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BCTYIN

B pamkax ocBO€eHHS Kypcy «[ eoiHbopMauinHi cMctemu B MapkLienaepii»
CTyLAEHTUN HabyBatloTb NPAKTUYHUX KOMMETEHTHOCTEN 3 OnpaLoBaHHA HayKOBOI
Ta HaB4yanbHoOI iHbopMauil, a TakoXX KOMMNETEHTHOCTEN NPOMECINHOI KOMYHIiKa-
Lii. 3 meToo hopMyBaHHSA 3a3HAYEHUX KOMMETEHTHOCTEW CTyAeHTaMm nporno-
HYETbCA BUKOHAHHS ABOX iHAMBIAYanNbHUX PoOIT Pi3HOro CNpsiMmyBaHHS.

Mepwa iHamMBiayanbHa poboTa cnpsasMoBaHa Ha PO3BUTOK akageMivHuX i
NpoMeCINHNX YMiHb, 30KpeMa HaBMYOK YCHOIo BUCTYNY, MiArOTOBKU Npe3eHTa-
i, NOriYyHOro CTPYKTYpyBaHHA MaTepiany Ta apryMeHTOBaHOro MOSICHEHHS
OCHOBHMX ifen o0bpaHoi TeMu. [i BUKOHAHHSA CNpUSiE BAOCKOHANEHHIO KOMYHi-
KauinHMX 30i6HOCTEN CTYOEHTIB Ta BMiHHIO CTMUCIIO W NOCNIAOBHO npeacTaB-
NnATU iHbopMaLito nepen ayauTopieto.

[pyra ingmeigyanoHa poboTa opieHTOBaHa Ha PO3BMTOK HABMYOK HaYyKO-
BOro YMTaHHA Ta aHanidy haxoBux nybnikauin. Okpema yBara npuginseTbcs
pobOTi 3 CydaCHMMM HAYKOBMMW CTaTTSAMW JOCNIAHULBKOIO TUMNY Ta NpakTud-
HUMW MpUKNagamMn 3 Pi3HMX KpaiH CBITY, WO [a€ MOXIUBICTb CTyAeHTam
O3HaMoOMUTUKCA 3 akTyarnbHUMK rnobanbHUMK Npobnemamu ripHMYol ranysi Ta
NPUKIagHUMKM acrnektamm BukopuctanHs [N'C y MibkHapoaHin npakTuui.

[MpencraBneHi MeTOANYHI pekomMeHgauil MICTATb TeMaTuky iHauBeigyanb-
HUX PoOBIT, BUXigHI AaHi, METOANYHI NOSICHEHHS WOAO NOPSAKY BUKOHAHHSA 3a-
BOaHb, NpUKagu ix peanisadii, Kputepil OUiHIOBaHHA Ta BUMOrn 40 0OOopM-
NEeHHA 3BiTiB. Pe3ynbTaTOM BWKOHAHHA KOXHOI iHAMBIAyanbHOI poboTn €
odbopmMneHun BigMNOBIOHO OO BCTAHOBIIEHUX BMMOr Ta NogaHuUM Ha nepesipKy
3BiT. MakcumanbHa KinbKicTb 6anis, Aky 3400yBay MoXxe OTpUMaTh 3a BUKO-

HaHHS OAHiel iHamBiayanbHoOT poboTun, cTaHOBUTL 14 Bani..



1. IHOUBIAYAJIbHA POBOTA Ne1
«MIAroTOBKA KOPOTKOI NPE3EHTALIII 3 OBPAHOI TEMW»

1.1. MeTa Ta 3Ha4YeHHA iHAUBigyanbHOI pob6oTun

[aHa iHguBigyanbHa poboTa cnpsiMoBaHa Ha PO3BUTOK Y CTYOEHTIB Ha-
BWYOK MOLLYKY Ta aHanidy HaykOBOI Ta HaB4YasnbHOI NnitepaTtypu, a TakoxXx nigro-
TOBKW KOPOTKMX Npe3eHTauin 3a obpaHnmmn temamn. BukoHaHHA poboTn go-
3BOJISIE CTYAEHTaM HaBYMTUCA BU3HAYaTU KINKOYOBI igel Ta rosIoBHi MOSTIOXKEHHSA
Martepiany, CTpykTypyBatu iX y popmarti npeseHTauii Ta KOPOTKO M YiTKO BU-
KnagaTu OCHOBHI MONOXEHHS nepepn ayamtopieto. Kpim Toro, poboTa cnpusie
PO3BUTKY akaZeMiYHUX KOMMETEHTHOCTEN, TakuX HAK KPUTUYHE MUCIIEHHS,
YMIHHS BUAINATM CYTTEBE 3 Benmkoro obcsary iHpopmauii Ta opieHTyBaTuca y
CyYacHUX mkepenax 3HaHb. [NpakTuyHe 3HayYeHHs nonsarae y opmyBaHHi Ha-
BMYOK YCHOrO BUCTYMY Ta apryMeHTOBaHOro NosCHEHHSI OCHOBHUX igen obpa-
HOI TEMMW, LLO € BaXXNUBMMU AN nogasnbLluol NpodecinHOol 4iafibHOCTI Ta y4acTi

Yy HayKOBWX i OCBITHIX 3axoax.

1.2. BuxigHi paHi

CtypoeHTam nponoHyeTbcsa nepenik i3 20 Tem Ans NiaroToBKUM KOPOTKOI
npeseHTau,il, 3 9Koro HeobxigHo obpaTtn ogHy TeMy AN iHAMBIAYaNbHOro onpa-
LIOBaHHSA. YCi TeMU nogaHi aHrnincbKo MOBOR; BOLHOYAC Y CMIUCKY TaKoX Ha-
BeEeHO IXHi Ha3BM YKPalHCbLKOK MOBOK A1 MNOJSIereHHs opieHTauil y 3MicTi
Ta NpaBUNbHOrO PO3yMiHHA NpeameTHol obnacti. Tema nig Homepom 0 He
MoXe ByTn obpaHa CTyaeHTaMm, OCKISTIbKM BOHA BUKOPUCTOBYETBHCHA BUKIHOYHO
AK AeMOHCTpaLinHUM NpuKnag i aetansHo posrnagaetbca y posaini 1.3 «[pu-
Knag BUKOHaAHHSAY. 3a BaKaHHAM CTy4eHT MoXe obpaTti iHLWY TeMy, He BKIO-

YyeHy [0 3anpOnoHOBAaHOro Nepeniky, 3a YMoBU NonepeaHboro NOroaXKeHHs 3



BUKNagadem. Y Takomy BUNagky CTyaeHT NOBUHEH OOrpyHTYBaTU OOLISNbHICTb

cBoro Bnbopy, 3okpema niaTBepamTh BigNOBIAHICTb TEMATUKN 3MICTY KypCy.
Cnuncok 3anponoHOBaHUX TEM A0 BUKOHAHHA nNpeseHTauil:

