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AKTYyaJIbHICTh TeMH. MOJICTIOBaHHS TUHAMIYHOTO OCBITICHHS B
pearbHOMY Yaci € JIy>Ke BaXXJIMBOIO TEMOIO JIJISl Cy4aCHOTO CBITY KOMIT FOTEPHOT
rpadiku, BipTyaJlbHOI peadbHOCTI Ta Bizyanizaiii. ¥ 6aratbox cdepax,
BKJIIOUYAIOYH ITPOBY 1HIYCTPiI0, apXITEKTYpHE MOJICTIOBAHHS Ta BIPTyaJIbHY
peaibHICTh, CIIO’KMBAYl Ta KOPUCTYBaul BCe O1IbIIIE BUMAraroTh BiJl
IHTEpaKTUBHUX BIPTYaJIbHHUX CEPEOBHIL BUCOKOTO PIBHS PEaiCTUYHOCTI,
BKJIIOYAIOYH PEATICTUYHE IMHAMIYHE OCBITICHHSI.

CydacHi 00YHCITIOBAJIbHI CUCTEMH CTAIOTh BCE MOTYXHIIIUMH, 1110 J103BOJISIE
peanizyBaTH OUIBII CKJIAJH1 aITOPUTMH MOJEIIOBAHHS OCBITJIEHHS B PE€aIbHOMY
yaci. Bukopuctanus VR ta AR HaOyBae monynsipHOCTI, 1 peaqiCTUYHE TUHAMIYHE
OCBITJICHHSI € BAKJIMBUM (PAKTOPOM ISl CTBOPEHHS IMEPCUBHHX BIPTYyaJIbHUX
CEepEIOBHIL.

B o6mnacti komn'torepHoi rpadiku Ta Bizyantizalii MOCTIHHO ICHYIOTh HOBI
BUKJIMKH Ta JOCIITHULIbKI 3aBJIaHHSI, SIK1 OB's13aH1 3 MOKPAIICHHSIM
PEeaiCTUYHOCTI Ta MPOJYKTUBHOCTI CUCTEM MOJEIIIOBAHHS IUHAMIYHOIO
ocBiTJIeHHs. Po3po0ka O11bI1 peasiCTUYHOIO JUHAMIYHOTO OCBITJIEHHSI MOXKE
MOKPAIIUTH SKICTh BIpTyaJIbHOT'O B3a€EMO/I11 KOPUCTYBAUiB Y BIPTYyaJbHUX
CEpelIOBHUIIAX, IO POOUTH 110 TEMY aKTyaJbHOIO I IHTep(ENCHOTo Tu3aifHy Ta
TICUXOJIOTII.

006’€KTOM J0CTITKEHHS € CCTEMa MOJICIIOBAHHS IMHAMIYHOTO
OCBITJICHHSI, SIKa PO3POOIISIETHCS Ta aHATII3YETHCSA B paMKaxX JOCIIKEHHS.

IIpeameTom qoc/IiIzKeHHS € TIPOIIEC MOJICIIFOBAHHS JUHAMIYHOTO
OCBITJICHHS B peaJbHOMY 4acl y BIpTyaJbHUX CEpPEeIOBUIIIAX, ACTIEKTH, MOB'sI3aHI1 3
MOJICTIOBaHHSM TMHAMIYHOTO OCBITJICHHSI B peaJIbHOMY 4Yaci Ta po3pOOKOI0
CUCTEMHU.

MeTta po60oTH: TOCTIPKEHHS Ta BUOIp ONTUMAILHUX MOJIENIeH OCBITICHHS;
po3po0Ka Ta IMIIEMEHTALlls] AJITOPUTMIB, K1 3a0€3MeUyIOTh IMITAIIIIO PI3HUX
ACTMEKTIB TMHAMIYHOTO OCBITICHHS; PO3POOKa BUCOKOC(PEKTUBHOI CHCTEMHU

MOJIETFOBaHHS TUHAMIYHOTO OCBITJIEHHS; OLlIHKA MPOAYKTUBHOCTI Ta



e(pEKTUBHOCTI CUCTEMH B PI3HUX BIPTYaIbHHUX CIEHAPISIX; MOPIBHAHHS
PO3p00IIEHOT CUCTEMH 3 ICHYIOUMMH PIlLICHHSMHU.

