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Pedepar:

1. B pucepTaniiiHiil poboTi BUpilIeHO HAYKOBO-TEXHIYHY 334a4y HifBuUlieHHS e(PEeKTUBHOCTI CUCTEM
IIO3MLIIOHYBaHHS 00 €KTIB IJISIXOM PO3POOJIEHHSI METOiB Ta MOZieJIel IIPOEKTYBaHHS, 110 3a6€31e4yI0Th
BM3HAUEHHSI ONITUMAaJIbHOI CTPYKTYPH CEHCOPHOI MEpEXI Ta npoleciB 360py, 30epiraHHs Ta 0OpoOKM JaHuX. Y
[epIIOMY PO3Tisi ArcepTaliliHOl pobOTH 3LiICHEHO aHasli3 OCHOBHUX €TarliB IPOEKTYBaHHS CUCTEM
[I03MLIiIOHYBaHHS 00 €KTIB, a TAaKOX ITPOBEIEHO KOMIJIEKCHE TOCIi/IKEHHS Cy4acHOTO CTaHy TEeXHOJIOTIH, 1110
BHMKOPHCTOBYIOTBCS [IJ151 BUBHAUEHHSI IPOCTOPOBOTO MOJIOKEHHS 00'€KTIB HA IPOMUCJIOBUX MalIaHUMKAX.
Oco6sMBy yBary npupiieHo aHali3y IPUHLUUIIB GyHKLIOHYBaHHS IJ100aJIbHUX Ta JIOKAJIbHUX CUCTEM
MO3ULiOHYBaHHS. PO3IJIIHYTO TEXHIYHI aCMIEKTH peaisdallil 3a3Ha4€HNX CUCTEM, 30KpeMa anapaTHy CKIaJoBYy,
MEeTOoJH 360Dy, NepefaBaHHs Ta 00poOKY faHuX. [IpoaHasnizoBaHO OOMEXEHHS, IPUTAMaHHi SIK I7100a7IbHUM, TaK i
JIOKQJIbHAM TEXHOJIOTISIM Y KOHTEKCTi IPOMUCIIOBOTO CEPEIOBHUIIA, 30KpeMa Yy TJIUBICTb O €J1€KTPOMArHiTHUX
3aBafl, 6araTorpoMeHeBiCTh CUTHAJY, €EKPaHyBaHHS KOHCTPYKLISIMU TOIIO. Y 3B’3KY 3 BUSBJIEHUMHU OOMEKEHHIMU

