEOOXIAHICTh KOMIUIEKCHOTO
BIIPOBA/DKEHHSI CMapT-TEXHOJIOTIM y TOCHOAAPCHKY MHiSUIBHICTH TOCMOAAPCTB, IIO
J03BOJIUTH 3IMCHIOBAaTH YMPABIIHHSI B CLIBCBKOMY TOCHOJAPCTBI Ha HOBOMY,
SIKICHIIIIOMY P1BHI.

Po3zyMHe 3emiiepoOCTBO € BaXJIMBUM ISl CIIILCHKOTO TOCTIONAPCTBA, OCKUIBKU
CUCTEMH TOYHOrO 3eMJIEPOOCTBA MOXYTh 3MEHIIMTH BUKOPUCTAHHS IIKIAJIUBHUX
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XiMIKaTiB 1 BHUKUAW Byrient. EdexkTuBHe 3acTOoCyBaHHS CHCTEM PO3yMHOIO
3eMJIepoOCTBa JToToMarae BIaCHUKaM CLIbCHbKOCTIOAAPCHKUX YTiAb alanTyBaTHCS J0
3MiH KJIIMaTy, 30epiraloun HaJeKHUMN PIBEHb MPOYKTUBHOCTI y BUPOOHHUIITBI.

TexHomorii MOHITOPUHTY Ta YIpPAaBIIHHSA B TBAPUHHHUIITBI JTAalOTh MOXKJIMBICTD
BIJICJTIIKOBYBAaTH B PEKMMI PEAIbHOTO Yacy BHUPOOHHUYI MPOLECH, M0 € KPUTHYHO
BOXJIMBUM Y Tally3l, e CTaH 37J0pOB’sl TBAPUH MAa€ BEIUKUN €KOHOMIYHHI BILJIMB HA
raay3b B HUJIOMY. TeXHONOrii po3yMHOi epMU TO3BOJIAIOTH OMEPATUBHO 30UpaTH
JlaH1, IMABUIYIOYH PIBEHbh MOHITOPHHTY Ta KOHTPOJIIO 3a BCiMa cepaMu IisUTBHOCTI.
OpHi€ero 3 TakuxX MEPCHEKTUBHUX TEXHOJOTIN, OJHAK J0 IIbOTO MEHII XapaKTEepHUX
JUISL arpapHoi cepH, € TEXHOJIOTIS JOMOBHEHOT peanbHOCTI [1].

JlomoBHEHa pealibHICTh — 1€ TEXHOJOrisA, sKa HakjlaJlae CTBOPEHE
KOMIT IOTEpOM 300pak€HHsI Ha peajibHUM CBIT KOpPUCTyBada, 3a0€3MeUyroud TaKUM
YUHOM BiJMOBIIHE 300paKeHHS.

JlomoBHEHa  pealbHICTh MOXE JOmoMOrTH  ¢epmepam  OopoTHcs 31
MIKITHUKAMH, Ma€ IEePCIEKTUBH B TOYHOMY 3emiiepoOctBi [2]. ¥V dyHKkmionam
CYy4YaCHOI CUIbCHKOTOCIOJIAPChKOI TEXHIKM NPHUCYTHI JE€AKl €JIEMEHTH JOIOBHEHOI
peanbHOCTI. 3aBISKU BIpTyajbHIM Ta JOMOBHEHIN pEeaJIbHOCTI HOBUHM CIIBPOOITHUK
MOKE BIANPAlbOBYBAaTU IEBHI CIIEHApIi B IrPOBOMY pPEXHUMI Ta TPEHYBaTH CBOIi
HABUYKH.

TexHomor1g JOMOBHEHOI pealbHOCTI MOXKe OyTH IHTErpoBaHa B 1H(GOpMaLiiHy
«Po3ymHa pepmar.

Peanizariisi KOMIJIEKCHOTO MiAXOAY IIOJI0 HA €Tari pO3pOOKH Ta MOJICITIOBAHHS
1H(MOpMAIIHOT CUCTEeMH, BUKOPUCTAHHS 1HTEICKTYyaIbHUX TEXHOJIOTIH 1 JOMOBHEHOT
pealbHOCTI B CUIBCBKOMY TOCIOJApCTBI  SIK  JDKEpesla HOBUX JAaHUX B
CUTbCHKOTOCTIONIAPCHKINA Taly3l MOKE MPHU3BECTH JI0 TOSIBU HOBUX KOMITOHEHTIB
Smart Farm Management Software. L{i Mmoaysi MOXyTh OyTH OB si3aH1 3 0OPOOKOIO
JAHUX y POCIMHHUITBI Ta TBAapUHHULTBI: OOJIK yrifb, BI3yaJIbHUA aHami3
po3TallyBaHHs MOJIIB, 00poOKa CyMyTHMKOBUX 3HIMKIB, MOJIbOBI JOCIHIJKEHHS 3a
JOTIOMOT 00 MOOUIBHUX J0J1aTKiB, pe3yibTati GPS-mouiTopunry oonaananss, ['IC-
TEXHOJIOT1i Ta KapTOrpaMH, METEOPOJIOTIYHI CIOCTEPEKEHHS, TEXHOJIOTIYHI KapTH,
yIpaBIiHHS XyJ00010 Ta MOHITOPHUHT.

MopentoBanHs iHGopMaliifHoi cuctemu «Smart Farmy» Ha OCHOBI MOMJIMBUX
creHapiiB 1udpoBoi TpanchopMmallii TiAIPUEMCTBA, 3MIH Y CUCTEMI Ta 300py JTaHUX
nepeadavyaTUME €Tanu BiJl OLIHKU MOTOYHOTO CTaHy aBTOMATH3allli TEXHOJIOTIYHUX
MpOIIECiB B POCIUHHUIITBI Ta TBAPUHHUIITBI JO PO3pOOKM Ta BIPOBAKEHHS
iH(popMariitHOT cUCTeMH 3 JOTIOBHEHOIO pealibHICTIO «Smart Farmy.

JloroBHEHa peasibHICTh Ta 1HII 1HTENEKTyallbHI TEXHOJIOTIi MpOTpecyroTh Y
CBITI 1 BJKE€ BIIPOBA/KEHI B 0aratbox raiay3sx MPOMUCIOBOCTI, BKIIOYAIOUN CiTbChKE
rOCIIOJIapCTBO.

CUIbChKOTOCTIOAPChKI MIAMPHUEMII BCE III€ OOSITHCS 1HBECTYBATH B TEXHOJIOTI,
OCKIJIbKM BOHHM MPOCTO HE 3HAIOTh IMOBHOTO CIEKTPY MOXJIMBOCTEH JOMOBHEHOI
peanbHOcTi. Hes3Baxkatroun Ha Te, WIO0 CUIbCbKE TOCIOAAPCTBO  paHIIIe
XapaKTepU3yBajioCcsd TMOBUIBHIIIMMHU  TEMIIAMH  BIPOBAKEHHS  1HHOBAIIHUX
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TEXHOJIOT1H, 3HWKEHHA X BapTOCTI MPUIIBHUIIIAIIO MPOLIEC 3aCTOCYBAHHS PO3YMHUX
TEXHOJIOT1H, Y TOMY YHCIIi JJOTIOBHEHOI PEaIbHOCTI, Y CLTIbCBKOMY T'OCTIOZapCTBI.

Po3pobka edexTuBHOI Ta AKICHOI 1HGOpPMAIIHHOI CHUCTEMH 3 JIOHNOBHEHOIO
peanbHicTIO «Smart Farmy» 3 ypaxyBaHHSM yCiX MOXJIUBUX HampsMiB HHU(PPOBOT
Tpanchopmariii hepMepcTBa J03BOJUTH NMPUAMATH €(PEKTUBHI YIIPABIIHCHKI PIICHHS
Y TIEPCTICKTHUBI.
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OCOBJINBOCTI ®OPMYBAHHS BA3U JAHUX THOOPMAIIMHOI
CHUCTEMM YIIPABJIIHHSA PECYPCAMU PIVIBHUYOI'O
I'OCIIOJAPCTBA
Ilaowka P.1I., k.m.n., .M. JIyo, k. m.n., Tamomup A.B., K.m.H.
JIvgiecoKuil HAUIOHAILHUIL YHIGEpCUmMem NPUPOOOKOPUCHYBAHHA

Abstract. Managing projects for the production of agricultural products is an
extremely complex and time-consuming process with a large number of uncertain
factors that significantly affect the result. The main limiting factor during the
management of such projects is the availability of appropriate land and production
and technical resources. Studying the sufficiency of available resources, justifying
their additional need, developing a work plan in projects is an important task during
the management of these projects.

Keywords: project management, database, resources, information system.

VYrpaninHsg mopTdeneM TPOeKTIB 3 BUPOOHHIITBA CUTbCHKOTOCTIONAPCHKOT
MPOAYKINT HAA3BUYANHO CKJIQJHUI Ta TPYJIOMICTKHUNA MPOLEC 3 BEJIUKOI KUIBKICTIO
HEBM3HAUEHUX (aKTOpiB, MIO0 3HAYHO BIUIMBAIOTh Ha pe3yibTar. (OCHOBHHUM
OoOMEXyBaJbHUM YMHHUKOM TiJl 4Yac YNpaBJIiHHA MOpPTHEIeM  MPOEKTIB
cinsebkorocnoaapcbkoro mianpueMmctsa (CI'TI) € HasBHICTD BIIMOBIAHUX 3€METBHUX
Ta BUPOOHUYO-TEXHIUHUX pecypciB. 10 BUApOOHMUO-TEXHIYHUX PECYPCIB BIAHOCITHCS
TPaKTOPH, CUTbCHKOTOCIOIAPChKI MAIllMHU, KOMOAaHH, MPUMILIEHHS Ta 00Ja HAHHS
JUTSI TIEPBUHHOT TIepepoOKku Ta 30epiraHHs MPOAYKIIi TOIO. BuBUeHHS mOCTAaTHOCTI
HassBHUX PECYpPCiB, OOTPYHTYBaHHS iX TOAATKOBOI MOTpeOH, po3poOKa uiany podiT y
MPOEKTaX € BAKIMBUM 3aBIAaHHSIM i 4ac ynpasiaiHasa noprdenem mpoekti CITI.

BrnpoBamkeHHss cucTeM — aBTOMATW3allii  yOpaBlIiHHA  NPOEKTaMU Y
CLIbCHKOTOCTIOAAPChKE BUPOOHHUIITBO J03BOJHMTH MIHIMI3yBaTH PU3WKH Ta 3HAYHO
edeKTUBHIIIE BHKOPUCTOBYBAaTH BHUpOOHMUO-TexHIUHI pecypcu CITI. Opnak,
Npe/ICTaBiICHl Ha PUHKY CHUCTEMH HE 3HaXOASAThb CBOTO 3aCTOCYBAaHHS Yy
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CUIBCBKOTOCTIOAApPChbKOMY BUpOOHMITBI. Ile 3yMoBIE€HO THUM, WO [Js YMOB
CLIbCHKOTOCTIOAAPCHKOTO  BHPOOHHWIITBA PO3TJSHYTI MPOTpamMHI  TPOAYKTH €
MaJONpPHUIaTHI, OCKUIBKM HE BpPaxOBYIOTH IIJIOTO DSy MIHJIMBUX YHMHHHUKIB, IO
CYTTEBO BIUIMBAIOTh Ha MPOEKTH BHPOOHHUIITBA CLIBCHKOTOCIMOAAPCHKOT MPOMYKIIII.
IcHye HEOOXiHICTH aAanTallli ICHyIOUUX CHCTEM 3 YIPaBIiHHS MPOEKTaMU 10 YMOB
CITbCBKOTOCTIOIAPCHKOTO ~ BHUPOOHMIITBA, YW  CTBOPEHHS  IUJIKOM  HOBHX
BY3bKOCIICI[IATI30BaHUX MPOTPaMHUX TMPOAYKTIB 3  YOPaBIIHHA MPOEKTaMHU
CLIBCHKOTOCTIOAAPChKOT0 BUpOOHMIITBA [1]. ¥V CBOIO Yepry, Taka ckjajHa aHaJITHYHA
CHUCTEeMa He MOXKe ICHyBaTH 0€3 CTBOPCHHS BIJAINOBIIHOI 06a3u gaHux. baza manux —
IIe CTPYKTypOBaHa CYKYMHICTh JaHUX, Kl BIJOOpakarOTb CTaH 00’ €KTIB TEBHOL
peaMEeTHOT 00J1acTi Ta 3B’ A3KU MiXK HUMU [2].

ba3za naHux ckiagaeTrbes 3 ABOX YaCTUH: 30epekeHoi 1H(popMalli Ta CUCTEMU
KepyBaHHs Hero. Cuctema KepyBaHHs 0a3amMH JaHUX — 1i€ Iporpama, o 3ades3neuye
MOKJIUBICTh CTBOPEHHA 0a3M JaHWX Ta BUKOHAHHS PI3HOMAHITHUX oOlepamiy 13
naHuMu. baza maHux cucteMu aBromMaTu3alli yrpasiaiHHsa noptdenem npoektiB CI'TI
chopMoBaHa 3a PEALINHOI MOJEUIIO 1 CKJIAJAEThCA 3 HACTYIHUX BIJHOIICHB
(Tabnuiib): 1) XapakTepUCTUK 3€MEIbHUX AUISTHOK Ha SKUX BUKOHYIOTHCSA MPOEKTH
nopTdento; 2) XapaKTEPUCTHK pPOOIT OKpEeMHUX MPOEKTIB mopTdento; 3)
XapaKTEPUCTHK TEXHIYHHUX PECYPCIB.