0. Mapping technogenic earthquakes with GIS (KapTorpadyBaHHSA TEXHO-

reHHMx 3emneTpycis 3a gonomoroto C)

1. Applications of raster and vector data in mining GIS (3acTtocyBaHHs pac-

TPOBUX | BEKTOPHUX AaHUX Y TFipHM4unx NC)

2.  The role of spatial and non-spatial data in modern mining operations
Ponb NpoCcTOpoBKMX i HENPOCTOPOBUX AAHMX Y CyHaCHUX FipHUYMX onepaLisx)
3.  GIS applications in exploration and resource modeling for open-pit mines
3acTtocyBaHHs ['1C y po3Biaui Ta MogentoBaHHi pecypciB BIAKPUTUX Kap'epiB)
4.  Therole of GIS in mine planning and design of open-pit operations (Ponb

[NC y nnaHyBaHHi Ta NPOEKTYBaHHI BiAKPUTUX FipHUYMX POBIT)

5.  GIS for drilling and blasting management in open-pit mining (Bukopwuc-
TaHHA ['1C anga ynpasniHHA 6ypoBnbyxoBmuMn poboTamu y BigkpuToMy BUAOGY-
TKY)

6. Optimizing haulage and material transport using GIS in open-pit mines
(OnTumizauia TpaHCNOPTYBaHHA Ta NepeBe3eHHs MaTepianiB y BiOKPUTUX
Kap’epax 3a gonomoroto 'C)

7.  GIS in production monitoring and operational control of open-pit mines
(FC y MOHITOpMHIYy BMpPODOHMUTBA Ta OMNEpaTMBHOMY KOHTPOMi BiOKPUTUX
Kap’epiB)

8.  Environmental management in open-pit mining using GIS (EkonoriyHe
ynpaBniHHSA Y BiAKpUTOMY BUOOOYTKY 3 BUKOpUcTaHHAM [1C)

9. GIS applications in mine closure and rehabilitation planning (3acTtocy-
BaHHA ['IC y nnaHyBaHHI 3aKpUTTS LWAXT i pekynbTusauil TepuTtopin)

10. A review of GIS-based approaches for modeling mining-induced
seismicity (Ornag nigxogis Ha ocHosi ['IC o mogentoBaHHSA CENCMIYHOCTI, iH-
AYKOBaHOI ripHU4YnMmn pobotamu)

11. Applications of Inverse Distance Weighting in mining (3actocyBaHHSA
6



MeTOoLY 3BaXyBaHHsI 3@ 0OepHEHOI0 BiACTAHHIO Y MpHUYIA cripasi)

12. Applications of k-means clustering in mining (3actocyBaHHs KnacTepu-
3auii k-means y ripHu4in cnpasi)

13. Web-GIS and digital twins in smart mining systems (Web-I'IC Ta undposi
ABIMHMKM Y PO3YMHUX FIPHUYMX CUCTEMAX)

14. Applications of machine learning in mining GIS — supervised learning
(3acTocyBaHHS MaLLUMHHOMO HaBYaHHS B ripHnymx ['C — HaBYaHHS 3 yuntenem)
15. Applications of machine learning in mining GIS — unsupervised learning
(3acTocyBaHHA MaWMHHOIO HaB4aHHSA B ripHMYKMX NC — HaB4yaHHA 6e3 yyu-
Tens)

16. Applications of machine learning in mining GIS — reinforcement learning
(3acTocyBaHHA MaLLUMHHOIO HaBYaHHSA B ripHMymx [NC — HaBYaHHA 3 nigKpin-
NEHHAM)

17. Applications of machine learning in mining GIS — deep learning
(3acTocyBaHHs rMUBNHHOrO HaB4yaHHs B ripHmMyunx NC)

18. Data acquisition techniques in GIS for mining areas (Metogu 36opy aa-
HUXx y ['C gnsa ripHnumnx TepuTopin)

19. Fundamentals of GIS for mining (OcHosu I'IC ans ripHnyoi cnpasm)

20. Spatio-temporal analysis in GIS for open-pit mining (INpocTtopoBo-4yaco-

Bun aHani3 y NC gnsa Bigkpntux kap’epis)

1.3. MNpuknag BUKOHaHHSA

Y Mexax 4aHOoro 3aBaHHS CTYOEeHT MOBMHEH MiAroTyBaTy KOPOTKY Mnpe-
3eHTauilo 3a obpaHo Temow. [lpe3eHTauis mMae cknagaTtucs i3 7 cnauais,
BKIHOYAO4YM TUTYNbHUIA Cnang Ta cnavg 3i CNUCKOM BUKOPUCTaHUX gKepen.

Hwx4e HaBegeHOo npuknag CTPYKTYpu npeseHTauil (Ha OCHOBI TeMu nig
HoMepoM 0), 3 AKMM CTyaeHTaM PEKOMEHOYETLCA O3HANOMUTUCA Nepes, BUKO-
HaHHAM poboTn. Ocobnusy yBary cnig 3BepHYTU He nve Ha OPOpMIIEHHS, a

N Ha 3MICTOBE HANOBHEHHS KOXXHOrO criangy.
7



Cnanpg 1 — TutynbHa cTOpiHKa
TUTYNbHUI cnang NOBUHEH MICTUTU TaKy iIHPOPMAaLLitO: Ha3BYy TEMU npe-
3eHTauil; npisBue, iM’'a, No 6aTbKoBI CTyAeHTa; MO3HAYeHHA akageMiyHol
rpynu; npisBuLLE Ta iHiLianM BMKNagaya; HasBy OAUCUUMAIHU Ta PiK BUKOHAHHS
poboTu.
Cnaunau 2-6 — OCHOBHUI 3MiCT npe3eHTauil
Ha uux cnangax nogaetbcqa 6e3nocepeaHbo MaTtepian 3a obpaHo Te-
MOt0. PekomMeHOYeTbCA JTIOrYHO CTPYKTYpYyBaTH iHpopmauito, Hanpuknaa:
e KOPOTKMIM BCTYN Ta aKTyanbHICTb TEMMU;
e OCHOBHI MOHATTS Ta BU3HAYEHHS;
e onuc metoay / nigxoay / TEXHONOTIT;
e [puKnagu 3actocyBaHHs (baxxaHo Npe3eHTyBaTu case study);
e nepeBarn, Hegonikn abo cyyacHi TeHOeHLUil PO3BUTKY.
[lonyckaeTbCsA BUKOPUCTAHHA CxeM, rpadoikiB, iNOCTpaLiv Ta KOPOTKUX
MapKOBaHUX CNKUCKIB. TeKCT Mae ByTu CTUCAINM, iIH(pOPMaTUBHUM | 3pO3YMINUM.
Cnauna 7 — CnuUcoK BUKOPUCTAHUX axepen
Ha 3aBeplanbHOMy crnangi HeoOXigHO HaBecCTu nepenik ycix mxepen,
Lo Bynu BUKOPUCTaHI nig Yac nigrotoBkM npeseHTauil (HayKoBi CTaTTi, KHUMN,
Beb-pecypcu Towo). [kepena 6axaHo odopmnoBatn B €4QMHOMY CTUMi Ta

BKa3yBaTu NoBHi 6ibniorpadivHi BigoMocTi abo KOPEKTHI MOCUMaHHS.

