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IIPUKJIAJHOTO 3aBIAHHS MiABUILEHHS TOYHOCTI aHAJITUYHYX Ta YMCIOBUX METOLIB re0Ie3NYHNX Ta
KapTOMETPUYHUX 06YUCIIEHD Y reoiHpOpMaliiHOMY CepeloBHIIli HAa OCHOBI 3aCTOCYBaHHS CTPOTMX MaTeMaTUYHUX
METO/IiB Ha [1I0BEPXHI pedepeHL-elincoifga 6e3 06Me>KeHHs! KiIbKOCTI YJIeHiB Psay. 3 pO3BUTKOM KOMITIOTEPHUX Ta
reoinpopMaLifiHUX TEXHOJIOTiII KOPUCTYBayi BCe YacTille BUKOPUCTOBYIOTb IU(POBI MOAEIi MiCLIeBOCTI 17151

IIPOEKTYBaHHSI, BUKOHAHHS JIOCJIi/I)KEHb, MOHITOPHHTY, T€0IIPOCTOPOBOTO aHasli3y Ta IPOrHO3yBaHHS. [Jo LbOro



MOMEHTY BCi KapTOMEeTpUYHi Ta MOpHOMETPUYHI XapaKTEepPUCTUKU 06'€KTIB BU3HAYAJIMCh Ha IPYKOBAaHUX KapTax 3a
IOTIOMOTOI0 rpadiyHuX Ta IHCTPYMEHTAJIbHUX MeToZiB. MakcrumasbHa ix TouHicTb He Buuie 0,1 MM i 6inbute. 11106
BM3HAUUTYU JOBXKMHY abo IJIOLY TEPUTOPIH, sKi 3aiiManu 6inblie 1BOX apKylliB TornorpadiyHux Kapt, Tpeda 6yso
nependaydaTy MiAroToB4i podoTy, a Lie 3yMOBJIIOBAJIO AOJATKOBI peCypCU Ta BUTPATU. TaKoX CJIifi 3a3HAYMTH, 10 BCi
004K CIIEHHS BUKOHYBAJIMCh HAGIMKEHMMY YMCIIOBUMU METOAMH, a /1S iX CIIPOLIEHHS BUKOPUCTOBYBAJIMCh FOTOBI
TabJIMLi Ta OBIIHUKHY, 1110 3a6e3l1e4yBajlo MAaKCUMaJbHy TOYHICTh He MeHIe 1 MM. JI71s1 BUpillIeHHSI FOJIOBHUX
reofle3nYHMX 3a/1a4 B 3aJIEXKHOCTI BiJl OBXMHU JIiHil Mi’K TOUKaMU BUKOPUCTOBYBAJIM Pi3Hi IOBEPXHI MAaTEMATUYHO]
Mogeni 3emri (JlekapToBa cucTemMa KOOPAMHAT, IPOEKLii, cepa, esincoiy Touo), o BIJIKMBAJIO Ha MOJAHHS 11iel
JiiHil (psiMa, Xopa, reoie3nyHa JliHis TOLO) i Ha CrIoco6U pilleHHSs reoie3nYHNX 3a1a4. YHiBepcaJbHUN PO3BS130K
rOJIOBHUX r€0JI€3NYHNUX 3374 iCHYBaB, IIPOTE BiH BUMAaraBs JOCTATHIO KiJIbKICTb iTepaljiil Ta pO3KJIaJaHHs
6iHoMmianbHOrO psany Telnopa Ha YieHU 6-0ro i Bulle NOopsaKy. be3 3acTocyBaHHS KOMITIOTEPHUX TEXHOJIOTIH 1ie
MOJKJIMBUH, ajie oy>Xe TPyLOMICTKuUA ITpoLec, o € He epeKTUBHUM Ha BUpOoOHMLTBI. CydacHUi piBeHb
reoindopMaliiHUX TEXHOJIOTIN J03BOJISIE 3 JOCTATHLOIO MIBUAKICTIO BU3HAYATU JOBXUHU Ta IJIOMIi OO’EKTIB He
3aJIEXKHO Bifl iX po3Mipy, IepeTBOPIOBaTH Ta TPaHCPOPMYBATH KOOPIVHATHU Y Pi3Hi JaTH Ta CUCTEMU KOOPJMHAT.
BigkpuTuMm 3aM1aeThCsl MUTAHHS TOYHOCTI LIMX Ollepaliiil Ta 3aCTOCYBaHHSI MaTEMaTUYHUX MOZEJeN 3eMJli, 1o €
Ipo6JIeMHUM MTUTaHHIM Iiel quceprauiiHoi poboTu. [linBuineHHs epeKTUBHOCTI YIIPaBJIiHHS TEPUTOPIIMU,
