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Pedepat/anoranis:

1. PoboTa nmpucssiueHa nifgBuiieHHI0 e(eKTUBHOCTI MOHITOPUHTY Ta aBTOMAaTHU30BAHOTO YIIPaBJliHHS aKBa-IIOHHUMU
CHACTEeMaMH, SIKi I0€JIHYI0Th BUPOIIYBAaHHS IiIpOOIOHTIB Ta POCJIVMH B €AMHIN iHTErpOBaHiil €eKOCUCTE-Mi, IJISIXOM
BMKOPHMCTaHHS iHTeJIEKTyaJIbHUX TEXHOJIOTIH yIIPaBJliHHA Ta aHali3y AaHuX. B nepimomy po3zisi Ha OCHOBI aHai3y
JIiTEepaTypHUX JKEPeJs BU3HAYEHO KJII0UOBi METOM PEryJIloBaHHS 6i0XiMiUHMX ITapaMeTpiB, TAKUX SIK TEMIIepaTypa,
PH, BMiCT po34MHEHOr0 KMCHIO, KOHLIEHTpallii amiaKy, HITPUTIB i HiTpaTiB. [IpOBEIEHO OLIIHKY aKTyaJbHUX
iHXeHepHUX pillleHb 3 aBTOMATHU3allii IpoLeciB ynpaB-JliHH4, 10 BKJII0YAI0Th PO3POOKY TPUPiBHEBOI apXiTEKTypU
YIIPaBJliHHS — [TO€IHAHHS PyYHOr0, aBTOMATHU30BAaHOI'O Ta iHTEJIEKTYaJbHOTO PiBHIB. PO3p061€HO CTPYKTYpHY
MOIeJTh aKBAIIOHIYHOI cucTtemu, rpad ii KOMITOHEHTIB Ta MaTPUIIO NUISXiB. [I[poBeIeHO MOMIETIOBAHHS TTiACUCTEM i3
11o6y10BOI0 MaTeMaTUYHUX MOJieJiel [JIsl OIIUCY POCTY, OOMiHY PEUOBKMH Ta JUHAMIKM CUCTEMU. Y IPYroMy po3zii
CTBOPEHO MaTEMAaTHU4YHY MOJI€JIb aKBAalIOHHOI CUCTEMY, 1O Ja€ 3MOTY ONUCATU iXHIO AUHAMIKY, ONITHMIi3yBaTH
IIPOLIECH Ta IIPOTHO3YBATH PE3yJIbTaTU POOOTH, KOTpa 6a3yeThCs HA IPUHIMIIAX 30€peKEeHHS Macy BOIH, TOXKUBHUX

PEYOBUH i 6iomacy, BpaxoByOur 0OMiH MixX pubaMmu, pociMHaMU Ta 6ak-TepisMu. Moesli BKI04aoTh PiBHSHHS