Ha pucyHky 1 306pakeHO NOBHY npes3eHTauito, NigroToBfeHY Ha OCHOBI
Temu nig Homepom 0. 3a 3annTom npeseHTauiga Moxe 6yt HagaHa cTyaeHTam

A58 03HANOMIIEHHS.
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Introduction and Relevance of the Topic

. (induced) are seismic events caused by human activities such as mining,
%, reservorfiling, oil and gas extraction, and geathermal projects.
-+ Thai frequency has increased with the expansion f industrial activities worldwide.

\ Monnnmg and mapping these events is important for environmental safety, infrastructure protection,
and
Googlapmc Information Systems (GIS) provide powerful teols for spatial analysis and visualization of

g
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seismic data.
‘The toplc is relevant for mining engineering, environmental management, and urban planning.
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Cnang 1

Data Sources for Mapping Technogenic Earthquakes

Saismic Monitoring Stations

provide  precise  information  about
earthquake location, magnitude, depth,
and tme of occurrence

Satellite and Remote Sensing Data

help detect ground deformation and
surface changes related o industrial
activity

Goological and Toctonlc Maps show
fault lings, rock types, and structural
features Influencing seismic activity

Opon Geospatial Data Portals.

national and intemational ~dalabases
(geological surveys, research instituions)
that provide accessiole spatial datasets

Cnanp 2

Method: K-Means Clustering for Mapping

K-Moans Clustoring

« s a spatial analysis method used fo group earthquake events info clusters based on their spesific
features (location or magnitude)

« helps idenify zones with higher concentration of technogenic earthquakes.

+ InGIS softwaro, K. ke locations

« the result is a map with cloarly defined seismic clusters, which supports risk assessment

In this example, each custer is a group of data points that sre
similar to each other and different from points in other Clusters.

In seismic / geophysical mapping, a cluster can represent:
+ an area ith similar seismic behavior

e, il gt L
- L R
i i + or simply loca o uakesiev u
mpP S together
Cnang 3 Cnavip 4
A
Case Study: Deep Coal Mine Located in Gansu Province (China) and L of G5 In Mapping Technogenic

/: Earthquakes

Cluster 1

+ Megium number of small earthquakes
+ Aveais more stable

+ Lower risk compared to others

Advantages

* Helps us see where earthquakes happen on a map, not just in tables of numbers
+ Makes it easier to find dangeraus 2ones Near mines, Gams, of Industrial aress.

+ Supports safety planning far workers and nearby cities.

Cluster 2

* Most earthquakes happen here
+ Rack is under higher pressuro (stress)
+ Higher risk of stronger events —

Limitations.

+ Resalts are anly good if the data is accurale and complete

+ Professional software and monftoring equipment can be expensive

+ MNeuds traind specialists fo analyze and inferprot the maps correctly

i

Cnanp 6

P Cluster 3 it

aanptie i + Notmany earthquakes, but when they
happen they can be stronger

+ Means there may be local spots with
sudden energy release

MP iasne

Cnang 5
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1.4. KpuTtepii ouiHroBaHHA Ta BUMOru Ans ohopmMneHHs 3BiTy

IHouBigyaneHa pobota Ne1 BUKOHYeETbCA Yy (popMi npeseHTauil Bigno-
BiAHO [0 Npuknaay, geTanbHO HaBegeHoro y poaaini 1.3. Mg Yyac nigrotosku
HeobXigHO AOTPUMYBATMCA 3arnpONOHOBAHOT CTPYKTYPU CraniB Ta 3aranbHuX
BUMOI 0 3MICTy U odpopmrieHHs. [MpeseHTauis moxe 6yTn nigrotoBneHa 3a
aonomoroto Microsoft Power Point abo iHWmMX aHanoriYyHnx iHCTpyMeHTIB, AocC-
TynHux ctygeHTam (Google Slides, LibreOffice Impress Tow0). BukopmctaHHga
IHCTPYMEHTIB LUTYYHOrO iHTENEeKTy ANA aBTOMAaTUYHOI reHepauil npeseHTauil
He gonyckaeTbes. YcCi rpadikun, cxemn, 300paXkKeHHs Ta iHWi intcTpaTuBHi Ma-
Tepianu NOBUHHI ByTW B3ATI 3 HAYKOBUX CTaTEN, KHUT abo iHLWNX ony6iikoBaHUX
mxkepen. KoxxHe BUKopuctaHe 306paxxeHHst Yn JaHi MaloTb CyrnpoOBOAXKYBaATUCS
KOPEKTHMM MOCUMNaHHAM Ha nepuiomxkepeno. [1onyckaeTbCA TakoX CTBOPEHHS
BNacHUX cxem abo y3arasnbHIOK4YNX PUCYHKIB HA OCHOBI ONpaLbOBaHUX MaTe-
pianiB i3 060B’sI3KOBUM 3a3Ha4Y€HHSIM BUMKOPUCTaHUX axepen. baxaHo roTy-
BaTW Npe3eHTaLito aHrMinCbKOK MOBOI, OfHaK Yy pasi BUHUKHEHHS TPYOHOLLIB
A03BOSISIETLCSA BUKOHAHHA pOBOTH YKPaIHCbKOK MOBOIO.

MakcumarnbHa Kinekicte 6anis 3a iHameigyanbHy poboTy Ne1 cTtaHOBUTL
14 6anis, 3 aAkux: 7 6aniB — 3a NiAroToBKy npes3eHTauil Ta 7 6anie — 3a ycHUi
3axuCT npes3eHTauil. YCHUN BUCTYN CTyAeHTa TpmBae opieHTOBHO A0 10 XxBUIvH
Ta nepenbavae KOPOTKE MpeaCTaBfEHHS TEMU, MOACHEHHS OCHOBHUX MOSO-
eHb i BignoBigi Ha 3anuTaHHsa Buknagada. 3 6inblw getanbHUMU KPUTEPISIMA

OLiHIOBaHHS CTYAEHT MOXE O3HanoMmTucs y tabnuui 1.

