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Pedepar:

1. Incepraliito NpUCBSYEHO BUPIIIEHHIO BaXKJIMBO] i aKTyaslbHOI HAYyKOBOIIPUKJIALHOI TpobieMu, a came
PO3pOOJIEHHIO HAYKOBUX OCHOB CTBOPEHHS eHeproedeKTHBHOI CUCTeMU aBTOMAaTHU3allii IpoLeciB KepyBaHHS
€HEepreTUYHMMU NTOTOKAMU B ITIPOCTOPOBO-PO3MOiIeHNX GIOTEXHIYHUX 00'€KTaX — TEIUIMYHUX KOMOiHAaTaX, 10
(OYHKILiOHYIOTb B YMOBax HEBU3HAYEHOCT] 3 MOHITOPMHIOM SIKOCTi pOCJIIMHHOI IpoayKuii. CyTb Ipo6ieMU NOJISArae y
TOMY, 00 32 PaxyHOK aBTOMAaTuM3allii IpoLeciB KEPYBaHHS Ha OCHOBi BUKOPUCTAaHHSI PE3YJIbTATiB MOHITOPUHTY
CTaHy POCJIMH i IKOCTi MPOAyKLii 3a6e31eynTy BUKOHAHHS 331aHOi TEXHOJIOTii BUpOOHMILITBA POCIMHHOI TPOAYKIIii B
yMOBax TEIJIMYHOT0 KOMOIHATY 3 MiHiMaZbHMMU BUTpaTaMu eHeprii. KiouoBUM eJ1eMEHTOM JJOCATHEHHS
KOMITPOMICY MK BUTpaTamMu PECYPCIB Ta SKiCTIO NIPOAYKLIi € cucTeMa KepyBaHHS MIKPOKJIIMATOM y TEIINL, a
OCHOBHi OOME>X€HHS €(PeKTUBHOCTI BUPOILYBAaHHS POCJIMHHOI IPOAYKIii B TEIJIMYHUX KOMILJIEKCAX BUHUKAIOTh
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Xapakrep (TeMneparypa i BOJIOTiCTb 30BHIIIHBOTO CEPEIOBUINA, COHSIYHA pafiallis), HEIOBHOTH iHpopmMalii mpo
CTaHU POCJIVH, IapaMeTpiB cepesioBuIla HABKOJIO HUX Ta SIKOCTi POCJIMHHOI IPOAYKLii; MOo-Apyre, 0OMeskeHoi
iHopmallii Ipo B3a€MO3B’SI3KM MK CIIO)KMBAHHSIM €HEPreTUYHUX PECYPCiB Ta CTAaHAMU POCJIMH Y IPOCTOPOBO-
posnoginennx QiToKIiMaTUYHUX YMOBAX iX PO3BUTKY Ta SIKOCTi POCJIMHHOI IPOAYKLii; O-TPEeTe, BilCyTHOCTI
3arajlbHUAX TEXHIYHMX NPUHLUIIIB 100YJOBU CUCTEM aBTOMATU3allii KEPDYBAHHS €eHEPTreTUYHMMU II0TOKaMU B
MIPOCTOPOBO-PO3IOIiIEHNX B6IOTEXHIYHUX 06'€KTaX — TEIJIMYHUX KOMILJIEKCAX, i3 MOHITOPUHIOM SIKOCTI 11i€l
IpoayKuii. 3Bakaroyy Ha 3a3HaY€He, MOXKHA CTBEPIKYyBaTH, 1110 HUHI BUMOTH [10 CUCTEM €HEProe(EeKTUBHOIO
KEepyBaHHS €HepPreTUYHMMH [TIOTOKAMU IIPOCTOPOBOPO3NOIieHUX 6iOTEXHIYHUX 00'€KTIB — TEIIJIMYHUX KOMILJIEKCIB,
IIOCTIMTHO 3pOCTalOTh, @ HAYKOBi OCHOBY iX OGYZOBU BifiCyTHI. 3a3HaueHe BUILE 3yMOBUJIO BUOip TeMU AucepTalLlii,
BCTaHOBJIEHHS ii MeTH Ta 3aBAaHb. Po3po6sieHo iHTeneKTyalbHUI MeToM, (POPMyBaHHS eHeproedeKTUBHUX
CTpaTeriil KepyBaHHSI €HepreTUYHUMU IIOTOKAMU B 6iOTEXHIYHUX 00'€KTaxX — MPOMUCJIOBUX TEIUIMLSX, SIKAN
Bi/Ipi3HSI€TbCS BUKOPUCTAHHSIM HOBOTO KPUTEPil0 €HepProeeKTUBHOCTI Ta HepOMepeXXeBOro aHali3y, 10
MiHiMi3ye eHepreTnyHi BUTpaTy Ha 3abe3leyeHHs TEXHOJIOri BUPOLIYBaHHS B YMOBaxX Jii 30BHIIIHIX IPUPOIHUAX
30ypeHb, HENOBHOI iHpopMallii PO CTaHU POCJIMH Ta IPOCTOPOBOI PO3NOiIEHOCTI KIiMaTUYHMX YMOB. Ha OCcHOBI
T€HETUYHOTO aJITOPUTMY BCTAHOBJIEHO ONITUMAJIBHY KiJIbKiCTh OCHOBHUX (PAKTOPIB XKUTTE3a0€311€4EHHS POCJIMH, Ha
