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1. Kinp [I. O. YoocKoHasneHHs METO/IiB re01e3MYHUX i KAPTOMETPUYHUX 00UUCIIEHDb Y reoiHpOopMaLiliHOMy
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MIPUKJIAIHOTO 3aBJIaHHS MiBULIEHHS TOYHOCTI aHAJITUYHUX Ta YMCJIOBUX METO/iB reOIe3NYHUX Ta

KapTOMETPUYIHUX 00YlCIEHD y FeoichopmauiﬁHOMy CepeJ_IOBI/IH_Li Ha OCHOBI 3dCTOCYBAHHS CTPOTUX MATEMATUYHUX



METO/IiB Ha [TOBEPXHi pedepeHli-eincoiga 6e3 06MeXXeHHs KiJIbKOCTi YeHiB psaay. 3 pO3BUTKOM KOMITIOTEPHUX Ta
reoiHpopmaliiiHUX TEXHOJIOTi1 KOPUCTYBayi BCe YacTillle BUKOPHUCTOBYIOTh IMMPOBi MOJieli MiCLieBOCTi [1J1s
IIPOEKTYBaHHSI, BUKOHAHHS IOCJIi/I)KEHb, MOHITOPUHTY, T€0IIPOCTOPOBOTO aHali3y Ta MPOrHO3yBaHHS. [Jo LIbOro
MOMEHTY BCi KApPTOMETPUYHi Ta MOPPOMETPUYHI XapaKTEPUCTUKU 00'€KTiB BUZHAYAIMCh Ha IPYKOBAHUX KapTax 3a
IOTIOMOTO10 rpadivHUX Ta IHCTPYMEHTAIbHUX METOIiB. MakcuMarbHa ix TouHicTb He Buie 0,1 MM i 6inbuie. IIl06
BM3HAUUTHU JOBXKUHY abo IJIOLY TEPUTOPIH, sKi 3aiiManu 6iblie NBOX apKylliB TornorpadiyHux KapT, Tpeda 6yso
nepen6aydaTy MiAroToB4i podoTy, a Lie 3yMOBJIIOBAJIO AOJATKOBI peCypcy Ta BUTPaTU. TaKoX CJIifi 3a3HaYUTH, 110 BCi
004K CJIEHHSI BUKOHYBAJIMCh HAOIVDKEHMMHY YUCJIOBUMU METOAAMH, a JIJ14 iX CIPOLIEHHS BUKOPUCTOBYBAJIUCh FOTOBI
TabJIMLi Ta JOBIIHUKHY, 110 3a6e3l1e4yBajo MAaKCUMalbHy TOYHICTh He MeHIe 1 MM. [I71s1 BUpPillIeHHSI TOJIOBHUX
reo/le3nYHMX 3a/1a4 B 3aJIEXKHOCTI BiJl JOBXMHU JIiHil Mi’)K TOUKaMU BUKOPUCTOBYBAJIY Pi3Hi IOBEPXHi MATEMATUYHO]
Mogeni 3emri (JlekapToBa cucTeMa KOOPAUHAT, IPOEKLii, cepa, esincoiy Touo), 10 BIJIKMBAJIO Ha MOJAHHS 11iel
ninii (mpsMa, xopza, reole3nydHa JliHis TOIO) i Ha coco6U pillleHHs reoIe3MYHNX 3a7a4. YHiBepCcalbHUN PO3B'I30K
rOJIOBHUX r€OJI€3NYHUX 33734 iCHYBaB, IIPOTE BiH BUMaraBs JOCTATHIO KiJIbKICTb iTepaliiil Ta pO3KJIaJaHH
6iHomianbpHOrO psAny Telopa Ha YieHU 6-0ro i Bulle NopsIKy. bes 3acTocyBaHHS KOMITIOTEPHUX TEXHOJIOTIH 1ie
MOXJIMBUH, ajie gy>Ke TPYLOMICTKUI IPOLEC, WO € He €(PEKTUBHAM Ha BUPOOHMLTBI. CydacHUI PiBEHb
reoiHdOpMaI[iiHUX TEXHOJIOTIN JO3BOJISIE 3 JOCTATHLOIO MIBUAKICTIO BU3HAYATH JOBXKUHU Ta TJIOIIi O0'EKTIB HE
3aJIEXKHO Bifl iX po3Mipy, IepeTBOPIOBaTH Ta TPaHCPOPMYBATH KOOPIVHATHU Y Pi3Hi JaTH Ta CUCTEMU KOOPIMHAT.
BigkpuTuM 3anMIaeTbCsl IUTaHHSI TOYHOCTI IMX ONE€paliill Ta 3aCTOCYBaHHSI MaTeMaTUYHUX MoJesel 3eMili, o €
Ipo6JIeMHUM MUTAHHAM Liiei fucepraniiiHoi po6oTu. [TinBuileHHs eQpeKTUBHOCTI YIPABJIiHHS TEPUTOPISIMY,
BeJIeHHSI Iep>KaBHUX KalacTpiB, 30KpeMa Jlep>kaBHOTro 3eMeJIbHOTO KaJacTpy, Jlep>kaBHOro BOAHOTO KalacTpy Ta
Jlep>kaBHOTO JIiCOBOTO KaiacTpy, NoTpedye Bif reoiHpopmMalLiiHUX CUCTEM TOYHHUX Ta JOCTOBIPHUX
reolpoCTOPOBUX JAHUX, BUSHAUYEHHS] KADTOMETPUYHUX Ta MOP(HOMETPUYHUX XaPAaKTEPUCTUK r€OIPOCTOPOBUX
