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PE®EPAT

3ireBny borman BacunpoBuy

«JlocaiIzKeHHsI CTaHy Ta NEPCHEKTHB PO3BUTKY Ie0Ae3UYHUX i
KapPTOMETPUYHHUX TEXHOJIOTIH y reoingopmaniiiHoMy cepeaoBHIIi»
AKTyaJbHICTh TeMH. [HTEHCHUBHUII PO3BUTOK IU(MPOBUX TEXHOJOTIA Ta

nomupeHHss reoiHgopmarniiinux cucteM (I['1C) AOKOpIHHO 3MIHWIM TIAXOAU 0
300py, OMpalOBaHHA Ta aHaJII3y IPOCTOPOBUX JaHUX. ['€0/1e31uHI Ta KApTOMETPUYHI
TEXHOJIOT1i, $KI TpPAagUIIAHO BUKOPUCTOBYBAJIUCS TMEPEBAKHO B 1H)XXKEHEPHO-
tonorpadiyHUX  poOOTaxX, CHOrOAHI  CTAlOTh  KIFOYOBUMH  KOMIIOHCHTaAMU
IHTErpoOBaHUX 1H(POPMAIIHHUX TIATHOPM, ITUPPOBUX JABIWHUKIB TEPUTOPIN, CUCTEM
MOHITOPUHTY Ta YHPABIIHHS MPOCTOPOBUMHU PECYPCAMH.

[loeqHaHHS  BHUCOKOTOYHOI  TI€OJE3MYHOI  IHCTpyMEHTajdbHOi 0a3u 3
aHamiTHYHUMH ~ MoXauBocTamMu  ['IC  BigkpuBae  HOBI  MOXJIMBOCTI  JIJIA
aBTOMATHU30BAaHOTO MOJICIIOBAHHS peNbe]y, KaaacTPOBOTO aHaNI3y, YIPaBIiHHS
3eMETbHUMH pecypcaMu Ta MiCTOOYIIBHOTO MJIaHYBaHHS.

[Tompu 3HauHWN TPOTpPEC, PO3BUTOK TEOAC3UYHUX 1 KapTOMETPHUUHUX
TEXHOJIOT1H y TeoiHQOopMaIlIiHOMY CepeIOBHUII CYTPOBOIKYETHCS HU3KOIO TPOOIeM,
MOB’SI3aHUX 13 HEOJHOPIAHICTIO (QopMaTiB MPOCTOPOBUX TAHUX, PI3HUM pPIBHEM
TOYHOCTI BHUMIPIOBaHb, BIJICYTHICTIO CTaHAAPTU30BAHMX METOJIWK I1HTErpaiii
pe3yibTaTiB  HA3eMHHX 3WOMOK, JWCTAHIIIMHOTO 30HAYBaHHA Ta IU(POBOTO
kaptorpadyBanss. KpiMm Toro, crpiMke BIPOBAKEHHSI CYYaCHUX TEXHOJIOT1H, TaKUX
sk GNSS, nazepHe ckaHyBaHHs, O€3MUJIOTHI aEPOCUCTEMHU YU AJITOPUTMH MAIIMHHOTO
HaBYaHHS, MOTPeOy€e HAYKOBOTO OOTPYHTYBaHHS iX cymicHoro Bukopuctanus B ['1C-
cepeoBUIIL.

VY 1IbOMY KOHTEKCT1 aKTyaJIbHUM € CUCTEMHE JOCIIHKEHHS Cy4YaCHOTO CTaHy
re0JIE3UYHUX 1 KaPTOMETPUYHUX TEXHOJIOT1H, OIIHKA CTyNEeHs iX 1HTErpOBaHOCTI B
reoinopMalliiiHi CUCTEMHU Ta BU3HAUYECHHS MEPCIEKTUB MOAAIBIIOTO PO3BUTKY. Take
JOCIIIKEHHSI JI03BOJIUTh BUSBUTH TEHJEHIII MOJEpHi3alii ramy3i, chopMmyBaTu
peKoMeHalli MO00 MiIBUILIEHHS €(EKTUBHOCTI BUKOPUCTAHHS MTPOCTOPOBUX JaHUX
Ta COPUATUME PO3BUTKY 1HTEIEKTyaIbHUX T€O1HPOPMaLIMHUX MIaTPOPM.