BE€JIeHHS IepP>KaBHUX KalacTpiB, 30KpeMa Jlep>kaBHOTrO 3eMeJIbHOTO KaJacTpy, Jlep>kaBHOro BOAHOTO KaJlacTpy Ta
Jep>kaBHOTO JIiCOBOTO KaJacTpy, NOTpedye Bif reociH(popMaLiiHUX CUCTEM TOYHHUX Ta JOCTOBIPHUX
reorpoCTOPOBUX JIAHUX, BUBHAYEHHS KADTOMETPUYHUX Ta MOPPOMETPUYHUX XaPAKTEPUCTUK reOIIPOCTOPOBUX
00'eKTiB 3 HEOOXiIHOIO Ta JOCTATHbHOIO TOYHICTIO. JIJ1s1 BUBYEHHS Ta JOCIIKEHHS NUTAHHS 00 TOYHOCTI
reoie3MYHMUX Ta KAPTOMETPUYHUX ollepallill Oysu [IpoaHasi30BaHi Ta CUCTEMATU30BaHi eTany PO3BUTKY METO/IiB, 32
IOTIOMOTOIO SIKMX BU3HAYAJIMCh METPUYHI XapaKTePUCTUKY 00'€KTIB Ha KapTax. Bu3HayeHHi iHeKCcr TOYHOCTI Ta
TPYZOMICTKOCTi METOZiB O6YMCIEHHS XapaKTepU3YIOTh €Taly LIbOT0 PO3BUTKY i Bio6paskaloTh IPOLIeCH
3MEHIIEHHS TPYAOMICTKOCTI Ta MifiBUIIEHHSI TOYHOCTiI 06U CJI€Hb, OCKIJIbKY 1ii TapaMeTPU € OJJHUMU i3 TOJIOBHUX B
OCTaHHIX [OCJIiIP)KEHHSIX HAayKOBLIiB 33 IUM HalpsIMOM. 3 MeTOIo yHigikalii Ta cucreMarusalii onepauii 6yso
CTBOPEHO PEECTP Ie0ie3NYHNX, KAPTOMETPUYHUX Ta MOPPOMETPUIHUX OOUNCIIEHb Bif[IOBiIHO 4O BUMOT
crangapty ISO 19127:2019 I'eorpadiuna indopmauis - I'eome3nyHi koau i mapameTpu, a TaKoX BiJI[IOBiAHI NacIIOPTH
Ha omnepalii Ta ix Mmetonu. lle 103B0JIsIe He 3a/1€5KHO BiJl MOBYM IIPOrPaMyBaHHS peasidyBaTy QYyHKIIi 11X 06UnCIeHb
y OyAb-4Kill reoiHGOpMaLiliHi cUCTEeMI Ta CUCTEMI KEPYBaHHS 6a3aMy JAHUX. Yepe3 HelOCTaTHE JOKYMEHTYBAHHS
CTaHJAPTHUX 3aC00iB y reoiHdopmManiiHuX cucTeMax abo B3araji BiflCyTHICTh Takux crenudikariii 6yso
PO3p06JIEHO METOAMKY BU3HAUEHHSI MOXKJIMBOCTE! CTaHIapTHUX 3aco6iB ['IC, 1m0 03BOJINIIO BCTAHOBUTU SIKUM
YMHOM Ta 32 JOIIOMOTOIO SIKUX MOJIeJIe!l BUKOHYIOTbCSI T€0Jje314Hi Ta KApTOMETPUYHi onepatii y komepuituux I'IC
Ta 3 BIOKPUTOIO JileH3ier0. ONHMMMU i3 OCHOBHUX P€3YyJIbTaTIiB LbOTO AOCIIIKEHHS € CTBOPEHI €TaJIOHHI MOJEi, SIKi
MOPiBHIOBAJIMCH 3 EMITIPUYHUMH, 1110 JO3BOJIUJIO 3pDOOUTH BUCHOBOK: reoiHdOpMaliliHi CUCTeMU IPAKTUYHO He
MICTATh (PYHKLiOHAY 1711 064KCIEHb Ha pedepenI-eincoini, okpim gesxkux ¢pynkuinn QGIS. Ha ocHoBi
[IPOaHaJli30BaHUX OCTAHHIX IOCIIKEeHb OyJIO AETaNbHO PO3IJIIHYTO MeToh Karney, y IKOMy OOI'DPYHTOBAHO Ta
peasi3oBaHO BUKOPUCTAHHS PO3LMIMPEHOT0 psny Kprorepa s BupileHHs TOJIOBHUX [E€0Ie3NYHUX 3a1a4 Ha
pedepeni-enincoizi. lleit meTog, jlir B OCHOBY KApTOMETPUYHUX Ta F€OIE3UYHYX Ollepallili, sIKi Oysy peasizoBaHi y
Iifl AucepTalifiHii poboTi.

