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Pedepar:

1. Inceprariist IpucBg4Y€eHa yIOCKOHATIEHHIO TEXHOJIOTIYHOTO MTPOLieCy MoJlirpadivHoro BUKOHAHHS IPYKOBAHOI
IIpOAyKLUii ByJIMYHOI pekyaMy 3 MapKepamu JI0IIOBHEHOI peasibHOCTi. MeTO0 PO6OTU € YIOCKOHAIEHHS TEXHOJIOTII
BiZITBOPEHHS MapKEPIB JOIOBHEHOI PEAJILHOCTI Ha IPYKOBAHIN TPOAYKLi IJIIXOM BCTAHOBJIEHHS 3aKOHOMIPHOCTEN
BIUJIMBY 30BHIIIHIX (DAKTOPiB Ha 3MiHy IapaMeTpiB MapKepiB A5 cTabisizalii npouecy BifTBOPEHHS KOHTEHTHOI
CKJI1anioBOi. 1711 BUKOHAHHS II0CTABJIEHOI METH Y POOOTI, [0 CKJIALAETHCS 3 YOTUPHOX PO3iJiB, 6yJI0 BUKOHAHO PSITL
3aBfaHb. Y [epuiomy po3szisi 6yso 6ys10 BUKOHAHO aHajli3 Cy4yaCHOIO CTaHy Ta TeHJIEHIliil Ha PUHKY JOIOBHEHOI
PEaJILHOCTI 3 pO3pO0JIEHHSIM HA I0OT0 OCHOBI CUCTEMAaTH3allill MapKepiB NOMNOBHEHOI peabHOCTI, 3aApYKOBYBAaHUAX
MarepiasiB [1711 CTBOPEHHS IPOAYKILii 3 JOMOBHEHOIO PEAsIbHICTIO, CUCTEM JIOIIOBHEHOI peasIbHOCTi Ta chep

3aCTOCYBaHHSI JJaHOI TexHoJIorii. TakoX IIpoBeeHO aTeHTHUI MOIIYK Y AaHiil cepi. Ha ocHOBI npoBeneHoro



