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1. Incepraniiina po60Ta IpUCBIYeHA BUPIIEHHIO HAYKOBO-TIPUKJIAHOI 33/1a4i MiTBUIEHHS JOCTOBIpHOCTI Ta
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Ta METOZIB JJIs1 pafliouacTOTHOTO IJIaHyBaHHS TeJIEKOMYHIKaliTHMX CTIIbBHUKOBUX CUCTEM Y 3B'3KY i3 CTPIMKUM
PO3BUTKOM TE€JIEKOMYHIKal[ilHUX CTiJIbHUKOBUX CUCTEM IT'SITOTO IIOKOJIIHHS B CBITi Ta BIPOBa)KEHHS

TeJIEKOMYHIKalli1HUX CUCTEM YE€TBEPTOr'O MOKOJIIHHA Ha TepUTOpii YKpaiHu. [I1aHyBaHHS CTiIIbHUKOBUX CUCTEM



HOBOTO IOKOJIiHHS IOTpebye Y 0CKOHANIEHHS Te0IPOCTOPOBUX MOIesieil 06'eKTiB MiCLI€BOCTi, 30KpeMa:
MiJBUIIEHHS IX TOYHOCTI, 36iIbIIE€HHS MPOCTOPOBOTO PO3Pi3HEHHS, NETATbHOCTI TOJAHHS FT€OMETPUIHUX
XapaKTEePUCTUK 00'€KTIB Ta iX MaTEMaTUYHUX MOJIeJIel 3 ypaXyBaHHIM OCOOIMBOCTEN (QYHKI[IOHYBAHHS
T€JIEKOMYHIKaLiIHUX CTiJIbHUKOBUX CUCTEM. Y NOCIIIKEHH] IPOaHasi30BaHo 11 y3araJbHEHO METOAU
PazlioyacTOTHOTrO MJIAHYBAHHSI TEJIEKOMYHIKalilHUX CTiIbHMKOBUX cucTeM (PIITCC) Ha OCHOBI eMNipUYHUX
KaprorpadiuyHux Mozeriei, IeTepMiHOBaHO CKJIaNlOBi TEMaTUYHOro HaboOPy reonpocTopoBux Aanux as PIITCC,
0XapaKTepU30BaHO Cy4yaCHU CTaH reoiHpopmaliiiiHoro 3abe3nedeHHs pafioyacTOTHOrO IJIaHyBaHHS
TeJIEKOMYHIKal[ilHMX CTiJIbHUKOBUX CUCTEM B YKpAiHi Ta CBiTi, BKJIIOYAI0YM Cy4aCHi TEXHOJIOTII y cepi MigroToBku
TEMaTUYHOT0 HabOPy reonpOCTOPOBUX AAHUX, 3aKOHOIABCTBO YKpaiHu Ta PYHKLIOHAT ITI00aIbHUX BiIKPUTUX
OHJIalH m1aT@opMm 1151 06POOKY AaHUX AUCTAHLiMHOTO 30HAyBaHHS 3eMJli Ta BiIKPUTUX reONOPTaliB AJ1s Lijei
PIITCC. HesBaxarouu Ha Te, 1[0 T€JIEKOMYHIiKallii CbOrOJIHi € OfHi€I0 3 HANOIIbII 3PiINX KOMYHAIBHUX IOCJYT Y
CBITi, BUBHAYEHO, 1110 iCHYIOTb [IPOTaJIMHU B CTAHJAPTU3ALlii IPOTOKOJIIB IIOTOKY r€ONPOCTOPOBUX JAHUX, IX
yHigikauii Ta ¢opMyBaHHI TEXHOJIOTI CTBOPEHHS TEMAaTUYHOIO HAGOPY re0lpOCTOPOBUX JAaHUX Ha PiBHI
KOHLIEINTYasIbHOI Ta JIOTIYHOI MOJesIen AJId Lisled paziodacTOTHOIO IJIAaHYBAHHS TEJIEKOMYHIKALUiMHUX CTiIIbHUKOBUX
cucreM. Ha ocHoBi npoekra ctangapty COY 71.12-37-949:2014 «baza tonorpadiyaux nanux. Karanor o6'ekTiB i
atpubyTiB» Ta ctanzapty ISO 19110:2005 Geographic information - Methodology for feature cataloguing Ha
KOHLIENTyaJIbHOMY PiBHi B HOTalis1X YHi(ikoBaHOi MOBU MogentoBaHHst UML B gucepralii po3po6ieHo Moaenb 6a3u
IAHUX 17151 3a0€31e4eHHs! PafliouaCTOTHOTO 1JIaHYBaHHS TEJIEKOMYHIKALITHUX CTIIBHUKOBUX CUCTEM, 00'€KTHO-
OpieHTOBaHy 6a3y JaHUX NP0 00'€KTH MiCLIEBOCTi Ta €JIEKTPOHHUI KaTaJIoT BEKTOPHUX F€ONPOCTOPOBUX OO '€KTIB.
JI7151 KO>)KHOTO TUILy 00’€KTiB 3alIpOIIOHOBAHO TUII IIPOCTOPOBO] JloKami3alii, Habip aTpubyTiB Ta LOJATKOBI