10
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Tabnuusa 1 - Kputepil ouiHtoBaHHS iHAMBIAyanbHo! pob6oTtn Ne1.

KinbkicTtb
KpuTepil ouiHtoBaHHS
6anis
OuiHoBaHHS NigroToBKM Npe3eHTauil
[MpeseHTauia nNoBHICTIO BigNOBIgae BMMOram: HasiBHi 7 crnaugis; TUTYyIbHa
. CTOpiHKa obopMIieHa KOPEKTHO; OCHOBHUIM 3MICT NIOr4YHO CTPYKTYPOBaAHUN; iH-
dopmauis nogaHa CTUCIIO Ta 3pO3yMino; BUKOPUCTAHO HAYKOBI mxeperna 3
KOPEKTHUMM MOCUSNaHHAMN.
- lMpeseHTauis BMKOHaHa B MOBHOMY 06CA3i, ane MiCTUTb HE3HAYHI HeAosiK/ B
) 0dOpMIIEHHI, CTPYKTYpi abo odhopMNneHHi nocunaHb.
lMpeseHTauis BMKOHaHa 4acTKOBO: NopylleHa CTpyKTypa (MeHwe/binbwe 7
3-4 cnangis), HeQOCTaTHLO PO3KPUTO TEMY, BiACYTHI OKpemi 0O0B’A3KOBI eneme-
HTM abo NocunaHHAa Ha mxepena.
lMpeseHTauia Mae cyTTeBI HEeAOSIKW: BIACYTHIN TUTYINbHUKM criang abo cnmcok
1-2 axepen, maTepian HEMOBHUI YN HECTPYKTYPOBAHUN, 3HAYHI NOPYLUEHHS BU-
MOl JO OCPOPMIIEHHSA.
0 MpeseHTauia He 3aaHa.
OuiHIOBaHHSA YCHOro 3axucTy npeseHTauil
CTyneHT yneBHEHO nNpeacTaBnsie martepian, AOTPUMYETBCH pernaMmeHTy (4o
7 10 xB), AEMOHCTPYE rMnBOKe PO3yMiHHSI TEMMU, FOTIYHICTb BMKNaAy, KOPEKTHO
BiANOBIgAa€e Ha 3anUTaHHS.
- MaTepian npegctasneHo 3aranom gobpe, NpoTe € He3HaYHi HETOYHOCTI Y No-
) SICHEHHSAX ab0 TpyAHOLLi 3 BiANOBIAAMM HA OKPEMI 3anUTaHHS.
3.4 Buknag HenocnigoBHUIW, NOBEPXHEBE PO3YMIHHS TEMW, CYTTEBI TPyAHOLL 3
) BiANOBIASIMM HaA 3anUTaHHA.
1o YCHUN BUCTYN KOPOTKMA abo HECTPYKTYpPOBaHWUW, CTyAEHT crabo OpieHTy-
) €TbCH Yy BriaCHOMY Marepiarni.
0 CTyaeHT BigCyTHIN Ha 3axucTi abo BiAMOBUBCS Bif BUCTYMY.
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2. IHANBIAYAJIbHA POBOTA Ne2
«AHANI3 HAYKOBOI CTATTI 3 NPUKNAOQHUX ACMNEKTIB
BUKOPUCTAHHSA IC Y MNPHUYIA CNPABI»

2.1. MeTa Ta 3HauYeHHs iHAUBIAyanbHOI po6OTH

HaHa iHamBeigyanbHa poboTa crnpsimoBaHa Ha PO3BUTOK Yy CTYOEHTIB Ha-
BMYOK HAYKOBOIO YNTaHHS, aHanidy Ta KpUTUYHOro OCMUCIIEHHS daxoBux nyo-
nikauinn. i BUKOHaHHS cnpusie (bopMyBaHHIO BMiHb BMU3Ha4YaTu MeTy AOCHi-
[PKEHHS, 3aBaHHs, BUKOPUCTaHI MeToau, OTpUMaHi pe3ynbTaTh Ta IX npakTu-
YHY UiHHICTb.

[ns aHanisy nponoHyKTbCA CyyacCHi HayKoBi cTaTTi SOCHIAHWULbKOro
TMNy, WO MICTATb NpakTUYHI Nnpuknagu (case studies) 3 pisHUX KpaiH cBiTy. Lle
Hafae CTyAeHTaM MOXINUBICTb HE NuLle PO3BUMHYTU HaBUYKM pOoBOTU 3 HayKO-
BMMU TEKCTaMu, a N O3HANOMUTUCSH 3 akTyarnbHUMK rrodanbHUMKN npobne-
Mamu Yy ripHWYin ranyasi Ta no6adntu, skum YnHom ['C 3acTocoByOTbCA AN IX
BMPILLEHHS Ha npakTuui. TakMm YMHOM, poboTa NOEgHYE PO3BUTOK akageMiy-
HUX KOMNETEHTHOCTEN i3 PO3LLUMPEHHAM NPOGECIMHOIO CBITOrNSAaY Ta PO3yMiH-

HAM Mi>)KHapogHoro gocsigy BukopuctanHs [MC.

2.2. BuxigHi paHi

[na BUKOHaHHSA iHOMBIAYanNbHOI poboTK CcTyaeHT obupae ogHy HaykoBy
cTaTtTio 3i cnucky 3 20 3anponoHoBaHMX Ny6rikauin. Yci 3anponoHOBaHi CTaTTi
€ Y BiKpUTOMY AOCTyni (open access) i MOXyTb OyTV nerko 3aHangeHi 3a Ha-
3Bot0 Yepes Google Scholar abo 6e3nocepeaHbo Ha odiuinHoMmy BebcanTi Ha-
YKOBOIO XypHany, y AKOMy BOHM Bynu onybnikoBaHi. ¥ BUNagKy, SKLWO CTYAEHT
HEe MOXe CaMOCTINHO 3HAaWTU MOBHUN TEKCT KOHKPETHOI cTaTTi, BiH abo BOHa
MOXe 3BepHYTUCA 0 BUKNagaya Kypcy 3 npoxaHHam Hagatu PDF-Bepcito, sky

BMKNagay HagacTb 3a 3anMToM. 3a BGaxaHHAM CTyoeHT Moxe obpaTtu iHwy
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HayKOBY CTaTTHO, HE BKIMOYEHY A0 3anpOrnoHOBAHOro nepeniky, 3a ymoBu no-
nepeaHbOoro NOroKEeHHs 3 BUKagadvemM Ta obrpyHTyBaHHA OOUiINbHOCTI TAKoro
BMbopy (BignoBigHICTb TeMaTULi Kypcy, HayKoBa akTyanbHICTb, HasiBHICTb [0O-
CNigHMUBKOI CKNagoBoi Ta NpakTUYHUX Npuknaaie). Yci ctatTi nogaHi aHrnin-
CbKOIKO MOBOI, BOAHOYAC Y CNUCKY TaKOX HaBedeHO IXHi Ha3Bu YKpalHCLKOK
MOBOI0 AJS151 NONErweHHs opieHTauii y 3micTti. CtaTtTa nig Homepom 0 He MoXxe
O6yTn obpaHa cTyaeHTamu, OCKiflbKM BOHA BUKOPUCTOBYETLCS BMKIMIOYHO K Ae-
MOHCTpaUiHUK NpuKnag i AeTanbHo po3rnagaetbca y po3aini 2.3 «[lMpuknag

BUKOHAHHA» .