IOCJIiIPKEeHHS 6yJI0 BU3HAYEHO 3a JOIIOMOTOI0 Aiarpamu [lapeTo Ta MaTpuli eKCIIepTHUX OLiHOK HaiO6ibIl Baromi
IapaMeTpy BIUJIMBY Ha NPoOLieC 34UTyBaHHS AR-MapKepis, 110 6yJ10 HifTBepIKEHHO 32 JOIIOMOI0I0 IIPUYHNHHO-
HacJiaKoBoi Aiarpamu. Y npyromy posnisi 6yso nobygosaHo iHpopmMalliiiHy Ta MaTeMaTUYHy MOZEJIi [IpoLecy
3YNTYBaHHS MapKepiB IOMIOBHEHOI peasbHOCT, 110 JO3BOJIMJIM BU3HAYUTH B32€MO3B'SI3KU MiXK CKIIaJHUKAMU [[bOTO
Ipolecy, Ha OCHOBI YOTO 6YyJI0 BUBHAYEHO KPUTEPIi IKOCTI 3YUTyBaHHS MapKepiB JOIIOBHEHOI PeaIbHOCTI, @ TAaKOX
11o0yJ0BaHO Ta IIPOAHAaJli30BaHO cucTeMy (aKTOpPIB BIUIMBY Ha pOOOTY CUCTEMU «OpUTiHaI-3a1pyKOBYBaHMMN
Marepian-Bii6UTOK-CcHUCTEMa CKaHYBaHHs MapKepiB». Ha 0CHOBI 1bOro c(pOpMOBAHO METOAMKY ITPOBENEHHS
€KCIIEPMMEHTAJIBHOTO AOCIIIPKEHHS. Y TPETbOMY PO3/ijli 3 BAKOPUCTAHHSIM PO3PO0JIEHOI METOUKY IIPOBEIEHO
eKCIIepUMEHTaJIbHE TOCIIKEHHS 3 BUSHAYEHHSIM PallioHaJIbHUX [TOKA3HUKIB MapKEPiB JONIOBHEHOI peasbHOCTI
BiZJITOBiJHO 10 BCTAHOBJIEHUX KPUTEPIiB OL[iHIOBaHHS. Pe3yIbTaTOM CTayly JOIyCTUMI MiHIMaJIbHI 3HAaYEHHS
KOHCTPYKTUBHO-TE€XHOJIOTIYHMX IIOKa3HUKIB MapKePiB JOIIOBHEHOI PE€aJIbHOCTI. Y Y€TBEPTOMY PO3LiJi 6yiun
BU3HA4YEHi MPaKTUYHi peKoMeHalii 3 nig6opy napameTpiB MapKepiB, a TaKoX iX MoJirpagivyHOro BUKOHAHHS ISl
BiAINIOBiHMX BUJiB IPOAYKLii — CiTiy1aiiTiB, I1J1aKaTiB Ta 6i100PAiB — HAa OCHOBI iMiTaLliIHOr0 MOJIEe/II0OBaHHS Ta
PEerpecinHoOro aHasisy, 1o 403BOJNWIIO YIOCKOHAIUTY IIPOLEC BUTOTOBJIEHHS IIPOAYKLii ByJIMYHOI pEKJIAMU 3
€JIEMEHTaMU JI0NIOBHEHOI peayIbHOCTI. Y pe3ysbTaTi BUKOHAHHS AUCEPTALiliHOI pO6OTH 6yJI0 OTPUMAHO TaKi HAyKOBi
pesynbpTaTu: 1. Biepuie po3po6sieHo MeTo; BuU3HaueHHs! (GaKkTOpPiB BIUIMBY Ha MIPOIIEC BiATBOPEHHS MapKepiB
IOTIOBHEHOI peasIbHOCTI 17151 APYyKOBaHOI NpoAyKuii i3 IHTEHCMBHUMM yMOBaMU BUKOPUCTAHHSI, PO3PO6JIEHO
IOMIHAHTHY iepapXi4Hy BIIOPAAKOBAaHY MOJEJIb KPUTEPIiB BILJIMBY Ha NPOLIEC BiTBOPEHHS MAapKEPiB JOINOBHEHOI
peasIbHOCTI IPYKOBaHOI NpoayKuii. 2. Briepuie BCTaHOBIEHO B32€MO3B'SI30K OCHOBHMX KOHCTPYKTHUBHO-
TEXHOJIOTIYHUX ITapaMeTpiB Mapkepy (po3mip, KoJlip, CTYIiHb AeTasi3aliii pucyHKy MapKepy), yMOB eKCILIyaTalji
MIPOAYKLi i3 ZOTIOBHEHOIO PEAIBHICTIO Ta [IOKAa3HUKIB SKOCTI IIPOLLECY BiITBOPEHHS €JIEMEHTIB JOIIOBHEHOI
peanbHOCTI. 3. Briepie po3po6sieHO aIropuT™M BUOOPY NapaMeTpiB MapKePiB BiAMOBIIHO 4O YMOB iX MOAAJ/bIIO]
€KCIIyaTalii Ta BCTAaHOBJIEHO KPUTEPIi OL[iHKM SIKOCTi IPOLIECY BiITBOPEHHS MapKepiB JONOBHEHOI peasbHOCTI HAa
I PYKOBaHIl IpOyKLii BiANOBiZHO N0 BIJIMBY 30BHILIHIX QakTopiB. 4. Po3pobaeHo uudpoBy iMiTalliiHy MOesb
IIPOLIECY CTBOPEHHS MApPKEPIB JONIOBHEHOI PEayIbHOCTI, 10 JO3BOJIsSIE BU3HAYATH paliOHa/IbHI 3HAYE€HHSI OCHOBHUX
TEeXHIYHUX [TOKa3HUKIB MapKepiB 11jis cTabisnizaii nporecy ix po3nizHaHHS BiJl[TOBiAHO [0 BIIJIMBY 30BHIIIHIX
daxTopib. [IpakTHUHe 3HAUEHHS OJIEP>KaHUX Pe3YJIbTaTiB [I0JIsirae B TOMY 110 HA OCHOBI ITPOBEIEHUX JOCiIKeHb
0yJ10 po3p006JIeHO peKOMEHALI I0A0 YIO0CKOHAJIEHHS TEXHOJIOTIYHOTO IIPOLECY PENPOAYKYBAaHHS IPYKOBAHOI
MIPOAYKLi 3 eJIeMEHTaMU IOIIOBHEHOI pEaIbHOCTI, a came MPOAYKLii ByJIMYHOI PEKJIaMY HA OCHOBI IIPOBEEHUX
IOCTiIKeHb B yMOBaX eKCILIyaTallii Takoro poay MpOAyKILiii, a TAKOX po3p0o0IeHNX MAaTeMaTUIHUX 3aJI€SKHOCTEN 3
BU3HAUYEHHSIM (PaKTOPIB, BIIMB SIKUX HalOibIIe Cyif nependayaTy 3aB4acHO Ta 3aCTOCOBYBATH 3aX04U LIOJ0 iX
ycyHeHHs1. OTpuMaHi HayKOBi pe3y/IbTaTU Ta Hallpall0BaHHS JUCepPTalilfiHOi po60oTH 6yJu BAAIO0 BUIIPOOYBaHi B
paMKax BUKOHAHHS psifly TeCTOBUX poo6iT Ha nignpuemcTsi TOB «Camoric IIpiHT». OCHOBHI OJIOKEHHS POOOTH
BIIPOBAJKEHi Y HaBYaJIbHUM IIpoljec MiAroTOBKY (axiBLiB 3a crewiasnizanieto «TexHoorii eJ1eKTPOHHUX Ta