KoxHa 3emenpHa JiISTHKA 337a€ThCS KOPTEXKEM 13 TakuMu atpuOyTamm: 1)
IIoma; 2) cepenHsl JOBXKHWHA poOO4Yoro TroHy; 3) cepenHiid cxuil penbedy; 4)
MUTOMUH omip IpyHTY. POOOTH OKpeMuX MPOEKTIB MOPTGETIO 3a1aI0ThCS KOPTEKEM
13 Takumu atpuOytamu: 1) Bum poboTu (OpaHKa, KyJIbTHUBAIlisl, XIMIYHUN 3aXHCT,
TOIIO); 2) arpoTeXHIYHO-3yMOBJICHHM 4Yac BUKOHAHHA poOOTH; 3) TEXHOJOTIYHI
napameTpu podotu (TiubuHa 00poOITKY, HOpMa BHECCHHS TOIIIO).

BigHOIIICHHST «TEXHIYHI pecypch» MOIISETCS Ha MacuBH: 1) eHepreTHuHi
3aco0u; 2) CUIbCHKOTOCHOJAPCHhKI MAaIIMHU; 3) CaMOXiJHI CUIbChKOTOCIOAAPChKI
MaIlIMHY Ta KOMOaNHHU.

MacuB «eHepreTU4Hi 3acO0M» 3a/1a€ThCd MHOXKHMHOKO KOPTEXIB 13 TaKUMU
atpulOyTtamu: 1) Tsarose 3ycwiuis; 2) TUN pyulis; 3) XapaKTEepUCTUKU HAYIMHOI Ta
riApaBIIvyHOI cUCTEM; 4) MUTOMA BUTpaTa MaJiuBa.

MacuB «CUIbChKOTOCTIOIAPCHhKI MAIIMHWY 33a/Ia€ThCSI MHOKMHOIO KOPTEXKIB 13
TakKUMU arpuOyTtamu: 1) TEXHOJIOTIYHE MpU3HAYeHHs; 2) poOoya MBHUIKICTh; 3)
TATOBUH OMip; 4) XapaKTEPUCTUKU HAYIITHOT Ta T1IPaBIIYHOI CUCTEM.

MacuB «caMOXiJIHI CLTbCHKOTOCIIONAPChKI MAIIMHA Ta KOMOAWHWY» 3a/1a€ThCS
MHOXHMHOIO KOPTEXKIB 13 TaKUMHU aTpuOyTamu: 1) TEXHOJOTIYHE MPU3HAYCHHS; 2)
po0oyva MBHUIKICTh; 3) MUTOMA BUTpaTa MajvBa.

Cucrema xepyBaHHS Oazamu JaHUX 3a0e3medye pPO3paxyHOK TEXHIKO-
eKCIUTyaTallliHMX TMOKAa3HUKIB TEXHIYHUX pPecypciB, SKi B  MHOJAIbLIOMY
BUKOPHCTOBYIOTHCSI MPUKIIAJTHOIO MPOTPAMOI0, a caMe TOJWHHY MPOAYKTUBHICTH Ta
BUTpaTy  €HEPreTUYHUX PECypCciB  MAIIMHO-TPAKTOPHMMM  arperatamMud  Ta
CaMOXIJIHUMHU  CUIbCHKOTOCTIOJAPCHbKUMU ~MAlIMHU Ta KoMOailHamMu mijg — 4ac
BUKOHAHHS orepanii noptdens MpoeKTiB Ha BU3HAYEHUX 3eMEIbHUX JUISTHKAX.
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METHOD AND AUTOMATED TOOLS FOR NON-DESTRUCTIVE
QUALITY CONTROL OF ELECTRICALLY CONDUCTIVE OBJECTS IN
AGRO-INDUSTRIAL COMPLEX.

Vyacheslav Chaplyha, DSc., Lviv National Environmental University
Jan Minister, Ph.D., VSB - Technical University of Ostrava
Volodymyr Chaplyha, Ivan Franko National University of Lviv

Abstract. The article proposed method use the eddy-current transducer with a
rotating multifrequency magnetic excitation field and digital three-dimensional
processing of recorded signals in a robotic system for non-destructive quality
control of parts and assemblies made of electrically conductive materials. This
makes it possible to increase the reliability of detecting defects and the information
content of assessing their parameters due to the volumetric localization of the
rotating magnetic field of excitation in the object, followed by the use of pattern
recognition algorithms.

Keywords: methods, automated tools, non-destructive quality control,
electrically conductive object, eddy-current transducer, agro-industrial complex.

Digital transformations in all sectors of the agro-industrial complex are causing
the intensification of the use of robotic technological objects of production processes.
This increases the requirements for their reliability, maximizing uptime, which
requires real-time non-destructive testing (NDT) of the state of elements and
components at all stages of their life cycle.

In existing NDT systems, the eddy current method is widely used and probes
with a rotating magnetic field are used [1-4]. To increase the information content and
reliability of the NDT, is proposed to localize the exciting magnetic field in the
azimuthal plane. In this case, an azimuthal inhomogeneity of the magnetic field
is formed, which rotates in space and scans the controlled surface of the
technological object unit. Inhomogeneity and localization of the field is achieved
by selecting the phases of the n harmonics of the quadrature multifrequency
field of excitation, which are superimposed in space and rotate synchronously.

According to the technique proposed by us in [5], the control reliability is
increased due to the localization of the rotating magnetic field of excitation. This is
achieved by exciting n harmonics with 2n quadrature generators in n field
windings, which consist of 4n sections. In this method of multifrequency sensing of
the material of a technological object, an azimuthal inhomogeneity of a rotating
electromagnetic field is formed with a narrow direction and a bell-shaped
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amplitude distribution in the scanning plane. In this case, a rigid binding of
the angular position of the maximum of the azimuthal inhomogeneity field to the time
axis is realized. Multifrequency allows to determine the depth of defects, and the
binding to the time axis of the angular position of the maximum of the rotating field
of the azimuthal inhomogeneity makes it possible to determine the angular
oordinates, length and orientation in space of the defect with uniform movement of
the robe along a given trajectory in the plane. This significantly increases the
reliability nd information content of non-destructive testing. “The informative
signal recorded by the probe is cyclical. Therefore, it is proposed to use the in-phase
summation of the informative signal and its averaging over N periods. This will
increase the signal-to-noise ratio of the resulting signal by a factor of YN. But there
are also systematic errors that decrease in multipolar measurements, when the
direction of the magnetic induction of the excitation ield of the probe changes twice
per period, which creates a multipolar information ield in the measuring coil of the
probe.

When registering the information field and subsequent digital processing of the
signal, a result will be obtained with increased reliability and information
content of the NDT of the nodes of technological objects of the agro-
industrial complex made of electrically conductive materials.

The automated system is a robotic unit for moving the probe over the object
under study, as well as an eddy current channel with a high-speed interface
for connecting to desktop and laptop PCs with specialized software.

The proposed system is designed to increase the information content,
accuracy, reliability, speed, cost-effectiveness of diagnostics and control of defects in
electrical units of technological objects of the agro-industrial complex.
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Section 4.
Project management.

KONCEPCJA ZARZADZANIA SYSTEMEM ORGANIZACYJNO-
TECHNICZNYM PRZY OBECNOSCI ZAPLECZA BIOTECHNICZNEGO
V. Reshetiuk, Dr inz.

Szkotla Gtowna Gospodarstwa Wiejskiego w Warszawie

Nowoczesny kompleks technologiczny (NKT), w sktad ktorego wchodza
obiekty biotechniczne (zesp6t szklarniowy, drob przemystowy) — to ztozony system
zarzadzania organizacyjno-technicznego, obejmujacy wielowymiarowe zestawy
wzajemnie powigzanych i oddzialujacych na siebie parametréw technologicznych w
przestrzeni i czasie na poziomie szklarni, high-tech oraz wsparcie techniczne procesu
produkcyjnego, zasoboéw ludzkich 1 metod decyzyjnych, ktore tworza jego
wlasciwosci integracyjne i wspotdziatajg w celu osiggnigcia maksymalnego rezultatu,
wyrazajacego si¢ w maksymalizacji kosztu kapitatu.

NKT jako system organizacyjno-techniczny transformacji zasoboéw (na
przyktadzie kompleksu szklarniowego) jest przedstawiony na Rysunku 1.

Personel <_— Place i podatki
Pienigdze
Sprzet Zakup sprzet
o przedsigbiorstwa
e energia:

OBIEKT
BIOTECHNICZNY
50 - 75%

e nasionko | Zaméwienic Realizacja
e czesci zamienne | potrzeb rynku

e narzgdzia do
ochrony roslin

Interakcja z pafistwem i
spoteczenstwem

A

Artykuty

przemyslowe

Produkty
sprzedane

Zasoby do
produkgji:

l ] - surowcy @ -konwertery zasobow

Rys. 1. Nowoczesny kompleks technologiczny jako system organizacyjno-techniczny
transformacji zasobow (na przyktadzie kompleksu szklarniowego)

Ponadto NKT jest strukturg produkcijng zalezng energetycznie (zuzycie gazu
ziemnego, energii elektrycznej, ktore w koszcie produkcji wynosi 50 — 75%), co w
dzisiejszym s$rodowisku cigglych zmian cen na rynkach energii wymaga nowych
koncepcji 1 podej$¢ do ich zrownowazonego rozwoju. A to z kolei ma zapewnic
bezpieczenstwo zywnosciowe panstwa.

Jako wskaznik efektywnosci energetycznej (WEE) NKT powinien by¢
stosowany bezposredni wskaznik WEE (a) - czyli zalezno$¢ ilo$ciowg migdzy moca
wyjsciowg (C) a wejsciowym poziomem zuzycia energii (R):
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a=C-R™?
Kryteria zarzadzania zostang sformutowane w nastepujacy sposob:
min[C(t) — C,], max[a(t)]
z nastepujgcymi ograniczeniami:
a(t) = aq, Q(t) = Co,
gdzie: a(t),C(t),Q(t)- aktualne wartosci WEE, ilo$¢ i jako$¢ produktow.

Jednostka produkcyjng NKT jest szklarnia przemystowa (czyli kurnik
przemystowy), ktéra z punktu widzenia biotechnicznego obiektu gospodarowania
charakteryzuje si¢:

v' obecnoscig duzej liczby potaczonych ze sobg podsysteméw o roznej
naturze fizycznej w procesie wzrostu obiektu biologicznego;

v' brakiem wystarczajacych informacji iloSciowych o stanie fizjologicznym
obiektu biologicznego;

v' znaczng nieliniowo$cig charakterystyk elementow systemu.