Hwkye HaBedeHO NOACHEHHS efiemeHTiB 6ibniorpadiyHOro onnucy Hayko-

BOI cTaTTi (Ha npuknagi ctatTti 3a Homepom 0) Ta IX NpU3HaAYEeHHA ONs NOLLYKY

N KOPEKTHOIO BUKOPUCTaHHSA aXxepena:

° Batur, M., Babii, K. - lpisBuLia Ta iHiuianu HaykoBLiB, AKi Hanucanm
cTaTTio.

o (2022) - Pik, konn ctatTa 6yna onybnikoBaHa.

o Spatial assessment of air pollution due to mining and industrial
activities: a case study of Kryvyi Rih, Ukraine - [loBHa HaykoBa Ha3Ba
poBOTKN aHrNiNCbKO MOBOK. CamMe 3a HEK HANNPOCTILLE WyKaTu CTaTTHo
B Google Scholar.

J IOP Conference Series: Earth and Environmental Science - Ha3sBa
HayKOBOro BMaaHHA abo koHdepeHLil, Ae 6yna HagpyKkoBaHa cTaTTs.

° 970(1), 012004 - [lonaTkoBi AaHi XXypHany, siki fjonomMaratoTb TOYHO ideH-
TUcpikyBaTn CTaTTIO BCEPEAVHI BULOAHHS.

. https://doi.orq/10.1088/1755-1315/970/1/012004 - DOI (Digital Object

|dentifier) - yHikanbHUN unpoBun ineHTUdIikaTop cTaTtTi. AKWO HaTUC-

HYTM Ha Le nocunaHHa abo BCTaBuTK Noro B 6paysep, BiAKPUETLCS CTO-
piHKa cTaTTi B iHTepHeTi. Lle HanHaginHiwunm cnocib s3HanTu opuriHan ny-

onikauii.
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Cnucok 3anponoHoBaHMx nybnikauin 40 BUKOHAHHSA:
0. Batur, M., Babii, K. (2022). Spatial assessment of air pollution due to
mining and industrial activities: a case study of Kryvyi Rih, Ukraine. In IOP
Conference Series: Earth and Environmental Science, 970(1), 012004.
https://doi.org/10.1088/1755-1315/970/1/012004

[lpocmoposa ouiHKka 3abpyOHeHHS o8imps eHacridoK 2ipHUYoi ma rnpomuc-

noeoi disinbHocmi: npuknad Kpueozo Poay, YkpaiHa.

1. Xu, X.,, Wang, Z., Huang, P., Tian, S., Bi, L. (2023). Open-Pit Map: An HD
Map Data Model for Open-Pit Mines. Applied Sciences, 13(23), 12681.
https://doi.org/10.3390/app 132312681

Open-Pit Map: modernb daHux HD-kapm 0Onisi 8i0Kpumux Kap’epie.

2. Mendoza-Lara, O. O., Lopez-Pérez, A. O., Ortega-Montoya, C. Y., Prieto
Hinojosa, A. |., Baldasano, J. M. (2025). Air Quality and Social Vulnerability:
Estimating Mining-Induced PM1o Pollution in Tula, Mexico. Atmosphere, 16(6),
728. https://doi.org/10.3390/atmos16060728

SAkicmb nogimpsi ma coujanbHa 8passfiueicmb. OUiHI08aHHS 3abpyOHEHHS

PM10, cnpuduHeHoz20 2ipHu4oro OisiribHicmio 8 Tyri, MeKkcuka.

3. Buczynska, A., Gtgbicki, D., Kope¢, A., Modlinska, P. (2025).
Understanding Surface Water Dynamics in Post-Mining Area Through Multi-
Source Remote Sensing and Spatial Regression Analysis. Remote
Sensing, 17(18), 3218. https://doi.org/10.3390/rs17183218

Po3yMmiHHs OuHaMiku rnogepxHesux 800 y nicrs2ipHU4YuUx patoHax 3a 00rnomo-

2010 MyrbmuoXxepesibHo20 OucmaHUyiiHo2o 30HOy8aHHS ma pocmopo8o20
pezpeciliHo20 aHarlisy.

4. Meng, X., Zhang, D., Dong, S., Yao, C. (2024). Open-Pit Granite Mining
Area Extraction Using UAV Aerial Images and the Novel GIPNet. Remote
Sensing, 16(5), 789. https://doi.org/10.3390/rs16050789

BuaineHHa teputopin BuaobyTKy rpaHiTy y BigKpUTUX Kap’epax 3a LOMNOMOroto

aepodoTosHimki BINJIA Ta HoBol Mepexi GIPNet.
5. Qing, L., Xu, L., Huang, J., Fu, X., Chen, J. (2025). Intelligent Prediction
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and Numerical Simulation of Landslide Prediction in Open-Pit Mines Based on
Multi-Source Data Fusion and Machine Learning. Sensors, 25(10), 3131.
https://doi.org/10.3390/s25103131

IHTeneKTyaane NPOrHoO3yBaHHA Ta YMUCelibHE MOOeNtoBaHHA SCyBiB \ Biﬂ,KpI/I-

TUX Kap’epax Ha OCHOBI 3NUTTA MynbTUAXKEPENbHUX AaHUX | MAlLMHHOIO HaB-
YaHHS.

6. He, Y., Lai, Y., Chen, B., Chen, Y., Xie, Z., Yu, X., Luo, M. (2024). An
Open-Pit Mines Land Use Classification Method Based on Random Forest
Using UAV: A Case Study of a Ceramic Clay Mine. Minerals, 14(12), 1282.
https://doi.org/10.3390/min14121282

MeToa knacudikauil 3eMNeKopuCcTyBaHHSA BIOKPUTUX Kap’epiB HA OCHOBI

Random Forest i3 BukopuctaHHsam BIJIA: npuknag pogosuwia KepamivyHol
FIINHMN.

