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AkTyajnbHicTh TeMu. [licns modaTky moBHOMAacITaOHOrO BTOprHeHHS y 2022
portii mpoGiemMa MIHHOI 3a0pyIHEHOCTI TepuTopli YKpaiHu HalOyna KPUTUYHOI TOCTPOTH.
3HayHAa 4YacTWHA TEpPUTOpii KpaiHW TMOTpeOye OOCTEKEHHS Ta OYMINCHHS BiJ
BUOyxoHeOe3meyHnx mnpeaMeTiB. Ll cutyaitist cTBOproe mpsMy 3arposy Ui KHUTTSA Ta
37IOpOB'st HACEJCHHs, a TaKoXK OJOKy€e BIAHOBIIEHHS 1HGPACTPYKTypHU Ta MOBEPHEHHS
JIIOAEH 10 3BUYHOTO JKUTTS.

B ymoBax macmTabHOro 3a0pyqHEHHsSI TEpUTOpli BHHUKAE MOTpeda y JBOX
KJIIOUOBUX MOXJIMBOCTAX. [lo-mepie, HaceneHHs moTpedye OOCTYHNHOI Ta 3pO3yMiJIoi
iH(popMalii mpo Te, fAKI TepuTopli € HeOe3MEeYHMMH, sIKI mepeOyBaroTh y MpoLeci
OUYHUIIIEHHs, a sKI Bke Oe3meuni s nepeOyBanHsa. [lo-mpyre, opranizarii, o
3aiiMarOThCS PO3MIHYBaHHSIM — JIepKaBHI CIYXOH, T'yMaHITapHI MiCii, BOJOHTEPCHKI
CTPYKTYpH — MOTPEOYIOTh 3pyHYHOI0 IHCTPYMEHTY JIJIsl pEECTPaLlii HOTOYHOTO CTaHy POOIT.

[cHyroul iHGOpMaIiifHi pilieHHs y cepi TPOTUMIHHOI MISUIBHOCTI TEPEBAXKHO
OpIEHTOBaHI Ha MNPOQECIMHUX OINeparopiB Ta MarTh OOMEXKEHY IOCTYIHICTb IS
IIMPOKOTO 3aranmy. YacThHa cHUCTeM peaii3oBaHa SK CIelialli30BaHe MPOTpaMHe
3a0e3MeueHHs, [0 BUMAarae BCTAHOBJICHHS Ta CIEUIAJIbHOI MIArOTOBKHU. [HIII pilieHHS,
Xo4a ¥ 1oCTymHI yepe3 Opaysep, He 3a0e3eUy0Th 3pyYHOTro 1HTepdeicy aisa peecTpariii
Ta yIpaBIIIHHS TAHUMHU.

TakuM 4yuHOM, ICHYe TmOTpeba y CTBOPEHHI Cy4YacHOi BeOOPIEHTOBAHOI
1H(}OopMaIIiitHOT cucTeMU, 10 MOEAHYE TOCTYIHICT JJIsl HACETEHHS 3 (PYHKIIIOHABbHICTIO
JUTSL OTIepaToOpiB PO3MIHYBaHHSI.

MeTo10 J1aHOTO JOCTIIKEHHS € MPOEKTYBaHHS Ta peaiizailis creliaaizoBaHol
0araToKOpuCTyBalbKkoi 1HGOPMAIIMHOI CHUCTEMH JUJII  PEECTPYBaHHS TPOIECIB
PO3MIHYBaHHSI 3€MEJIbHUX JUISHOK, 110 3a0e3neuye 1HPopMyBaHHS HACEJIEHHS PO CTaH
TEPUTOPIN Ta HAAA€E 3pYYHUI IHCTPYMEHT peecTpalli Juisi BIAMOBIAHUX OpraHi3aliii.