17151 KOHLIEHTPALlill amiaky, HiITPUTIB, HITPATIB i KUCHIO, @ TAKOX 3aJIEXKHOCTI pOCTy PU6 i POCJIMH Bif] yMOB
cepenoBuiia. OnUCaHO OCHOBHI €JIEMEHTU CUCTEMU: pe3epByapu 1j1sl puby, 6i0inbTp, rifponoHHUN MOLYJIb,
CHUCTeMY LIMPKYJIsLii, aepaliio Ta ceHcopu. Po3po6sieHo MaTeMaTH4Hi MOAeJi niicucteM — 6ajaHCy pPifuHY,
TEeMIIePATypH, PELUPKYJIALIl BOOY, TiZpONIOHHOI TEMNJINLI Ta aKBapiyma. Y TPETbOMY PO3JiJi TPOBENEHO
MaTeMaTU4HE MOJIEJIIOBAHHS aKBAMIOHIYHUX CUCTEM SIK iHTETPOBAHMX €KOCUCTEM, 110 NIOEAHYIOTh aKBAKYJIBTYPY,
riIporoHiKy Ta 6iodinbrpaliito. PO3r/ISIHYTO OCHOBHI €/1eMEHTU CUCTEMU Ta iX B3a€EMO3BSI30K Y 3aMKHYTOMY LIUKJII.
OnucaHo mMaTeMaTU4Hi MoJeli 6asaHCy BOAY, TEMIIEPATYPH, TIOKMBHUX PEYOBUH Ta KMCHIO, a TAKOX JUHAMIKY
6ioxiMivyHUX NpoueciB HiTpu@ikauii Ta pocty 6iomacu. ITokazaHo, 1110 MOAENi HA OCHOBI IPUHIINIIIB 30€pEXEHHS
MacH J103BOJISIIOTh BiATBOPUTH KJIIOUOBI IpOLieCH LUPKYJILii Ta TpaHchopMalil pe4OBUH, OLIIHUTU BILJIUB 3MiH
[apameTpiB cepefoBuIa Ha POIYKTUBHICTb TA CTIMKICTh CUCTEMU. AHAJII3 Yy TJIMBOCTI MiATBEPIAUB, 110 HABITh
HEBEJIMKI BiIXWJIEHHS, 30KpeMa KOHLEHTpallii KUCHIO YM TeMIIePaTypHy, MOXYTb CYTTEBO BIJIMBATU HA €(PEKTUBHICTDb
aKBaIoHiKY. JloCimpKeHHs AUHAMIKM aKBaIlOHIYHOI CHCTEMU MaJIoro MacuTaby 1okasaso, o CTabilbHICTb i
IIPOYKTUB-HICTh BU3HAYAIOTHCSI 6a-JIAHCOM MiX KiJIbKiCTIO puby, eeKTUBHICTIO 6i0¢inbTpa Ta iHTEHCUBHICTIO
POCTY pocyivH. BcTaHOBIIEHO, 1110 6ioMaca pubU 3pocTae eKCIOHEHINHO, (POPMYIOUX ITPONOPLIAHUMA MOTIK
BizxomiB, sKi y 6i0(inbTpi TpaHCHOPMYIOTHCS B HITpaTH. POCIMHY CIIOKUBAIOTS 11i CIIOJIYKY, 3a0€31e4yl04n
[IPUPOJIHE OYMILEHHS BOIY Ta BIaCHUM po3BUTOK. ONTHMaJIbHE CIIiBBiIHOIIEHHS puby I pOCJIVH 3arobirae
TOKCHYHOCTi cepefoBula Ta AediuuTy NoXXUBHUX PEYOBUH. Y YETBEPTOMY PO3/iJli BUCBITIEHO 3HAUE€HHS