Merorw podoTH € aHaji3 NOTOYHOrO PIBHA PO3BUTKY TI€OAE3UYHUX 1
KapTOMETPUYHUX TEXHOJIOT1HM y reoiH(popMaliifHOMy cepeoBUIl Ta OOIPYHTYBaHHS
NEPCHEeKTUB iX yJIOCKOHAJIEHHS 3 ypaXyBaHHSM CYy4YaCHUX TEXHOJIOTTYHHX BHUKJIMKIB.

OG’eKTOM  JOCHIJDKEHHS €  TEXHOJOrli  MpPOCTOPOBOTO  BUMIPIOBAHHS  Ta
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KapTOMETPUYHOI'O aHaiidy, a MpeIMeToM — iX IHTEerpaiiiiHi MeXaHIi3MH Ta
edextuBHIcTh BUkopucranus B I'IC.

OO0’eKT JOCHIPKEHHS: KOMIUIEKC KapTOMETPUYHHMX, T€O0JIE3UYHUX Ta
MopdomeTpuyHux omepaiiiii. [Ipeamer mocmimkeHHs: aHAIITUYHI Ta CTPOT1 YUCIIOBI
METOM  BHUKOHAHHS  KapTOMETPUYHUX  Ta  TEOJE3UYHUX  Omeparid y
reoiHdopMaliitHOMy CepeIOBHIIIL.

Metonu mociaiKkeHHs. Y JOCHIIKEHHI OyiM BUKOPUCTaHI aHAJNITUYHI Ta
YHCIIOBI METOAM KapTOMETPUYHUX, F€OJIC3UYHUX Ta MOP(POMETPUYHUX Orepalliii y
cepenoBuii ['IC, a came nmepeTBOpeHHsI KOOpAuHAT MeTo0M ['enbmepTa Ta METO0M
Hrrotona [45], oOuncneHHs BU3HAYEHOTO IHTErpally; IHTETPYBaHHS 1O KOHTYDY,
3aJlaHOMy BizpizkaMu MeTooM CiMIICOHA; CHCTEeMOTEXHIKH W MporpaMyBaHHS TPH
po3pobii  mporpamHoi  peamizamii  y cepepgoBumax MATLAB  Online Ta
PostgreSQL/PostGIS. OriHroBaHHS 00YHCICHUX TOXHUOOK BUKOHAHO 32 JIOTIOMOT'OFO
METOJIB CTATUCTUIHOTO aHaJI3Yy.

Y Xoxi AOCHIIKEHHS TaKoX OyJI0 BUKOPUCTAHO BUKJIIOYHO EMITIPUYHUN
METOJI, KWW Tiependavyae TUIaHYyBaHHS Ta BUKOHAHHS YHCIIOBHX CKCIIEPUMEHTIB Y
cepenoBunii I'lC, 60 B JgOoKyMeHTaIlii BIJICYTHIM J€TaJbHUM ONHC METOJUKU Ta
QITOPUTMIB KapTOMETPUYHUX OMEpAIliil, 0 MPEACTABIsIE COOOI0 MEBHUN «YOPHUMN
SIIIUAKY», SKUH YHEMOXJIHBITIOE aHATITHYHE JOCIIKEHHS Ta TIEPEIIKOKAE CBIJIOMOMY
OTPHMMAHHIO OYIKYBAaHHUX PE3YJIbTATIB 3 HEOOXI1THOIO Ta JOCTaTHHOIO TOYHICTIO.

['0OIOBHMM  TPUHLUIIOM  TPOBEACHHS  JOCHIIPKEHHS €  JIOUUIbHICTh
BUKOPUCTAHHS CTPOTMX MaTEeMaTUYHUX METOJIIB JUIsl KAPTOMETPUUHUX ONEparliid, 1o
nependayae 3BEICHHS PO3PAXyHKIB BCIX T'EOMPOCTOPOBUX  XAPAKTEPUCTUK,
pEAYyKOBaHMX Ha MOBEPXHIO 3€MHOI0 €JIICOi/Ia, 1110 3a0e3neuye X HEe3alIeKHICTh BiJl
CUCTEM KOOpAMHAT Ta KapTrorpagiuHux npoekuiii. Came BHUKOPUCTAHHSA CTPOTHX
MaTEMaTHYHUX METOJIB 3 PEAyKyBaHHSM BCiX T'€OMPOCTOPOBUX XapPaKTCPUCTUK Ha
MOBEPXHIO 3E€MHOT0 eJiIcoila OOyMOBIIOE TMEpeXiJl BiJ HAOIMKEHUX YHCIOBUX
KapTOMETPUYHUX OTEpalliid 10 YHCIOBUX METO/IB, SIKi HAOJMKEH] IO aHATITUYHUX, Y
cepenosui I'IC.

