PEDEPAT

AKTyasnbHicTb TemMHu. OJHI€IO 13 aKTyalbHUX 3a/lad MpPU BIITBOPEHHI
TPUBUMIPHUX  KOMIT'FOTEPHUX CHMYJBIII € OTpPUMaHHA PeaiCTUIHOTO
BioOpakeHHs crieHW. JlaHa 3ajada HampsMy TEPEKIMKAETHCS 3 HE MEHII
aKTyaJIbHOIO 3a/1a4ei0 KOMIT IOTepPHOI Tpadikd — OTPUMaHHSIM pEaiCTUIHOTO
300paxeHHs. PeamicTiuune 300pakeHHSI XapaKTePU3YEThCSI TAKUMU €(EKTaMU 5K
KayCTHKa, HEUITKI BIIOUTTS, M SIK1 TiH1, OJIUCK, HAMIBNPO30picTh. Cepel iICHYI0UHX
CIIOCO0IB PEaTICTUYHOTO BiAOOpaKeHHS 300paKCHHS OJHUM 13 HAHO1IbIIT TOUHHUX
SBJISIETBCSI METOJ] TPaCyBaHHS MPOMEHIB, a 13 MPABWJIBHOIO ONTUMI3AINIEI0 JTaHUHA

croci0 3aTHUM Ha Bi3yai3alliio B peajibHOMY 4acl.

IcHye ©Oarato pI3HOMaHITHHX CIOCOOIB TpacyBaHHsS IPOMEHIB, OTXeE
3 SIBJSIETHCSI HEOOXIHICTh y BHOOpI HalOUIbIl €(PEKTUBHOIO 3 TOYKHU 30Dy

PEATICTUYHOCTI Ta MPOYKTUBHOCTI.

O00’exkTOoM fgoCHiIKeHHsI € crnoci0 amapaTHO-NPOrPaMHOr0 TpPacyBaHHS

IPOMEHIB Y 3ajJiladyaX TPUBUMIPHOI CUMYJISIIII.

IIpenmerom aocigxeHHs1 € crioci0 anmapaTHOrO-MPOrPaMHOrO PEHAECPUHTY
TPUBUMIPHOTO 300paKEHHSI METOJIOM TpacyBaHHS MPOMEHIB Y 33/layaX TPUBUMIPHOI

CUMYJIAIII].

Mera poOoTH: TOKpalleHHS MPOAYKTUBHOCTI amapaTHO-MPOrpaMHOro
TpacyBaHHS IPOMEHIB Ha OCHOBI aHaJT13y ICHYIOYMX CIIOCO01B TpacyBaHHs POMEHIB
y 3ajadax TPUBHUMIPHOI CHUMYJISIT, JOCHI/DKEHHS amnapaTHO-TIPOTrpaMHUX
MOXIJIUBOCTEH CHOCOOIB PEHJIEPUHTY TPUBHMIPHOTO 300pa’K€HHS METOJ0M
TpacyBaHHSI IPOMEHIB; CTBOPEHHS NMPOTPAMHOI0O 3a0€3MEYEeHHs AJIsi PEHICPUHTY
300pakeHHs JIJIs 3a/1a4 TPUBUMIPHOT CUMYJISAIT, 1110 Oyae 6a3yBaTucs Ha crocoOi

anapaTHO-TIPOrPaMHOr0 TPAaCyBaHHS MPOMEHIB.

HaykoBa HOBU3HA 10JIIra€ B HACTYITHOMY: 3aIIPOIIOHOBAHO M1X1]] arapaTHO-
IPOrpaMHOTO TpPacyBaHHA MPOMEHIB y 3ajayax TPUBUMIPHOT CUMYJIALIT IO
BIJIPI3HSIETHCS BIJ ICHYIOYMX CIIOCOOIB THUM, IO Ja€ 3MOTYy e(eKTHBHIIIe

BUKOPHUCTOBYBAaTH amapaTHy CKJIaJI0BY IMEPCOHAIBHOIO KOMII'IOTepa 1 JT03BOJISIE



MIIBUIIUTH IIBUIKOJII0 POOOTH BHUXIJIHOI TPUBUMIPHOI CUMYJIAILII B pealbHOMY

qaci.