Przy szybkiej zmianie roznych sytuacji zarzadzanie takimi systemami pod
wpltywem duzej liczby czynnikéw zewnetrznych 1 wewngtrznych jest zadaniem
niezwykle trudnym, gdyz konieczne jest szybkie podejmowanie decyzji zarzadczych
w niepewnosci, niestabilnosci cen surowcoéw energetycznych, skutkujacej sytuacjami
nienormalnymi. Istniejgca teoria i praktyka zarzadzania NKT wykorzystuje gtownie
metody kontroli scentralizowanej (gléwnie wskazniki energetyczne i finansowe) w
polaczeniu z lokalnymi automatycznymi regulatorami parametréw technologicznych
na poziomie warsztatu.

Na tej podstawie jednym ze sposobow zarzadzania organizacyjnego NKT,
ktory bylby wilasciwy do zastosowania, jest zarzadzanie sytuacyjne — czyli
zarzadzanie oparte na panujacych faktach 1 okolicznosciach, ktore mozna przedstawic
jako zbidr wskaznikéw NKT, organizacji jego systemu zarzadzania i Srodowiska jego
istnienia.

Glownymi wskaznikami bilansujagCymi dziatalno§¢ NKT sg rozwigzania takich
zadan jak:

o mozliwos¢ wykorzystania alternatywnych zrodet energii,
prognozowanie zmian na rynku energii i ocena skutkow decyzji,
retrospektywna analiza jego stanu,
niezmienny monitoring technologiczny produkciji,
inteligentna obstuga klientow,

o analiza decyzyjna i prognoza sytuacji gospodarczej i politycznej za
granica za pomocg specjalnego modelowania, prognostycznych  modeli
kalkulacyjnych 1 sposobow rozwigzywania probleméw optymalizacyjnych.

Mozna to osiggna¢ podczas Czwartej Rewolucji Przemystowej, wykorzystujac
cyfrowe duplikaty, ktére tacza Internet Rzeczy, roboty, sztuczng inteligencje i
automatyzacje.

Ustalono, ze podejmowanie decyzji w zarzgdzaniu procesem uprawy warzyw
jest zadaniem trudnym i wymaga szczegoélowego zbadania zaréwno przedmiotu

zarzadzania, jak 1 metod zwigkszajacych efektywnos¢ produkc;i.
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Rozwazamy og6lng technologi¢ sterowania zlozonymi  systemami
dynamicznymi. Technologia to zestaw metod, operacji, technik, Kktorych
konsekwentne wdrazanie zapewnia rozwigzanie problemu. Nalezy zauwazy¢, ze
omoOwiona ponizej technologia sterowania obejmuje wszystkie etapy, poczawszy od
budowy modelu procesu i systemu, a skonczywszy na analizie skutecznos$ci
wdrozenia wynikow modelowania.

Pierwszy etap - budowa modelu - polega na formalnym opisie systemu
rzeczywistego, tj. okresleniu sktadu 1 struktury systemu, funkcji celu oraz zbioru
dopuszczalnych dzialan sterujgcych systemu. Na tym etapie zasadniczo
wykorzystywany jest aparat teorii gier, w ramach ktorego w rzeczywistosci zwykle
formutuje si¢ model.

Etap drugi - analiza modelu - badanie parametrow systemu pod pewnymi
mechanizmami kontrolnymi. Np. przeprowadzono badanie analityczne dla obiektu
biotechnicznego (szklarnia pomidorowa), ktore ujawnito stabe i silne powigzania
miedzy podsystemami. W zakresie badan biologicznego komponentu systemu,
aktywny eksperyment pelnoczynnikowy pozwolit okresli¢ zestaw parametrow
mikroklimatu w szklarni, ktére zapewnig optymalny wzrost ro§lin i maksymalng
intensywnos¢ fotosyntezy.

Po rozwigzaniu problemu analizy, czyli posiadania informacji o zachowaniu
si¢ obiektu sterowania przy roznych sterowaniach, mozemy przejs¢ do trzeciego
etapu - rozwigzania najpierw problemu sterowania bezposredniego, czyli problemu
syntezy optymalnych dziatan sterowania, ktére jest znalezienie prawidlowych
kontroli maksymalnej wydajnosci, a po drugie odwrotne zadanie zarzadzania -
znalezienie zestawu poprawnych rozwigzan, ktore wprowadzajg system w dany stan.

Kryterium skuteczno$ci sterowania jest warto§¢ (maksymalna lub
gwarantowana) funkcji celu rozwigzania sterujgcego sposrdéd zbioru dzialan
sterujacych. Zatem dla badanego uktadu proponuje si¢ zastosowanie redukcji wielu
kryteriow lokalnych do jednej funkcji celu metoda wykorzystujaca uogdlniong
funkcje pozadalno$ci zaproponowang przez E. Harringtona, ktéra mozna opisaé
rownaniem iloczyndéw niesprzecznych:

F(x) = [T;o1 fi ()™ = max, (1.1)
gdzie lokalne kryteria fx to przyrost masy roslin poprzez fotosynteze, zuzycie energii
na ogrzewanie powietrza w szklarni i wentylacje, koszt CO, do odzywiania ro$lin,
oraz Ay - wspotczynnik wagowy, ktory

A= 0,X5, 4, =1

Nalezy zauwazy¢, ze z reguly ten etap rozwigzywania problemu sterowania
powoduje najwigksze trudnosci teoretyczne i1 najbardziej czasochtonny z punktu
widzenia badacza.

Czwarty etap - badanie stabilno$ci rozwigzan probleméw sterowania: pierwszy
- badanie zalezno$ci rozwigzan optymalnych od parametréw modelu; drugi to
teoretyczne studium adekwatno$ci modelu do systemu rzeczywistego. Wynikiem
rozwigzania problemu adekwatno$ci jest uogolnione rozwigzanie problemu
sterowania - parametryczny zestaw dziatan, ktére majg okreslong gwarantowang
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skuteczno$¢ w konkretnym systemie rzeczywistym 1 sg przechowywane w bazie
danych systemu.

Te cztery etapy obejmuja ogdlne teoretyczne studium modelu systemu. W celu
wykorzystania wynikow badan teoretycznych w zarzadzaniu systemem rzeczywistym
konieczne jest dostosowanie modelu, czyli zidentyfikowanie systemu symulowanego
i przeprowadzenie serii eksperymentow symulacyjnych - odpowiednio etap pigty i
szosty. Dane wyjsciowe do identyfikacji systemu sg rozwigzaniami uogoélnionymi,
ktore sg ograniczone dostgpnymi informacjami o rzeczywistym systemie. Informacja
ta jest zbiorem danych o konkretnym systemie i jest zawarta w bazie danych, ktora
pozwala szybko uzyska¢ wymagany zbior danych o systemie 1 wybra¢ akcje sterujgce
w trybie rzeczywistym czas.

Koncowy jest etap siodmy - etap wdrozeniowy, podczas ktorego nastgpuje
bezposrednie wdrozenie do rzeczywistego systemu mechanizmow zarzadzania
wypracowanych 1 zbadanych w poprzednich etapach wraz z dalsza oceng
skutecznosci ich praktycznego wykorzystania, korekta modeli itp.

THOOPMAIIMHA NIJITPUMKA IPUAHATTS PIIIEHD 1] YAC
IIJIAHYBAHHSI ITPOEKTIB 3ATI'OTIBJII CUPOBUHUA
AM. Tpuzyba', 0.m.n., npogpecop, H.A. Koeanv?, ao’ronxm,
A.B. Tamomup, k.m.n., L. Tpuzyoa, .c-z.n.
Ulveiecokuii nayionanvnuii ynieepcumem npupoooKopucmysanis
2/TveiscoKuil Oepacasnuil ynieepcumem 6e3neKu Heummeoisaavnocmi

Abstract. It is substantiated that informational support for management
decisions should be accompanied by the implementation of five interrelated stages.
The specified stages systematically ensure the formation of effective operational
plans for the procurement of food raw materials in the territory of the community.

Keywords: information support, decision-making, hybrid projects,
procurement, raw materials.

OyukiionyBaHHs 3anpornoHoBaHoi CIIIIP 3abe3neuye miaTpUMKY TPUHHATTS
pilIeHb M1J] Yac ONepaTUBHOIO MIAHYBAaHHS peajizallii riOpUIHUX MPOEKTIB 3aroTiBIl
nposoBosibuoi cupoBuHu (I'TI3CI). Tlpu 1boMy miaTpUMKaA YIPaBIIHCHKUX PIllIEHb
MOBMHHA CYMPOBOKYBATUCS HA TiJICTaBl BUKOHAHHS IT'SITU B3a€EMOIIOB’A3aHUX
eramiB (puc. 1), skl cuUCTeMHO 3a0e3neuyioTh (OPMyBaHHS e(eKTUBHUX
OTIEpaTUBHHUX TIJIAHIB 3ar0TiBJI1 MPOJOBOILYOI CHPOBHHU HA TEPUTOPIT TPOMAIH.

HasisBHa MHOXXHMHA JaHMX CTOCOBHO  KIUIBKOCTI T'OCHOJAPCTB BHUPOOHHUKIB

IIPOIOBOJIBYOI CUPOBUHH (Nﬁ), y SIKUX 3A1ACHIOETBHCS ii 3aroTiBiIs Ha TEPUTOPIi

rpoMaau JUIsl TOJAJBIIOI MEepepoOKH y I1eXy, OOCSTIB 3aroTiBill POJIOBOJBUYOT
CUPOBHHH y OKPEMHUX TOCIOJApCTBaX (Q j), HasBHHUX pecypciB (R, ) I 3aroTiBii
IIPO/IOBOJIBYOT CHPOBUHH, KiliMaTH4Hi yMoBH (C,) y Hepiof 3aroTiBii mpogoBOIbYOi
CUPOBHHH.
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Puc. 1. Cxema nporuecy popMyBaHHs €(DEeKTUBHUX OMEPATUBHUX TUIAHIB 3arOTiBI1
MIPOJIOBOJIBYOT CUPOBHHH HA TEPUTOPIi FpOMau

VY pesynbrari BUKOHaHHA niepiioro etamy (Stage 1) s KOXHOro 13
rocrofapcTB BUPOOHHUKIB MPOJAOBOIBYOI CHPOBUHHU, y SKHX 3AIMCHIOEThCA il
3aroTiBJs Ha TEPUTOPIi TPOMAU, OTPUMYIOTh MHOKHUHY 1CTOPUYHUX MIJTOTOBICHUX
JTaHUX JJIs1 OOIPYHTYBAaHHS MOJIEINI MPOTHO3YBAHHS CE30HHUX OOCSATIB HAJIXOJKCHHSI
niei cuposuHu. Jlo HUX Hanexarth gara (D,) y po3pisi okpemux 1i0, a Takox s
KOHOI d -1 700U 00CSTH HAAXOJKEHHS MPOJOBOIBYOI CHUPOBUHU (Q jd) i3 j-ro
rocnonapctB y d -y no00y, a Takox sl KOXKHO1 13 d -X 110 KUIbKICHE 3HA4YEHHS
cepetHbo000B01 TemmepaTypu (7,) Ta THCKy (P, ), fKi BiZoOpaxkaloTh IaHi
MPUPOTHO-KITIMATHYHUX YMOB TPOMA/IH.

