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1. Incepranifina po60Ta IPUCBIY€HA BUPIIEHHIO HAyKOBO-MIPUKJIAHOI 3aa4i MiJBUIIEHHS JOCTOBIPHOCTI Ta
TOYHOCTI paflio4aCTOTHOIO IJIaHYBAHH TEJIEKOMYHIKALIIITHMX CTIIbHUKOBUX CUCTEM Ha OCHOBI BUKOPHUCTaHHS
reoiHopmaliiiHux Mozesiell MiclieBOCTi Ta MeTOiB reoiHpOpMaLiiHOTO aHai3y. AKTyasbHICTh TEMU
IYCEepTaLifHOTO AOCJiIPKEHHS BU3HAYA€EThCS HATraIbHICTIO 3aBAaHb YIOCKOHaJIEHHS reoiH(popMaLifiHUX MoJeel
Ta METOZIB IJ151 paliouaCTOTHOrO IJIAHYBAHHS TEJIEKOMYHIKALifHUX CTIIbBHUKOBUX CUCTEM Y 3B’S13KY i3 CTPIMKUM
PO3BUTKOM TE€JIEKOMYHIKal[iHUX CTITBHUKOBUX CUCTEM ITSITOTO TIOKOJIIHHSA B CBITi Ta BIPOBaKEHHS
TEJIEKOMYHIKallilHUX CUCTEM YE€TBEPTOrO IOKOJIIHHSA Ha TepuTopii YKpaiHu. [Iy1aHyBaHHS CTiIIBHUKOBUX CUCTEM
HOBOTO [IOKOJIiHHS NOTpebye y4O0CKOHAJIEHHS FeONPOCTOPOBUX MOJIeJIeH 00'eKTiB MiCLIEBOCTI, 30KpeMa:
HiABUILEHHS iX TOYHOCTI, 301/IbII€HHS IIPOCTOPOBOrO PO3Pi3HEHHS, IeTalbHOCTI I0JAHHS F€OMETPUYHUX

XapaKTepPUCTUK 00'€KTIB Ta IX MaTeMaTUYHUX MOJiesIel 3 ypaxyBaHHIM OCOOIMBOCTEN QyHKI[IOHYBaHHS