aBTOMAaTHU3alii IpoLeciB B aKBaIllOHIYHUX CUCTEMax [1Jis NiATPUMaHHs CTabiibHUX YMOB (yHKLiOHyBaHHs. CTBOPEHO
TPUPIiBHEBY CUCTEMY YIIPABJIiHHS 110 3a0e3nedye e(PEeKTUBHICTb i THyUKiCTb pO60TH. PO3p06JIEHO aBTOMATU30BaHY
CHUCTEMY K€PyBaHHSI OCHOBHUMU IapaMeT-PaMU — TEMIIEPaTypolo, piBHEM KUCHIO, pH Ta BUTpaTo0 BOaY, 3
BUKOPUCTAHHSIM ONTUMI3allitHUX aJrOpUT-MiB 11715 MMifBULLIEHHS eHeproedeKTUBHOCTI. 3alIpOrOHOBaHO
iHTeJIeKTyallbHy CUCTEMY YIIPABJIiHHS HA OCHOBI HaBYaHHS 3 MiAKpinyeHHsaM (RL), sika Bo3BoJIsie aianTyBaTUCS L0
3MiH cepefoBuIIa, aBBTOMATU3YyBaTH PY4YHi IPOLIECH Ta MiABUIIUTU IPOAYKTUBHICTD. BipoBamkeHHs loT-TexHOoM0TIN
3abe3neyvye BifganeHU MOHITO-PUHT, iHTerpatiio 3 RL-Mofensamu Ta NiATpUMaHHS ONITUMAaJIbHUX 1apaMeTpiB
CHACTEMU IIPU MiHIMaJILHUX BU-TPaTax PECYpcCiB. Y II'SITOMY pO3/iJli IPOEKTOBAHO MaKETHY YCTAHOBKY CUCTEMU
yIIpaBJIiHHS TapaMeTpaMy POCJIMH i puob, MO CKIAJAETHCS 3 TPhOX OCHOBHUX MiICUCTEM: PELUPKYJIALii BOOY,
KEepOBaHOi [IPOrPaMOBaHUM PeJie Yacy; YIIPaBJiHHs [lapameTpaMu Terulli (BoJIOTiCTh, TEMIIEPaTypa, OCBITIEHHS]);
MOHITOPUHTY TiApOXiMiYHMX Na-pameTpiB Bogu (pH, Temnepatypa, KuCceHb, amiak, HiTpaTH). [IpoBesieHO
€KOHOMIYHMI aHaJli3 Pi3HUX CL,E€HApiiB (YHKLiOHYBaHHS aKBAMIOHIYHOI cUCTEMU. RL-KOHTPOJIb EMOHCTPYE
HavBuIly e(eKTUBHICTh BUKOPUCTAHHS PeCypCiB i MiHiMabHI TPYIOBI BUTPATH, IPOTE MOTPedye 6isbmnx
KaliTaJbHUX BKJIaJeHb. HaykoBa HOBM3HA POOOTH NOJIAra€e y pO3BUTKY iHTETPOBAaHUX MoJieslel MiicucTeM
aKBaIOHIKU (pubHy, 6i0QinbTP, pOCANHM), SIKi 320€311€4yI0Th ONTUMIi3allil0 IMKIIB IOXKUBHUX PEYOBHUH i IKOCTi BOOH,
a TaKOX Y CTBO-PEHHI TPUPIBHEBOI CUCTEMU YIIPABJIiHHA HA OCHOBI iHTEJIEKTyaIbHUX aNropuTmis Ta [0T.
Po3po6seHo iHTeeKTyaIbHy CUCTEMY KEPYBAHHS 3 BUKOPUCTaHHSIM METOJiB HABUAHHS 3 [iJKPINJIEHHSIM, 110
I03BOJIsSIE aBTOMATU3YBaTH NPOLECU 300Py BpPOXKalo, BMEHIINTH JIIOACbKE BTPYYaHHS Ta MiABUIUTY €(DEKTHUBHICTS i