JlaHi Ha moyaTok KoxHO1 d -1 100H 111010 00CATIB HaIXOKEHHS ITPOI0BOJIBYOT
CUpPOBUHU (Q jd) MoJal0Th OKpeMi rocmojapcrBa. JIocUTh 4acTo, 13 pi3HUX MPUYUH
(BIICYTHICTH JOCTYMY A0 Mepexi Internet, BiICyTHICTh €JIE€KTPOEHEPrii, HE BHECEHHS
y 0a3zy JaHuX BIONOBITaJLHUMH OCO0aMH) TakKi JaHi BYACHO 13 OKPEeMHX |-X
rocnogapctB y d -y n1o0y He HaAXOAATh, 110 NMOTpeOye BUKOHAHHS MPOTHO3yBaHHS
00cAriB 3aroTiBii NPOAOBOJILYOI CHPOBUHU ISl LIMX TOCMOAAPCTB HA MOTOYHY A00Y.
JUiss  1pboro BUKOHYE€ThCS HacTynmHuid eran (Stage 2) (yHKIIOHYBaHHA

sanporioHoBanoi CIITIP. ¥V pe3ynbTaTi BUKOHAHHS 3a3HAYECHOTO €TaIy 31HCHIOEThCS
3aMOBHEHHS TMPOMYIIEHUX JaHUX II0JA0 OOCSTIB HAAXOKEHHS TPOJOBOJIBYOI

CUPOBUHHU (Q;‘;) Ha noTtouny d -y no0y.

VY pe3ynbTari BUKOHAHHS Tmepiioro eramy (Stage 1) oTpuMyroTh JUisi MTOTOYHOT
d -i 10O MiArOTOBJICHI JaHI MO0 O0OCSTIB HAJIXOMKCHHS MPOIOBOILYOI CHPOBHUHU
(Qj‘d) i3 J-r0 TrocmoapcTB, a TaKO0X KIIbKICHE 3HAYEHHS CEPeIHbOI000BOI
TeMrepaTypu (Tg) Ta TUCKY (Plfd ), K1 BITOOpaKarOTh JAaH1 MPUPOTHO-KIIMATHYHUX

yMOB rpoMaau. BoHu, pa3oM i3 MPOrHO30BaHWMHU JAHMMH, OTPUMAaHi Ha JAPYTroMy
etari (Stage 2), 0 CTOCYIOTHCS 3allOBHEHUX MPOMYIICHUX JaHUX II0JI0 OOCATIB
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HAJXODKEHHS MPOJIOBOJIbYUOT CUPOBUHU (QJ”;) Ha noTouny d-y 1oy, GopmytoTh

BXIHI JaHi s BHKOHAHHS 4eTBepToro etamy (Stage 4) — BU3HAYCHHS
paIlioHaJIBLHOTO CIIEHAPit0 BUKOHAHHS POOIT 13 3aroTiBii MPOJOBOILYOT CHPOBHHH Ha
teputopii rpomanu. [lompm Te, MIsi BUKOHAHHS ITHOTO €TAIy CIIiJ 3a0e3MeUuTH
BUKOHAHHSA TpeThoro etamy (Stage 3), mo mepeadadae KUTbKICHE OIIHCHHS
CKJIaJIOBUX BHKOHAHHS POOIT i3 3aroTiBii MPOJOBOJIBYOI CUPOBUHU Ha TEPUTOPIT
rpomasn. lleit eTan 3a0e3medye OTpUMaHHs 3HaHb 010 TPHBANOCTI (t;) BUKOHAHHS

pOOIT 13 3aroTiBjIi MPOJAOBOJIBYUOI CHPOBHHU JJII BUPOOHHUYMX YMOB TEpPUTOPIT
rpomazu. Takox 171 IIBOTO €Tamy 3aJar0ThCs JaHi 00 JOCTYIHUX pecypcis (R))

Ta pexuMiB (R,) 3aroTiBii HMPoIOBONBYOi CHPOBMHH Ha TepuTopii rpomanu. Ha
MIJICTaBl IUX JaHUX YTOYHSAETHCS 1HMOpMAIIisa (z) Ha eram Stage 3 CTOCOBHO

CKJIQZIOBUX TPUBAJIOCTI BUKOHAHHS POOIT 13 3aroTiBJl MPOJOBOIBYOI CUPOBUHHU HA
TepuTopli rpoManu. BuxonanHs Stage 3 31HCHIOETBCS 13 3allydeHHSIM OCIO, IO
NPUIHMalOTh pileHHs (P, ) Ta IPOBOAATH MOHITOPHHT i OIIIHKY IOTPiOHUX 3HAHb.

YV pesynbTaTi BUKOHAaHHSA Stage 4 OTpHMYIOTh paIliOHAIBbHUI CleHapii (s, )

BUKOHAHHS POOIT 13 3aroTiBIl MPOJOBOJIBYOT CUPOBUHM Ha TepuTopii rpomanu. [1pu
IbOMY BHUKOHYETHCS OI[IHKA aJIbTEPHATUBHUX CLEHApIiB BUKOHAHHA poOIT 13
3aroTiBJIl MPOIOBOJIBYOI CHPOBHMHU 32 MHOKMHOKO KPUTEPIIB, @ TAKOK BUOIp 3-TOMIXK
HUX pallioHaJIBHOTO (S, ), K aprymenTa dynkuii K (s, ).

PesynbpraTn Stage 4 nexxath B OCHOBI BUKOHAHHS I TOTO eTamy (Stage 5), 1o
nepenadavae OLIHEHHS €(PEKTUBHOCTI OMEPATUBHUX IJIAHIB 3aroTiBJI MPOJOBOIBYOL
CUPOBHHH Ha TepUTOPIi rpomanu. s boro etamy 3a1y4aroThCsi 3HAHHS TTPOCKTHUX
MeHemkepiB (P,). Y pesynbrari 3a3Ha4eHOro €Tally OTPUMYIOTBCS Y3TOJDKEHI

m

orepaTHBHi mnaHu (P,) 3aroTiBii MpooBOIBYOI CHPOBUHHM HA TEPUTOPii TpoMajn,
abo x mortpeba y ix 3miHax (C,) Ta TOBEpHEHHi N0 BHKOHaHHS Stage 4 Ta
BHU3HAYEHHsS DAILliOHANBHOTO CIEHapilo (S,) BHUKOHAaHHA poOiT i3 3aroTiBmi

MPOJIOBOJIBYOT CUPOBUHM HA TEPUTOPIi IPOMaJIH 13 3alIPONOHOBAHUMU 3MIHAMM.

Bceranosneno, mo ¢yHkiionyBanHs 3amnponoHoBanoi CIIIIP 3abe3neuye
NIATPUMKY TPUUHATTS pIlleHb MiJ 4Yac ONEpPaTUBHOIO IUIAHYBAaHHA peajizailii
riOpUIHUX TPOEKTIB 3aroTiBJi MPOJOBOJIBYOT CHPOBHHU Ha TEPUTOPIi CUIBCHKUX
rpoMan. OOrpyHTOBaHO, IO MIATPUMKA YOPABIMIHCHKUAX PIIICHh [MOBHWHHA
CYNpPOBOKYBATUCS HA MMiJICTaBl BUKOHAHHS IT'TH B3a€EMOTIOB’SI3aHUX €TamiB (pHC.
1), sxi cucTeMHO 3abe3nedyioTh (opMyBaHHS €(PEKTUBHUX ONEPATHBHUX ILIAHIB
3aroTiBJI MPOJOBOILYO0I CHPOBHHHU HA TEPUTOPIl TPOMA/IH.
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THO®OPMAIIMHI TEXHOJIOTII AJIS1 MIATPUMKHA NPUHAHATTS
PIIIEHDB Y IPOEKTAX 3BUPAHHS BPOXKAIO
II. M. JIyé*, k.m.n., P. I. ITaowka', k.m.n., B. FO. Cmanvko?, k.e.n.
JI. M. Ocmagincorxa® euxnaoau, T. B. ITicax®, euxnadau
Ulveiecokuii nauionanvnuii ynieepcumem npupoooKopucmyeanns
2BCII « Cmpuiicokuii paxosuii konedxc JIveiscokozo HYIT»

Abstract. The components of the value formation of crop harvesting projects
are revealed. Emphasis is placed on the fact that the management of the content of
technological systems development projects requires specialized information and
analytical systems that take into account the peculiarities of the production industry.
The grounds for the simulation methods usage to assess the projects are given. The
role of information technology and computer experiments for the decision support of
the projects in the agro-industrial complex is identified.

Keywords: information technology, monitoring and information processing,
simulation, decision support, project management, efficiency.

BnpoBamxeHHs: npoekTiB po3BUTKY TexHoJoriyHux cucrem (TC) AIIK Ta
BUKOHAHHS pOOIT y HUX B1IOYBAa€TbCS B pe3yibTaTi Hamepe] 3alulaHOBAaHUX Oiil.
OnineHHs: e(eKTUBHOCTI IUX Ji Ta iX 3MICTYy NOTpedye BUKOPUCTAHHS
crieriaii3oBaHux iH(opMaliitHO-aHATITHYHUX CUCTEM, [0 BPaXOBYIOTh OCOOJIUBOCTI
BUPOOHUYOI ramxy3i. OMHUM 13 BaXKJIMBUX 3aBJIaHb TAKOTO TUIAHYBaHHS € BPaxXyBaHHS
1H(pOpMAaIIITHOI0 CUCTEMOIO BIUIMBY 30BHIIIHBOIO Ta BHYTPIIIHBOTO CEPEJAOBHUIIA Ha
e(eKTUBHICTh peaiizalii BIAMOBIIHUX MPOEKTIB, JOCTyll Ta KEpPOBaHICTh
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iHpopMalitHUMHU pecypcamu, aJeKBaTHE OLIHEHHS €(EeKTUBHOCTI YINPaBIIHCHKUX
pIIIeHb TOIIO.

AHaJOTr14H1 3aBJaHHsS BUHUKAIOTH 1 MiJl 4ac peanizalii mpoekTiB po3BuTky TC
30MpaHHs BpOKal0 CUIbChbKOrocnoaapchkux KynbTyp B ALK, mo notpedye po3BUTKY
Ta 3aCTOCYBaHHS MPOTpaMHUX 3acO0IB Ta 1HGOPMALIMHUX PECYpCiB IS MATPUMKU
OPUUHATTS PIIICHb SK MiJl 9ac CE30HHOTO BUPOOHHUIITBA TaK 1 MiJ Yac YIPaBIIIHHS
MPOCKTAMHU 1X PO3BHUTKY. 3arajJibHOBIZIOMO, IO MPOEKTH BUHUKAIOTh, ICHYIOTH 1
PO3BUBAIOTHCA B 30BHIIIHBOMY CEPEAOBHINI, a CTPYKTypa MPOEKTY 3MIHIOETHCS
BIIPOJIOBXK Horo peanizaiii. 30KkpemMa, y HbOMY MOXYTb 3’ SIBJISITHCSI HOBI €JIEMEHTH
(00’exTH) 1 3HUKATH ICHYIOUI, OJHAK 3B’S3KH MK IUMH EJIEMEHTaAMHU 3aBXKIU
HpHcyTHi Taka 0006J1HBiCTL IIPOEKTIB BHUMarae ,Z[I/IHaMi‘IHOFO onpamoBaHH;I
pileHs 13 praBJIlHHH NpOeKTaMHu, a BIATaK 3acTOCyBaHHA 1H(OpMaLIHHUX
TEXHOJIOT1H 1[0 BKIIOYAIOTh €IEMEHTH MOHITOPHHTY, MOJICITIOBAHHS, OMPAIIOBAHHS
pe3ybTaTIB Ta HATJISAIHE X TPAKTYBaHHS.

3riIHO 13 TIOJIOKEHHSIMU 3arajibHOi Teopli CUCTEM JOCITIHKEHHS CKIIaIHUX
BUPOOHMYMX CHCTEM HEOOXITHO BHWKOHYBAaTH 13 BHUKOPHUCTaHHSIM METO/IIB
iMiTaliiHoro MmojentoBanHs. OpHak 1HQOpMAIIHI CUCTEMH, WO BKIIOYAIOThH
BOY/I0BaH1 IHCTPYMEHTH JJII MOJIEITIOBAHHS TEXHOJIOTTYHUX UM BUPOOHUYHMX CHUCTEM
nepeadavaroTh  JEKUIbKa MOCHIJOBHMX  eTamiB: 1)  (GOpMyJIOBaHHS  METH
MOJICITIOBAHHS;, 2) CTBOPEHHS KOHIIENTYadbHOT MOJENi; 3) MiArOTOBKA MOYATKOBUX
naHux; 4) po3poOJieHHs MaTeMaTU4yHOi Mojeni; 5) BUOIp METOAy MOJEIIOBAHHS,
6) BuOIp 3ac001B MOJIECNIOBAHHS; 7) pO3pOOJIEHHS IPOrpaMHoOi MoJieni; 8) mepeBipka
aJIcKBaTHOCTI Ta KOPWUTyBaHHA Mojeni; 9) T1IaHyBaHHS — KOMIT FOTEPHUX
€KCIIEpUMEHTIB 3 Moje/uito; 10) BUKOHAHHS MOAeNtoBaHHs; 11) aHami3 pe3yJsbTariB
MOJICITFOBAHHS Ta OOTPYHTYBAHHS PIIlICHb.