7. Zhu, L., Zhang, Y., Chen, K., Liu, Q., Sun, W. (2023). Exploring Land-
Cover Types and Their Changes in the Open-Pit Mining Area of Ordos City
Using Sentinel-2 Imagery. Sustainability, 15(19), 14053.
https://doi.org/10.3390/su151914053

JocnigpkeHHa TUNiB 3eMHOro NOKPUBY Ta X 3MiH y 30Hi BiAKpUTOro BMaobyTKy

micTa Opaoc i3 BUKOPUCTaHHAM 3HiIMKIB Sentinel-2.

8. Afeni, T., Ibitolu, F. (2018). Assessment of environmental impact of
gemstone mining in ljero-Ekiti, Nigeria. Mining of Mineral Deposits, 12(1), 1-
11. https://doi.org/10.15407/mining12.01.001

OuiHKa eKonoriyHoro BNAuBY BMAOBYTKY KOLUTOBHOMO KaMiHHSA B loxepo-EkiTi,

Hirepig.

9. BusyginB, B., Nikulin, S., Sergieieva, K. (2019). Solving the tasks of
subsurface resources management in GIS RAPID environment. Mining of
Mineral Deposits, 13(3), 49-57. https://doi.org/10.33271/mining13.03.049
PosBs’azaHHs 3aBaaHb ynpasniHHA Hagpamu B cepenosuli ['1C RAPID.

10. Bazaluk, O., Petlovanyi, M., Sai, K., Chebanov, M., Lozynskyi, V. (2024).

Comprehensive assessment of the earth’s surface state disturbed by mining
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and ways to improve the situation: case study of Kryvyi Rih Iron-ore Basin,
Ukraine. Frontiers in Environmental  Science, 12, 1480344.
https://doi.org/10.3389/fenvs.2024.1480344

KomMnnekcHa ouiHKa cTaHy 3eMHOI MOBEPXHi, NOPYLLUEHOI FipHUYMMKN poboTtamu,

Ta Wnsaxu 1l noKpaweHHs: npuknag Kpueopisbkoro 3anisopygHoro 6aceny,
YkpaiHa.

11. Mi, J,, Yang, Y., Zhang, S., An, S., Hou, H., Hua, Y., Chen, F. (2019).
Tracking the Land Use/Land Cover Change in an Area with Underground
Mining and Reforestation via Continuous Landsat Classification. Remote
Sensing, 11(14), 1719. https://doi.org/10.3390/rs11141719

BigcTexeHHA 3MiH 3eMNeKkopUCTyBaHHSA Ta 3eMHOro NOKPUBY B panMoHax nigse-

MHOro BMAo0BYTKy Ta MiCOBIAHOBIEHHS 3@ AONOMOro 6eanepepBHOI Knacugi-
Kauil 3HiMKiB Landsat.

12. Shawky, M. M. (2025). A comparative study of interpolation methods for
the development of ore distribution maps. Discover Geoscience, 3(1), 2.
https://doi.org/10.1007/s44288-025-00108-7

[MopiBHANbHE AOCNIAKEHHA METOoAIB iHTepnonsuil 4ns nobyaoBu KapT po3no-
Ainy pyau.

13. Wang, B., Gong, B., Xu, W., Shi, X. (2024). An efficient method for
modeling and evaluating the bench terrain of open-pit mines. Frontiers in Earth
Science, 12, 1351352. https://doi.org/10.3389/feart.2024.1351352

EdektnBHMin MeTon MogentoBaHHSA Ta OUIHIOBAHHS YCTYMNHOro penbegy Bigk-

pUTKX Kap'epi..

14. Yang, J., Wang, Y., Zuo, R., Zhang, K., Li, C., Song, Q., Du, X. (2023).
Research on Risk Assessment and Contamination Monitoring of Potential
Toxic Elements in Mining Soils. International Journal of Environmental
Research and Public Health, 20(4), 3163.
https://doi.org/10.3390/ijerph20043163

OuiHKa pu3KKIB Ta MOHITOPUHT 3abpyaHEHHS NOTEHLINHO TOKCUYHUMWU enemMe-

HTaMW I'PYHTIB Y FiPHUYMX panioHax.
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15. Jian, Z., Zhao, G., Wang, P., Liu, X., Jiang, M., Liu, L., Ma, J. (2024).
Identification of the mining accidents by a two-step clustering method for the
mining-induced seismicity. Frontiers in Earth Science, 12, 1348698.
https://doi.org/10.3389/feart.2024.1348698

loeHTudikauis ripHUYnMx aBapin MeToaoM ABOETanHoI Krnactepusauil 4ns aHa-

ni3y iHOyKOBaHOI CENCMIYHOCTI.

16. Goncalves, M. A., da Silva, D. R., Duuring, P., Gonzalez-Alvarez, I.,
Ibrahimi, T. (2024). Mineral exploration and regional surface geochemical
datasets: An anomaly detection and k-means clustering exercise applied on
laterite in Western Australia. Journal of Geochemical Exploration, 258,
107400. https://doi.org/10.1016/j.gexplo.2024.107400

MiHepanbHa po3BifKka Ta perioHasibHi NOBEPXHEBI reOXiMiYHi AaHi: BUSIBIIEHHS

aHomaniu i knactepusauia k-means Ha npuknagi natepuris 3axigHoi ABcTpa-
nit.

17. Balamadeswaran, P., Mishra, A. K., Phalguni, S., Sreekumar, N., Tiwari,
O. N. (2016). Blast-induced ground vibration management in deep open pit
mines using GIS-A case study. In Recent Advances in Rock Engineering, 552-
556. https://doi.org/10.2991/rare-16.2016.89

YnpaBniHHA BibpaLuisiMu FpyHTY, CNpUYMHEHNMN BUBYyXamMu, y rmMbOKnNX BigKpu-

TUX Kap’epax i3 BukopuctaHHam MC: npuknag AocnigpKeHHs.

18. Yenilmez, F., Kuter, N., Emil, M. K., Aksoy, A. (2011). Evaluation of
pollution levels at an abandoned coal mine site in Turkey with the aid of
GIS. International Journal of Coal Geology, 86(1), 12-19.
https://doi.org/10.1016/j.coal.2010.11.012

OuiHKa piBHIB 3abpyaHEHHSA Ha NOKMHYTIN BYriNbHIN WaxTi B TypeyynHi 3a o-

nomoroto [C.

19. Kartal, N. U., Gullidag, C. B. (2025). Spatial distribution and risk
assessment of potential environmentally hazardous elements in coal: a case
study of the Central Anatolia coalfields. Pamukkale Universitesi Miihendislik

Bilimleri Dergisi, 31(8), 1391-1398. https://doi.org/10.65206/pajes.30388
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[MpocTopoBUIM pO3NOAIN Ta OuiHKa PU3MKY NOTEHUINHO HebesneyHnx ans no-
BKiNNsi enemMeHTIiB y BYrinmi: npuknag ByrinbHMX 6acenHis LieHTpanbHoi AHa-
TOnil.