IIpakTyHa HiHHICTH OTPUMaHUX B pOOOTI PE3yIbTATIB MOJIATAE B TOMY, 110
3aMpONIOHOBAHMIA CIIOCIO armapaTHO-MIPOrPaMHOTO TpacyBaHHS MPOMEHIB Ja€ 3MOTY
Bi3yalli3yBaTH pEATICTHUHE 300paXeHHS Yy 3a/JayaXx TPUBUMIPHOI CHUMYIIALII.
Po3pobaenuii croci® jae 3Mory BI3yalli3oByBaTH CIIEHH 3 JIOCTaTHIM PiBHEM
MBUJKOII JI7I1 poOOTH Bi3yaulizalllii B peaJbHOMY Yaci MOPIBHSAHO 3 I1HIIUMHU
criocobamu Bi3yadi3allii Ha OCHOBI alrOpUTMY TpacyBaHHs npomeHiB. [Tokparienns

MIPOIYKTUBHOCTI CTAaHOBUTH MPUOIM3HO 15-20 BiJICOTKIB.

Anpobanis pod6oru. OCHOBHI MOJIOKEHHS 1 pe3ylbTaTH pobOTU Oyiu
Ipe/ICTaBlieHI Ta OOroBOPIOBAINCH HAa HAYKOBiM KOH(epeHIli MaricTpaHTiB Ta
acmipanTiB «lIpuxnanna maremarnka Ta Komm totuHry [IMK-2022 ta na IX
MuixHapoHId HayKkoBO-TexHIUHIA Internet-koHdpepenuii «CydacHi MeToaw,
iHdopmaliiine, mnporpaMHe Ta TEXHIUHE 3a0€3MedYeHHs CHUCTEM KepyBaHHS

OpraHi3alifHO-TEXHIYHUMH Ta TEXHOJOTTYHUMHU KOMILICKCAMI.

Ctpykrypa Ta 00csar pod6oTru. Maricrepcbka aucepTallisi CKJIaJaeTbesa 3

BCTYITy, YOTUPHOX PO3LTIB Ta BUCHOBKIB.

YV ecmyni mopaHO 3arajibHy XapakTEPUCTUKY poOOTH, 3pOOJICHO OIIHKY
Cy4acHOTO CTaHy MpoOJjeMHu, OOIPYHTOBAHO AKTyaJIbHICTh HAMPSMKY JOCIIIKEHb,
chopMyIpbOBaHO MeETy 1 3aaadi  JIOCHIIKEHb, II0Ka3aHO HAyKOBY HOBHU3HY

OTPUMAHHUX PE3YyJIbTATIB 1 MPAKTUYHY IIHHICTh POOOTH.

YV nepwomy po30ini po3rSIHYTO ICHYIOYl CIIOCOOW TpacyBaHHS MPOMEHIB B
3a/1a4aX TPUBHUMIPHOI CUMYJIAIL, a TaKOX MPOBEACHUN aHali3, SIKUM Ja€ 3MOTy
BU3HAUYUTH OCHOBHI MepeBaru Ta HENONIKA ICHYIOUMX TEXHOJIOTIM Bizyamizarlii

IIUISIXOM BUKOPUCTAHHS TpacyBaHHS TPOMEHIB.

YV opyeomy po30ini HaBeneHO pe3ysbTaTH aHaJi3y 3aco0iB peanizaiii s

pO3pOOKHM TporpaMHOro 3a0e3MedeHHs, IO peajli30By€ CIroci0 amapaTHo-



IPOrpPaMHOrO TPAaCyBaHHS MPOMEHIB. PO3riisiHyTo 0a30B1 KOHIIEMI[T TpacyBaHHS

MIPOMEHIB Ta anmapaTHO-MPOrPaMHOI peanizalii TpacyBaHHS MPOMEHIB.

