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AKTYaJIbHICTh TeMH. Y Cy9acHHX YMOBAaX 3POCTAaHHS MOTUTY Ha BITHOBIIIOBAH1
JoKepelia eHeprii, rI00aIbHOTo MOTEIUTIHHS Ta EHePTeTUYHOT HECTa0lTbHOCTI, COHSTYHA
EHEpreTuKa CTa€ OJHUM 13 KIIOYOBUX HAMPSMKIB PO3BUTKY €HEPreTUUHOI ramy3i. J{is
VYkpainu, ska Mae 3HAYHUK TIOTCHINAT COHAYHOI 1HCOMSIT Ta TOTpedy B
JEUEHTPaII30BaHUX JUKEpesiaX >KUBIICHHSA, OCOOJIMBO B yMOBaX BOEHHOTO 4acy Ta
MICISBOEHHOTO BIJTHOBJICHHS, ONTHUMAJIbHE PO3MIIICHHS COHSYHUX TaHeJIeH Mae
BUpIIIAJTbHE 3HAYEHHS IS IMiJABHUINEHHS €()EeKTUBHOCTI COHSYHUX EIEKTPOCTAHIIIMN.
TpanuiiitHi METOAM PO3MIIIEHHS! YaCTO IPYHTYIOThCS Ha CTaHIAPTHUX CXeMaxX 1 He
BpPaxOBYIOTh MPOCTOPOBI oOMexxeHHs1 abo crnenudiky sokaii. Came TOMy BUHHUKAE
nmotpeba y po3poOIll IHTEIEKTyaldbHUX aJITOPUTMIB, 3JaTHUX 3J1HCHIOBATH
aBTOMATHU30BaHUN TONIYK HaWOLIbII MPOMYKTUBHOI KOH(DIrypaiii maHelneu.
3acToCyBaHHS T€HETHYHHUX AQJITOPUTMIB y LIk cdepl € HOBUM 1 MEPCHEKTUBHUM
HAIMPSIMKOM, KW J03BOJISIE 3HAYHO MIJABUIIUTH €(PEKTUBHICTh (OTOEIEKTPUUHUX
CHCTEM 3a paXyHOK THYYKOTO Ta aIallTUBHOTO MiIX0y 0 MPOEKTYBaHHSI.

00’ €KTOM T0CTIIKEHHS € MPOIEC TPOCKTYBAHHS COHSYHUX €JICKTPOCTAHIIIN, a
camMe — CHuCTeMa pO3MINIEHHS (OTOENEKTPUYHUX MOJYJIB Ha 3aJaHId JUISHIN 3
ypaxyBaHHSIM ii TEOMETPUYHUX 1 KIIIMATUYHUX OCOOTUBOCTEH.

IlpeaMer foc/igskeHHs1 BHUCTYINIA€ METOJ OINTUMI3AIli MPOCTOPOBOTO
PO3MIIIIEHHSI COHSIYHUX TaHEJe Ha OCHOBI TE€HETUYHOTO aJTOPUTMY, a TaKOXK
nporpamMHa peaiizaiis i€l METOAUKHA y BUIJISAIl 1HCTPYMEHTY, OpPIEHTOBAaHOTO Ha
BUKOPUCTAHHS KIHIIEBUM KOPUCTYBaYEM.

MeTta po6oTH: CTBOpPEHHS e(PEKTUBHOT MaTEMAaTUYHOI MOJIEJII Ta MPOrPAMHOTO
3a0e3MeUeHHs] Il ONTHUMI3aIlli PO3MIIIEHHS! COHSYHUX TaHENIe Ha MPSMOKYTHHUX
JISHKAX 3a JOMOMOTOI0 TeHETUYHOTO aJIrOpPUTMY, IO 3a0e3rneuye MaKCHUMaJIbHHMA
eHepreTuyHuil Buxix cuctemMud. OcoOnuBa yBara NPUAUIAETbCA —peai3alii
IHTYITUBHOTO TpadiyHoro iHTepdelicy KopucTyBada, EKOHOMIYHOMY aHAIi3y

BIIPOBAXKEHHS] CUCTEMH Ta MOPIBHAHHIO 3 TPAAULIITHUMHU METOIAMHU.