20. Ruhela, M., Sharma, K., Bhutiani, R., Chandniha, S. K., Kumar, V., Tyaqi,
K., Ahamad, F., Tyagi, I. (2022). GIS-based impact assessment and spatial
distribution of air and water pollutants in mining area. Environmental Science
and Pollution Research, 29, 31486-31500. https://doi.org/10.1007/s11356-
021-18009-w

OuiHka BNnMBY Ta NPOCTOPOBUIM pO3noain 3abpyaHoBadiB NOBITPS | BOAW B rip-

HU4YKMX paroHax Ha ocHoBi ['1C.

2.3. Npuknap BUKOHaHHA

HaykoBa cTtatTa nuweTbCcs BigMNOBIAHO A0 NEBHUX akageMiyHUX nNpaBun

| Ma€e cTaHgapTHY CTPYKTYpY. 3a3Bmyan BOHa BKITHOYaE:

o Introduction (BcTyn) — MiCTUTb akTyarnbHICTb TEMW, KOPOTKUIA OrNs4 no-
nepeaHix gocnimgkeHb, OpMyItOBaHHS MeTU Ta 3aBAaHb.

o Materials and Methods (Matepianu i meTogM) — onncye BUKOPUCTaHI
AaHi, mpxepena iHpopMauil Ta MeToan aHaniay.

o Results (PesynbTatn) — nogae otpuMaHi pesynbtaTy AOCNIIKEHHS.

o Discussion (O6roBopeHHs1) — NOACHIOE 3HAYEHHA peaynbTaTiB, IX iHTepn-
peTauito Ta NOPIBHAHHSA 3 IHWMMMW OOCNIIKEHHSIMMU.

o Conclusion (BUCHOBKM) — NiaCyMOBY€E OCHOBHI pe3ysibTaTh Ta NpakTU4He

3Ha4yeHHs poboTu.

Y [aHHin iHgmBigyanbHii poboTi CTyaeHTaM NPOMNOHYETLCA onpauBaTu
HayKoBY CTaTTIO Ta HaJaTu NUCbMOBI BiANOBIAI HA TaKi MYHKTN:
o Main aim of the study (F'onoBHa meTa AOCNIOXXEHHS).

o The main objectives of the study (OcHOBHI 3aBOaHHA JOCIIOKEHHS).
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. Data and data sources used (BukopucTaHi faHi Ta gxepena gaHux).

o The following GIS and spatial analysis methods that were applied (3a-
ctocoBaHi ['IC Ta iHWi MeToan NPOCTOPOBOro aHanisy).

. How GIS was used and how it helped to solve the research problem (Ak
6yno BukopuctaHo INC i g9k ue AONOMOrNo pPo3B’si3aTW HayKoOBY MpO-

bnewmy).

Hwkye HaBegeHo npuknag Ha ocHosi ctatTi Ne 0 (Batur, M., Babii, K.
(2022). Spatial assessment of air pollution due to mining and industrial
activities: a case study of Kryvyi Rih, Ukraine. In IOP Conference Series: Earth
and Environmental Science, 970(1), 012004. https://doi.org/10.1088/1755-
1315/970/1/012004 ) i3 3anpONOHOBAHOIO CIUCKY.

Aim (MeTa) — ue 3aranbHa rofiloBHa Linb AOCMIOXEHHS, TOOTO WO came
aBTOp X04e A0CArTM B NiACYMKY. 3a3Buyan BoHa ofHa i POPMYIOETLCA LUN-
poko. Objectives (3aBoaHHs1) — Lle KOHKPETHI KPOKM, SIKi MOTPIOHO BUKOHATW,
o6 gocartn MeTu. Ix 3a3Buyan aekinbka, i BoHu 6inblu AeTanbHi. Ak npasuno,
MeTy Ta 3aBOaHHS MOXHa 3HaWTK y HayKOBI CTaTTi B OCTaHHIX ab3auax pos-
ainy Introduction (Bctyn), goe aBTop nigcymoBye npobnemMmy OOCRIAKEHHS Ta
dOPMYIIOE, YOro came nparHe Jocartn y ceoin poboti. Ha PucyHky 2 ui nosic-

HEHHSA BUAINEHI 3€NEHNM KONbOPOM.
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1. Introduction

The link between environmental protection and industrial development has been one of the main
issues over the last several decades. This problem is especially urgent for the regions with intensive
industrialization activities, in particular open pit mining. While mining and extracting plants may
ensure the economic development of the region and country as a whole, they also emit various
hazardous pollutants into the atmosphere due to massive blasting and drilling operations, rock mass
transportation and its warehousing, loadings, processing of raw materials and other activities [1].
According to the European Environment Agency [2], these activities lead to the emitting of sulphur
dioxides, nitrogen oxides, particulates, and other harmful emissions. The last one, particulate matter, is
considered to be one of the most harmful types of air =~ - - ’ —=lay
mixture of extremely small solid particle polhiti~

-eaunt over the past 140 years [12]. Accoraing w
o i —c.uue 72% of the proved reserves. On the one side, mining
activities in the area make an effective contribution to the economy of the country, but on the other
side, they are progressively responsible for the ecological degradation in the city. The iron ore
extraction is conducted here in both ways, from open pits and underground methods [14-16]. Besides,
there are several industrial plants in the region: cement factory, chemical industry, and iron works
plants. All of them are the main reason of major pollutant emissions: PM,s and PMy,. As for the
Ukraine in general, the mean annual concentration of PM, 5 is 20 p.g/m3 that is higher than suggested
level [17]. To meet the environmental requirements for the proper management and control of
pollutants, it is essential to assess and evaluate the air quality. In this context, the objective of this
study is to evaluate the air quality in Kryvyi Rih region including the pollutants of PM, 5 and PM,, by
means of geostatistical method known as Ordinary Kriging due to active mining and industrial
activities in the city. The study interval includes 48 hours of AQI observations in summer period. The
hourly measurements were taken from the 10 monitoring stations that are homogenously spread over
the study region.

Puc. 2. lNMpuknag po3MmilleHHA MeTu Ta 3aBAaHb AOCNIIKEHHS Y po3aini

«Introduction» HaykoBoi ctatTi Ne 0.

OTxXe, 3 HaBedeHOro NpukNagy MetTa Ta 3aBgaHHA MOXyTb ByTu cdop-

MyJ'IbOBaHi HaCTyrnHMM YMHOM:

Main Aim of the Study: The main aim of the study is to assess air pollution in

a mining and industrial region using GIS-based spatial analysis, with a focus

on particulate matter (PM,s and PM;,) concentrations.

The main objectives of the study are:

To analyze the air quality of the Kryvyi Rih region affected by open-pit
mining and industrial activities.

