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Pedepar:

1. Incepraiiio IpUCBSY€HO BUPIIIEHHIO BAKJIMBOI i aKTyalbHOI HAYKOBOIIPUKJIALHOI IPO6JIEMH, a Came
PO3pO06JIEHHIO HAYyKOBUX OCHOB CTBOPEHHS eHeproedeKTHBHOI CUCTEMU aBTOMATHU3allii IpolieciB KepyBaHHs
€HEepPreTMYHMMH IIOTOKAaMU B IPOCTOPOBO-PO3MOAiIEHUX Oi0TEXHIYHUX 00'€KTax — TEIVIMYHUX KOMOiIHATax, 1[0
(PYHKIIOHYIOTb B yMOBaxX HEBU3HAYEHOCTi 3 MOHITOPUHIOM SIKOCTi POCJIMHHOI poayKuii. CyTb Mpo6yieMU MOJISIrae y
TOMY, 11006 32 paxyHOK aBTOMaTu3allii IpoleciB KepyBaHHS Ha OCHOBI BUKOPUCTAaHHS Pe3yJIbTaTiB MOHITOPUHTY
CTaHy POCJIMH i SIKOCTi NPOAYKLii 3a06€3M1eYnTH BUKOHAHHS 33/1aHOi TEXHOJIOTi] BUPOOHULITBA POCIMHHOI MPOAYKIii B

YMOBax TEIIJINYHOT'O KOM6iHaTy 3 MiHiMaZTbHUMU BUTPpAaTaMHn eHepFii. Kio4oBrUM eJ1eMEHTOM OJOCSITHEHHS