HpO,ILYKTI/IBHiCTb aKBaIlOHIYHUX CHCTEM.

2. The dissertation is devoted to improving the efficiency of monitoring and automated control of aquaponic
systems, which combine the cultivation of aquatic organisms and plants within a single integrated ecosystem,
through the use of intelligent control technologies and data analysis. In the first section, based on the analysis of
literature sources, key methods for regulating biochemical parameters such as temperature, pH, dissolved oxygen
content, and concentrations of ammonia, nitrites, and nitrates are identified. Current engineering solutions for
automating control processes are evaluated, including the development of a threelevel control architecture that
integrates manual, automated, and intelligent levels. A structural model of the aquaponic system, a graph of its
components, and a path matrix were developed. Modeling of the subsystems was carried out by constructing
mathematical models describing growth, metabolism, and system dynamics. In the second section, a mathematical
model of the aquaponic system is developed, which makes it possible to describe its dynamics, optimize processes,
and predict system performance. The model is based on the principles of conservation of water mass, nutrients,
and biomass, taking into account exchanges between fish, plants, and bacteria. The models include equations for



the concentrations of ammonia, nitrites, nitrates, and oxygen, as well as dependencies of fish and plant growth on
environmental conditions. The main elements of the system are described: fish tanks, biofilter, hydroponic module,
circulation system, aeration, and sensors. Mathematical models of subsystems — water balance, temperature, water
recirculation, hydroponic greenhouse, and aquarium - were developed. In the third section, mathematical
modeling of aquaponic systems as integrated ecosystems combining aquaculture, hydroponics, and biofiltration is
conducted. The main system elements and their interconnections within a closed loop are examined.
Mathematical models of water balance, temperature, nutrients, and oxygen, as well as the dynamics of biochemical
nitrification processes and biomass growth, are described. It is shown that models based on the principles of mass
conservation allow reproduction of key processes of substance circulation and transformation and enable
assessment of the impact of changes in environmental parameters on system productivity and stability. Sensitivity
analysis confirmed that even small deviations, particularly in oxygen concentration or temperature, can
significantly affect aquaponic efficiency. A study of the dynamics of a smallscale aquaponic system showed that
stability and productivity are determined by the balance between fish quantity, biofilter efficiency, and plant
growth intensity. It was established that fish biomass grows exponentially, generating a proportional waste flow
that is transformed into nitrates in the biofilter. Plants consume these compounds, ensuring natural water
purification and their own development. The optimal fish-to-plant ratio prevents environmental toxicity and
nutrient deficiency. In the fourth section, the importance of automation processes in aquaponic systems for
maintaining stable operating conditions is highlighted. A three-level control system ensuring efficiency and
flexibility of operation was developed. An automated control system for key parameters—temperature, oxygen
level, pH, and water flow rate—was designed using optimization algorithms to improve energy efficiency. An
intelligent control system based on reinforcement learning is proposed, enabling adaptation to environmental
changes, automation of manual processes, and increased productivity. The implementation of IoT technologies
provides remote monitoring, integration with RL models, and maintenance of optimal system parameters with
minimal resource consumption. In the fifth section, a prototype setup of a control system for managing plant and
fish parameters is designed. It consists of three main subsystems: water recirculation controlled by a
programmable time relay; greenhouse parameter control (humidity, temperature, lighting); and monitoring of
hydrochemical water parameters (pH, temperature, oxygen, ammonia, nitrates). An economic analysis of different
aquaponic system operation scenarios was conducted. RL-based control demonstrates the highest resource
efficiency and minimal labor costs, although it requires higher capital investment. The scientific novelty of the
work lies in the development of integrated models of aquaponic subsystems (fish, biofilter, plants) that ensure
optimization of nutrient cycles and water quality, as well as in the creation of a threelevel control system based on
intelligent algorithms and IoT technologies. An intelligent control system based on reinforcement learning
methods has been developed, enabling automation of harvesting processes, reducing human intervention, and
increasing the efficiency of aquaponic systems.
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VI. BizoMocCTi Ipo HAayKOBOr0 K€PiBHUKa /KEePiBHHUKIB (KOHCYJIbTAaHTA)

Baacwue IlpizBuuie Im's I1o-6aTbKOBI:
1. 3aeup Haranig AnaTtosiiBHa

2. Nataliia A. Zaiets

KBasigikamnis: x. 1. 1., npodecop, 05.09.03

Inentudikarop ORCID ID: 0000-0001-5219-2081

JoparkoBa indopmamist:

IloBHE HaliIMEeHYBaHHS IOPUAHYHOL 0CO0H: HaioHanbHU# yHIBEPCUTET XapYOBUX TEXHOJIOTIi
Kopg 3a €IPIIOY: 02070938
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dopma ByracHOCTI: [lepxasna

Cdepa ynpaBitiHHS: MiHictepcTBo OCBiTH i HayKu YKpaiHu

InenTudikarop ROR:



VII. BigomocTi npo odinilfiHuX ONOHEHTIB Ta PELeH3€HTIB
OdiniiiHi OIOHEeHTH
Bsacue IlpizBuuie Im's I1o-6aThKOBI:
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JoparkoBa iHdpopmamnist:
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VIII. 3ak/1104Hi BiZOMOCTI

Biacue IpizBume Im's I1o-6aTbKOBI I'pubkos Cepriii Bitaniiiosuy
rOJIOBH pagu

BaacHe IlpizBume Im's I10o-6aTbKOBI 'pubkos Cepriii Bitaniiiosiy
TOJIOBYIOYOTO Ha 3acCiiaHHi

BinmoBigaibHUH 32 MiZTOTOBKY Menpuuk Hartanmis
00JIIKOBHX JOKYMEHTIB

PCGCTpaTop FOpuenko TersiHa AHaToJiiBHA

KepiBuuk Bigzainy YKpIHTEI mo €
BiZIIOBiZaJIbHUM 32 peeCcTpallilo HayKOBOi IOpuenko TeTsHa AHaTosiiBHA

OisSIIBHOCTI