HaykoBa HOBHM3HA T1oNiirae B peajizailii aJanTOBaHOIO TE€HETHUYHOTO
QNTOPUTMYy JUUIE BHUPIIMIEHHS 3a/Ja4l  IPOCTOPOBOI  ONTHMI3AIli  PO3MIIIEHHS
(bOTOCTIEKTPUYHUX TIaHENeH 3 ypaxyBaHHSAM (I3MUYHUX OOMEKEHbh — TaKUX SK
3aTIHEHHS, PO3MIPHICTh JUISHKH, JOMYCTUMI KYTH HaXwily ¢ Opil€HTarlii.
3anporioHoBaHO JBa pexkumu ontumizanii — “TlooguHokui™” (IHIUBIITyaTbHE
MO3UIIIOHYBaHHS MaHenel) ta ‘“PazoM” (eauHi mapaMeTpu Uisl BCIX IMaHENeH), 10
J03BOJISIE €PEKTUBHO BUKOPUCTOBYBATU ITOPUTM SIK ISl PUBATHUX KOPHUCTYBAUiB,
TaK 1 J7s KOMEpUiMHUX 1HCTanAuiid. Ha BiIMiHY BiJ ICHYIOUMX pillleHb, CUCTEMa HE
noTtpedye ckianuux 3D-moxeneit abo minensiiinoro 13 1 mpairoe 3 BUCOKUM piBHEM
aBTOMAaTH3allii.

IIpakTuyHa wiHHicTBL. Po3po0ieHe nporpamue 3a0€3ne4eHHs € YHIBEpCaJIbHUM
IHCTPYMEHTOM JIJIsi MPAKTUYHOTO BUKOPUCTAHHS Yy cepl MPOEKTYBAHHS COHSYHHUX
eJIEKTpOCTaHL1d. BOHO 103BOJIsI€ MPOBOAUTH IMOBHOLIIHHY ONTHUMI3allI0 KOH(PIrypamii
naHenie 0e3 moTpeduM y BHCOKOBApTICHOMY KomepiiiiHomy II3, mo oco6nuBo
aKTyaJdbHO JJIi MalluX MIJINPUEMCTB, (EPMEPChKUX TOCMOAAPCTB, BIIACHUKIB
MPUBATHUX JOMOTOCIOAAPCTB Ta MPOEKTAHTIB 13 OOMEXKEHUM OIOKETOM. 3aBASKU
npocToMy 1HTEpdeNcy, MOXJIUBOCTI BHOOpPY JIUISHKA Ha I1HTEPAKTUBHIA KapTi,
Bi3yaizailii pe3yibTaTiB Ta €KCIOPTY JaHUX y 3py4YHOMY (opMarTi, CUCTEMa MOXKE
OyTH BUKOpHUCTaHa gK mpodecioHanamM, Tak 1 3BUYAHUMU KOPHCTyBauyaMu Oe€3
rMOOKOi TEeXHIYHOI MiAroToBKW. [Iporpama TakoX Mae 3HAYHUMA TTOTEHINIAN JJIS
OCBITHIX I[1JIEl — BUBUYEHHS OCHOB COHSYHOI €HEPreTUKH, ONTUMI3alIMHUX METO/IB 1
pOOOTH TEHETUYHUX AJITOPUTMIB.

Anpobania po6oru. OCHOBHI pe3ynbTaTi poOOTH Oyu arpoOOBaHi B MPOIIEC]
TECTYBAaHHS MPOTPAMHOTO 3a0€3MEUYCHHS B pealbHUX YMOBax, Ha mpukiaai Kuesa, 3
BUKOPUCTAHHSAM JaHUX COHsYHOI pamiamii 3 ceppicy PVGIS, a Takox Oymnm
npeacrasieni Ha XXIII MixHapoaHii HayKOBO-TIPAKTUYHINA OHJIAH KOH(EpEeHIIii

3100yBayiB BUILOi OCBITH Ta Moioaux yyeHux “Hayka Ta texnika XXI ctomiTrs” Ta



MixHapoaHii HayKoBO-TIpakTU4HIM KoHpepeHiii «CydacHi CBITOBI TEHJCHIIIT
PO3BUTKY HAayKH, OCBITH, TEXHOJIOT1H 1 CyCHIJILCTBAY.

CTpykTtypa Ta o6csar podoTu. Marictepcbka poO0Ta CKIAJAEThCs 31 BCTYIY,
I’ SITH OCHOBHUX PO3JILIIB, BUCHOBKIB, CIIUCKY BUKOPUCTAHUX JKEPEN Ta TOJATKIB.