Pe3yabTaTtH A0CIHIIKEHHA MOXYTh OyTH BHUKOPUCTaHI JJis ONTHMI3alli
reoiHpopMallifHUX MPOLECIB Yy  3€MEIbHOMY  KajacTpi, MicTOOyAyBaHHI,
€KOJIOTIYHOMY MOHITOPHUHTY, TPAHCIIOPTHIM JIOTICTHINI Ta IHImUX cdepax, e

IIPOCTOPOBI JIaHi BIAIrParOTh KIIFOYOBY POJIb.
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Ksamidikamiiitna pobora marictpa mictuth 57 ctopiHok, 4 Ttabnumi, 10
PHUCYHKIB, CIIUCOK BUKOPUCTAHUX JpKeped 13 48 HaliMEeHyBaHb.

Kuaro4oBi cioBa: reoindopmariiiiai cucteMu, 6a3u TreonpocTOPOBUX JTaHUX,
TOYHICTh, YACTIOBI Ta aHANITUYHI METOAM, IUGPOBI MOJEII MOBEPXHi, KAPTOMETPIs,
MOHITOPHUHT, CTPOT1 MaTEMaTU4IHI METO/IH, pedepeHII-emincoin, mioma, reo1Ie3NIHII

MOHITOpUHT, GNSS, KOOpJIMHATH, T€OMTPOCTOPOBUI aHAII3, CUCTEMa KOOPIUHAT.



ABSTRACT
Zinevych Bohdan Vasyliovych

"Investigation of the state and prospects for the development of geodetic

and cartometric technologies in the geoinformation environment™

Relevance of the topic. The intensive development of digital technologies
and the spread of geographic information systems (GIS) have fundamentally changed
approaches to the collection, processing and analysis of spatial data. Geodetic and
cartometric technologies, which were traditionally used mainly in engineering and
topographic works, are today becoming key components of integrated information
platforms, digital duplicates of territories, monitoring systems and management of
spatial resources. The combination of a high-precision geodetic tool base with the
analytical capabilities of GIS opens up new opportunities for automated relief
modeling, cadastral analysis, land management and urban planning.

Despite significant progress, the development of geodetic and cartometric
technologies in the geoinformation environment is accompanied by a number of
problems related to the heterogeneity of spatial data formats, different levels of
measurement accuracy, and the lack of standardized methods for integrating the
results of ground surveys, remote sensing, and digital mapping. In addition, the rapid
introduction of modern technologies, such as GNSS, laser scanning, unmanned aerial
systems or machine learning algorithms, requires a scientific justification for their
compatible use in a GIS environment.

In this context, the systematic study of the current state of geodetic and
cartometric technologies, the assessment of the degree of their integration into
geoinformation systems and the determination of prospects for further development
are relevant. Such a study will reveal trends in the modernization of the industry,
formulate recommendations for increasing the efficiency of spatial data use, and
contribute to the development of intelligent geo-information platforms.

The purpose of the work is to analyze the current level of development of
geodetic and cartometric technologies in the geoinformation environment and to
substantiate the prospects for their improvement, taking into account modern
technological challenges. The object of research is the technologies of spatial
measurement and cartometric analysis, and the subject is their integration
mechanisms and the effectiveness of their use in GIS.
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Object of research: a complex of cartometric, geodetic and morphometric
operations.

The subject of research: analytical and rigorous numerical methods of
cartometric and geodetic operations in the geoinformation environment.

Research methods. Analytical and numerical methods of cartometric,
geodetic, and morphometric operations in the GIS environment were used in the
dissertation research, namely coordinate transformation by Helmert's method and
Newton's method [45], calculation of the definite integral; integration along the
contour given by segments by the Simpson method; system engineering and
programming in the development of software implementation in the MATLAB
Online and PostgreSQL/PostGIS environments.

The evaluation of the calculated errors was carried out using the methods of
statistical analysis.In the course of the research, an exclusively empirical method was
used, which involves the planning and execution of numerical experiments in the GIS
environment, because the documentation lacks a detailed description of the
methodology and algorithms of cartometric operations, which is a certain "black box"
that makes analytical research impossible and prevents the deliberate obtaining of
expected results with the necessary and sufficient accuracy.