MigTPUMKY SIKUX BUTpavyaeTbcs 70 % eHepreTUYHUX pecypciB. Ha OCHOBI MaTeMaTUYHOTO anapaTty BENBIIET-
IIepeTBOPEHb PO3POOJIEHO HOBUM METO], 0€3KOHTAKTHOTO BU3HAYEHHS PITOMETPUYHUX [TapaMETPiB POCJIVH, 10 Ja€
3MOTY OLIiHIOBATH SIKiCTb PO3BUTKY POCJIMHY; HA OCHOBI METOJly BapialiliHOr0 YMCJIEHHSI CTBOPEHO MAaTEMATUYHY
MOJIeJb TIEPEMIlLIEHHSI MOOIIBHOTO POOOTA, 10 AA€ MOXJIMBICTb MiHIMi3yBaTU €HEProBUTPATU HOTO aKyMyJIITOPHOI
6arapei. Ha 3actocyBanHi Teopii iMOBipHICHUX aBTOMATIiB Ta CTUMYJIIOI0YOTO HaBYaHHS 3aCHOBAHUI1 METO],
IIPOCTOPOBOTO OPi€HTYBAaHHS MOO1JIBHOTO po60Ta /1J151 PITOMOHITOPUHTY B IPOCTOPi IPOMUCIIOBO] TEIJINLL], IO
CTBOPIOE YMOBHU [1JI1 CAMOCTIMHOTO IIEPEMIIIEHHs] POO0Ta B IPOCTOPi TEIJIML, OMAHAIOUY NIEPEMKOIU. 32
pe3yJbTaTaMu IapaMeTPUYHOIO CUHTE3y Ta METOL0JIOTii OIITUMAIbHOTO IIPOEKTYBAHHS i BUKOPHUCTAHHS MOOIIBHUX
poOOTIB BUHANIEHO pallioHaJIbHUI BapiaHT CTPYKTYPY MOOIZIBHOTO po60Ta PiTOMOHITOPUHTY, SIKUH 31ilICHIOE
MOHITOPUHT (QITOCTaHy i cTaHy aTMOC(EPH, aHaJIi3ye (PiTOKIIMAaTUYHI JaHi Ta GOpMye Ha Liill OCHOBI PillIEHHS IOA0
ONTHMI3allii MapIIPyTy NepeMillleHHs, JIaHyBaHHSI TIOCJIiIOBHOCTI [1ii1, po3Mi3HaBaHHs 00pasiB i Nepemko, 1o
3a0e31e4yye BUKOHAHHS [1I0CTaBJIEHUX 3aBJaHb 33 MiHiMalIbHUX BapTiCHUX i 4acoBUX BUTpaT. Po3pobiieHo
[IPOCTOPOBO-PO3IIOiIEHY MATEMATUYHY MOZEJIb IIPOMHUCIIOBOI TEIVINL, 3aCHOBaHy Ha PO3B'd3aHHi piBHsIHb HaB'e-
CTOKCa, 10 a€ MOXJIMBICTb OL[iHIOBATH 3HAYEHHS TEMIIEPATYPU SIK OCHOBHOT'O TEXHOJIOTIYHOTO IapameTpa B
IIPOCTOPI TETUINLi Ta BUKOPUCTOBYBATH Li pe3yabTaru 17s1 GOpMYyBaHHS MapIIPYTy IepeMilleHHs] MOGiIbHOro
poboTa PiTOMOHITOPUHTY. 3alIpONIOHOBAHO KpUTEPii: €PeKTUBHOI0 BUKOPUCTAHHS €HEPreTUYHUX PECypCiB, CYyTh
SIKOTO MoJIsirae y MiHimizanii pisHULi MiX BiJHOCHUMMU [1I0Ka3HMKaMU (PiTOKIIMATUYHOTO KUTTe3a0€31€4EHHS Ta
(iTOPO3BUTKY POCJIMH, IO MiHIMi3ye eHepreTu4Hi BUTPATH, 3206€3Me4yI0Uun 33/1aHy SIKiCTb POCJIMH Ta IPOAYKLIi;
OIIiHKM CTaHiB PO3BUTKY POCJIVH i pOCIIMHHOI [IpoAyKLii, a came dpitomeTprnyHuil Ta piToTemnepaTypHuil KpuTepii,
BHMKOPHMCTAHHS SIKMX CUCTEMOIO aBTOMAaTHU3allii IpolieciB KepyBaHHS €HEPreTUYHUMMU [1I0TOKaMHU IIifi 4ac
BUPOOHUILITBA POCIIMHHOI IPOAYKILii 3a6e3nedye 3a1aHy SIKiCTb POCJIMH Ta MPOAYKLii 3 ypaxyBaHHSIM (a3 pO3BUTKY
pociuH. [17151 BUPOOGHULITBA IPOIYKLii 3aaHOI SKOCTi B IPOCTOPOBO-PO3IOLiIeHNX 6i0TEXHIYHUX 00'eKTaxX —
IIPOMUCJIOBUX TEIIUISIX, pO3P00JIEHO HOBY KOHIIEMNII{I0 CUCTEMU aBTOMATHU3allii IpolieciB KepyBaHHS
€HEepreTMYHMMU NIOTOKAMH, 10 (YHKIIIOHYye Ha OCHOBI BUKOPUCTAHHS PE3YJIbTATiB (PiTOMOHITOPUHTY, SIKi

HAIXOMSTh Bif, MOGLNIBHOIO PO6OTA, i HEMPOMEPESKEBOTO aHaJIi3Yy.