006’exkToM fociigkeHHsi € iHGOpMAIIiHI CHUCTEMH I PEECTPYBAaHHS Ta

B1I0OpaX€HHs MPOIECiB PO3MIHYBAHHS 3€MENbHUX JUISTHOK.
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IIpeamerom JOCTIKeHHSA € METOM  Ta  TEXHOJOrii  MOOyI0BU

0araToKOpUCTyBallbKUX BEOCHUCTEM 3 MIATPUMKOIO TIEOMPOCTOPOBUX JaHUX Ta
IHTEpaKTUBHOIO KapTOrpadiqHOIO Bi3yali3alli€ro.

HaykoBa HOBU3HA TOJISITA€ B HACTYITHOMY:

1. 3anponoHoBaHo cnoci0 MMOOYJ0BM BeOOPIEHTOBAHOI reoiHdopMaIliitHOl
CUCTEMH JIsl TYMaHITApHOTO PO3MIHYBaHHS, 10 MOEAHYE MyOIIYHUI TOCTYI
HaceJieHHs 70 1H(opMallii mpo cTaH TepUTOPiM 13 (QYHKIIOHATIOM peecTpartii
MIPOLIECIB PO3MIHYBaHHS JJIs1 aBTOPU30BAHUX KOPHCTYBAUIB.

2. Po3po0iieHo OaraTOKOpUCTYBAIlbKy MOJEIbh J0CTyly Ha ocHOBI RBAC mms
CIeI[1aJi30BaHO1 CUCTEMU MPOTUMIHHOI1 IIsUTBHOCTI, sika 3a0e3meuye pi3Hi piBHI
B3aeMoii (Guest, Operator, Administrator) Ta KOHTPOJbOBAHUIN OCTYH [0
onepaniiHux QyHKIIIH.

3. Hagano apxitektypy OararomapoBoi BeOOpi€HTOBaHOI iH(OpMaIliitHOT
CUCTEMH JJI1 PEECTPYBAHHS IMPOIECIB PO3MiHyBaHHA 3a npuHuunamu Clean
Architecture 3 BuxopuctanHsaMm TexHojoriyHoro cteky ASP.NET Core —
PostgreSQL/PostGIS — React/TypeScript — Leaflet, mo 3a6e3meuye
TECTOBAHICTh O13HEC-JIOT1KU, HE3AJIECKHICTh BlJ] KOHKPETHUX (PpEeWMBOpPKIB Ta

MO>KJIMBICTh 3aMIHA OKPEMHUX KOMIIOHEHTIB 0€3 3MIHHU JIOMEHHOT MOJIEJII.

IIpakTHyHa WiHHiCTH OTPUMAaHUX B POOOTI PE3YABTATIB MOJIATAE B TOMY, IO

po3pobieHa iHpopMalliiiHa cucTemMa Moxke OyTH BUKOpUCTaHA JJIsl:

— 1H(dOpMYBaHHS HACENEHHS TMPO CTaH OE3MEKU TEPUTOPI dYepe3 3pydHH
BeOiHTEepdEelC 3 IHNTEPAKTUBHOIO KapTOIO;

— peecTpailii TpOIECIB PO3MIHYBaHHS OpraizailisiMd pI3HOTO THIY —
JEp)KaBHUMHU  CIIy)KOamMu, TyMaHITApDHUMH  MICIIMH, BOJOHTEPCHKUMU
CTPYKTYypamu;

— BIJCTEXKEHHS TPOTpecy poOIT 3 po3MiHYyBaHHS uUepe3 Bizyai3allilo CTaTyCiB

CEKTOPIB.
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Cucrema pearnizoBaHa Ha BIJKPUTOMY TEXHOJIOTIYHOMY CTEKy, IO 3a0e3Iedye

HE3aJICKHICTh BiJ] KOMEPIINHUX IOCTa4adbHUKIB Ta MOMJIMBICTH IOAAJIBIIOTO

PO3BUTKY.