OTxe, UIsl BUPIIIEHHS TaKUX 3aBJIaHb BUKOHYIOTh BUPOOHUY1 CIIOCTEPEKEHHS
Ta KOMIT' FOTEPHI EKCIIEPUMEHTH. 30KpeMa, BHKOPHUCTOBYIOTb METOIU CHCTEMHO-
MOJIIEBOTO aHaJi3y Ta CHUHTE3Yy, BHPOOHUYMX CIOCTEPEKEHb 1 CTATHCTUYHOTO
iMiTaIlifHOTO MOJIETIFOBAaHHS, JIOTIYHOTO aHali3y, METOJ iTepalliii, CTaTUCTUYHOTO Ta
KOpeJSLIMHO-perpeciiHoro OIlIHEHHS €KCIIEpUMEHTAIBHUX JIaHUX,
rpadoaHaniTHYHOrO Ta JOTTYHOTO aHali3y TOLIO.

BuxopuctoBytoun OJIOK MOJIETIOBaHHS POOOTH TEXHOJIOTIYHOI CHCTEMH, IO €
CKJIQJIOBOIO 1H(OPMAIIIMHOI CUCTEMHU, BUKOHYIOTh MEPEBIPKY BUCYHYTHX TIlIOTE3 32
OTPUMaHUMH EMITIpUIYHUMU JTaHUMH, BCTAHOBIIOIOTH iX B3a€MO3B’SI3KiB Ta OIlIHCHHS
Koe(iIieHTIB KOpessIlii 1 KOopensiiHuX BigHONIIeHb. lle mae 3Mory BpaxyBaTu
IMOBIPHICHUH BIUIMB CKJIQJIOBUX MPOEKTHOTO CepeoBUIIA (arpoOMETeOpOIOriyHO1 Ta
010JI0TTYHO-TIPEIMETHOT) Ha cBO€YacHICTh MPoekTiB TC y BIANOBIAHINA CTATUCTUYHIN
iMiTamiiHil Mozaeni. 30Kpema, 1€ BpaxyBaHHS IMOBHHHE BiI0OyBaTHCi Ha OCHOBI
B1JIOOpaXEHHS CYKYIHOTO BIUIMBY YCIX CKJIaJ0BHX, 1[0 BU3HAYAIOTh TEMIH POOIT Y
npoektax. Takuil miaxig Jgae 3MOTy 3acTOCOBYBAaTH CTATUCTUYHE IMiTalliiiHe
MOJIEJIIOBaHHS, OTPUMATH JOCTOBIPHI PE3yJbTaTH JOCHIPKEHHSI Ta BCTAHOBUTH
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CTATUCTUYHI 3aKOHOMIPHOCT1 3MIHM (DYyHKIIIOHAJIBHUX TMOKAa3HUKIB €(PEKTUBHOCTI, a
TaKoX OOTPYHTYBaTH PIillIEHHS IIOAO peajizaiii MpoleciB yHpaBiIiHHSA MPOEKTaMHU.

3arajgpHa cxemMa AIropuTMy Hi€I MCTOJMKH HAaBCACHA HAa PUCYHKY.
CrpyKTypHHH aHaIi3 Ta
Konnenryansaa monens npoekris TIT 311b
i
| DopmyBaHHS TOYATKOBHX /IAHHX Ta 3HAHD |

Ck1a/10Bi IPOEKTHOTO cepeAoBHUIIA
(arpomereoposoriuni yMOBH, IPYHT IIOIiB, KOPEHEILIOAN

ykposux Oypsiki (LIB) Tomro)

Yac 3anycky (Tus) Bupo6uuya mioma (S) Texuiune 330e3meucHHs
HPOEKTIB V{ I1 3116 ]_HS HpOGK}i;B (ITy)

BapricHi noka3HuKH:

1) excrutyarauniiiai Butpat — By, TpH/Ta;
2) TexHonoriuHi BTpaTu — B,y,, TpH/TA;

) cykymHi BuTpat — B, rpa/ra.

. . I
DVYHKIIOHAJIBHI TOKA3HUKH:
1) ob6csr Giomoriunux BTpat — Q o /ra;

2) 0OCAT TEXHOJIOTIYHUX BTPAT — Qm, n/ra;

3) o6car nesibpanux miom — S”, ra.

B = B,,,*B.., —~> min.

Puc. Y3aranpHena cxema anroputMy poooTu iH(popMaIiiHo-aHAIITHYHOT CUCTEMHU
HNIATPUMKU TPUIHATTS PILIEHb Y TPOEKTaX 30MpaHHs BPOKAIO

[ToTpeba 3acToCyBaHHS METO/IB CTATUCTUYHOTO 1IMITallIMHOTO MOJICIIOBAaHHS B
1H(pOopMaIIiHO-aHAIITUYHIA CUCTEMI MPOEKTIB po3BUTKY TC 3ymoBiieHa MOTpedoro
BpaxyBaHHS

WMOBIPHICHOTO BIUIMBY MPOEKTHOTO CEpeaoBHINAa (arpoMETEOpOJIOTIUHOI Ta
010JTOT YHO-TIPEAMETHOT CKJIaJI0BMX) Ha TEPMIHH BHKOHAHHsS POOIT Ta, 30KpeMa, iX
CBOEYACHICTb.

TakuM 4MHOM, BKIIFOUEHHS OJIOKY MOJICTIOBAHHS B 1H(QOPMAIIiHY CUCTEMY J1a€
3MOTy OOTPYHTOBYBATH YIIPABIIHCHKI PIMIEHHS IWIOJ0 PO3BUTKY TEXHOJIOTIYHUX
CUCTEM 3aBJIIKM BCTAaHOBJICHMM 3aKOHOMIPDHOCTAM 3MIHM  (PYHKIIOHAJIBHUX
MOKA3HUKIB 1 OL[IHEHHS BUTPAT y MPOEKTAX.
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AHAJII3 IHOOPMAIIMHUX PECYPCIB JIJIS1 BIIIIAJJEHOI'O
MOHITOPHUHI'Y POBIT Y NIPOEKTAX ATPOITPOMUCJIOBOT'O
KOMILIEKCY
II. M. JIyé*, k.m.n., B. I. Kocapuun®, k.¢p.-m.n.

B. I. Cniuax?, k.m.n., P. A. Oneiioa® euxnaoay
Ulveiscokuii nayionanvnuii ynieepcumenm npupoookopucmyeanis
2Bonooumup-Bonuncokuii azpomexniunuil Koneodic

Abstract. The current state of IT involvement in the production and economic
activity of agro-industrial complex enterprises is analyzed. The advantages of using
IT during decision-making in agricultural production are given. The types of work
and tasks that can be solved with the help of modern information systems are listed.
An analysis of individual information systems that are available for use in
agribusiness is provided.

Keywords: information technology, software, management, agricultural
production, decision support, efficiency.

Po3utok 1HpopMmaniitaux TtexHosnorid (IT) y BupoOHMUMX (popMyBaHHIX
VYkpainn HaOyBae nenaii riaumOIIoro 3HadeHHs Ta OUIBIIOro MacmTady BOJHOYAC.
Crni TakoX 3a3HAUUTH, IO 1€ € OJHUM 13 TOJIOBHMX YMHHUKIB MojepHizaiii AITK
JIEp’)KaBi Ta CTUMYJIIOBaHHS WOTO I1HBECTHIIIWHOTO HAMOBHEHHs. B mpakTuuHOMy
3aCTOCYBaHHI Cy4acHi iH(OpMaIliiiHl pecypcu Jal0Th 3MOTY BUPIIIYBATH BEIHYE3HY
KUTBKICTh 3aBllaHb, $IKI BHHHUKAIOTh TMEpell KOXKHUM ClLIbChKOTOCIOJAPCHKUM
MIIITPUEMCTBOM B PUHKOBUX YMOBaX.

JlocBi yCHIIIHUX MIANPUEMCTB SIK HAILIOT KPaiHU Tak 1 IHIIMX JIepKaB BKa3ye
Ha Te, mo IT HeoOxigHi mi1g MacmTabyBaHHS ClLILCHKOTOCIIOAAPCHKOTO
BUPOOHMIITBA, BIAJIAJIEHOTO MOHITOPHHTY 1 KOHTPOJIIO pOOIT, iX TJIaHyBaHHS,
KOpDEr'yBaHHs Ta OI[IHEHHS €(QEKTHUBHOCTI 3arajoM, IO BJIacCHE 1 CTBOPIOE
MepeayMOBU It  OUIBII TPOAYKTUBHOTO TPOCYBAHHS BHUPOOJICHOI MPOMYKIIIi.
BonHouac cmokuBaui, TpaIliBHUKA Ta  BJIACHUKH  CUIbCHKOTOCHOJIAPCHKUX
MIIIPUEMCTB  JIEMOHCTPYIOTh  IHT€PEC 10 BEIEHHS CBOEl  JIAJBHOCTI 13
BUKOPUCTAHHSAM Cy4YaCHHX TEXHOJOTIH Ta [HTEepHeTY, 10 Ja€e 3MOTy 3HAXOJUTH HOBI
pimeHHs moao crinparli. Ceoroani IT MHUPOKO BUKOPUCTOBYIOTHCS B arpoOi3Hect
JUTSL  BHUPINIEHHS MIHPOKOTO CHEKTPY 3aBAaHb — ONTHMI3alii BHPOOHUIITBA,
MOHITOPUHTY CTaHy CUIbChKOTOCTIOAAPCHKUX YTiJlb, TEXHIYHOTO MEPEOCHAICHHS
NapKy pUIBHUYMX  MAalllWMH, AaBTOMAaTU3allli BUPOOHUIITBA Ta  YNPaBIIHHA
MIIPUEMCTBOM, TIIBUIIEHHS HOTO MPOIYKTUBHOCTI, KOHTPOJIIO SIKOCTI MPOIYKIIii
TOIIO.

Jlns BeneHHsI CBO€I JISUIBHOCTI Ta MPOCYBAHHS arpompoayKLii KOpHCTyBaul
ChOTO/[HI BUKOPUCTOBYIOThH MPOTPAMHI 3aCO0U K 3aKOPJOHHOTO TaK 1 BITYU3HIHOTO
BUPOOHUIITBA. 3a iX JOMOMOTOK (OPMYIOTh 3BITHI MOKa3HWUKH, PO3PAXOBYIOTH 1
MOPIBHIOIOTH iX 13 aHAJIOTITYHMMHM 3a TOTIEPEIHI TEPIOIU, BI3yalbHO BiTOOpak)aroTh
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NO3UTUBHY YW HEraTHMBHY JUHAMIKy, KOPEryloThb 3MICT Ta CBO€YACHICTb
TEXHOJIOTIYHUX TPOIIECIB 13 BUPOIIYBaHHS KYJBTYP TOIIO. 3HAYHE MOIIMPEHHS ITUX
NpPOrpaMHUX 3aco0iB MIATBEP/UKYE iX MepeBaru Ijsi CYNpOBOIY Ta MNPUNUHATTA
YOPaBIiHCHKUX PIICHb K JUIsI CTPATETIYHUX TaK 1 TAKTHYHUX 3aBAaHb. Ciil TaKoX
MIIKPECIUTH 3HAYHE MONTUPEHHS Ta MepeBard MOOIILHUX JOJATKIB 1 CMapT(OHIB y
KOPUCTYBayiB, 10 (GopMye HOBI MOMJIMBOCTI 3 NUTaHb MATPUMKH, CYHPOBOIY,
BIJICTe)KCHHS, HarajJyBaHHS, MOMEpPEIKEHHS Ta KOHTPOJIO poOIT. 3a JOMOMOrOI0
MOOUTPHUX JIOAATKIB ycs HeoOXigaHa iHdopMallis 3HAXOIUTHCS O€3MOCEPEeaHBO Yy
npaliBHUKA Y OyAb-sIKOMY MicCIli Ta Oyap-skuit dac. [losBa nux TexHojoriil y cdepi
arpoHoMii MPU3BOAWTH HE TUIBKU JI0 BIOCKOHAJIEHHS CaMOl JISUTBHOCTI, a ¥ /10
BUHMKHEHHS HOBHUX Mpodeciii Ta CHeniaabHOCTeH, AKi € JIOCUTh aKTyaJlbHUMH Ha
PUHKY TIpalli.