2. The thesis is devoted to the solution of an important topical scientific and applied problem, namely the
development of the scientific basis for the creation of an energy-efficient system of automation of the processes of
energy flow control in spatially distributed biotechnical facilities and greenhouse complexes, operating under
uncertainty while monitoring the quality of vegetable products. The essence of the problem is to ensure the
implementation of a given technology of plant production in a greenhouse with minimal energy consumption
through the automation of control processes based on the use of results of monitoring the condition of plants and
product quality. The key element is to reach a compromise between the resource costs and product quality is the
greenhouse microclimate control system. The main limitations of crops growing efficiency in greenhouses are due



to several reasons: firstly, uncertainties due to natural random disturbances (temperature and humidity of the
outdoor environment, solar radiation), incomplete information about the condition of plants, environmental
parameters around them and the quality of plant products; secondly, limited data on the correlation between
energy consumption and plant conditions in terms of spatial distribution of phytoclimatic conditions of their
development and quality of plant products; thirdly, the lack of general principles for the construction of
automation systems for energy flow control in spatially distributed biotechnical facilities, greenhouses, for
monitoring the quality of these products. Based on this, it can be argued that currently the requirements for
energy efficient energy flow control systems of spatially distributed biological facilities, greenhouses, are
constantly growing, and the scientific basis for their construction is absent. All the above led to the choice of the
topic of the thesis and helped define its purpose and objectives. The author developed an intelligent method for
the formation of energy-efficient strategies for managing energy flows in biotechnical facilities, industrial
greenhouses, which differs in the use of a new criterion of energy efficiency and neural network analysis, which
minimizes energy costs on growing technology under external natural disturbances, incomplete information about
plants distribution and climatic conditions. The genetic algorithm allowed to establish the optimal number of basic
plant life support factors, for the support of which 70 % of energy resources are spent. Based on the mathematical
apparatus of wavelet transform, a new method of non-contact determination of phytometric parameters of plants
was offered, which allowed to assess the quality of plant development; the method of variational calculus, a
mathematical model of mobile robot movement, allowed to minimize the energy consumption of its battery; the
method of spatial orientation of the mobile robot for phytomonitoring in the greenhouse space, which is based on
the application of the probabilistic automata theory and stimulating learning, created conditions for its
independent movement in the space of the industrial greenhouse, avoiding obstacles. According to the results of
the parametric synthesis and the methodology of the optimal design and use of mobile robots, a rational variant of
the structure of the mobile robot of phytomonitoring is provided, which ensures the monitoring of phyto- and air
conditions, analyzes phytoclimatic data and forms on this basis solutions for optimizing the route of movement,
planning the sequence of actions, recognition of patterns and obstacles, which provides that the tasks are carried
out at minimum cost and time. A spatially distributed mathematical model of an industrial greenhouse has been
developed, which is based on solving the Navier-Stokes equations, which makes it possible to estimate the value of
temperature as the main technological parameter in its space and use these results to form a mobile
phytomonitoring robot. The following criteria are proposed: efficient use of energy resources, the essence of
which is to minimize the difference between the relative indicators of phytoclimatic life and phytodevelopment of
plants, which minimizes energy costs, ensuring a given high quality of plants and products; criteria for assessing
the condition of plants and plant products development, namely phytometric and phytotemperature criteria, the
use of which by the automation system of energy flow control processes in plant production ensures a given high
quality of plants and products taking into account the phases of plant development. In order to produce products
of the required high quality in spatially distributed biotechnical facilities, industrial greenhouses, a new concept of
the system of automation of energy flow control processes is offered, which operates on the basis of
phytomonitoring results from the mobile robot and neural network analysis.
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