OOI'PYHTOBAaHO HEOOXIIHICTb [IPOBEIEHHS eKCIIePUMEHTAJIbHUX JOCJIiKEHb 3 METOI0 BUBUEHHSI BIUIMBY 3aBaj] Ha



TOYHICTb i CTabibHICTh GYHKIIIOHYBAaHHS CUCTEM IO3UL[IOHYBaHHS Y peajbHIUX YMOBAaX €KCIyaTalii. ¥ npyromy
PO3[ii MpoBeeHO KOMIJIEKCHUH aHauli3 e(peKTUBHOCT] (PYyHKLIOHYBaHHSI [VI00QJIbHUX Ta JIOKAJIbHUX TEXHOJIOTIN
IIO3MLIIOHYBaHHS B YyMOBax [IPOMUCJIOBUX MaiilaHyuKiB. OCOOJIMBY yBary NpUieHO OLiHIi TOYHOCTI, CTabiIbHOCTI
CUTHaJly, CTiIKOCTI IO NepeIKOoy, i YyTJIMBOCTI 10 3MiH KOHQIrypalii cepeioBuia. BcTaHOBIEHO, 10 XXOIHA 3
TEXHOJIOTi/l OKpEMO He 3abe3reuye HeoOXiIHOTO PiBHS TOYHOCTI Ta HAAiHOCTI B yMOBAaXx BiIKDUTUX TEPUTOPIil i3
BEJIMKOIO KiJIbKICTIO MeTajleBUX KOHCTPYKLiN, 3BMIHHOIO 3a0y[10BOIO Ta 3HAYHMMU €JIeKTPOMarHiTHUMU 3aBafamu. Le
IiATBEPAUIIO AOLINBHICTb i OOI'PYHTOBAHICTh BUKOPUCTAHHS TiOPUIHOTO MigXoA4y, 10 00’eIHYy€ [1epeBaru pisHUx
THUIIIB TEXHOJIOTIN AJ1s1 JOCATHEHHS BMCOKOTO PiBHS NO3ULIIOHYBAHHS 32 KDUTEPISIMU TOYHOCTI, IOKPUTTS, BAPTOCTI
Ta €HeprocrnoxxuBaHHs. Tomy TribpuiHi cucTeMy O3ULIOHYBaHHS € [IePCIEKTUBHUM HAIPSIMOM [1J1s 3a10BOJIEHHS
11X BUMOT. [ToegHaHHS r7106aJIbHUX Ta JIOKAJIbHUX TEXHOJIOTIN Ha/lae MOKJIMBICTb KOMIIEHCYBATU HENIOJIKM KOXKHOI
3 OKPEMUX CHCTEM, MiJBUILYIOUN 3arajbHy HAAIMHICTD i TOYHICTh MO3MLIIOHYBAaHHS HABITh Y HECIIPUATINBOMY
cepenoBulli. Y TPETbOMY PO3iJii IcepTaliiiHOi pO60TH IPOBEAEHO aHai3 KJII0OYOBUX YNHHUKIB €(PeKTUBHOTO
BIIPOBA/>)KEHHSI TIOPUIHUX CUCTEM IO3UL[IOHYBaHHS, Cepe], IKMX — ONTMMaJlbHE PO3MillleHHsI CEHCOpIB. Y po6oTi
peai3oBaHo MifXif, MO I'PYHTYETLCS HA TEOMETPUYHIN AUCKPETU3aLlii IPOCTOPY 3 OAAJBIIVM IIOJiJIOM TEPUTOPI]
Ha 30HU KPUTUYHOCTI. POpMYyBaHHSI TaKMX 30H 3[1iICHIOETHCSI HA OCHOBI aHali3y iHTEHCMBHOCTi BUKOHAHHS
TEXHOJIOTIYHUX Ollepalliil, MapLIPYTiB MepeMillieHHs [IepCOHaly Ta TEXHIKM, HasIBHOCTI Pi3WYHUX MepeIKoy, a
TaKOX PiBHA [NOTEHUiHNX PU3KKIB IJIs1 TOYHOCTI [I0O3MLIOHYBaHHS. 3alIPOIIOHOBAHUN METOZ, IOIIOMAarae
opratizyBatu guepeHLiioBaHN BUOIp TEXHOJIOTIH 03U IOHYBaHHS AJ151 KOXKHOI 30HY, 10 JO3BOJISIE PeasizyBaTu
azanTyuBHY KOHPIrypariio cuctTeMu BiTIOBITHO 10 BRKJIMBOCTI Ta 0COBJIMBOCTEN OKPEMUX TiSTHOK MalaH4MKa.
[l po3B'sI3aHHS 3a7a4i ONTUMIi3allil CEHCOPHOI MepeXXi BUKOPUCTAHO €BOJIIOLiMHUI aJITOPUTM, SIKUI Hazlae
MO>KJIUBICTb €(PEKTUBHO 3HAXOIUTU CyOOIITUMAJIbHI PO3B 3KH, @ TAKOXK METOJ, KOOPAUHATHOTO CITyCKY ISt
JIOKAJIbHOTO NOKPallleHHs 3HAWJJeHUX PillleHb i JOCSITHEHHS OLIbII TOYHOTO HaAITyBaHHS KOHPIrypauii mepesi.
Taxuii migxin cripusie MiHiMi3alii HAAJIMIIKOBUX BUTPAT, MiIBUIIEHHIO 3arajibHOi €(PeKTUBHOCTI CUCTEMH, a TAKOXK
rapaHrye ii MacIiITaboBaHICTh i aAAaNTUBHICTb y pasi 3MiH KOHirypauii BUpo6HU4YOro cepefoBuila abo yMOB
eKcIulyaTalii. ¥ 4eTBepToMy po3[iji AucepTalilfiHOi poO0TH 3alIPOIIOHOBAHO TEXHOJIOTIIO IPOEKTYBAHHS Tri6pUAHO]
CHCTEMH TIO3ULI0HYBaHHSI 00 €KTIB, 110 3abe3mnedye Miaxin 10 no6yJ0BU CUCTEM i3 ypaxyBaHHSIM BUMOT 10
TOYHOCTI, HaJiltHOCTi, BAPTOCTi Ta AMHAMIYHUX 3MiH IIPOCTOPOBOi KOHirypariii mpomucsosoro MainaHyuka. Ha
OCHOBI 3aIIPOIIOHOBAHOI TEXHOJIOTIi peasi3oBaHO apXiTEKTYPHUN NTATEPH, KN OXOIJII0E CEHCOPHUH PiBEHD, PiBEHb
06pO6KY, 30epeKeHHsI JAHUX Ta PiBEHb yIpaBiiHHA Ta iHTepdeiicy. Taka apxiTekTypa 3abe3neuye CTabibHUN
IOCTYII 10 30epeXeHUX JaHUX CEHCOPHOI MepeXi y peajibHOMY 4aci, HaJlae MOXJINBICTb HAKOIINYYBaTU 1
aHasli3yBaTU JlaHi icTopii nepemiljeHHs 06'eKTiB, @ TAKOXK 37ilICHIOBATH MOHITOPMHI aKTUBHOCTI B Pi3HUX
(YHKUiOHAJIBHUX 30HaX ManjaHyuKa. OfHielo 3 nepesar 3alpoloHOBAHOI apXiTeKTypH € ii MacTaboBaHICTh, 10
Ha/la€ MOXKJIMBICTb afaNlTyBaTH CUCTEMY J10 3MiH TPOCTOPOBOI KOHQirypatiii 6e3 HeoOXiJHOCTi IOBHOTO
[IepernpoeKTyBaHHs. BaskiMBOIO 0COGJIMBICTIO € BUKOPUCTAHHS [apajiesibHUX 004YKMCIIeHb Ha PiBHI 00pOOKHU
iHgopmauii, mo Ko3BoJIse €PEKTUBHO NNPALIOBATU 3 BEJIUKUMHU 0OCITaMU JaHUX Y BUNIaAKaX 301/bII€HHS KiJbKOCTI
KOHTPOJIbOBAHUX 00'€KTiB 200 CEHCOPHUX TOYOK. Y pOOOTi TAKOXK PO3PO6JIEHO METOUKY BUOOPY TEXHOJIOTIN

[I03MLIIOHYBAaHHS HAa OCHOBI 6araTodakTopHoi kiacudikauii 06’eKTiB pO3ropTaHHS.

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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