Anpobanisi pesyabrariB podoru. I[lonoxeHHs ngaHoi poOOTHM Ta MPOMIXKHI
pe3ybTaTH JIOMOBIIAJIMCH 1 0OrOBOPIOBAIMCH HA HACTYIMTHUX KOH(PEPEHITIAX:

1. [Ipuknanna matemaruka ta komn'totuar 2025, m. Kuis, 2025.

2. IV MuibkHapoana  HaykoBo-TipakTuuHa  KoH(pepenmiss  «SCIENCE,
TECHNOLOGY AND GLOBAL CHALLENGESy, 4-6.12.2025, Tokio, SmoHis.

Crpykrypa Ta o0csar podotu. Maricrepcbka AucepTallis CKJIAIa€ThCsl 3 BCTYIY,
YOTHUPHOX PO3/1JIIB, BACHOBKIB JI0 KO)KHOTO PO3JILIY Ta 3araJIbHUX BUCHOBKIB 1O pOOOTI
B L[IJIOMY, CHUCKY BUKOPUCTAHUX JITEPATYpPHUX JIKEPEII Ta JOAATKIB.

VY 6cmyni oiaHo 3arajibHy XapaKTepUCTUKY POOOTH, OOTPYHTOBAHO aKTYaJIbHICTh
CTBOPEHHSI CHCTEMU Jig 1H(QOpPMYBaHHS HACEJICHHS Ta pPEeECTpallii MpoIEeciB
PO3MIHYBaHHS, C(POPMYITLOBAHO METY Ta 3a/1a4i POOOTH.

Y nepwomy po3ainmi TPOBEACHO aHalli3 MPEeIMETHOI 00JacTi TyMaHITapHOTO
pPO3MIHYBaHHS, PO3IITHYTO MOTPEOH PI3HUX KATEropiil KOpUCTYyBadiB, MPOAHAII30BAHO
IcHyt041 1H(pOpMaIliKHI PIIIIEHHS Ta OOIPYHTOBAHO BHUOIp TEXHOJIOTIYHOTO CTEKY.

Y Opyeomy po3nii OMMCAaHO METOAM Ta MOJEIl CHUCTEMH: MOJICTIOBAHHS
T€ONPOCTOPOBUX JAHWUX, MOJACIb 0araTOKOPUCTYBAILKOTO JOCTYIy Ta METOIU
Bi3yasizarii iHdopmallii Ha KapTi.

Y mpemwvomy po3aull MPEACTABICHO MPOEKTYBAaHHS Ta peajizallilo CUCTEMHU:
CTPYKTYpy 0a3u JaHUX, CEPBEPHY YACTUHY Ta KJI1E€HTChKUN 1HTEpPelic 3 IHTEPaKTUBHOIO
KapTolo.

Y uemeepmomy po3aiii MPOBEIACHO TECTYBaHHS PO3POOICHOT CUCTEMH Ta OLIHKY i1
BIJIITOBITHOCTI ITOCTABJIECHUM BUMOTaM.

Y sucnoskax mMiACYMOBAHO pE3yJbTaTH MPOBEICHOI POOOTH Ta OKPECICHO

HAaIIpAMKH IIOJAJIbIIOT0 PO3BUTKY CHUCTCMMU.
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[ToBHmi1 oOcsar auceprariii — 142 cTopinky, y Tomy yucii 91 cTopiHka OCHOBHOTO

Tekcty, 20 puUCYHKIB, 9 TaOiulb, CHHCOK BUKOPHCTAaHMX JIITEPATypHUX JIKEpel
(20 HaitmenyBaHb), 24 craiau Ipe3eHTaIli.

KarwuoBi caoBa: indopmariitHa cucTeMa, TyMaHITapHe pPO3MiHYBaHHS,
BeOOpi€HTOBAaHA CHCTEMa, OaraTOKOPHCTYBAIlbKUN JIOCTYII, TEOIPOCTOPOBI JIaHi,

KapTorpadiyda Bizyami3allis, 3eMeJIbHI TIITHKH.