00'eKTiB 3 HEOOXiTHOIO Ta JOCTATHbLOIO TOYHICTIO. JIj1s1 BUBYEHHS Ta JOCIIKEHHS MUTAHHS 00 TOYHOCTI
reoJie3MYHUX Ta KAPTOMETPUYHUX Ollepallill Oysu [IpoaHasi30BaHi Ta CUCTEMATU30BaHi €Tany PO3BUTKY METO[IiB, 32
IOTIOMOTOIO SIKMX BU3HAYaJIMCh METPUYHI XapaKTepPUCTUKU 00'€KTiB Ha KapTax. BU3HaYeHHI iHIeKCH TOYHOCTI Ta
TPYAOMICTKOCTi METOIiB 004K CJIEHHS XapaKTEPU3YIOTh €TaIlX 1IbOrO PO3BUTKY i Bi0OOpaXkaloTh NPOLLECH
3MEHUIEHHS TPYAOMICTKOCTI Ta MifIBUIIEHHSI TOYHOCTiI 00U CIIeHb, OCKIJIbKY 1ii TapaMeTpU € OJJHUMU i3 TOJIOBHUX B
OCTaHHIX [OCJIiIP)KEHHIX HAyKOBLIiB 33 IUM HalpsiIMOM. 3 MeTolo yHidikalii Ta cucremaTtusalii onepatii 6yso
CTBOPEHO PEECTP reoie3NYHNX, KAPTOMETPUUHUX Ta MOPPOMETPUIHUX OOUNCIIEHD BifJIOBiIHO 4O BUMOT
crangapty ISO 19127:2019 I'eorpadiuna indopmauis - 'eome3nyHi Konu i mapameTpH, a TakKoX BiJIIOBiAHI MaCcIIOPTH
Ha omepalii Ta ix MeTonu. lle 103B0JIsI€ He 3a/1€5KHO BiflL MOBYM IIPOIPaMyBaHHs peasidyBaTu QYyHKIIi 11X 064nCIeHb
y OyAb-4Kill reoiHgopMaliliHi cuCTeMi Ta CUCTEMI KePyBaHHs 6a3aMy JaHUX. Uepe3 HeloCTaTHE JOKYMEHTYBaHHS
CTaHJAPTHUX 3aC00iB y reoiHdopmMaLiiHuX cucTeMax abo B3araji BiZlICyTHICTh Takux crenuddikariii 6yso
PO3p06JIEHO METOAMKY BU3HAUEHHSI MOKJIMBOCTE! CTaHapTHUX 3aco6iB ['IC, 1m0 103BOJINIIO BCTAHOBUTU SKUM
YMHOM Ta 32 JOIIOMOTOIO SIKUX MOJIeJIell BUKOHYIOTbCS T€0Jie314Hi Ta KApTOMETPUYHi onepatlii y komepuiitnux I'IC
Ta 3 BigKpUTOIO JileH3iero. ONHMMU i3 OCHOBHUX P€3yJIbTaTiB LbOT'O AOCIIIKEHHS € CTBOPEHI €TaJIOHHI MOJEJ, SIKi
MOPiBHIOBAJIMCH 3 EMITIPUYHUMH, IO JO3BOJIUJIO 3pDOOUTH BUCHOBOK: reoiH(OpMaliliHi CUCTEMU IPAKTUYHO He
MICTATh PyHKLiOHANY 1711 064KCyIeHb Ha pedepeHI-eincoini, okpim gesxkux ¢ynkuin QGIS. Ha ocHoBi
[IPOAHaJIi30BaHUX OCTAHHIX JOCIiIKEHb OyJIO I€TajbHO PO3IJIIHYTO MeTOJ, Karney, y SKoMy OGI'DyHTOBaHO Ta
peasi3oBaHO BUKOPUCTAHHS PO3LMMUPEHOTO psany Kprorepa ais BUpilIeHHs FOJIOBHUX FE€OIe3NYHUX 33124 Ha
pedepeni-enincoizi. lleit meTo, jlir B OCHOBY KApTOMETPUYHUX Ta Fe€0Ie3NYHUX Ollepallili, sIKi Oysy peasizoBaHi y
il gucepTaliiiHiii 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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Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

CeKTOop HayKH: YHIBEpPCUTETCHKUI

VIII. 3akir04Hi BimoMocTi

Biacue IpizBume Im's [10-6aTbKOBI AHHEHKOB AHIpi#t OJIeKCaHNPOBUY

rOJIOBH pagu



Biacue IpizBume Im's [10-6aTbKOBI AHHEHKOB AH7Ipi# OJIeKCaHPOBHY

TOJIOBYIOYOTO Ha 3acCiiaHHi

BiznoBigassHUH 3a MiATOTOBKY Kinp Jlanuno OnexciiioBuy

00JIiKOBUX JOKYMEHTIB

PeecTpartop YkpIHTEI

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZIIIOBiZaJIbHUM 32 peECTpallilo HAayKOBOIi IOpuenko TeTsHa AHaTosiiBHA

OisSIIBHOCTI