Amnam3s JIOCTYITHUX iHpopMariiHuX CepBICIB VIS BEICHHS
CUIBCHKOTOCTIONAPCHKOT AISUTBHOCTI MEPEKOHYE B JOCHUTh IIUPOKOMY BHOOpI TaKUX
IHCTpYMEHTIB B YkpaiHi. 3okpema miatdopma Geopard Agriculture po3kpuBae
JOCTYI J0 JaHUX MOHITOPHUHTY: KYJbTYpH (KaTajor 3HIMKIB 3a 30 pOKiB, 1HJIEKCH
BereTallli); yposkaiHOCTI (aBTOMaTUYHE CTBOPEHHS 30H YPOXKAMHOCT1); CTaHy IPYHTY
(anami3 rpyHTOBUX JaHuX); Tomorpadii (TomorpadiuHi MoAell Ta Mamnu); Haaae
MepesoBy aHaMTUKY ((akTop TEeTEpPOreHHOCTI TMOJs, 1HJAEKC BIJHOCHOI 3MIiHHU,
MOpIBHSIHHS ~1IapiB, Tomo); VRA wmanmu Ta exkcnopT (CHHXpOHIi3alisi KapT
BpPOXKaHOCTI Ta 30H poarouocTi, VRA kaptu); API (aBoHanpaBieHa CUHXpOHi3allis
TaHUX).
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Puc. quag IT pIILIEHHSI 1J1 CYTIPOBOAY BUPOOHUUOi AismbHOCTI ATIK:
a) Geopard Agriculture; 6) ArpokoHTpob; B) AgroOnline

Taki x QyHKI1ii peanizoBye iHGOPMAIIHHUI cepBiC «ATPOKOHTPOIbY, @ TAKOX
— GPS MoHniTOpHHT 32 TEXHIKOIO, KOHTPOJIb MaJINBa Ta TEXHIKH,
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nigkiarodeHHss 10 CAN-IIMHKM, BCTAaHOBJIEHHS PI3HOMAHITHUX JAaTYMKIB HA TEXHIKY,
MIIKIIOYeHHS 10 aHTeH curHany GPS, aBromatwuny igeHTHdIKAIiI0 BOJif,
aBTOMaTU4YHe (OpPMyBaHHS MIISXOBUX JIUCTIB, BCTAHOBIEHHS «MITOK» JIJIS
imeHTrdIKaIii HaBICHOTO/MPHUUITHOTO OOJIaHAHHS, BCTAHOBJIECHHS METEOCTaHIIIN
TEXHIIl TOIIO.

Pecypc AgroOnline ckepoBaHWii Ha KOHTPOJIb BIJTHOCHH 13 ITallOBUKaMH,
OIIHKY MOTEHITiaTy moJisi (TPYHTOBa, €KOHOMIYHA Ta KJIIMaTU4YHA), CKIAJAChKUNA 00K
Ta KEpPYBaHHSA 3alMIIKaMH, TUIAHYBaHHS BHUPOOHMIITBA, aBTOMATH3AIIO POOOTH
1H)KEHEPHOiI CIIyKO0H, OJIOK TOYHOTO 3eMiIepoOCTBa, OJIOK arpoHOMii 1 KOHTPOJIIO
pociuH, G1HAHCOBY aHAIITHKA Ta €JICKTPOHHUHN JOKYMEHTOOOIT TOIIO.

Jo mepeniky iHGOpMAIIMHUX CEPBICIB, IO CKEPOBaHI Ha MIATPUMKY
TISUTBHOCTI CLIBCHKOTOCIIOAAPCHhKUX MIANMPUEMCTB TakoK ciim Bimuectd — VKUrsi
Zemli, Agro BI, Agri Finance, TopAgro, Winstars technology, METEOTREK ta

oararo 1HIIHUX.

AJITOPUTM TA NIPOI'PAMHE 3ABE3IIEYEHHSA OBIPYHTYBAHHSA
PAIIIOHAJIBHOI KOH®IT'YPAIIII CUHCTEM BE3IEKH
TEPUTOPIAJIBHUX 'POMAJ]

A. M. Tpuzyéa®, o.m.n., npogpecop, A. P. Pamywinuii®, 3006ysau,

M. B. Pyouneus®, k.m.n., oouenm, B. I. @edopuyk-Mopos®, k.m.n., douenm
Ulveiecokuii nayionanvnuii ynieepcumem npupoookopucnysanis
2/TveiscoKuil Oepcasnuil ynieepcumen 0e3neKu HcummeoiaibHocmi
$/lyubKuii HayionanbHUil MeXHiYHUIl YHIGepcumem

AHoTtanisi. Po3po0neHo anroputM Ta TporpamMHe 3a0e3medeHHs I
OOTpYHTYBaHHsI pallioHaJIbHOI KOHQIrypamii cucreM O€3MeKh TEePUTOPIaTbHUX
rpomMag Ha MoBi Python 3.6. Bonu mnepeBipeHi Ha aJeKBaTHICTh 3a MapHUM t-
KpuTepieMm, 3a0e3MeuyoTh NPUIIBUIIIEHE TPUIUHATTS YIPABIIHCHKUX PIIEHb 1100
BU3HAUEHHS MICISI PO3TAIIyBAHHS MOXKEKHO-PATYBAIBHOTO (OPMYBAHHS I
€JIEMEHTAPHUX CUCTEM 13 HalOUIBIIIO HE3aXUIICHICTIO BlJl HAJA3BUYANHUX CUTYyallli
Ta BU3HAUCHHA €(EKTHUBHUX CLEHApIiB peasizallii MPOeKTIB PO3BUTKY I'POMAJCHKUX
TEPUTOPIATLHUX CUCTEM O€3MEKHU.

KuarouoBi cjoBa: anroputMm, nporpamHe 3abe3nedyeHHs, KOHQiryparis,
cucrema, Oe3mneka, rpomMaa.

3 METOW TMPUIIBHIAINICHOTO TMPUHHATTS YIPABIIHCHKUX PpIllleHb MO0
BU3HAUYEeHHS Micus po3ramyBaHHs [IPD nis enemeHTapHHX cUCTEM 13 HAHOLIBIIOO
He3axwuinenictio Bix HC po3podieHo mporpamue 3ade3neuends Ha MoBi Python 3.6
(puc. 1).

3anponoHoBaHe NporpaMHe 3a0e3neuyeHHs 0a3yeTbcsi Ha OOIPYHTOBAaHOMY
QJITOpUTMI. Y OCHOBI 3a3HAUYEHOT0 AJITOPUTMY JIEKATh PO3pPOOJIEHAa KOHILENTyallbHA

monens ynpasiinas [IPTCB ta 3anpononoBanuii MeTo[ 1HILIAIIT IPOEKTIB PO3BUTKY
TCB.
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I _ialx]

BHecTu nouaTkoBi AaHi Ang o6r'pyHTyBaHHA Micusa po3TauyBaHHs NMPO®

Panexiscokumin paitoH

Hassa eneMeHTapHOI cucTeMH

KinbKiCTb HaceneHnX NYHKTIB Y EneMeHTapHii ccTeMi, oa | »

BHecT\ noyaTKoBi AaHi i3 30BHILLIHBOrO CrINCKY ‘

3aAaTH HaceneHuit NYHKT i3 po3TalyBaHHaM airoyoro MPO Iﬂonamn

BuikoHaTV po3paxyHoK

Pe3ynbraty 06r'pyHTYBaHHA Micua po3TamysanHa MNPO

MaKcuManbHUi CyMapHWii - piBeHb HesaxuuleHocTi Big HC i X8

CreopeHHs PO y HaceneHoMy MyHKTI | CHopxis

3aHeCcTV pesynsTaTi po3paxyHKiB Y 30BHILLHIM CrIMCOK Ounctutu

Puc. 1. Bikna nporpamuoro 3abe3rneueHHs 11 0OIPYHTYBaHHS MICIIsl pO3TalllyBaHHS
[TP® nns eneMeHTapHUX CUCTEM 13 HAHO1IbIIIOK He3axuineHicTo Big HC

Bonu nependadaroTe BUOIp HACENIEHHUX IyHKTIB JUJISl peaiizalii IplopuTeTHOTO
npoekTy po3BUTKy TCh enemenTapHoi cucTeMu 3a1aHOi aIMIHICTPATUBHOI TEPUTOPIi
32 KpUTEPIEM MIHIMAIBHOTO CyMapHOro piBHg He3axuieHocTl Big HC iX myHKTIB.
biok-cxema anroputMy (auB. puc. .1, nogarok J[) Ta mporpaMHe 3a0e3nedeHHS s
OoOTpyHTYBaHHS MicIsl postamryBaHHa [[PD nis  enemeHTapHUX CcHCTEM 13
HaloO1bIIo0 He3axuieHicTio Bl HC nepenbayatoTh BUKOHaHHS 16 KpOKIB.

3anporoHOBaHe  mporpamMHe  3a0e3MedeHHs  OOIPYHTYBaHHS  MiCIls
posrtairyBanHs [IP® s eneMeHTapHUX CUCTEM 13 HAWOUIBIIIOW HE3aXUIIEHICTIO Bijl
HC nepenbawae posrisig — pi3HUX  BaplaHTIB  CIEHApIiB  TEPUTOPIATIBHOTO
posramypands IIP® nHa TepuTopii aAMiHICTpaTUBHOTO paifoHy. IX KimbKicTh
3QJIEKUTh Bl KUJIBKOCTI HACEJIEHUX IyHKTIB Ha TEPUTOpIi aJMIHICTPATUBHOIO
panony.

J1J1s BUKOPUCTaHHSI IIbOTO TIpOorpaMHoro 3abe3nedeHHs Hacammepes GopMyIOTh
€JIEMEHTapHI CUCTeMM 13 HaiOuibmow HezaxumieHicTio Bigx HC  3amanoi
aamiHicTpaTuBHOT oOjacTi. [loyaTkoBUMHM maHUMHU JJiS OOTPYHTYBaHHS MICIIS
po3ramryBaHHsi [[P® € KUIbKICTh HACEJIEHUX IYHKTIB, YUCEIBHICTH >KHUTEIIB Yy
KOXKHOMY 13 HHX, a TaKOX BIIJaldl MIX HACEJICHUMHU IyHKTaMHU €JIEMEHTapHOI
CUCTEMHU 33J]aHO1 aJIMIHICTPATUBHOI TEPUTOPII.

VY pe3ynbTaTi BUKOHAaHHS PO3PAaxXyHKIB OTPUMYETHCS CIHCOK PAHKOBAHUX Y

NOPSIAKY CIIa/IaHHS (M i ) KUIbKICHUX 3HaY€Hb CYMapHUX PIBHIB HE3aXUILIEHOCTI BiJl

Hi

HC nyskTis (R) 3a pisHuX cIeHapiiB TepuTOpianbHOro posrauryBaHus IIP® y i-x

HACEJICHUX MYHKTaX €JIEMEHTapHOI CHUCTEMHU 3a/JaHO1 aaMIHICTPATUBHOI TEPHUTOPIi.
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Ieit cmiucok MOKHA BUBECTH Y 30BHIIIHIN (aiisl. ¥ BikHI MpOrpaMHOTO 3a0e3neYeHHs
BUBOJIUTHCS Ha3Ba HACEJICHOTO MYHKTY, JAe clig posramyBatd [IPD s
€JIEMEHTAPHUX CHCTEM, a TaKOXX KUIbKICHE 3HaUCHHS HaWOLIbIIIOT HE3aXUIIICHOCT] BiJI
HC.