The main principle of the research is the expediency of using strict
mathematical methods for cartometric operations, which involves summing up the
calculations of all geospatial characteristics reduced to the surface of the Earth's
ellipsoid, which ensures their independence from coordinate systems and
cartographic projections. It is the use of strict mathematical methods with the
reduction of all geospatial characteristics to the surface of the Earth's ellipsoid that
determines the transition from approximate numerical cartometric operations to
numerical methods that are close to analytical ones in the GIS environment.

The results of the research can be used to optimize geo-information processes
in land cadastre, urban planning, environmental monitoring, transport logistics and
other areas where spatial data play a key role. The master's qualification work
contains 57 pages, 4 table, 10 figures, a list of used sources from 48 titles.

Key words: geographic information systems, geospatial databases, accuracy,
numerical and analytical methods, digital surface models, cartometry, monitoring,
rigorous mathematical methods, reference ellipsoid, area, geodetic monitoring,
GNSS, coordinates, geospatial analysis, coordinate system.
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BUCHOBKU

3 pO3BUTKOM KOMI FOTEPHHUX Ta IeOiHPOpMalIiHUX TEXHOJIOTIH KOPUCTyBaul
BCE YACTIIIE BUKOPUCTOBYIOTH IM(POBI MOAENl MICUEBOCTI ISl MPOEKTYBAHHS,
BUKOHAHHS JTOCHIKEHb, MOHITOPUHTY, T€OIPOCTOPOBOIO aHaJI3y Ta MPOrHO3YBAaHHS.
J10 IbOTO MOMEHTY BC1 KapTOMETPHUHI Ta MOP(HOMETPUYHI XapaKTEePUCTUKU 00’ €KTIB
BU3HAYAJINCh HAa  JPYKOBAaHMX KapTax 3a  JOMOMOTol  rpadiuyHuUX  Ta
THCTpYMEHTAJIbHUX METOJIB. MakcuMalnbHa iX TO4HICTh He Buile 0,1 MM 1 OuibIe.
o6 BU3HAYMTH JOBXKUHY a00 IUIOLLY TEPUTOPIN, K1 3aiiMalid OLIbIIE IBOX apKyLIiB
tonorpadiuHMX KapT, Tpeba Oyno mnepemdadarv MATOTOBYl poOOTH, a I
3yMOBJIIOBAJIO JOJAaTKOBI PECypcH Ta BHUTpATH. TakoK CIiJ 3a3HA4WTH, IO BCI
OOYHCIICHHS BUKOHYBaJUCh HAOMMIKEHUMH YHCIOBUMHM METOJAMH, a JUIs 1X
CIPOILIEHHSI BUKOPUCTOBYBAJIMCH TOTOBI TaOJIMIl Ta JOBIJHUKH, IO 3a0e3MeuyBajo
MaKCUMaJIbHy TOYHICTb HE MeHme | M. /[ BupilIeHHS TOJOBHUX TEOAE3MYHUX
3ala4 B 3aJEKHOCTI BiJl JMOBKHHH JiHIT MDK TOYKAMU BHUKOPUCTOBYBAJIH pi3HI
NOBEPXHI MaremarnyHoi Moneni 3emii (/lekapToBa cuctema KOOpAMHAT, MPOEKIIII,
cepa, emimcoin TOmO), MO BIUIMBAJIO HA MOAAHHA Ii€i JiHII (TpsiMa, XopHa,
re0JIC3UYHA JIIHIS TOIO) 1 Ha CIIOCOOH PIIICHHS M€0/IC3NYHUX 3a]1ad.

VYHiBepcalbHUN PO3B’SA30K TOJIOBHUX TE€ONC3MYHUX 3a/lad iCHYBaB, MPOTE
BiH BHMMaraBp JIOCTaTHIO KUIBKICTh ITepallii Ta po3KIaJaHHsA OIHOMIAJILHOTO PsIy
Telinopa Ha uneHn 6-oro 1 BuIE NOpANKY. be3 3acTocyBaHHS KOMIT IOTEPHHUX
TEXHOJIOT1H 116 MOXIJIMBHI, aje TyKe TPYAOMICTKUN MpOLEC, 110 € HE €(PEKTUBHUM
Ha BUPOOHUIITBI.

Cy4acHuii piBeHb TeOiHPOpMALIHHUX TEXHOJIOTINA TO3BOJISIE 3 TOCTATHHOIO
MIBUKICTIO BU3HAYaTH JOBXKWHU Ta IUIONI 00’ €KTIB HE 3aJIEKHO BiJ iX PO3MIpY,
MEPEeTBOPIOBATH Ta TpPaHCPOPMYBaTH KOOPJAWMHATH Yy pI3HI AaTh Ta CHUCTEMH
KOOPJIMHAT.