MYJIPTUMEiHUX BUTAHb».

2. The dissertation is devoted to the improvement of the technological process of printing printed products of
street advertising with augmented reality markers. The purpose of the work is to improve the technology of
reproducing augmented reality markers on printed products by establishing the patterns of influence of external
factors on changing the parameters of the markers to stabilize the process of reproducing the content component.
To achieve the set goal, a number of tasks were performed in the work, which consists of four sections. In the first
section, an analysis of the current state and trends in the augmented reality market was performed with the
development of systematizations of augmented reality markers, printed materials for creating augmented reality
products, augmented reality systems and areas of application of this technology on its basis. A patent search was
also conducted in this area. Based on the research conducted, the most significant parameters of influence on the
process of reading AR markers were determined using the Pareto diagram and the expert assessment matrix,
which was confirmed using the cause-and-effect diagram. In the second section, an information and mathematical
model of the process of reading augmented reality markers was built, which allowed us to determine the
relationships between the components of this process, on the basis of which the quality criteria for reading



augmented reality markers were determined, and a system of factors influencing the operation of the system
“original-printed material-imprint-marker scanning system” was also built and analyzed. On this basis, a
methodology for conducting an experimental study was formed. In the third section, using the developed
methodology, an experimental study was conducted to determine the rational indicators of augmented reality
markers in accordance with the established evaluation criteria. The result was the minimum permissible values ooof
the constructive and technological indicators of augmented reality markers. In the fourth section, practical
recommendations were determined for the selection of marker parameters, as well as their printing performance
for the relevant types of products - city lights, posters and billboards - based on simulation modeling and
regression analysis, which allowed to improve the process of manufacturing street advertising products with
elements of augmented reality. As a result of the dissertation work, the following scientific results were obtained: 1.
For the first time, a method was developed to determine the factors influencing the process of reproducing
augmented reality markers for printed products with intensive conditions of use, a dominant hierarchical ordered
model of criteria influencing the process of reproducing augmented reality markers of printed products was
developed. 2. For the first time, the relationship between the main constructive and technological parameters of
the marker (size, color, degree of detail of the marker pattern), operating conditions of products with augmented
reality and quality indicators of the process of reproducing augmented reality elements was established. 3. For the
first time, an algorithm for selecting marker parameters was developed in accordance with the conditions of their
further operation and criteria for assessing the quality of the process of reproducing augmented reality markers
on printed products in accordance with the influence of external factors were established. 4. A digital simulation
model of the process of creating augmented reality markers was developed, which allows determining rational
values noooof the main technical indicators of markers to stabilize the process of their recognition in accordance with
the influence of external factors. The practical significance of the results obtained is that, based on the conducted
research, recommendations were developed for improving the technological process of reproducing printed
products with elements of augmented reality, namely street advertising products, based on research conducted in
the conditions of operation of such products, as well as mathematical dependencies were developed with the
determination of factors whose influence should be most anticipated in advance and measures should be taken to
eliminate them. The obtained scientific results and the results of the dissertation were successfully tested within
the framework of a number of test works at the enterprise LLC "Salyutis Print". The main provisions of the work
are implemented in the educational process of training specialists in the specialization "Technologies of electronic
and multimedia publications".
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IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0C00H: HanjioHanbHuit TexHiuHuil yHiBepcuteT Ykpainu "KuiBchKuit

NOJIiTeXHIYHM iHCTUTYT iMeHi Iropst Cikopcbkoro”

Kopg 3a €IPIIOY: 02070921

Micue3HaxoaKeHHS: npocnekT bepecreiicbkuii, 6yg. 37, Kuis, 03056, Ykpaina
dopma ByracHOCTI:

Cdepa ynpaBitiHHS: MiHicTepcTBO OCBiTH i HayKu YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

VII. BizomocTi npo odiliiHUX OTIOHEHTIB Ta pelleH3€eHTiB
OdiuiiiHi OIOHEHTH
Baacue IlpizBume Im'a Ilo-6aTbKOBI:

1. Penteta BayecnaB bormanoBuy



2. Viacheslav Repeta

KBasigikamis: 1. 1. 1., npodecop, 05.05.01

ImenTudikarop ORCID ID: 0000-0003-3204-1512

JoparkoBa iHdopmamist:

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOM: HaujoHanbHuil yHiBepcuTeT "JIbBiBCbKA MOTTITEXHIKA"
Kopg 3a €IPIIOY: 02071010

MicueSHaxo,vieHHﬂ: ByJ. Crenana Bangepw, 6yz. 12, JIbBis, 79013, Ykpaina

dopma BiracHOCTI: /lepxasHa

Cdepa ynpaBiriHHS: MiHicTepcTBo OCBiTH i HayKu YKpaiHu

InenTudikarop ROR:

Baacue IlpizBuuie Im's I1o-6aTbKOBI:
1. Cnoupka Jlinig CraniciaBiBHaA

2. Liliia Slotska

KBasigikanis: . . 1., gor., 05.05.01
InenTudikarop ORCID ID: 0000-0002-8052-583X
JopaTrkoBa indpopmanis:

IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0C00H: UepHiBellbkuil HallioHa/IbHUIT yHiIBEpCUTET imeHi FOpis

denproBrYa

Kopg 3a €IPIIOY: 02071240

Micue3HaxoaKeHHS: ByJ1. Kouto6uHcbKoro, 6ya. 2, YepHisi, 58012, Ykpaina
dopma ByacHOCTI: [lepxkasna

Cdepa ynpaBitiHHS: MiHictepcTBo oCBiTH i HayKu YKpaiHu

InenTudikarop ROR:

Peuensentu

BiacHe IIpi3Buie Im'sa ITo-6aTbKOBI:
1. Kiiumenko TetsiHa €BreniiBHa

2. Tatyana Klymenko

KBasigikanis: . . 1., gor., 05.05.01
InenTudikarop ORCID ID: 0000-0002-7229-3995
JoparkoBa indopmamnist:

IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0C00H: HanioHanbHuii TexHiuyHuil yHiBepcuteT Ykpainu "KuiBchKuit

MOJIITEXHIYHMN iHCTUTYT imMeHi Irops Cikopcpkoro”
Kopg 3a €IPIIOY: 02070921

Micue3HaxoaKeHHS: npociekT bepecTeiichKuii, oyz. 37, Kuis, 03056, Ykpaina



dopma By1acHoCTI:
Cdepa yllpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

Baacwue IlpizBume Im's Ilo-6aTbKOBI:
1. YenypHa Katepuna OsnexkcangpiBHa

2. Kateryna Chepurna

KBasigikanis: x. 1. 1., gom., 05.05.01
Imentudikarop ORCID ID: 0000-0003-3137-2889
JonaTkoBa iHdopmalist:

IloBHE HaliMEeHYBaHHS IOPUAHYHOL 0C00H: HanioHanbHuii TexHiuHMil yHiBepcuTeT Ykpainu "KuiBchKuit

NoJIiTeXHiYHMIA iHCTUTYT iMeHi Irops Cikopcekoro®

Kog, 3a €IPTIOY: 02070921

Micue3HaxoaKeHHS: npocnekt bepecreiicbkuil, 6yg. 37, Kuis, 03056, Ykpaina
dopma By1acHoCTI:

Cdepa praBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

VIII. 3akr04Hi BimoMocTi
Biacue IpizBume Im's ITo-6aTbKOBI Kupuyok Tersna IOpiisHa
TOJIOBH pagH

BiacHe Ipizsumie Im'st [To-6aTbKOBI Kupnyoxk Tersna IOpiisna

rOJIOBYIOYOrO Ha 3acCifiaHHi

BignoBizanbHMiA 3a NiATOTOBKY Bapanosa Jlapuna IBanisHa

00JIIKOBHX JOKYMEHTIB

Peectpartop YkpIHTEI

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZITIOBiZaJIbHUM 3a PEECTpalLio HayKoBOi IOpuenko TeTsHa AHaToiiBHA

OisIJIbHOCTI