KOMITPOMICY MK BUTpaTaMu PECYPCIB Ta SKICTIO IIPOAYKLIi € cucTeMa KepyBaHHA MIKPOKJIIMATOM y TEIUINL, a
OCHOBHi 0OMeXXeHHs e(peKTUBHOCTI BUPOILLYBaHHS POCJIMHHOI IPOAYKLii B TEIIINYHMUX KOMILJIEKCAaX BUHUKAIOTh
BHACJIiZIOK: IIO-TIeplle, HEBU3HAYEHOCTI, III0 € HACJIiJKOM BIIJIMBY IPUPOJHUX 30yYPEHb, SIKi MalOTh BUNAIKOBUM
XapakTep (TeMmnepaTypa i BOJIOTiCTb 30BHIIIHBOTO CEPEIOBUILA, COHSIYHA pafiallis), HEIOBHOTH iHpopmalii mpo
CTaHU POCJIVH, TapaMeTPiB cepeloBUIA HABKOJIO HUX Ta SIKOCTiI POCIMHHOI IPOAYKILi; o-Apyre, 06Me>XXeHOi
iHdopmallii Ipo B3a€EMO3BSI3KU MK CIIO)KMBAHHSIM €HEPreTUYHUX PECYpCiB Ta CTAaHAMU POCJIMH Y IPOCTOPOBO-
posmnoginennx QiToKIiMaTMYHUX YMOBAX iX PO3BUTKY Ta SIKOCTi POCJIMHHOI IPOAYKIii; O-TPeTe, BilCyTHOCTI
3arajlbHAX T€XHIYHMX NPUHLNAIIB 106YJOBY CUCTEM aBTOMATU3allii KEPYBaHHS €eHEPreTUYHMMU II0TOKaMU B
MIPOCTOPOBO-PO3IOIiIEHNX B6IOTEXHIYHUX 06'€KTaX — TEIIMYHUX KOMILJIEKCAX, i3 MOHITOPUHIOM SIKOCTI I1i€l
IIpoayKuii. 3Bakaroyu Ha 3a3HaYeHe, MO>KHA CTBEPIKYBaTH, 1110 HUHI BUMOTH [10 CUCTEM €HEProe(eKTUBHOIO
KEPYBaHHS €HEPreTUYHUMHU [TIOTOKaMU IIPOCTOPOBOPO3NOiIEHUX 6i0TEXHIYHUX 00'€KTIB — TENJIMYHUX KOMILJIEKCIB,
IIOCTIFTHO 3pOCTalOTh, 8 HAYKOBi OCHOBY iX IOGYZOBU BifiCyTHI. 3a3HaueHe BUILE 3yMOBUJIO BUOip TEMU AucepTalLlii,
BCTaHOBJIEHHS ii MeTH Ta 3aBAaHb. Po3pobsieHo iHTenekTyalbHUN MeTos (popMyBaHHS eHeproedeKTHBHUX
CTpaTeriil KepyBaHHSI €HepreTUYHUMU [I0TOKaMU B 6i0TEXHIYHUX 00'€KTaxX — MPOMUCJIOBUX TEIUIMLSX, SIKAN
BiIPi3HSIE€THCSI BUKOPUCTAHHSIM HOBOT'O KPUTEPIiI0 €HeProe(EeKTUBHOCTI Ta HEMPOMEPEKEBOTO aHai3y, o
MiHIMi3ye eHepreTUyHi BUTPATU Ha 3ab6e3redeHHs TeXHOJIOTil BUPOIyBaHHS B yMOBax [l 30BHIIIHIX TPUPOJSHUX
30ypeHb, HeNoBHOI iHpopMallii PO CTaHU POCJIMH Ta IPOCTOPOBOI PO3NOiIEHOCTI KIiMaTUYHMX YMOB. Ha OCcHOBI
T€HETUYHOTO aJITOPUTMY BCTAHOBJIEHO ONITMMAJIBHY KiJIbKiCTh OCHOBHUX (PAKTOPIB XXUTTE3a0€3I1€4E€HHS POCJIMH, Ha
MiATPUMKY SIKUX BUTpavaeTbcs 70 % eHepreTuyHUX pecypcis. Ha OCHOBI MaTeMaTUYHOTrO anapary BEMBIIET-
[lepeTBOPEHb PO3POOJIEHO HOBUM METO, 0€3KOHTAKTHOTO BU3HAYEHHS PITOMETPUYHUX [TapaMeTPiB POCJIVH, 10 Ja€
3MOTY OLIiHIOBATH SIKiCTb PO3BUTKY POCJIMHY; HA OCHOBI METOJly BapialiliHOro YMCJIEHHSI CTBOPEHO MaTeMAaTUYHY
MOJIeJIb TIEPeMIllieHHSI MOGIIBHOrO PO6OTa, 10 A€ MOXJIMBICTb MiHIMi3yBaTU €HEpProBUTPATU HOTO aKyMYJIITOPHOI
6artapei. Ha 3actocyBanHi Teopii iMOBipHICHUX aBTOMATIiB Ta CTUMYJIIOI0YOTO HaBYaHHS 3aCHOBAHUII METO],
IIPOCTOPOBOTO OPi€HTYBaHHS MOO1ILHOTO po60Ta /1J1s1 PITOMOHITOPUHTY B IPOCTOPi IPOMUCIIOBO] TEIJINLL, 0
CTBOPIOE YMOBHU [1JI1 CAMOCTIMHOTO IIEPEMIIIEHHs] PO60Ta B IPOCTOPi TEIJIMLi, OMAHAIOUY NIEPEMKOIU. 32
pe3yJsibTaTaMy [1apaMeTPUYHOTO CUHTE3Y Ta METOZ0JIOTII OITUMAJIbHOTO IIPOEKTYBAHHS i BUKOPUCTAHHS MOGITIBHUX
pOOOTIB BUHANIEHO pallioHaJIbHUI BapiaHT CTPYKTYPY MOOIBHOTO po60Ta PiTOMOHITOPUHTY, SIKUH 37iliCHIOE
MOHITOPUHT QiTOCTaHy i cTaHy aTMOC(EpPH, aHaJi3ye (piTokniMaTUYHi JaHi Ta GopMye Ha 1iill OCHOBI PilllEHHS IOA0
onTUMi3allii MappyTy [epeMillleHHs], IIJIaHYBaHHSI [IOCIiLOBHOCTI [1iii, pO3Ni3HAaBaHHS 00pas3iB i IepelKoy, Mo
3a0e3nevyye BUKOHAHHS [1I0CTABJIEHUX 3aBIaHb 33 MiHIMarbHMX BapTiCHUX i 4acoBUX BUTpaT. Po3pobiieHo
IIPOCTOPOBO-PO3IOiIEHy MATEMATUYHY MOZEJIb IPOMHUCIIOBOI TEIJINLi, 3aCHOBaHy Ha PO3B'd3aHHi piBHsIHb HaB'e-
CTOKCa, 110 1a€ MOXJIMBICTb OL[iHIOBATH 3HAYEHHS TEMIIEPATYPU SIK OCHOBHOT'O TEXHOJIOT{YHOTO IapamMeTpa B
IIPOCTOPI TEeIJINL Ta BUKOPUCTOBYBATH Lii pe3yJIbTaTy 1151 POPMYBAHHS MApIIPYTy MepeMillleHHS MOGLIbHOTO
poboTa PiTOMOHITOPUHTY. 3allpOIIOHOBAHO KpUTePii: epeKTUBHOIO BUKOPUCTAHHS €HePreTUYHUX PeCypCiB, CYyTh
SIKOTO ToJIsirae y MiHimizauii pisHULi MiX BiJHOCHUMM [10Ka3HMKaMU QiTOKIiIMAaTUYHOTO KUTTe3a0€31€4eHHS Ta
(ITOPO3BUTKY POCJIMH, IO MiHiMi3ye eHepreTnyHi BUTPaTH, 3a6€3Me4yIoun 3a1aHy SKiCTb POCJIMH Ta NPOAYKILLL;
OIIiHKM CTaHiB PO3BUTKY POCJIVH i pOCIIMHHOI TpoAyKILii, a came dpitomeTprnyHui Ta piToTemnepaTypHuil KpuTepii,
BUKOPUMCTAHHS IKMX CUCTEMOIO aBTOMATHU3allil IPOLIEeCiB KEPYBaHHS €HEPreTUYHUMU [TOTOKAMU IIiJL 4ac
BMPOOHULITBA POCJIMHHOI MPOAYKLii 3a6e3redye 3afaHy SIKiCTb POCJIMH Ta NPOAYKLii 3 ypaxyBaHHIM (a3 PO3BUTKY
pocuH. [17151 BUPOGHULTBA POYKLii 3a7aHOI SKOCTi B IPOCTOPOBO-PO3IOLiIIEeHNX 6i0TEXHIYHNX 00'€KTaX —
IIPOMUCJIOBUX TEIJIUISIX, pO3p006JIeHO HOBY KOHIIEMII{I0 CUCTEMU aBTOMATHU3allii IpolieciB KepyBaHHs
€HepreTMYHMMU NIOTOKaMH, 110 (YHKIIOHYye Ha OCHOBI BUKOPUCTAHHS PE3YJIbTATiB (PiTOMOHITOPUHTY, SIKi

HAIXOATh Bif, MOGLNBHOrO PO6GOTA, i HEMPOMEPESKEBOTO aHaJIi3y.

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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