[TinBuiieHHs €(EeKTUBHOCTI YNPABIIHHS TEPUTOPISIMH, BEACHHS JCPKaBHUX
KaJacTpiB, 30kpeMa Jlep’KaBHOrO 3eMEeNIbHOTO KajaacTpy, Jep»aBHOro BOJHOTO

KajgacTpy Ta Jlep»aBHOro JIICOBOrO KaaacTpy, moTpelye BiJl reoiH(opMariitHux
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CUCTEM TOYHHX Ta JIOCTOBIPHUX TEONMPOCTOPOBUX JAHWUX, BH3HAUCHHS
KapTOMETPUYHUX Ta MOPHOMETPUYHUX XaPaKTEPUCTUK TEOMPOCTOPOBHUX 00’ EKTIB 3
HEOOX1HOIO Ta JOCTATHBOI TOYHICTIO.

JIsi BUBUEHHS Ta JOCIHIIKCHHS THUTAHHS IIMOA0 TOYHOCTI T€OAC3UYHUX Ta
KapTOMETPUYHHUX oOllepamiii Oyau TmpoaHa i30BaHI Ta CHCTEMAaTU30BaHI eTaIu
PO3BUTKY METOIIB, 3a JOMOMOTOI0 SIKMX BH3HAYAIMCh METPUYHI XapaKTEPUCTUKH
00’eKkTiB Ha KapTax. BH3HauyeHHI 1HIEKCHM TOYHOCTI Ta TPYIOMICTKOCTI METOIIB
OOYMCIIEHHS XapaKTEepU3ylTh €Talnu LbOr0 PO3BUTKY 1 BiAOOpakaroTh NPOLIECH
3MEHIIEHHSI TPYAOMICTKOCTI Ta MiJABUIIEHHS TOYHOCTI OOYMCIIEHb, OCKLIBKH II1
napamMeTpu € OJAHMMH 13 TOJIOBHHUX B OCTaHHIX JOCIIDKCHHSIX HAyKOBIIB 33 UM
HampsiMoM. 3 MeToro yHi(ikallii Ta cucTeMaru3allii onepaiii 0yj10 CTBOPEHO PEECTP
TeofIe3UYHUX, KAPTOMETPUYHUX Ta MOP(POMETpUYHHX OOYUCICHHb BIAMOBITHO [0
Bumor cragaapry ISO 19127:2019 I'eorpadiuna indopmartis — I'eome3uuni koau i
napameTpH, a TAaKOK BIAMNOBIIHI NAaCHOPTH Ha orepauli Ta ix Meroau. Lle no3Boisie He
3aJIEKHO BiJl MOBU MPOTPaMyBaHHs pealizyBaTi QyHKIIIT [IUX 00UnCIeHb y Oyab-sKii
reoiH@opMaliiiHi CUCTEMI Ta CUCTEMI KepyBaHHS 0a3aMu JaHUX.

Yepes  HemocTaTHE  JOKYMEHTYBaHHS ~ CTaHJApPTHUX  3ac00iB Y
reoiHdopMaIlifHUX cucTeMax a0o B3araji BIICYTHICTh Takux crnenudikarmiii Oymo
pPO3pO0JICHO METOJIMKY BH3HAUCHHS MOXIMUBOCTEH cTaHmgapTHux 3aco6iB I'IC, mio
JI03BOJIMJIO BCTAHOBHUTH SIKMM YHHOM Ta 3a JJOTIOMOTOI0 SKUX MOJIeNIeld BUKOHYIOThCS
reoJIe3u4Hl Ta KapToMeTpuuHi omnepauii y komepuiiaux I'IC Ta 3 BiaKpUTORO
miuensiero. OJHUMHM 13 OCHOBHHMX PE3yJbTaTiB ILbOTO JOCHIIKEHHS € CTBOPEHI
€TaJIOHHI MOJIeJll, SKI MOPIBHIOBAIMCH 3 EMIIIPUYHUMHM, IO JIO3BOJIMJIO 3POOUTH
BHUCHOBOK: TI'e0iH(OpPMAIIIiiHI CHUCTEMH MNPAKTUYHO HE MICTATh (PYHKUIOHATY IS

obOuuciens Ha pedepeHi-enincoini, okpim aeskux pyukmiit QGIS.
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