Y mpemvomy po30ini ONMHCY€ThCS peali3oBaHE IMporpaMHe 3abe3neueHHS,
M1IX17 10 pO3pOOKH, TEXHOJIOTIT Ta 3aco0u po3poOKH, 1110 OYJIM BUKOPUCTAHI ITiJT Yac

po3pookm I13.

Y uemeepmomy po30ini ONUCYETHCS TECTYBAHHS, aHAII3 pOOOTH PO3POOIEHOTO

IIPOTrPaMHOI0 3a0€3MEeUCHHS Ta MMOPIBHIHHS 3 ICHYIOUUMH PIIICHHSIMHU.
V sucnoexax npeacTaBieHi pe3ybTaTH MPOBEACHOT pOOOTH.

PoGoTta mpencraBiaena Ha 91 apkymax, MICTHTh TOCHJIAHHS Ha CITHCOK

BUKOPHUCTAHUX JITEPATYPHUX JKEPEL.

KirouoBi ciaoBa: Bi3yamizaiisi, pPEHAECPUHT, TpPacCyBaHHS IPOMEHIB,

TPUBUMIpPHA CUMYJISIIIS, allapaTHO-TIPOTPaMHHUI C110CiO.



ABSTRACT

Relevance of the topic. One of the urgent tasks in the reproduction of three-
dimensional computer simulations is to obtain a realistic representation of the scene.
This task is directly related to the no less relevant task of computer graphics -
obtaining a realistic image. A realistic image is characterized by such effects as
caustics, blurred reflections, soft shadows, gloss, translucency. Among the existing
methods of realistic image display, one of the most accurate is the beam shaking
method, and with proper optimization, this method is capable of real-time

visualization.

There are many different ways to trace rays, so it becomes necessary to choose

the most effective in terms of realism and performance.

The object of research is the method of hardware and software ray tracing in

three-dimensional simulation tasks.

The subject of the research is the method of hardware and software rendering

of a three-dimensional image by ray tracing in three-dimensional simulation tasks.

Objective: improving the performance of hardware and software ray tracing
based on the analysis of existing ray tracing methods in three-dimensional
simulation tasks; research of hardware and software capabilities of three-
dimensional image rendering methods using ray tracing; creation of image rendering
software for three-dimensional simulation tasks, which will be based on the method

of hardware-software ray tracing.

The scientific novelty: a hardware-software ray tracing approach in three-
dimensional simulation tasks is proposed, which differs from existing methods in
that it allows more efficient use of the hardware component of a personal computer
and allows to increase the speed of the output three-dimensional simulation in real

time.

The practical value of the results obtained in the work is that the proposed

method of hardware and software ray tracing makes it possible to visualize a realistic



Image in three-dimensional simulation tasks. The developed method makes it
possible to render scenes with a sufficient level of speed for real-time rendering
based on compared to other rendering methods based on the ray tracing algorithm.

The performance improvement is about 15-20 percent.

Approbation of work. The main provisions and results of the work were
presented and discussed at the scientific conference of master's and postgraduate
students "Applied mathematics and computing” PMK-2022 and at the IX
International scientific and technical Internet conference "Modern methods,
information, software and technical support of management systems of

organizational technical and technological complexes".

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

four chapters and conclusions.

The introduction provides a general description of the work, makes an
assessment of 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 about the approbation of the results and their implementation.

In the first section, existing methods of ray tracing in three-dimensional
simulation tasks are considered, as well as an analysis that allows determining the
main advantages and disadvantages of existing visualization technologies by using

ray tracing.

The second section presents the results of the analysis of means of
implementation for the development of software that implements the method of
hardware-software ray tracing. Basic concepts of ray tracing and hardware and

software implementation of ray tracing are considered

The third section describes the implemented software, the development
approach, technologies and development tools that were used during the

development of the software.



The fourth section describes testing, performance analysis of the developed

software and comparison with existing solutions.
The results of the work are presented in the conclusions.
The work is presented on 91 pages, contains links to the list of references used.

Keywords: visualization, rendering, ray tracing, three-dimensional simulation,
hardware-software method.



