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Pedepar:

1. B pucepTauiiiHiii po60Ti BUPIilIEHO HAYyKOBO-TEXHIYHY 3a/a4y MiBULIEHHS €(DEKTUBHOCTI CUCTEM
MO3ULIOHYBAaHHS 00 €KTIB IIJISIXOM PO3POOGJIEHHS METOZIB Ta MOZEJIel IIPOEKTYBAHHS, 110 326€31e4yI0Th
BU3HA4YEHHS ONTUMAJbHOI CTPYKTYPH CEHCOPHOI Mepexi Ta IpoleciB 300py, 30epiraHHs Ta 06po6Ku JaHuX. Y
IIepILIOMY PO37isi AucepTaLiliHoOl poOOTH 37iICHEHO aHasli3 OCHOBHUX €TalliB IPOEKTYBaHHS CUCTEM
NO3MIiOHYBaHHS 00 €KTIB, @ TAKOXX IIPOBEJIEHO KOMIIJIEKCHE JOCJIiI)KEHHS Cy4aCHOTO CTaHy TE€XHOJIOTIH, 110
BUKOPUCTOBYIOTbCSI [7151 BU3HAUEHHSI IPOCTOPOBOTrO MOJIOKEHHS 00'€KTiB HA IPOMUCJIOBUX MalilaHYMKaX.
Oco061By yBary rpupieHo aHalisy NpUHLUIIB (PYHKLIOHYBAHHS [JI00Q/IbHUX Ta JIOKAJIbHUX CUCTEM
MO3ULiOHYBaHHS. PO3IJIIHYTO TEXHIYHI aCIIEKTH peaidalii 3a3Ha4eHNX CUCTEM, 30KpeMa arnapaTHy CKJIaJoBYy,

METOAM 300py, epefaBaHHs Ta 06poodKU JaHuX. [IpoaHanizoBaHO OOMEXKEHHS, TPUTaMaHHi SIK [J100aJIbHUM, TaK i