TE€JIEKOMYHIKAL[IMHUX CTUIBHUKOBUX CUCTEM. Y NOCJIIIKEHH] IPOAHAJi30BAHO ¥ y3araJlbHEHO METOOY
pazioyacTOTHOrO IJIaHYBaHHS TeJIeKOMYHIKalifHUX cTiibHUKOBUX cucTeM (PIITCC) Ha OCHOBI eMIIipUYHUX
KaprorpadiuHux Mozerei, IeTepMiHOBaHO CKJIaJIOBi TEMaTUYHOIO Habopy reonpocTopoBux Aanux auas PIITCC,
0XapaKTepU30BaHO Cy4yaCHUM CTaH reoiH@opmaliiHOro 3a6e31ne4eHHs palioYaCTOTHOTO IMIJIAHYBaHHS
TeJIEKOMYHIKalliiIHUX CTiIbBHUKOBUX CUCTEM B YKpaiHi Ta CBiTi, BKJIIOYAK04M CY4aCHi TEXHOJIOTII y cdepi miAroToBKu
TeMaTUYHOI0 HabOPy reonpPOCTOPOBUX AaHUX, 3aKOHOIABCTBO YKpaiHu Ta PYHKLIOHAT ITI00aIbHUX BiIKPUTUX
OHJIalH I1aTQopM 1151 06POOKY AaHUX AUCTAHLiMHOrO 30HAyBaHHS 3eMJli Ta BiIKPUTUX r€ONOPTaiB AJIs Lijein
PIITCC. HesBaxkarouu Ha Te, 1[0 T€JIEKOMYHIiKallii CbOrOIHi € OIHi€I0 3 HANOIIbII 3PIINX KOMYHAIbHUX IIOCJYT Y
CBiTi, BUBHAUEHO, 110 iCHYIOTb [IPOTAJIMHU B CTaHAPTU3ALlii TPOTOKOJIIB IOTOKY r€ONPOCTOPOBUX NAHUX, IX
yHigikauii Ta ¢opMyBaHHI TEXHOJIOTiI CTBOPEHHS TEMAaTUYHOIO HAGOPY re0NPOCTOPOBUX JAaHUX Ha PiBHI
KOHLIEMNTYasIbHOI Ta JIOTIYHOI MOJesiel AJ1d Lijel paziodacTOTHOrO IVIAaHYBAHHSA TE€JIEKOMYHIKALiMHUX CTiIIbHUKOBUX
cucreM. Ha ocHoBI npoekra ctannapty COY 71.12-37-949:2014 «baza tonorpadiynux nanux. Karasor o6'ekTiB i
arpubyTiB» Ta ctangapty ISO 19110:2005 Geographic information - Methodology for feature cataloguing Ha
KOHILENTyaJbHOMY PiBHi B HOTalisX yHi(piKoBaHOI MOBM MozemoBaHHgd UML B auceprallii po3po6sieHO Mojesb 6a3u
IAHUX 17181 3a6e3ledyeHHs] pajliouacTOTHOTO [IJIaHYBaHHS TEJIEKOMYHIKAIiTHUX CTiJIbBHUKOBUX CUCTEM, 00'€KTHO-
OpieHTOBaHy 6a3y AaHUX PO 00'€KTH MICLI€BOCTI Ta €JIeKTPOHHUM KaTajor BEKTOPHUX I€ONPOCTOPOBUX O0'€KTIB.
JI7151 KOOKHOTO TUILy 00’€KTiB 3alIpOIIOHOBAHO TUII IIPOCTOPOBO] JIoKasi3alii, Habip aTpuOyTiB Ta LOJATKOBI
TOIOJIOTiIYHI 06MekeHHs1. Po3pobiieHa B pucepTaliiiHill poOOTi KOHLIENTyalbHa MOJieJb 633U NaHUX 3abe3neuye
yHidiKalio BUXiTHUX JaHUX 17 PaAio9acTOTHOIO IJIaHYBaHHS TEJIEKOMYHIKALiHHNX CTiIIbBHUKOBUX CUCTEM
TPETHOT0, YETBEPTOTrO Ta IT'SITOTO [MOKOJIiHb. B mOCiIKeHHi TaKOX 3alIpOIIOHOBaHI MaTeMaTU4Hi MoZei Ta
BiAITIOBifHi iM TEXHOJIOTiUHI CX€MU NTOOYIOBU CKJIAJIOBUX TEMAaTUYHOIO HAOOPY reoNpOCTOPOBUX JAHUX IS
3a6esneuyeHHs PIITCC: kiarepa Ta BUCOTHOTO KjlaTepa 3aco6aMU MaKeTHOTO 0OPOOJIEHHSI JaHUX, 10 3HAYHO
npuckopioe GOpMyBaHHS TEMAaTUYHOTO HAOOPY B IOPIBHSAHHI [0 iCHYI040i iHT€paKTHBHOI 0OPOOKU aHUX.
YII0CKOHaIeHO TEXHOJIOTi0 00y 10BM BUCOTHOTO KJIaTepa, 1o 6a3yeThCsl Ha XMapi TOYOK Lu¢poBoi Mogeni
[IOBEPXHI, 110 3HAYHO MifiBUIlye BUCOTHY JeTajli3alilo 6yiBesb Ta POCIUMHHOCTI. PO3po6yieHa MOJiesb OLiHK1
TOYHOCTi OOYMCJIEHHS 3Ha4€Hb BTPAT aMIUIITYAU 1 OTY>KHOCTI pasiiocurHany 3 Bukopucranisam GRID-mopeni
IIPOCTOPOBOTO PO3IOJiTY XapakKTEePUCTHK PaZiioCUrHajy Ha OCHOBI BUOIPKY BeJIMKOI pO3MipHOCTI MifiBUIIlye
IOCTOBIPHICTb OLIIHKY TOYHOCTI y IIOPiBHSIHHI 3 TPAAULIIIHUMU «TabJIMYHUMMU» METOJAMU OLiHKM TOYHOCTI BUOIpKU
MaJloi pO3MipHOCTI. 3a IOMOMOroI0 €MMIPUYHUX JOCIIIKEHb B POOOTi OOI'PYHTOBAHO BILJIUB PO3LiNbHOI 30ATHOCTI
TEMaTUYHOT0 HabOPy reonpocTopoBux gaHux aJs PIITCC 4eTBepTOro OKOJIiHHS, TOYHOCTI IPEeICTaBIeHHS BUCOT
00'€KTiB-TIEpELIKO]] B HbOMY, Ta JETaJIbHOCT] iX TeOMETPUYHOTO KOHTYPY. 3alIpOIIOHOBAHI B JOCJiI)KEHHI MOei
6a3u reonpoOCTOPOBYX JAHUX AJIS1 pafiio4aCTOTHOTO IIJIAHYBAHHS T€JIEKOMYHIKALiHUX CTIIbBHUKOBUX CUCTEM i
TEXHOJIOTiYHa MOJEJb ii pOpMyBaHHS 1 OL[iHIOBAaHHS TOYHOCTI MOZIEJIIOBaHHS 3aTyXaHHS PaJiOCUTHAIB
CTiZIBHUKOBUX CUCTEM MOXKYTb OYTH BUKOPUCTAHHI NPO]iIbHUMU MiJIIPUEMCTBAMU B IIPOEKTAX IJIaHYBaHHS Ta
PEKOHCTPYKIUIi TeJIeKOMYHIKaL[illHUX CTiIBHUKOBUX CUCTEM YETBEPTOTO i II'SITOrO OKOJIiHHS. Po3pobeHa MmeToauKa
OLIiHKM TOYHOCTIi Ha OCHOBI BUOiPKM BEJINKOi PO3MIPHOCTI MOXKe OYTH 3aCTOCOBAaHa JJ11 HENIEPEPBHUX reorpadidyHux
I10J1iB Pi3HOTO PUPOIHOTO ITOXOIKEHHS, 30KPEMa, IIOTYKHOCTi curHaiy, pespedy, Temrneparypu. HanpaioBanss y
cdepi CTBOpeHHs TeMaTUYHOTrO Habopy reonpocropoBux JaHux 1jst PIITCC BinnoBigaioTh 3araJbHUM 3acaiaM
BIIPOBA’)KEHHS Hal[ilOHAJIbHOI iIHPPaCTPYKTypH re0NPOCTOPOBUX JAHUX B YKpaiHi Ta MOXYTb O6YTH BUKOPUCTaHi IpU