2. Kin D. O. Improvement of methods of geodetic and cartometric calculations in the geoinformation environment
- Qualification scientific work on the rights of the manuscript. Dissertation for the degree of Doctor of Philosophy
(PhD) on speciality 193 - «Geodesy and Land Management» (19 «Architecture and Construction»). - Kyiv National
University of Construction and Architecture, Kyiv. - Kyiv National University of Construction and Architecture,
MES, Kyiv, 2024. The dissertation is devoted to solving the scientific and applied problem of improving the
accuracy of analytical and numerical methods of cartometric and geodetic computations in geographic
information systems. As computer and geoinformation technologies develop, users are increasingly using digital
models of geospatial objects for design, research, geospatial analysis and forecasting. Until now, all cartometric
and morphometric characteristics of objects were determined on an analogue map using graphical and



instrumental methods. Their maximum accuracy was 0.1 mm or more. To determine the length or area of
territories that occupied more than two topographic map sheets, preparatory work had to be provided, which
meant additional resources and costs. It should also be noted that all calculations were performed using
approximate numerical methods, and ready-made tables and reference books were used to simplify them, which
ensured a maximum accuracy of at least 1 mm. To solve the main geodetic problems, depending on the length of
the line between the points, different surfaces of the mathematical model of the Earth (Cartesian coordinate
system, projections, sphere, ellipsoid, etc.) were used, which affected the representation of this line (line, chord,
geodetic line, etc.) and the methods of solving geodetic problems. A universal solution to the main geodetic
problems existed, but it required a sufficient number of iterations and the decomposition of the binomial series
into terms of the 6th order and higher. Without the use of computer technology, this is 7 possible, but a very
labour-intensive process that is not effective in real-world production. The current level of geoinformation
technologies allows to determine the lengths and areas of objects with sufficient speed, regardless of their size, to
convert and transform coordinates into different dates and coordinate systems. The question of the accuracy of
these operations and the use of mathematical models of the Earth remains open, which is the problematic issue of
this dissertation. Improving the efficiency of territory management, and maintaining state cadastres, in particular
the State Land Cadastre, the State Water Cadastre and the State Forest Cadastre, requires geographic information
systems to provide accurate and reliable geospatial data, determine cartometric and morphometric characteristics
of geospatial objects with the necessary and sufficient accuracy. To study and investigate the accuracy of geodetic
and cartometric operations, the development of methods for determining metric characteristics on maps was
analysed and systematised. The determined indices of rigour of calculation methods characterise the stages of this
development and reflect the processes of reducing labour intensity and increasing the accuracy of calculations
since these parameters are among the main ones in the latest research in this area. To unify and systematise
operations, a register of geodetic, cartometric and morphometric calculations was created following the
requirements of ISO 19127:2019 Geographic information - Geodetic codes and parameters, as well as the relevant
passports for operations and their methods. This makes it possible to implement the functions of these
calculations in any geographic information system and any geographic information system and database
management system. Due to insufficient documentation of standard tools in geographic information systems or
the absence of such specifications, a methodology was developed to determine the capabilities of standard GIS
tools, which allowed us to establish how and with what models geodetic and cartographic operations are
performed in commercial and open-licensed GIS. One of the main results of this study is the creation of reference
models that were compared with the empirical one, which 8 led to the conclusion that geographic information
systems practically do not contain functionality for calculations on the reference ellipsoid, except for some
functions of QGIS. Based on the analysed recent studies, the Karney method was considered in detail, which
substantiated and implemented the use of the extended Kruger series for solving the main geodetic problems on
the reference ellipsoid. His method formed the basis of the cartometric and geodetic operations implemented in
this thesis.
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BignoBizanbHMiL 3a NiATOTOBKY Kinp [lanuno Onexciiosuy

00JIIKOBHX JOKYMEHTIB

Peectpartop YkpIHTEI



KepiBHuk Bigginy YKpIHTEI, mpo €
BiZITIOBiZaIBHUM 3a peecTpallilo HayKoBoi IOpuenko TeTsHa AHaTosiiBHA

JisiIbHOCTI




