pasmvepamu U yxyoweHue ycriogul mernsioomoa4qu o cpasHEeHUo CO 8MmMopbIM
muriom opebpeHusi O nogepxHocmeu 6osbwou MPoOMmMsiXXKeHHoOcmu.

Knroyeebie crioea: eepmukasibHasi Mo8epxHOCMb C oOpebpeHueMm,
ceo0b00Has KOHeeKUusl, mensioobmMeH, mensnosoll MOMOK,
aghghekmusHocmb pebpa

COMPARATIVE ANALYSIS OF VERTICAL SURFACES WITH VARIOUS
TYPES OF WATER IN CONDITIONS OF NATURAL CONVECTION

V. Gorobets

Abstract. A comparative analysis of the heat transfer of continuous
vertical, discrete vertical and sloping fins under free convection conditions is
carried out. It is shown that the use of discrete sharpening significantly
intensifies the processes of heat transfer on vertical surfaces. The comparison
of discrete vertical and sloping fins indicates the advantage of the first type of
sharpening for surfaces with small vertical dimensions and deterioration of
heat transfer conditions compared to the second type of sharpening for
surfaces of a large length.

Keywords: vertical finned surface, free convection, heat transfer,
heat flux, efficiency of fin
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METHOD OF DESIGNING A RESOURCE-EFFECTIVE CONTROL
SYSTEM FOR VEGETABLE GROWING MODES IN GREENHOUSES

A. DUDNYK, PhD
National university of life and environmental sciences of Ukraine
E-mail: dudnikalla@nubip.edu.ua

Abstract. Greenhouse complexes are characterized by the presence of
significant energy streams used to provide technology for cultivation. High
energy prices create conditions for the development of special systems that
are able to reduce, but better to minimize energy costs. Worthy of note are
resource-efficient algorithms for energy flows control throughout the growing
season. The results of previous studies have allowed us to conclude that
additional information on the predicted values of ambient temperature, solar
radiation, information of biological filling states allows us to create a knowledge
base and use it for the formation of control impacts on biotechnical objects in
order to minimize energy consumption while ensuring production with the
required quality and volumes.
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The solution of these problems is possible through the use of modern
intelligent algorithms for processing information coming from the control object,
and the use of results for the formation of appropriate control strategies in
order to maximize the production profits .

The proposed system with the use of intelligent information technologies
and software based on the predicted values of external natural disturbances
and the current parameters of the technological process will provide the
decision making support, monitoring the biotechnical object parameters.

Therefore, it is important to use resource-efficient algorithms for: forecasting
of natural perturbations and formation of high reliability of optimum regimes of
growing of vegetable products taking into account the states of the biological
component of the control and pricing policy in the market of commodity products.

Keywords: greenhouse complex, resource efficiency, methods of
designing systems

Topicality. An analysis of existing developments in the field of energy
conservation and the study of control systems in the production of vegetable
products [5, 6] showed promising measures to reduce energy consumption. The
most expedient and effective scientists consider improvement of thermophysical
characteristics of fencing constructions, the use of energy-saving screens and the
reorganization of traditional microclimate control systems at the expense of new
methods and means of automated control in accordance with technological
requirements. However, these paths do not take into account the peculiarities of
the biological component, the external natural disturbances, resources price
changes, and do not allow finding the best control decisions by developing new
resource-efficient methods and algorithms for growing vegetables.

It is also important to record the cost of energy resources using real-time
monitoring subsystems and databases to store and further analyze the
information provided in the paper [7]. However, such measures require the
additional attraction of technical means, the availability of additional computer
and network support, which requires additional capital investment. In addition,
the information support of such systems is valuable and requires constant
availability of a specialist.

Thus, the development of methods and algorithms for determining the
optimal resource-efficient modes of vegetable products production in
greenhouse complexes, taking into account the predicted characteristics of
external natural perturbations, states of biological content, and application of
the coordination approach is perspective and relevant.

The purpose of research is to increase the resource efficiency of the
process of production of vegetable products in greenhouse complexes by
developing the method of designing a resource-effective control system, which
minimizes resource and energy costs while complying with the requirements
for ensuring high quality of products.