JIOKQJIbHAM TEXHOJIOTiSIM Y KOHTEKCTi IIPOMUCJIOBOTO CEPEIOBHUIIA, 30KpeMa Yy TJIUBICTb O €J1€KTPOMArHiTHUX
3aBajl, 6araToNpoOMEeHEeBiCTb CUTHAJY, €EKPaHyBaHHS KOHCTPYKLISIMU TOIIO. Y 3B'3KY 3 BUSIBJIEHUMHU OOMEKEHHIMU
OOI'PYHTOBAHO HEOOXIIHICTb IPOBEJIEHHS €KCIIEPUMEHTAJIbHUX JOCIIiJKEHb 3 METOI0 BUBUEHHS BIUIMBY 3aBaj] Ha
TOYHICTB i CTAabL/IBbHICTh (QYHKIIOHYBaHHS CUCTEM NO3UL[IOHYBaHHS Y peajlbHUX YMOBaX €KCIlyaTalii. ¥ 1pyromy
po37isi MpoBeIeHO KOMIJIEKCHUH aHali3 e(peKTUBHOCTI (PYHKIIOHYBaHHS I7100a/IbHUX Ta JIOKAJIbHUX TEXHOJIOTIN
[I03MLIIOHYBaHHS B yMOBax [IPOMUCJIOBUX MaiilaHynKiB. OCOOJIMBY yBary MpUiieHO OLiHIi TOYHOCTI, CTabiIbHOCTI
CUTHaJly, CTiIIKOCTI 10 MepeIKoy, i YyTJIMBOCTI 10 3MiH KOHQIrypatii cepeoBuina. BcTaHOBIEHO, 110 XKOJHA 3
TEXHOJIOTi!l OKPEMO He 3abe3Ievyye HeOOXiJHOTO PiBHS TOYHOCTI Ta HAIiTHOCTI B YMOBaXx BiIKDUTUX TEPUTOPIIl i3
BEJIMKOIO KiJIbKICTIO MeTajleBUX KOHCTPYKLiH, 3MIHHOIO 3a0yI0BOIO Ta 3HAYHMMU €JIeKTPOMarHiTHUMU 3aBajamu. Le
IiATBEPAUIIO AOLINBHICTb i OOI'PYHTOBAHICTh BUKOPUCTAHHS TiOPUIHOTO MigXoA4y, 10 00’eIHYye [lepeBaru pisHux
THUIIIB TEXHOJIOTIN AJ151 JOCATHEHHS BMCOKOTO PiBHA MO3ULIIOHYBAaHHS 32 KDUTEPISIMU TOYHOCTI, [IOKPUTTS, BAPTOCTI
Ta €HeprocrnoxxuBaHHs. ToMy TribpuiHi cucTeMy MO3MLiOHYBaHHS € [IePCIEKTUBHUM HAIPSIMOM [1J1s 33/10BOJIEHHS
11X BUMOT. [ToegHaHHS 7100aJIbHUX Ta JIOKAJIbHUX TEXHOJIOTIN Ha/lae MOKJIMBICTb KOMIIEHCYBATU HEMOJIKM KO>KHOI
3 OKPEMUX CHCTEM, MiJIBUILYIOUN 3arajbHy HAAIMHICTh i TOYHICTh MO3MLIIOHYBAaHHS HABITh Y HECIIPUATINBOMY
cepenoBulli. Y TpeTbOMY PO31ifi frcepTauiiiHoi po60TH MPOBEAEHO aHali3 KJIIOYOBUX YMHHUKIB €(peKTUBHOTO
BIIPOBA/>)KEHHS TIOPUIHUX CUCTEM IO3UL[IOHYBaHHS, CEpe], IKUX — ONTUMaJlbHE PO3MillleHHsI CEHCOPIB. Y po6oTi
peai3oBaHo MifXxif, MO I'PYHTYETLCS HA TEOMETPUYHIN AUCKPETU3allii IPOCTOPY 3 OAAJIbIINM IIOJiJIOM TEPUTOPI]
Ha 30HU KPUTUYHOCTI. QOPMYBaHHS TaKUX 30H 37ilICHIOETbCS HA OCHOBI aHaJIi3y iHTEHCUBHOCTI BUKOHAHHS
TEXHOJIOTIYHMX Ollepaliil, MapLIPYTiB epeMillleHHS [IePCOHAJy Ta TEXHIKM, HASIBHOCTI (Pi3NYHUX NEPEIIKO], a
TaKOX PiBHA [NOTEHUiHNX PU3UKIB [IJIs1 TOYHOCTI [IO3UIIOHYBaHHS. 3alIPOTIOHOBAHUN METOZ, IOTIOMarae
opranizyBatu JuepeHLiioBaHN BUOIp TEXHOJIOTIH O3ULIOHYBaHHS AJ151 KOXKHOI 30HY, 110 JO3BOJISIE PeasizyBaTu
ananTyMBHY KOHPIrypariio cuctTeMu BiiTIOBITHO 10 BXKJIMBOCTI Ta 0COBJIMBOCTEN OKPEMUX TiNSTHOK MalJaH4MKa.
I po3B's13aHHS 3a7a4i ONTUMI3allil CEHCOPHOI MepeXXi BUKOPUCTAHO €BOJIIOLiMHUI aJITOPUTM, SIKUI Hazae
MOXJIMBICTb €(EKTUBHO 3HAXOAUTU CYyOONITUMAJIbHI PO3B 3KH, & TAKOXX METO]], KOOPJMHATHOTO CIIYCKY 1JIs1
JIOKAJIbHOTO NOKPAlLleHHS 3HAIAEHUX PillleHb i JOCSATHEHHS OibIll TOYHOTO HAJIAIITYBAaHHS KOHQIrypatii mepexi.
Taxuii migxin cupusie MiHimMizanii HAIIMIMKOBUX BUTPAT, MiJIBUIIEHHIO 3arajbHOI €()EeKTUBHOCTI CUCTEMH, a TAKOXK
rapaHrye ii MacIiITaboBaHICTh i aHANTUBHICTD y pasi 3MiH KOHirypauii Bupo6HU4YOro cepefoBuila abo yMOB
eKcIulyaTalii. ¥ yeTBepToMy po3[iji AucepTaliliHoi po60TH 3alIPOIIOHOBAHO TEXHOJIOTIIO0 IPOEKTYBAHHS ri6puAHOi
CHUCTEMU TI03ULI0HYBaHHS 00 €KTIB, 1110 3abe3mnedye MiAxin 10 no6yg0BU CUCTEM i3 ypaxyBaHHSIM BUMOT 10
TOYHOCTI, HAJilHOCTI, BAPTOCTI Ta AMHAMIYHUX 3MiH IIPOCTOPOBOi KOHirypanii mpomucsoBoro maiganyuka. Ha
OCHOBI 3aIIPOIIOHOBAHOI TEXHOJIOTIi peasi3oBaHO apXiTEKTYPHUN NTATEPH, IKUNA OXOIJII0E CEHCOPHUH PiBEHD, PiBEHD
06p0o0KY, 30€pe>KEHHS JAHUX Ta PiBEHb yIIPaBiiHHA Ta iHTepdericy. Taka apxiTekTypa 3adesnedye cTabiIbHUN
IOCTYTI 10 30€pEKEHUX JAHUX CEHCOPHOI MEPEXi y peasibHOMY 4aci, HaZlae MOXJIMBICTb HAKOIIMYYBATHU I
aHasli3yBaTU JlaHi icTopii nepeminjeHHs 06'eKTiB, @ TAKOXK 37iIICHIOBAaTH MOHITOPMHI aKTUBHOCTI B Pi3HUX
(yHKLiOHAJIBHUX 30HaX ManjaHyuKa. OfHielo 3 nepesar 3alpoloHOBaHOI apXiTeKTypH € ii MacmTaboBaHICTb, 110
HaJla€ MOKJIMBICTb aaNTyBaTH CUCTEMY [IO 3MiH IPOCTOPOBOi KOHQIrypalii 6€3 He06XiZHOCTi TOBHOTO
[IepeNPOEKTYBaHHS. BaskjImBOIO 0COGIMBICTIO € BUKOPUCTAHHS [apajiesIbHUX 004YKMCIIeHb Ha PiBHI 06POOKHU
iHgopmatiii, mo no3BoJisie €PEeKTUBHO NPALIOBATY 3 BEJIUKUMHU 0OCITaMU JaHUX Y BUNIaAKaX 301/IbIIeHHS KiIbKOCTI
KOHTPOJIbOBAaHUX 00'€KTIB 200 CEHCOPHUX TOYOK. Y POOOTi TaKO>XK PO3POOJIEHO METOAUKY BUOOPY TEXHOJIOTIN