Po3pobnene mporpamue 3a0e3nedeHHs] OOIPYHTYBAHHS MICIS PO3TallyBaHHS
[TP®D niis eneMeHTapHUX CUCTEM 13 HaOLIbIIOW HezaxuieHicTio Big HC nepeBipeHa
Ha aJIeKBaTHICTh 3a mapHuM t-kpurtepieM. 30Kpema, MEpeBipKy Ha aJeKBaTHICTb
IpoBOAWIIM i1 YMOB PanexiBcekoro paiiony JIbBiBchkoi oGmacti. Ha Tepurtopii
3a3HAYEHOT'0 aJIMIHICTPATUBHOIO palloHy Jit0Th 21 JnepikaBHA MOXKEKHO-PATYBAJIbHA
yacTuHa (M. PazgexiB) Tta 51-uil nep>xkaBHuil noxexHo-psatyBaibHuil noct I'Y JICHC
VYkpainu y JIbBiBCBKi# 00macTi (puc. 2).

Ha migcraBl mpoBeAEHUX pO3PaxyHKIB 13 BHKOPUCTAHHSM PO3pOOJIEHOTO
nporpaMHe 3a0e3NedYeHHs BCTAHOBJICHO, IO Ha TepuTopii PamexiBchkoro paioHy
JIbBiBCHKOI oOOJacti ciif mojgatkoBo posrtamryBatd [P y c. CMopxkis, 110
3a0€3Me4YnTh 3HMKEHHS MaKCUMaJIbHOTO CYMapHOTO piBHS He3zaxuiueHocTi Big HC
nyskTiB (RY ) Bix 976 xB 10 328 XB.
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Puc. 2. Cxema po3ramryBanHs 00’ ekTiB 3axucty Big HC PagexiBcbkoro paitony
JIbBiBCHKOI 00JaCTI

JInst mepeBipKkHd Ha aJeKBATHICTh MPOTrPaMHOro 3a0e3nedYeHHs] 0OTPYyHTYBaHHS
Mmicus postamryBaHHs [IPD anga  enemeHTapHMX cHCTEM 13 HalOLIBIIONO
HezaxuieHicTio Bl HC mopiBHIOBaNM KIIBKICHI 3HAY€HHS TPUBAJIOCTI MPUOYTTS
crienmapo3auniB 1o Mici JikBigamii HC, siki oTpuMaHo Ha MmijcTaBl BUPOOHUYMX Ta
KOMIT IOTEPHUX EKCIIEPUMEHTIB, SKI OTPUMAHO Y pE3yJbTaTli BUKOPHUCTAHHS
po3pobiieHOro nporpaMHoro 3adesnedeHHs. [Ipu nbomy BHUpOOHHYI €KCIEPUMEHTH
IPOBEACHO y MAit04oMy S1-My Jep:KaBHOMY MOXEXKHO-pATyBalbHOMY mocTi ['Y
JCHC VYxkpainu y JIpBiBchKiit o0nacTi. [loyaTkoBi AaHi 17151 IEPEBIPKU MPOTPaMHOTO
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3a0be3neueHHs] OOrpyHTyBaHHS Micls po3TamyBanHs [IP® s enemeHTapHUX
CUCTEM 13 HalO1IbII0r0 He3axuieHicTio Bixg HC Ha amekBaTHICTH TOgaHO y Tabm. 1.
Tabn. 1. TloyaTkoBi naHi AJid MEPEBIPKHU MPOTPaMHOTO 3a0e3MeYeHHs OOTPyHTYBaHHS
micis posranryBanHs [IP® aiis eneMeHTapHUX CHUCTEM 13 HAMOIBIIIO0
He3axuieHicTio Bil HC Ha ajiekBaTHICTb

Bapiant npubyTTs TpI/IBaJ'IiCTI:» HpH§YT’F§I cgf:uninpozmnila
CTIETIPO3/IiTiB no micug miksigamii HC, xB PisHuIs
o Mic}_m BupoOunumii Kowmm’torepuuii (Xen =)
nixsizawi HC CKCIEPUMEHT, X,, | EKCIEPUMEHT, X,

1 2 3 4

1 16,4 17,2 0,8

2 20,3 19,9 -0,4

3 26,1 25,2 -0,9

4 12,5 13 0,5

5 12,9 13,5 0,6

6 7,2 6,9 -0,3

7 15,4 16,1 0,7

8 8,6 8,2 -0,4

VY pesynbTaTi TEpeBIPKHA 3a3HAYEHOTO TMPOrPAMHOTO 3a0e3MedeHHs Ha
aJICKBaTHICTh BCTAHOBJICHO, IO EKCIEPUMEHTAbHI Ta 3MOJIENbOBaHI 3HAUYCHHS
TpUBAJOCTeW MPUOYTTS CHeumiapo3AutB A0 micis Jdikeigamii HC Biaxunisiors y
MeXax JOMyCTUMHUX 3Ha4yeHb. 30KpeMa, TPUBAIICTh MPUOYTTS CHEIMIAPO3ILIIB 110
micus JtikBigamii HC Bu3HaueHa Ha MmiJACTaBl PO3PAaXyHKY 13 BHUKOPUCTAHHAM
PO3pO0JIEHOr0 MPOrpaMHOro 3a0€3MEUYEeHHs Ta OTPUMAHMX EKCIIEPUMEHTAJIbHUX IX
3HaYeHb He mnepesBuirye 5%. lle cBiIUMTH TPO aACKBATHICTH PO3POOICHOTO
porpamMHoro 3a0esneyeHHsi OOIPYHTYBaHHS Micis postamryBaHHda [IPD s
€JIEMEHTApHUX CHUCTEM 13 HaiOubII00 HezaxuieHicTio Bia HC.

Po3pobnene nporpamue 3ade3neueHHst Ha MoBi Python 3.6, siki nepeBipeHi Ha
aJIeKBATHICTh 3a NapHUM l-KpuTepieM, 3a0e3MeuyloTh MNPUIIBUIIICHE MNPUUHATTS
VOPaBIIHCBKUX pIIEHb IIOAO BU3HAYEHHS MICHSI PO3TAIIyBAHHS IOXKEXKHO-
pATYBaJdbHOTO  (OpMyBaHHA JJId  €JIEMEHTapHUX CHCTeM 13  HalOUIbIIO
HE3aXUIIEHICTIO BiJl HAJA3BUYANHUX CUTyaIlill Ta BU3HAYCHHS €()EKTUBHUX CIICHAPIiB
peasizalii MPOEeKTIB PO3BUTKY TPOMAJICBKUX TEPUTOPIATIbHUX CUCTEM OC3IMEKH.
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Section 5.
Information technologies of economic and ecological assessment of projects and
systems in energy and agro-industrial complex.

ENERGY CLUSTERS - TECHNICAL, LEGAL AND ECONOMIC
CONDITIONS IN POLAND
T. Bakon, PhD
Warsaw University of Life Sciences (SGGW), Poland

Abstract. The energy cluster has a limited territorial scope, therefore the goals
of the clusters are defined based on local needs. However, their impact may extend
beyond the area of the cluster itself, contributing positively to the development of a
given and neighbouring areas. There are several dozen economic initiatives related to
energy clusters in Poland.

Keywords: energy clusters, energy systems, local energy

The goal of energy clusters is primarily the development of distributed energy.
They enable the use of local resources and the potential of domestic energy. They
favour the implementation of the latest technologies where they are useful and
profitable. Energy clusters are of local importance and their goals are locally defined,
among the most frequently set goals for clusters are:

- generation of electricity and heat based on conventional fuels (including
cogeneration, i.e. simultaneous generation of electricity and heat, or tri-generation
additionally with the production of cold),

- generation of electricity and heat from various renewable energy sources,

- production of gaseous and liquid fuels,

- using the energy potential of local water courses and other forces of nature,

- distribution of electricity, heat and fuels within its own distribution system,

- sale of energy or fuels to end users at attractive prices,

- production and distribution or sale of cold,

- storage of energy or its carriers,

- improving energy security,

- increasing the energy efficiency of the economy in a given area,

- increasing the share of renewable energy sources in production and their
better use,

- limiting or eliminating the purchase of energy from outside the cluster area,

- connection of local dispersed energy sources in the area of the cluster into a
local system together with local energy storage,

- improvement of the quality of supplied energy and minimization of
interruptions in its supply,
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- reduction of energy prices (both electricity and heat),

- management and/or energy use of waste generated in the cluster (agricultural,
domestic, forest and other),

- use of waste heat,

- improvement of air quality by reducing dust emissions,

- development of low-emission transport,

- activation of the society in order to pro-energy and pro-ecological activities,

- creating new jobs,

- economic development of the region, including, above all, highly innovative.

As can be seen from the above examples, the impact of an energy cluster can,
and in most cases, go beyond just energy alone. In order for the energy cluster to
bring the expected benefits, it should cooperate with the National Power System. This
cooperation may, in particular, concern energy distribution, which will be based on
cooperation with the operators of the existing distribution systems. Within the cluster,
it is also possible to expand the existing distribution network.

An energy cluster can be described as an agreement of locally operating
entities involved in the production, consumption, storage and sale of: electricity, heat,
cooling and electricity in transport (fuels). The energy cluster was introduced to the
Polish legal system by the Act of June 22, 2016 amending the Act on renewable
energy sources and certain other acts (Journal of Laws, item 925) [1]. The formula of
the cluster is flexible enough to allow participants to build an individualized business
model of the cluster's operation and to optimally choose the legal form of its activity.
Cluster members do not have to resign from their activities, but through cooperation -
wherever it brings them and other cluster members benefits, they generate added
value for the local community. Joining or disconnecting from a cluster may or may
not seriously affect the activities of other members.

The development of energy clusters in Poland is not as fast as in other
European Union countries, therefore initiatives are taken to support the development
of energy clusters in Poland. On February 25, 2022, the Government Legislation
Centre announced a draft amendment to the RES Act. The project provides, inter alia,
development of energy communities such as clusters.

Energy clusters can be of great help in the development of self-sufficient local
energy in Poland, provided that legal conditions are favourable to it. Examples from
other countries show that it is possible. First of all, they can contribute to a significant
reduction in energy transport and increase power security.

References
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clusters in Poland, 2016
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OPTIMIZATION OF THE BIOENERGY SYSTEM STRUCTURE BY
APPLYING ECONOMIC AND MATHEMATICAL MODELING
H. Syrotyuk?, Ph.D., S. Syrotyuk?, PhD, R. Konieczny?, DSc,
A. Radomska-Zalas?, PhD, G. Walowski®, DSc,
!Lviv National Environmental University
The Jacob of Paradies University, Poland
3Institute of Technology and Life Sciences-National Research Institute, Poland

Abstract. Optimization of the structure of bioenergy systems was carried out
on the basis of an economic-mathematical model. The developed model is based on a
linear programming problem. Minimization of the given costs was chosen as the
criterion for optimization of the problem. It is proposed to take into account the
environmental criterion in addition to the economic and energy criteria for the
assessment of energy efficiency.

Keywords: economic-mathematical model, bioenergy system, efficiency,
payback period.

Today, application of the economic and mathematical modeling (EMM) for
studying and optimization of the structure of energy systems, particularly bioenergy
ones, is especially relevant. The type of economic and mathematical modeling
depends on the system character and on tasks of the research. In general terms, the
mathematical model of the system includes description of a set of possible conditions
of the last and the law of transition from one condition to another (the law of
functioning).

A correct mathematical model can be built only after comprehending the
existing limits, relations and the goal, when the reliable information is available, and
the process of modeling is accurate [1]. The model provides for the relevant and
scientifically substantiated auxiliary material for making adequate decisions.