Materials and methods of research. The evolution of control systems
of electrotechnical complex for technological objects (Fig. 1) started with
systems that form the stabilization algorithms (phase I). But even now, despite
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sophisticated technological equipment available both in poultry and for
greenhouse continue to use simple control algorithms of electrotechnical
complexes - stabilizing algorithms. At the same time international and national
experience has shown that their application can be justified only to some
extent, under conditions of low energy prices. In this case, by technological
standards and controls stabilized without taking into account the character of
natural disturbances and states of biological objects, which allows in certain
seasons to maximize their productivity. But even in these cases often
actuators capacity is not enough for the viability of biological filling in optimal in
terms of its performance conditions.

In the 90's of the previous century, when energy costs began to rise,
offered as a separate development, the use of algorithms that minimize energy
use for individual processes (Stage Il) [1]. Later, given the properties of objects
change their dynamic parameters were tested adaptive systems (Stage Ill)
capable of in service take into account these circumstances, realizing optimum
process control algorithms [4]. But systematically tailored to suit biological
content, the analysis of natural disturbances, state of the market value on
energy production and quality to ensure maximum profit production can only
intelligent control system (Stage 1V) [5]. As shown in the figure, their
advantage is obvious and provided a significant decrease in the energy
component in the production costs structure.

According to preliminary research reducing of energy consumption
through the development and implementation of intelligent control systems
using the latest methods and means of automation, able to predefine control
action based on disturbances forecasting, technological requirements and
biological object characteristics.

Control Systems Evolution
(for biotechnical objects) o
Prostuctinn Conta M1uiturs e .
ns
. oot P I ' gt

rtellectiasky
form tha control
Hrategy under
condrions of
uncentarty, wreh
mplements

Fig. 1. Control Systems Evolution

Neural network forecasting of external disturbances can increase
system performance up to 20 % and can increase technological efficiency up
to 13 %. Also, additional energy savings can provide phytomonitoring of
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plants. Phytomonitoring can be implemented using modern robotic technical
systems to ensure reliability and efficiency of a given measurement.

Review of the functioning of the process facilities along with the
peculiarities of the dynamics of natural disturbance sand living organisms
states and the rational use of energy resources will increase profits from
production. Experimental studies depending on the main quality parameters of
biological objects from change of microclimate and establish the most
productive growing conditions have provided the mathematical model of states
of plants that were later used in the formation of management strategies.

The approach proposed to be used is based on the constructing a
conceptual model of the control object with the allocation of technological,
material and energy flows, which will allow to describe the process of
functioning of the electrotechnical equipment of greenhouse complexes by
object-oriented programming methods; construction of an adequate neural
network mathematical model of the production process of vegetable products
in conditions of uncertainty of the environment factors influence. The
development of a model for assessing the resource efficiency of the
functioning of greenhouse complexes will be carried out by creating a
mathematical apparatus describing the processes taking place during the
production of vegetable products, along with the use of a coordinating
approach to forecasting external parameters and features of the biological
component, taking into account the efficiency of cultivation.

Research results. The most important for the process of growth and
development of plants is a temperature-humidity regime, whose maintenance
is largely influenced by external natural perturbations. In addition, it is the
heating and ventilation process, according to conducted analytical studies,
have the largest energy capacity. In order to obtain the operating modes of the
equipment, a mathematical model of temperature and humidity variation of the
internal air was synthesized in the form of differential equations. It is also
known that these technological parameters are interdependent, so we have a
system of two differential equations:

R | ._|: k.
Tl = 0,0+ 8,0 = AQ0] =~ (%24 22 [T (8) — Tarun (]
d{'plntern (t:] — 1 1 v‘r'(t:]
dt - ?ZQt[t] + ';'Tz [E[Sﬂ(t:]’ {pintern (t:]] - Vz [{pintern [tj - {'pExtern r:-t]:l’
E[Sﬂ (tj’q}lntern [tj] -« SH}I.:t} - Bq}lntern (tj’
where Tinterns Textern — air temperature inside and outside greenhouses

o
respectively, (C); Pintern’ Pextern _ relative humidity inside and outside

greenhouses respectively, (%); Keog _ coefficient of heat transfer of the

84



greenhouse enclosure, (Wt/K); V — geometric volume of greenhouse, (mg);

Ve Vz _ the volume of air heated and humidified accordingly, (™); P — air

lrg—1 .1
density, ( 1,2 kg/ma); Co _ heat capacity of air, (1,005 kJ kg™ -K ), Qn
the power of the heating system of the greenhouse, (Wt); Qe _ fogging system
performance, (g/sec); Sp _ solar radiation absorbed by the greenhouse, (Wt); g

— heat of vapor formation, (2256 kJ/kg); Vv — air exchange provided by the

3 /sec) E [SH (0, Py (t)]

ventilation system, (m — eutotransplantation of

plants in the function of absorbed solar radiation and humidity in the

greenhouse, (g water/sec), ¢, P _ scale factors.