VY BCTyIi OOIpyHTOBAHO aKTYyaJbHICTh T€MH, CPOPMYIHOBAHO METY, 3aBIAAHHS,
00’€KT 1 MpeAMET JOCIiHPKeHHS, BU3HAYEHO HAyKOBY HOBU3HY Ta NMPAKTUYHY LIHHICTbH
poboTH.

[Tepmmii po3AiI IPUCBIYEHO OTIISAY CyYaCHOTO CTaHYy COHSYHO! €HEPTETHKU B
VYkpaiHi Ta CBIiTi, PO3TJIsiLy OCHOBHUX MPUHIIUIIB POOOTH (HOTOETEKTPUUHUX TTAHETIEH,
¢dakTopiB, 1110 BIUIMBAIOTH HA iXHIO €(DEKTUBHICTD, & TAKOXK aHAJI3Y ICHYIOUHUX METO/IIB
MPOCKTYBaHHS Ta ONTHUMI3AIlli PO3MIIIEHHS COHSYHUX TaHeNel, BKIIOYAI0YU
TpaJMIIiiHI, EBPUCTUYHI Ta IPOTrPAMHI MiAXOIH.

Y napyromy po3auii po3KpUTO TEOPETUYHI OCHOBU T€HETUYHHUX aJTOPUTMIB,
NPUHIUNKM iXHBbOI POOOTH Ta JOUUIBHICTH 3aCTOCYBAaHHS JJIsi BHPIIICHHS 3ajad
pocTopoBoi ontumizaiii. Hagano oOrpyHTyBaHHs BUOOpPY 1IbOTO METOMY JIJIsl 3aja4i
PO3MIIIEHHST COHSYHUX TTaHeTeH.

Tperiit po3nin MICTUTH (opMamizailiio 3a7adli ONTUMAJIBHOTO PO3MIIICHHS
naHesei, onuc MaTeMaTHYHO1 MOJIEITl, CTPYKTYpPHU3AIlI0 MapaMeTPiB Ta aJrOPUTMIUHY
CXeMy peatizallii TeHETUIHOTO aJITOPUTMY B KOHTEKCTI COHIYHOI EHEPTeTHKH.

VY uerBepTOMY pO3MITI OMUCAHO CTBOPEHE MporpamMHe 3a0e3MedeHHs: WOTo
apXiTeKTypy, rpadgiunuii inTepdeiic, anropuT™M poOOTH, METOAU OIIHKU MPUAATHOCTI
Ta JIOTIKY Bi3yaui3ailii pimens. [I[poBeneHo neranbHe TECTyBaHHS B PI3HUX CIICHAPISX,
10 MiATBEPAMIO CTAOUIBHICTh, TOYHICTH 1 MPAKTUYHY MPUAATHICTH CHCTEMH.

I saT1it po3/i 30cepeIKeHH I Ha 10CIIKEHH] e(DEeKTUBHOCTI 3aITPOTIOHOBAHOTO
pimieHHA. BHUKOHAHO OIIIHKY E€KOHOMIYHOI JOLUIBHOCTI BCTAHOBJIEHHS COHSYHUX
MaHeJe, pO3paxyHOK CTPOKY OKYITHOCTI JUIsl MOOYTOBUX 1 KOMEPIIMHUX CILIEHApIiB,
aHaJi3 €HEeProBUPOOHUIITBA Y PI3HUX PEeKUMaxX Ta JOBEIAEHO NMEepeBaru réeHeTUYHOIrO

M1X0y HaJl TPAAUIIIMHIMHU CXEMaMH.



3aranbHuit 00csr poOboTH CTaHOBUTH 148 CTOPIHOK OCHOBHOTO TEKCTY. Y pOOOTI
Bukopucrtano 10 umoctpaniii (pucyHkiB). CIMCOK BUKOPUCTAHUX JIKEPENl HAMUye 59
HallMEHYBaHHS, 1110 BKJIIOUAIOTh SIK Cy4acHY HayKOBY JITepaTypy, TaK 1 Creliaii3oBaHi
TEXHIYH1 IOKYMEHTH Ta HOPMATHBH.

KurouoBi  cjoBa:  IEHEeTHYHHMII  alNrOpuTM,  COHSYHA  E€HEPreTHKa,
dboToeNeKTpUYHA CHUCTEMa, ONTHMI3allis pPO3MIIICHHS TMaHelel, 3aTIHCeHHS,

eHeproedexkTuBHIcTS, tkinter, Python, PVGIS, okymHicTs.