HaykoBa HOBHM3HA MOJISITa€ B HACTYITHOMY: JTOCJIIJIKE€HA Ta po3po0JieHa
CHCTEMa Ma€ BUIIUNA PiBEHb MPOAYKTUBHOCTI Ta PEaiCTUYHOCTI MOPIBHSIHO 3
ICHYIOUHMMH pilieHHsIMA. BoHa 3/1aTHA SIKICHO FeHepyBaTH peaaicTUUHI ePeKTH
JMHAMIYHOTO OCBITJICHHS B PEKMMI PEATbHOTO Yacy, 10 POOUTH i1 BaXKJIMBUM
BHECKOM Y c(epy BipTyanabHOI rpadiku.

IIpakTHyHa HiHHICTH OTPUMAHUX B POOOTI pe3yJIbTaTIB MOJATAE B TOMY,
110 PO3pO0JIeHa CHCTEMA JI03BOJISIE CTBOPIOBATH BIPTyalIbHI CIICHH 3 BUIITUM
pIBHEM PEATICTUYHOCTI, 30KpEMa HUISIXOM BI1JOOpaXKEHHS JUHAMIYHOTO
ocBiTiieHHs. Lle Mae Benuke 3HaYeHHS 1)1 IFPOBOI 1HIYCTPii, apXITEKTYPHOTO
MOJICTIIOBAHHS, MEIMYHOTO MOJICITIOBAHHS Ta 1HIINX Taly3ei, ¢ TOYHICTh Ta
peaini3M rpagiku € KpHTUYHO BKIUBUMU. Pe3yabTaT Ta METOIU TOCIIIKEHHS,
MOKYTb OyTH BUKOPUCTaHI B HAYKOBUX JOCIIPKEHHAX Ta JOCIAHULIBKUX

MPOEKTax y raijy3i KOMIT'FOTEPHOI Irpadiky Ta BIPTYyalbHOI pEaIbHOCTI.

Anpobauisi po6oTu. OCHOBHI MTOJIOKEHHS 1 pe3yJIbTaTu PoOOTH OyJn
MPE/ICTaBIICHI Ta 0OTOBOPIOBAJIMCH Ha!
1. XVI naykoBO-ipakTHUUHIM KOHPEPEHIIIT MariCTpaHTIB Ta aCIipaHTIB
«IIpuknagna marematuka ta koM otuHr» [IMK-2023 (Kuis, 28-30 nuctonaaa
2023 p.).
2. X MixHapoHiid HayKoBO-TexHIuH1M Internet-kondepenuii (Kuis, 24

muctonana 2023 pik).

CrTpykrypa Ta 00csr podoTu. Marictepcbka JUCEpTallis CKIAAAEThCs 3
BCTYILY, TPhOX PO3JILIIB Ta BUCHOBKIB.

VY BcTyni 0/1aHO 3araibHY XapaKTEPUCTHKY POOOTH, 3p00JIEHO OIIHKY
CYy4acHOT0 CTaHy MpoO0JeMu, OOTPYHTOBAHO aKTyaJIbHICTh HAMPSAMKY JOCIII>)KEHb,

c(opMyJIbOBAHO METY 1 3a/1a4l IOCIIKEeHb, TOKa3aHO HAYKOBY HOBU3HY



OTPUMaHMUX Pe3yJbTaTIB 1 MPAKTHUHY LIHHICTh POOOTH, HABEJEHO B1IOMOCTI PO
anpo0allilo pe3ynbTaTiB 1 iXHE BIPOBAIKEHHS.

VY mepiioMy po3/ii MPOBEICHO JETATBHUN OTJISIT ICHYFOUHX CHCTEM
MOJICTIOBAHHS OCBITJICHHS, OI[IHEHO iXHI MepeBaru Ta 00OMeXEHHsI Ta BU3HAUEHO
noTpedu Ta OOMEKEHHS IIPH X BUKOPHUCTAHHI.

Y npyromy posaiiai BukoHano gociimkeHas Vulkan API, ananis
MO>KJIMBOCTEH Ta 3aC001B IHCTPYMEHTY, OPIBHAHHA HOTO 3 aHAJIOTaMHU.

VY TpeTboMy pO3/1JTi BUKJIAJICHUH OMHUC pO3pOOJIEHOT CUCTEMHU, peali3alliio
AJITOPUTMIB Ta MOXIIMBOCTEH cucteMu. [IpeacTaBieni pe3yapTaTH peani30BaHOTO
MPOTPAMHOT0 3a0€3MEUECHHS.