Fig. 2. Structure of the mathematical model
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"Fig. 3. Air temperature and humidity changes

Conclusions. As a result of the analysis of curves, the following
conclusions were drawn:

1. The process of maintaining a given humidity of the air is more
inertial, that is, the efficiency of the ventilation system is less, which requires
additional research to be taken into account.

2. The process of heating the greenhouse complex largely depends on
external natural perturbations, which can be taken into account after
application of the method of neural network prediction.
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METOOMKA NPOEKTYBAHHA PECYPCOE®EKTUBHOI CUCTEMU
KEPYBAHHA PEXXUMAMU BUPOLLYBAHHA OBOYIB Y TEMJIULUAX

A. O. OyaHuk

AHomauisi. TernnuyHi KOMrsieKcu xapakmepusyrombCsl Hassi8HICMIO 3HaYHUX
eHep2emuYHUX MoMmoKie, W0 8UKOpUCMO8yombCsi O 3abesrneqyeHHs 8i0rnoeioHoI
mexHosoail. BUCOKi UiHU Ha €HEeP20HOCIT (MPUPOOHIL 2a3, eflekmpuyHa eHepaisi)
cmeoproromb  ymMosu  Orisi po3pobrieHHs  crieuianbHUxX —cucmemMm, 30amHux
3MeHWUmu, a Kpawe MiHimizyesamu, eHepaemud4Hi aumpamul.

3acnyzo8ytomb Ha yeazcy pecypcoeheKkmueHi an2opummu KepyeaHHS
eHep2emuYHUMU romokamu Ha makux ob’ekmax. Pesyrnbmamu rnonepeoHix
odocnidxeHb 0anu 3mMoay 3pobumu 8UCHOBOK, Wo dodamkosea iHghopmauis wodo
MPO2HO3HUX 3Ha4YeHb Mmemrepamypu HaBKOIUWHL020 cepedosulya, COHSIYHOI
padiauji, iHgpbopmauisi npo cmaHu 6iono2iyHo20 Harno8HeHHs1 00380s155€ cmeopumu
6asy 3HaHb ma eukopucmamu ii Ons ¢bopMyBaHHS Kepyroyux ersueie Ha
b6iomexHiyHi 06°ekmu 3 Memoro MiHIMI3auii eHepaocrioxXueaHHs, 3abesrnedyroyu
rpu ybomMy 8upobHUUMEOo rnpodyKuii mMompibHoi skocmi ma obcsais.

BupiweHHsi  3a3Ha4YeHux rnpobrniem  Moxrnuee 3a  O0NOMO20H
8UKOPUCMAaHHSI CydacHUX IHmMesieKkmyarnbHUX arn2opummig ornpauyroeaHHs
iHgbopmavuii, wo HadxoOume 6i0 0b’ekma KepygsaHHS, ma 3acmocyeaHHs
pesyrnbmamie 05151 hopmyeaHHs 8i0rnogiOHUX cmpameaill Kepy8aHHS 3 MEMOK
MaKkcumizauii npubymky 3a pel3yrbmamamu eupobHuymaea.

3anpornioHoeaHa cucmema (3 3acmocyBaHHSIM  iHMesiekmyasbHUX
iHgbopmaujitiHUX mexHosoeili ma npozgpamHo20 3abes3rie4eHHsT Ha OCHO8I
MPO2HO308aHUX 3Ha4YyeHb 308HIWHIX MPUPOOHUX 36ypeHb ma MoMmMoYHUX
napamempie mexHos102i4Ho20 rpouecy 3abearnedyums MiOMpPUMKY NPUUHAMMS
pilleHb, KOHMPOsib Ma MOHIMopUHa napamempig 6iomexHiyHo20 06 ’ekma.

Tomy akmyaribHUM € 8UKOPUCMAaHHS pecypcoehekmusHUX anzsopummie
Onsi:  MpO2HO3yBaHHs MpUPOOHUX 36ypeHb ma ¢opMyeaHHsI 3 BUCOKOK
HaldilHicmo onmuMasilbHUX pPexXumie eupowyeaHHss 0804eegoi MnpodyKuii 3
ypaxysaHHsiM cmaHig 6ionio2iyHOI cknadosoi 06’ekma KepygaHHS ma UiHO8Oi
ronimuKuU Ha pUHKY moegapHOi rpoOyKujii.