(opMyBaHHi TeMaTUYHUX (IPOPiNbHUX) HAGOPIB reONPOCTOPOBUX JAHUX CYMIKHUX rajly3eil eKOHOMIKU.

2. The dissertation work is devoted to the solution of the scientific and applied problem of increasing the reliability
and accuracy of radiofrequency planning of telecommunication cellular systems based on the use of
geoinformation models and methods of geoinformation analysis. The relevance of the dissertation research is
determined by the urgency of improving geographic information models and methods for radio frequency
planning of telecommunication cellular systems in connection with the rapid 5G development in the world and the
implementation of 4G systems in Ukraine. Planning of new generation cellular systems requires the improvement
of geospatial models of terrain objects, in particular: increase their accuracy, increase the spatial resolution, detail
of geometric characteristics of objects, and their mathematical models considering the peculiarities of



telecommunication cellular systems. The study analyses and summarizes the methods of radio frequency planning
of telecommunication cellular systems (RFPTCS) based on empirical cartographic models, determines the
components of the thematic geospatial dataset for RFPTCS, describes the current state of geoinformation support
in Ukraine including Ukrainian legislation, the functionality of global open online platforms for data processing of
remote sensing materials and open geoportals for the purposes of RFPTCS. Despite the fact that
telecommunications today is one of the most mature services in the world, there are gaps in the standardization of
geospatial data flow protocols, data unification and technology to create a thematic geospatial dataset at the level
of conceptual and logical models for radiofrequency planning of telecommunication cellular systems. Based on the
standard SOU 71.12-37-949: 2014 “Topographic database. Catalogue of objects and attributes" and the standard ISO
19110: 2005 Geographic information - Methodology for feature cataloguing a database model to provide radio
frequency planning of telecommunications cellular systems, an object-oriented database about terrain objects and
catalogue of vector geospatial objects were developed at the conceptual level in the UML notations. Spatial
localization type, set of attributes, and additional topological constraints were proposed for each object type. The
conceptual database model developed in the dissertation research provides unification of initial data for
radiofrequency planning of telecommunication cellular systems of the third, fourth and fifth generations. The
study also offers mathematical models and corresponding technological schemes for constructing components of
the thematic dataset to provide RFPTCS such as clutter and clutter height by the batch data processing, which
accelerates the formation of thematic dataset compared to existing interactive data processing. The technology of
construction of a clutter height based on a surface point cloud has been improved, which increases the heights
detail of buildings and vegetation. The developed accuracy estimation model of pass losses and radio signal
received power values calculation using GRID-models increases the reliability of accuracy estimation in
comparison with traditional "tabular" methods. Empirical studies have substantiated the influence of the thematic
dataset resolution for the 4G RFPTCS, the accuracy of representing the heights of obstacle objects in it, and the
details of their geometric contours. The proposed geospatial database models for radiofrequency planning of
telecommunication cellular systems as so as the technological models of its formation and accuracy estimation
models offered in the research can be used by profile enterprises in planning and reconstruction projects of fourth
and fifth generation telecommunication cellular systems. The method of estimating accuracy based on a large
sample can be applied to continuous rasters which represent signal power values, terrain, temperature values etc.
Developments in the field of creating a thematic dataset for RFPTCS meet the general principles of implementation
of the national geospatial data infrastructure in Ukraine and can be used in the formation of thematic (profile)
datasets of related economic sectors.
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