ABSTRACT

Topic relevance. Following the start of the full-scale invasion in 2022, the
problem of mine contamination in Ukraine has become critically acute. A significant part
of the country's territory requires survey and clearance of explosive remnants of war. This
situation poses a direct threat to the life and health of the population and blocks
infrastructure recovery and people's return to normal life.

In conditions of large-scale territorial contamination, two key capabilities are
needed. First, the population needs accessible and understandable information about
which territories are dangerous, which are being cleared, and which are already safe.
Second, organizations involved in demining — government services, humanitarian
missions, volunteer structures — need a convenient tool for registering the current state of
work.

Existing information solutions in the field of mine action are mainly oriented
towards professional operators and have limited accessibility for the general public. Some
systems are implemented as specialized software that requires installation and special
training. Other solutions, although accessible via browser, do not provide a convenient
interface for data registration and management.

Thus, there is a need to create a modern web-oriented information system that
combines accessibility for the population with functionality for demining operators.

The purpose of this research is to design and implement a specialized multi-user
information system for registering land demining processes that provides information to
the population about the state of territories and offers a convenient registration tool for
relevant organizations.

The object of the research is information systems for registering and displaying
land demining processes.

The subject of the research is methods and technologies for building multi-user
web systems with geospatial data support and interactive cartographic visualization.

The scientific novelty of the work consists in the following:
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A method is proposed for building a web-oriented geographic information

system for humanitarian demining that combines public access for the
population to information on the status of territories with registration
functionality for demining processes available to authorized users.

A multi-user access model based on role-based access control (RBAC) has
been developed for a specialized mine-action information system, providing
different levels of interaction (Guest, Operator, Administrator) and controlled
access to operational functions.

An architecture of a multi-layer web-oriented information system for
registering demining processes has been presented, designed according to
Clean Architecture principles and using the technology stack ASP.NET Core
— PostgreSQL/PostGIS — React/TypeScript — Leaflet, which ensures testability
of the business logic, independence from specific frameworks, and the
possibility of replacing individual components without changing the domain

model.

The practical value of the results obtained is that the developed information

system can be used for:

informing the population about the safety status of territories through a user-
friendly web interface with an interactive map;

registering demining processes by various types of organizations -
government services, humanitarian missions, volunteer structures;

tracking demining progress through visualization of sector statuses.

The system is implemented on an open technology stack, ensuring independence

from commercial vendors and the possibility of further development.

Testing of the results of the work. The provisions of this work and intermediate

results were reported and discussed at the following conferences:
1. Applied Mathematics and Computing 2025, Kyiv, Ukraine, 2025.

2.

IV International Scientific and Practical Conference "SCIENCE,

TECHNOLOGY AND GLOBAL CHALLENGES", December 4-6, 2025, Tokyo, Japan.
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Structure and scope of work. The master's thesis consists of an introduction,

four sections, conclusions to each section and general conclusions on the work as a whole,
a list of used literature sources, and appendices.

The introduction provides a general description of the work, justifies the
relevance of creating a system for informing the population and registering demining
processes, and formulates the goal and objectives of the work.

The first section analyzes the subject area of humanitarian demining, examines
the needs of different user categories, analyzes existing information solutions, and
justifies the choice of technology stack.

The second section describes the system's methods and models: geospatial data
modeling, multi-user access model, and methods for visualizing information on the map.

The third section presents the design and implementation of the system: database
structure, server-side, and client interface with an interactive map.

The fourth section conducts testing of the developed system and evaluates its
compliance with the stated requirements.

The conclusions summarize the results of the work and outline directions for
further system development.

The full volume of the dissertation is 142 pages, including 91 pages of the main
text, 20 figures, 9 tables, a list of used literary sources (20 titles), 24 presentation slides.

Keywords: information system, humanitarian demining, web-oriented system,

multi-user access, geospatial data, cartographic visualization, land plots.