Knro4oei cnoesa: mennuyHul KoMrsekc, pecypcoegpekmueHicms,
MemoOu npoeKmyeaHHs cucmem.
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METOOUKA NMPOEKTUPOBAHWUA PECYPCOGCDCDEKTI/IBI:IOVI CUCTEMbI
YNPABJIEHUA PEXUMAMU BbIPALLUUBAHUA OBOLLEW B TEMJIULIAX

A. A. lyaHuK

AHHOMauyus. Tennu4Hblie KOMIIIIEKChlI Xapakmepu3yromcs Hanuduem
3Ha4YumersibHbIX 3HepP2emMuUYeCcKuUX rMomoKos, Ucrosnb3yembix 058 obecriedeHus
coomeemcmesyouweli mexHosoauu. BbiCokue UeHbl Ha 3Hep2oHocumernu
(MPpUpPOOHbIL  2a3, arlekKmpudyeckass 3dHepausi) co3darom ycriosusi Orisl
paspabomku crieyuasnbHbIX CcuCmMeM, CrOCOBHbIX YMeHbWUmMb, a Jy4qule
MUHUMU3UpO8amb, 3Hep2emu4yecKue 3ampameai.

3acnyxueatom  8HUMaHUsi  pPecypcoahheKmusHble  an2opummbl
yrpaeneHusi  dHep2emuyeckumu  rMomokamu 8 makux  obbekmax.
Pe3ynbmamasl npedbiOyuwux uccredosaHul no3gonunu coename 8b1800, YmMO
dononHuUmernbHass UHghopMauusi O MPOSHO3HbIX 3Ha4YeHUsSX memrepamypbl
OKpyXatowiel cpeldbl, cofHeyHou paduayuu, UHgopmMauusi O COCMOSIHUU
buorio2u4eCcKo20 HarofiHeHuUs rosgonsem co30amb b6a3y 3HaHul U
ucrionilb3ogamb ee 0711 hopMupoBaHUs yrnpaensanuwux eo30eldcmeul Ha
buomexHudeckue 0b6beKmMbl C Ueriblo MUHUMU3auuu 3sHepzoriompebreHus,
obecriequgasi rnpu 3mMom rpou3eooCcCmME8o MPOOYKUUU HYXHO20 Kadecmea Uu
obbemos.

PeweHue yka3aHHbIX pobremM B03MOXHO [ymeM UCMofb308aHUs
COBPEMEHHbIX UHMeIeKmyarsbHbIX anzopummos obpabomku uHghopmayuu,
rnocmynaroweld om obbeKkma yrnpasneHus, U rnpuMeHeHUe pesyrbmamos 0ris
opmuposaHUsi coomeemcmeyowux cmpameauli ynpaesieHuss € Uesbio
Makcumu3ayuu npubbiniu no pesynbmamam npou3goocmasa.

[lpedrnioxeHHass cucmema C [PUMEHEHUEM  UHMeENeKmyarsbHbIX
UHGOpMaUUOHHbIX mexHosoauli u fpoegpamMMHO20 obecrieyeHusi Ha OCHOBE
MPO2HO3UPYEMbIX 3HAYEHUU BHEWHUX MPUPOOHbIX 803MYUWEHULU U MeKywux
rnapamempo8 MEeXHOI02U4ecKo20 rpouecca obecriedum  MOOOEpPXKKY
npuHsmusi  peweHud, KOHMpPO/Silb U MOHUMOPUHZ  rnapamMempos
buomexHu4Yeckoeo obbekma.

[Toamomy akmyarbHbIM sensiemcsi ucrosnb308aHUe
pecypcoaghhekmusHuUX anz2opummosg Osis. [pPOo2HO3UPOo8aHUs MPUPOOHbIX
803MYWEeHUU U OopMUPOBaHUSI C 8bICOKOU HaleXXHOCMbK OrmumMarsibHbIX
PEXUMO8 8blpaujugaHusi 080WHOU npodyKuyuu C y4emom COCMOSsHUU
buornozauyeckol cocmasnsoweld obbekma yripasneHus u yeHoe8ouU nosumuku
Ha pbiHKe moegapHOoU rMpoOyKyUU.

Knrodyeenie crsiosa: menuYHbIU KOMrisieKc, pecypco-
aghghekmueHOCMb, MEMOObI NMPOEKMUPOB8aHUsI cucmem
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