The economic and mathematical model of bioenergy systems consists of:

- independent variables of factors;

- asystem of irregularities of the limits by each kind of energy, price of equipment,
installation and exploitation of it;

- free members, which reflect the demand for different kinds of energy, resources
and financial capacity of the enterprise to purchase the corresponding size of
power equipment;

- aminimized objective function (minimum reduced costs).

One should consider the fact that not all kinds of energy are of equal value, i.e.
the highest quality of energy is provided by the electric power, whilst the lowest — by
the low-temperature thermal one. To substantiate the structure of power supply for
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the enterprise it is necessary to agree the power supply for technological operations
with consideration of the kinds of energy used for them. The main load on the system
of power supply is carried by the renewable local energy resources that contribute to
improvement of energy independence, etc.

For optimization of technical equipment of the power system of an enterprise
depending on the structure of its consumption, production specialization and other
factors, the researchers developed methodology for elaboration of a multifactorial
EMM which is based on the task of linear programming. Indicators of reduced costs
are taken as an integral parameter.

The total reduced costs are the cell of an optimized objective function which
shows the amount of reduced costs by all kinds of energy, resources and power

equipment.
The objective function looks as follows:
N M
> > X;-q,,-C,;, »>min, (1)
=1 j=1

where N and M — number of the kinds of equipment and energy (resources)
respectively;
Cij— costs of j kind of energy (resources), produced by i type of equipment.

Assessment of the economic efficiency of the developed system of power
supply for the enterprise is made referring to the payback period of capital
investments with consideration of the discounting of money flows and the dynamics
of changes of the power medium tariffs.

The efficiency of power supply by using the renewable energy resources is
assessed not only by the economic and power criteria, but also by ecological ones,
which are reflected in the consolidated indicator, namely prevention of CO,emissions
in the air as compared to the technologies using fossil fuels [2].

The volume of prevented emissions of CO, can be shown by the following
formula:

v - 0,351 W, -44

=1,287-W.) . )

The value of the ecological indicator of the CO, emission prevention is
described by the formula

Bco2 - ZM 'U002 , (3)
where ., - price of quotas for CO, emissions, UAH/kg.

The ecological indicator of efficiency is important in terms of possible
motivation of energy consumers to use renewable sources of energy.

Hence, application of the methods of economic and mathematical modeling is
one of the most promising directions of economic studies which provide for both
assessing the process quality, and substantiating the quantity estimation of the
bioenergy system operation.
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BIPTYA JIbHUM 3ACIB PEABLIITAIII XBOPUX OBJITEPYIOUUM
ATEPOCKJIEPO30M CYJIUH KIHIIBOK HA OCHOBI IPOI'PAMHO-
AITAPATHOI INIAT®OPMM LabVIEW

O. B. Jluca', k.m.n., ooyenm, A.-B. B. Mioux® cmapwiuii hponmeno po3poonux
Ulveiecokuii nayionanvrnuii ynigepcumem npupoooKopucmyeanus
2Komnania «Relevant Softwarey

Abstract. A virtual device that combines the functions of an
electrocardiograph and an electromyostimulator, and is based on the LabVIEW
platform, which is a system engineering software for applications that require testing,
measurement and monitoring with fast access to software and data analysis, is
proposed and investigated. The development of a virtual tool for measuring the heart
rate and synchronized delivery of an electrical stimulation signal to the muscles of the
patient's problem area was carried out. The issue of using the multifunctional USB
device DAQ USB 6008/6009 from National Instruments for this purpose is under
consideration.

Keywords: cyber-physical rehabilitation systems, virtual device, graphic
platform LabVIEW.

XBOpoOuU cepleBO-CYAMHHOI MATOJIOrii B YKpaiHi MOCIAal0Th Mepile MicUe B
CTPYKTypi XBopi0. Haluacriiie mpUYMHOIO 3aXBOPIOBAHb € BIKOBI 3MIHM, 3BUYKH
JIOJWHU: KypiHHS, Opak (I3MYHOT aKTUBHOCTI, HE3J0poBe XapuyBaHHA. [lpu
3aXBOPIOBAHHAX apTepiil HUKHIX KIHI[IBOK, pealumiTaiis 1 pyXoBl BIPaBU 3HAYHO
YCKJIQIHEHI.

B Vkpaini peaOumiTamito TakuX XBOPUX 3JIMCHIOIOTH MPOBEICHHSAM
¢bi3i0TepaneBTHYHOT MPOIEAYPH, IO TOJSATAE HA TMOJAHHI IMITYJbCIB €IEKTPUIHOT
Harpyru (CTpyMy) Ha JBa €JIEKTPOJH, IIUIbHO HaKIaJAeHI Ha BpPaKEHE MICIIe
KIHI[IBKM, Ha TpOTA31 TMeBHOro dacy. I[lpu3HauawTh MAil0 CHHYCOITAIIBHUMH
MOAYJTHLOBAaHUMHU CTpyMaMu (amruiimyiscTeparisi) [2]. [IpoTe, mpu BuUKOpUCTaHHI
JIAHOTO CTIOCO0Y 1 MPUCTPOIO JIJIsi HOTO peastizallii He JOCATal0Th peadiTiTallii XBOpuX.
CrpaBa y TOMy, ILIO JOBOJII JKOPCTKO JOTPUMYBaHI IMapaMeTpu CTpyMy IHpu
MPOBEJCHHI MPOIEAypH HE BPaxOBYIOTh KOHKPETHOTO CTaHy TMalli€HTa: Moro
OLIIHIOIOTh 32 YCEpEeAHEHHMH MokazHuKamu. KpiM Toro, He BpaxoBYIOTh peajbHe
3HAYEHHS IyJbCY Malll€EHTa B MEeP10/ MPOBEAEHHS IPOLETYPH.
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Hamu 3ampomoHoBaHO 1 JOCHIPKEHO croci0 peabumiTamii mamieHTa 13
OOJIITEPYIOUNM aTePOCKIIEPO30M, IO 0a3yeThbes Ha MpoBeAeHHI (i3i0TepaneBTUIHOT
OpOLEAYPH, 3MICT SIKOT MOJATa€ Ha TMOJAaHHI IMITYJIbCIB EIEKTPUYHOI HAIpyTH
(cTpyMy) Ha 1IBa €IEKTPOJH, IIIILHO HAKIJIaIEHI Ha Bpa)K€HE MICIle KIHI[IBKH, Ha
npoTsA3i meBHOro yacy. s oTpumaHHs peabuTiTalifHOTO ePeKTy 3A1HCHIOETHCS
aBTOMATUYHE CKaHYBaHHS IMyJIbCy a00 YacTOTH HAJXO/KCHHS KPOBI JO KIHIIIBKU 3
OJTHOYACHUM BIJTBOPEHHSIM MPHUHHATOI YaCTOTH TaKUM YUHOM, MO0 MPUXi] KOXKHOI
KOHKPETHOI XBUJII IPUPOTHBOTO0 KPOBOTOKY Ha XBOPY AUISHKY KIHIIIBKH CITIBIIaJIaB y
gacl 3 MOJaHHSIM IMITYJIbCYy Ha JIaHy JUISHKY, a TPUBAIICTh IMIYJIBCY BiANOBIIAjIa
TPUBAJIOCTI MPOXO/KEHHS XBWJl KpOBI 4Yepe3 MOUIKOHKEHY AUISHKY, MPUYOMY
TPUBATICTh (DI310TEPANEBTUYHOI MPOLIETYPU BU3HAYAIOTh EKCHEPUMEHTAIBHO 3a
MOKPAIICHHSIM 1HJEKCY OpaxialibHOTO TUCKY TOMUIKOCTOITHOTO CYTiI00a, 0OMEKYIOUH
JOCSITHEHHSIM  BIYYTHUX, BIJIHOCHO HE3HAYHUX 3MIH MPOXIJHOCTI 3a 3MIHOIO
TEMIIEpaTypyd KIHI[IBKM, a 3arajlHy TPUBAJIICTb HHU3KH TMpolenayp Ta ix
MMOBTOPIOBAHICTh BH3HAYAIOTh CTAHOM TAIliEHTa Ta MOKPAIIEHHSIM KPOBOITOCTAYaHHS
KIHI[IBKU. JlJI1 BCTaHOBJEHHS CTaHYy KPOBOIIOCTAYaHHS KIHI[IBKM BHUKOPHCTOBYIOTH
KOMIUIEKCHUM MeTO], 0a30BaHUI Ha 3aJTy4yeHHI CEHCOPIB THUCKY, TEMIIEpATYpH, Macu
KpOBI, 1110 HAITOBHIOE KiHIIIBKY, TOIIIO.

JUtst OTpUMaHHS JaHUX 3MIHHOTO y 4acl pUTMy poOOTH ceplis 1 MPaBUIbLHOIO
BCTAHOBJIEHHSI MOMEHTY HAJXOJUKEHHS XBWJI1 KpPOBI O KIHIIBKA BUKOPHCTOBYIOTb
CMapT-CeHcop 31 cranoro iHepiii, MeHmow HiK 0,05 mepiomy cepueOUTTS, a IS
TeHEPYBaHHSI IMITYJIbCY — CMApT-aKTyaTOp 3 TaKOK CaMOIO CTAJIOI0 1HEpIIii, IpUIOMYy
CMapT-CEHCOP BCTAHOBIIOIOTH HA KIHITIBII BHIIE 32 KPOBOTOKOM Ha BijcTaH1 5-50 cm
BIJI MICIS BCTAaHOBJICHHS CMapT-akTyaTopa. llomepenHbO0 BH3HAYMBINKM HEOOXiTHI
napamMeTpu Il TEHEPOBAaHUX CUTHANIB, CGHOPMYBAIU CTPYKTYPHY CXEMY
noOyoBaHOTO TPUCTPOro. [ BHU3HAYEHHS MOMEHTY HAJXO/KEHHS XBUII
apTepiaibHOTO THUCKY KpOB1 3alpONOHOBAHO 3allyYUTH TEPMICTOP, CIPOMOKHUI
IIBUKO BITYyBaTH JOCUTh HE3HAYHI KOJWBAHHS TEMIIEpaTypyd TIPH IILUIEHOMY
MPUTHUCKAHHI 0 MIKipy HOrKM. CxeMa MiIKII0YEHHS TePMICTOpa A0 BUMIPIOBAIBLHOTO
0JIOKY BIpTyaJIbHOTO MpWJIaay TojaaHa Ha puc.l.

NI USB—600? | PC
&1 USB <—— > USB
— 1 paciou =
© ADC1 in 1 wesma. s
Rt e

GND =
T

Puc. 1. Cxema miaKirO4eHHs TepMicTopa 10 OJIOKY BUMIPIOBAHHS Ta YIPaBIiHHS
omoxy NI USB-6009.

s peabimiTamii MamieHTIB 3 OOJITEPYIOUMM aTEPOCKIEPO30M Ha OCHOBI
nporpaMHo-anapaTHo'l' mwiarpopmu  LabVIEW  [2] po3poGrneno BipTyanbHHIA
OPUCTPiN, IO MOEAHYE (1)yH1<u11 eneKTpOKapzuorpa(ba (s BU3HAUEHHS YacTOTHU
CepLEBUX CKOPOYEHb) 1 EJNEeKTPOMIOCTUMYJIATOpa (AJI1 M S30BOTO IMOCHJICHHS
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apTepiaJbHOr0 KPOBOTOKY, 3 YPaxyBaHHSIM YacTOTH CEpLEBUX CKOpoudeHb). Tak sk
BiH Ja€ 3MOTYy CKaHyBaTH pOOOTy cepilsi, TO MpU 3MiHI YacTOTH HOro podoTu
BIJICTE@XKYE 11l 3MiHHM 1 MOT0 BHXITHI CHUTHAJIU HA €JICKTPOJH, MPUKIIAJIEHI 0 M’s31B
caMe B MOMEHT MPOXO/KEHHS KOXHOI MOTOYHOI XBWJII KpPOBOOOITY, IIO CIIpHE
MOKPAIIEHHIO POX1IHOCTI CYAMH 1 JOCATHEHHS peadiliTailifHOro eexTy.
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