TOIOJIOTiYHI 06Me>keHHs1. Po3pobiieHa B ucepTaliiiHill poOOTi KOHILIENTyalbHa MOJeJb 6a3u IaHUX 3abe3neuye
yHidiKalio BUXiIHUX JaHUX [JIs1 PaAio4acTOTHOrO IJIaHYBaHHS TE€JIEKOMYHIKaLifHNX CTiIJIbBHUKOBUX CUCTEM
TPETHOTO, YETBEPTOTO Ta IT'SITOTO MMOKOJiHb. B mOCimkeHHi TaKOX 3alIpOIIOHOBaHiI MaTeMaTU4Hi MoZei Ta
BiAINIOBifHi iM TEXHOJIOTIUHI CXeMU NTOOYI0BU CKJIAJIOBUX TEMAaTUYHOIO HAGOpYy reolpoCTOPOBUX JAHUX IJIs1
3abesnevyeHHs PIITCC: knaTepa Ta BUCOTHOTO KJaTepa 3acobaMy IaKETHOrO 06POOJIEHHS JaHKX, 110 3HAYHO
npuckoproe GopMyBaHHS TEMATUYHOTO HA60PY B [TOPIBHSHHI 10 iCHYI04O0i iHTEPaKTUBHOI OOPOOKH IAHUX.
YII0CKOHaIEHO TEeXHOJIOTi0 T06Yy10BY BUCOTHOTO KJIaTepa, 1o 6a3yeThCsl Ha XMapi TOYOK L poBoi Mopei
IIOBEPXHI, 110 3HAaYHO MiIBUIIlyE€ BUCOTHY JeTajizallilo 6yJiBesb Ta POCJAUMHHOCTI. PO3po6yieHa MOJieslb OLiHK1
TOYHOCTI OOYMCIIEHHS 3HAaY€Hb BTPAT aMILIITYAu 1 MOTY>KHOCTI pafiiocuruany 3 BukopuctanHsm GRID-mogeri
IIPOCTOPOBOTO PO3IOJiTY XapaKTEePUCTHK PaZioCUrHaTy Ha OCHOBI BUOIDKY BEJIMKOI pO3MipHOCTI mifiBuIye
IOCTOBIPHICTb OLIIHKY TOYHOCTI y ITOPiBHSIHHI 3 TPAAULIIIHUMU «TabJIMYHUMU» METOJAMU OLiHKU TOYHOCTI BUOIpKU
MaJloi po3MipHOCTI. 3a JOMOMOroI0 EMIIPUYHUX JOCIIIKEHb B POOOTi OOI'PYHTOBAHO BILJIUB PO3LiNbHOI 30aTHOCTI
TEMaTUYHOT0 HabOPy reonpocTopoBux gaHux aJs PIITCC 4eTBepTOTro MOKOJIiHHS, TOYHOCTI IPEeICTaBI€HHS BUCOT
00'€KTiB-TIEpELIKO]] B HbOMY, Ta JeTaJIbHOCT] iX reOMEeTPUYHOTO KOHTYPY. 3allpOIIOHOBAHI B JOCiIKEHHI MOoei
6a3u reonrpoOCTOPOBYX JAHUX [JIs1 pafiiouaCTOTHOTO IIJIAHYBAHHS T€JIE€KOMYHIKaLiIHUX CTiIbHUKOBUX CUCTEM i
TEXHOJIOTiYHa MOJEJb ii popMyBaHHS 1 OL[iHIOBaHHS TOYHOCTI MOJIEJIIOBaHHS 3aTyXaHHS PaJiOCUTHAIIB
CTIZIBHUKOBUX CUCTEM MOJXYTb OYTH BUKOPUCTAHHI NPO]iNIbHUMY MiTIIPUEMCTBAMU B IIPOEKTAX IJIAHYBAHHS Ta
PEKOHCTPYKUIi TeJIeKOMYHIKal[iliHUX CTiIBHUKOBUX CUCTEM YETBEPTOTO i II'SITOro NOKOJIiHHS. Po3pobieHa MmeToauKa
OLIiHKM TOYHOCTI Ha OCHOBI BUOiPKU BEJINKOi PO3MIPHOCTI MOXKE OYTH 3aCTOCOBAaHA /1J1 HEIIEPEPBHUX reorpadidyHux
T10J1iB Pi3HOTO MPUPOJHOTO MOXOIPKEHHS], 30KPeMa, TIOTYKHOCTI CUrHaly, penbedy, Temneparypu. HanpaijoBanss y
cdepi cTBOpeHHs TeMaTUYHOr0 Habopy reonpocropoBux JaHux 1jst PIITCC BinnoBigaioTh 3araJbHUM 3acaiaM
BIIPOBA/P)KEHHSI HallilOHaJIbHOI iHPPaCTPYKTypH reONPpOCTOPOBUX JAaHUX B YKpaiHi Ta MOXYTb 6YTH BUKOPUCTaHi IpU

(popMyBaHHi TeMaTUYHUX (IPOPINbHUAX) HAOOPiB re0NIPOCTOPOBUX JAHMX CYMIKHHUX rayly3eil €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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