NO3MILIOHYBAaHHS Ha OCHOBIi 6aratoakTopHOi kiacu@ikallii 06’eKTiB pO3ropTaHHSL.

2. The dissertation solves the scientific and technical problem of improving the efficiency of object positioning
systems by developing design methods and models that ensure the determination of the optimal structure of the
sensor network and the processes of data collection, storage and processing. The first chapter of the dissertation
analyses the main stages of designing object positioning systems and conducts a comprehensive study of the
current state of technologies used to determine the spatial position of objects at industrial sites. Particular
attention is paid to analyzing the principles of global and local positioning systems. The technical aspects of the
implementation of these systems are considered, in particular the hardware component, methods of data
collection, transmission and processing. The limitations inherent in both global and local technologies in the



context of the industrial environment are analyzed, in particular sensitivity to electromagnetic interference, signal
multipath, shielding by structures, etc. In view of the identified limitations, the need for experimental research to
study the impact of interference on the accuracy and stability of positioning systems in real operating conditions is
justified. The second chapter provides a comprehensive analysis of the effectiveness of global and local positioning
technologies in industrial sites. Particular attention is paid to the assessment of accuracy, signal stability,
resistance to interference, and sensitivity to changes in the environment configuration. It was found that none of
the technologies alone provides the required level of accuracy and reliability in open areas with a large number of
metal structures, variable buildings and significant electromagnetic interference. This confirmed the feasibility and
validity of using a hybrid approach that combines the advantages of different types of technologies to achieve a
high level of positioning in terms of accuracy, coverage, cost, and energy consumption. Therefore, hybrid
positioning systems are a promising direction for meeting these requirements. The combination of global and local
technologies makes it possible to compensate for the shortcomings of each individual system, increasing the
overall reliability and accuracy of positioning even in unfavorable environments. The third chapter of the
dissertation analyses the key factors for the effective implementation of hybrid positioning systems, including the
optimal placement of sensors. The work implements an approach based on geometric discretization of space with
subsequent division of the territory into critical zones. These zones are formed based on an analysis of the
intensity of technological operations, the routes of personnel and equipment movement, the presence of physical
obstacles, and the level of potential risks to positioning accuracy. The proposed method helps to organize a
differentiated selection of positioning technologies for each zone, which allows for the implementation of an
adaptive system configuration in accordance with the importance and characteristics of individual areas of the
site. To solve the problem of optimizing the sensor network, an evolutionary algorithm is used, which makes it
possible to effectively find suboptimal solutions, as well as a coordinate descent method for local improvement of
the solutions found and achieving a more accurate configuration of the network. This approach helps minimize
excess costs, increase the overall efficiency of the system, and ensure its scalability and adaptability in case of
changes in the configuration of the production environment or operating conditions. The fourth chapter of the
dissertation proposes a technology for designing a hybrid object positioning system that provides an approach to
building systems that take into account the requirements for accuracy, reliability, cost, and dynamic changes in
the spatial configuration of an industrial site. Based on the proposed technology, an architectural pattern has been
implemented that covers the sensor level, processing level, data storage level, and management and interface level.
This architecture provides stable access to stored sensor network data in real time, enables the accumulation and
analysis of object movement history data, and allows for the monitoring of activity in different functional areas of
the site. One of the advantages of the proposed architecture is its scalability, which makes it possible to adapt the
system to changes in spatial configuration without the need for complete redesign. An important feature is the use
of parallel computing at the information processing level, which allows you to work effectively with large amounts
of data in cases of an increase in the number of controlled objects or sensor points.
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