Abstract

Relevance of the topic. In the modern context of increasing demand for
renewable energy sources, global climate change, and energy instability, solar energy
Is becoming one of the key directions for the development of the energy sector. For
Ukraine, which possesses significant solar irradiation potential and an urgent need for
decentralized power supply—especially during wartime and the post-war
reconstruction phase—optimal placement of solar panels is critical for enhancing the
efficiency of photovoltaic systems. Traditional layout approaches are often based on
standard schemes and fail to account for spatial constraints or the specific
characteristics of a given location. This creates the need for intelligent algorithms
capable of autonomously identifying the most productive panel configurations. The
application of genetic algorithms in this area represents a novel and promising direction,
as it enables a flexible and adaptive design process, substantially improving
photovoltaic system performance.

The object of the research is the process of designing solar power plants,
specifically the system for placing photovoltaic modules on a given site, considering its
geometric and climatic characteristics.

The subject of the research is the optimization method for spatial placement of
solar panels based on a genetic algorithm, as well as its software implementation as a
user-oriented tool.

Purpose of the work: to develop an effective mathematical model and software
tool for optimizing the placement of solar panels on rectangular plots using a genetic
algorithm, ensuring maximum energy output of the system. Special attention is given
to the implementation of an intuitive graphical user interface, economic feasibility
analysis, and a comparative evaluation against traditional placement methods.

Scientific novelty lies in the development and implementation of a customized
genetic algorithm for solving the spatial optimization problem of photovoltaic panel

placement, taking into account physical constraints such as shading, site dimensions,



and permissible tilt and azimuth angles. Two optimization modes are proposed—
“Individual” (where each panel is positioned separately) and “Grouped” (where all
panels share the same orientation parameters)—which makes the algorithm applicable
for both private users and commercial installations. Unlike existing solutions, the
proposed system does not rely on complex 3D modeling or expensive licensed software,
and it operates with a high level of automation.

Practical significance. The developed software is a universal tool for practical
use in the design of solar power plants. It enables full configuration optimization
without the need for high-cost commercial software, making it especially relevant for
small businesses, farms, private households, and designers with limited budgets.
Thanks to its user-friendly interface, interactive map-based plot selection, visual
representation of results, and convenient data export options, the system can be
effectively used by both professionals and non-expert users. Moreover, the application
has great potential in educational contexts for teaching solar energy basics, optimization
techniques, and the operation of genetic algorithms.

Validation of the research. The main outcomes of the research were validated
through comprehensive testing of the developed software under real-world conditions,
using a case study based on the city of Kyiv and solar radiation data retrieved from the
PVGIS service, and were also presented at the XXIII International Scientific and
Practical Online Conference of Higher Education Applicants and Young Scientists
“Science and Technology of the XXI Century” and the International Scientific and
Practical Conference “Modern World Trends in the Development of Science,
Education, Technology and Society”.

Structure and volume of the thesis. The master's thesis consists of an
introduction, five main chapters, conclusions, a list of references, and appendices.
The introduction justifies the relevance of the topic, formulates the goal, tasks, object,
and subject of the research, and outlines the scientific novelty and practical value of the

work.



Chapter 1 presents a review of the current state of solar energy development in
Ukraine and globally, explains the working principles of photovoltaic panels, factors
affecting their efficiency, and analyzes existing placement and optimization methods,
including traditional, heuristic, and software-based approaches.

Chapter 2 provides the theoretical foundations of genetic algorithms, describes
their operating principles, and explains their applicability to spatial optimization
problems.

Chapter 3 formalizes the optimization problem, presents the mathematical model,
defines relevant parameters, and outlines the algorithmic structure of the solution.

Chapter 4 details the developed software: its architecture, user interface,
evaluation methods, and visualization logic. It also presents the results of testing under
various use-case scenarios, demonstrating the system’s stability, accuracy, and practical
applicability.

Chapter 5 focuses on the efficiency analysis of the proposed approach. It includes
an economic feasibility study of solar panel installations, payback period calculations
for both household and commercial scenarios, and a comparative analysis of energy
generation performance in different operational modes, clearly showing the advantages
of the genetic optimization method over traditional schemes.

The total length of the thesis is 148 pages. The thesis contains 10 figures. The list
of references includes 55 sources, comprising recent scientific publications, technical
manuals, and regulatory documents.

Keywords: genetic algorithm, solar energy, photovoltaic system, panel
placement optimization, shading, energy efficiency, tkinter, Python, PVGIS, payback

period.