VY BUCHOBKax MpPEACTaBICH] pe3ylbTaTy IPOBEAEHOI POOOTH.

PoGota npeacraBnena Ha 81 apkyiia, MICTUTb 2 TaOJIHII, CTUCOK
BUKOPHUCTAHUX JKepen 3 19 HaliMeHyBaHb.

Kurouosi ciioBa: Mozient0OBaHHS OCBITJICHHS, JMHAMIYHE OCBITIICHHS,

KOMIT'FOTEpHA rpadika, IrpoBa 1HIYCTPIs, TIHI Ta BiIOJIUCKHU.



ABSTRACT

Actuality of theme. Real-time dynamic lighting modeling is a very
important topic for today's world of computer graphics, virtual reality and
visualization. In many fields, including the gaming industry, architectural
modeling and virtual reality, consumers and users are increasingly demanding
interactive virtual environments with a high level of realism, including realistic
dynamic lighting.

Modern computer systems are becoming more and more powerful, which
makes it possible to implement more complex lighting modeling algorithms in real
time. The use of VR and AR is gaining popularity, and realistic dynamic lighting is
an important factor in creating immersive virtual environments.

In the field of computer graphics and visualization, there are constantly new
challenges and research tasks that are related to improving the realism and
performance of dynamic lighting simulation systems. Developing more realistic
dynamic lighting can improve the quality of virtual user interaction in virtual
environments, making this a relevant topic for interface design and psychology.

The object of the study is a dynamic lighting modeling system, which is
developed and analyzed within the framework of the study.

The subject of research is the process of real-time dynamic lighting
modeling in virtual environments, aspects related to real-time dynamic lighting
modeling and system development.

Purpose of work: research and selection of optimal mathematical lighting
models; development and implementation of algorithms that provide simulation of
various aspects of dynamic lighting; development of a highly efficient dynamic
lighting modeling system; assessment of system performance and efficiency in
various virtual scenarios; comparison of the developed system with existing
solutions.

The scientific novelty is as follows: the researched and developed system

has a higher level of performance and realism compared to existing solutions. It is



able to qualitatively generate realistic dynamic lighting effects in real time, which
makes it an important contribution to the field of virtual graphics.

The practical value of the results obtained in the work is that the developed
system allows creating virtual scenes with a higher level of realism, in particular
by displaying dynamic lighting. This is of great importance to the gaming industry,
architectural modeling, medical modeling, and other industries where accuracy and
realism of graphics are critical. The results and research methods can be used in
scientific studies and research projects in the field of computer graphics and virtual
reality.

Approbation of work. The main provisions and results of the work were
presented and discussed at:

1. XVI scientific and practical conference of master's and postgraduate students
"Applied mathematics and computing™ PMK-2023 (Kyiv, November 28-30, 2023).
2. X International Scientific and Technical Internet Conference (Kyiv, November
24, 2023).

Structure and scope of work. The master's thesis consists of an introduction,
three chapters and conclusions.

The introduction provides a general description of the work, assesses the current
state of the problem, substantiates the relevance of the research direction,
formulates the purpose and tasks of the research, shows the scientific novelty of
the obtained results and the practical value of the work, provides information on
the approbation of the results and their implementation.

In the first section, a detailed review of existing lighting simulation systems was
carried out, their advantages and limitations were evaluated, and the needs and
limitations of their use were determined. This analysis determined the research and
development strategy chosen.

In the second section, the choice of the research methodology is justified, the
mathematical models of lighting are selected, and the algorithms and technologies

that will be used to implement the modeling system are described. The chosen



methods correspond to the research objectives and will allow to achieve realistic
modeling of dynamic lighting.

The third section provides a detailed description of the architecture of the
developed system, the implementation of algorithms and mathematical models, a
description of the user interface and system capabilities. Examples of the use of the
implemented software are also presented here.

The fourth section provides a methodology for testing the developed system,
evaluating the performance and realism of lighting simulation. The results of the
tests are compared with the existing solutions, which allows us to draw
conclusions about the achieved level of quality and capabilities of the system.

The results of the work are presented in the conclusions.

The work is presented on 81 sheets, contains 2 tables, a list of used literary sources
from 19 names.

Keywords: lighting simulation, dynamic lighting, computer graphics, game
industry, shadows and reflections.