To investigate the spatial distribution of PM,5; and PM;, pollutants.

To apply Ordinary Kriging for spatial interpolation of air pollution data.
To evaluate the relationship between air pollution and meteorological
parameters.

To identify areas with the highest pollution levels.
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Data Used and Data Sources (BukopucTaHi gaHi Ta gpxepena gaHux) —
Lile NMOACHEHHS, SIKi came AaHi Oynv BUKOPUCTaHI y OOCHIIKEHHI | 3BigKM BOHM
oTpumaHi. ¥ gaHomy npuknagi (ctatta Ne 0) yto iHbopmauito MOXKHa 3HanUTH B
po3aaini ctaTTi nig Ha3eot «Study Area and Experimental Data». Ak nokazaHo
Ha PucyHky 3, pi3Hi TN gaHux BUAINEeHi konbopamun Afis 3py4YHOCTI Cnpun-
HATTSA: >)KOBTMM KOSTbOPOM MO3HAY€HO OMNNC JaHUX NPO SKICTb MOBITPS; 3eM1eHNM
KOJSIbOPOM — MEeTEeOpPOSIOrivHi AaHi; pioneToBMM KOSIbOPOM — MPOCTOPOBI AaHi

(kapTw, kKOOpAMHATK, reorpadoiyvHi Wapw ToLo).

2. Study area and experimental data
Kryvyi Rih is a city of Ukraine located between 33° 15 - 33° 35" E and 47° 45 - 48° 50 N in the inner
centered part of the country. Kryvy1 Rih 1s quite a small city with the population of less than 1 million
people and the area of 430 km®. The climate of the region can be defined as cold and snowy in winters
and warm in summer. The coldest temperatures in winter are from -10 to - 15 degrees, while the
hottest are up to + 35 degrees in the summer. The annual average rainfall is around 400 mm. The main
sources of air pollution in the city are active open cast mining and industrial activities, Figure 1 shows
the location of the city on the map of Ukraine, the locations of open pit mining areas and indusirial
plants in the city, as well as the distribution of monitoring stations. Open pits are located along the
main iron ore body extending from North to South-West. On the South-East, there are cement factory
and chemical industry plant. Besides, there are several metallurgical and iron works plants in the city.
For the current study, data were collected from ten air quality monitoring stations distributed
around the region of interest. For each station, the hourly AQI values of PM, s and PM,, were obtained
in real time for the 48 hours of summer period. Figure 2a and figure 2b illustrate the box plots of PM, s
and PM,, for each of the stations, allowing to identify the maximum and minimum values, the median
of data set and its distribution. 48 hours profiles for * =

cmtlnmakla shanmas S e

== g
1 2 3 4 5 6 7 8 9 10 Stations
(®)
Figure 2. Box plots of AQI data from 10 monitoring stations: (a) PM,s; (b) PMy,.
The meteorological data such as wind speed and direction, temperature, and humidity were derived
for the whole region and can been seen in the figure 3a and figure 3b. The time series of temperature

have their highest peaks at around 12:00 P.M. and the lowest values between 12:00 A.M. and
06:00 AM. The maximum percentage of humidity was observed between 12:00 AM. and

Puc. 3. lNMpuknag po3milleHHs gaHux gocnigxkeHHs y posaini «Study Area and

Experimental Data» HaykoBoi ctatTi Ne 0.

OTxe, 3 HaBeeHOro Npuknagy BUKOPUCTaHI AaHi Ta Jxepena JaHux Mo-
XyTb 6yTK chopMyribOBaHi HACTYMHUM YMHOM:

Data Used and Data Sources: Several types of data were used in the study.
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First, air quality data — hourly AQI values for PM,s and PM,, were obtained
from ten air quality monitoring stations. Second, meteorological data, including
wind speed, wind direction, temperature, and humidity, were taken from
regional weather services. In addition, spatial data were used, such as the
locations of monitoring stations, mining areas, and industrial plants, which were

obtained from GIS spatial datasets.

IHpopmauito npo BukopucTtaHi NC-iHCTpyMeHT Ta MeToam NpocCTopo-
BOro aHanidy 3asBuya MOXHa 3HaWUTWU Yy TpeTboMy po3aini ctaTTti «Materials
and Methods» (MaTepiann i MeTogu) Ta 4acTKOBO Yy 4YeTBEPTOMY po3aini
«Results and Discussion» (Pesynbtatn Ta obroBopeHHsd). Tak Hanpuknag, y
poaaini «Materials and Methods» HaykoBoi ctaTTi Ne 0, 4WiTkO onmcaHo, SKi
came MeToau 3acTocoByBanu aBTopu. 30Kpema, y LbOMy npuknagi dyno su-
KOpUCTaHO Taki Nigxoau:

J Ordinary Kriging — meTog npocTOpoBOI iHTepnonsuii Ans NPOrHo3yBaHHA
3HayeHb y ToYKax, e HeMae BUMIpIOBaHb.
o Semivariogram — iHCTPYMEHT A4S aHani3dy npoCcTOpOBOI 3asieXHOCTi Aa-

HUX.

o Accuracy Assessment — ouiHKa TOYHOCTI OTpMMaHNX pe3ynbTaTiB i Nody-

JOBaHUX Moaenen.

Y po3aini «Results and Discussion» Ui MeToan BXKe NokasaHi Ha npakTuLi
Yyepes KapTu, rpadikn Ta iHLWi BidyanbHi maTepianu. |3 pucyHKiB BUOHO, LLO Ha
ocHoBi 'lC-064mncneHb aBTOpM CTBOPUIIM KapTy NPOCTOPOBOro po3snoainy PM,s
Ta PM;,, BUKOHanNu Bidyanisauito «rapa4mx TO4OK» 3abpyaHeHHs, ToO6To BuAi-
ANNU TEPUTOPII i3 HaMBULLMMK NOKa3HMKaMKn 3abpyaHeHHsa nosiTps. OTxe, 3
HaBedeHoro npuknagy 3actocosaHi ['IC Ta iHWIiI MeToan NPOCTOPOBOro aHanisy
MOXYTb 6YTN chOpMynbOBaHi HACTYMHUM YMHOM:

The following GIS and spatial analysis methods were applied in the study:

spatial interpolation using Ordinary Kriging, semivariogram modeling to
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analyze spatial autocorrelation, and cross-validation with RMSE calculation to
assess interpolation accuracy. In addition, the authors created spatial
distribution maps for PM,s and PM;, and used GIS mapping techniques to

visualize pollution hotspots.

OcTtaHHin nyHKT nig Ha3eot How GIS Was Used and How It Helped to
Solve the Research Problem (Ak 6yno sukopuctaHo C i gk ue gonomorno
pO3B’A3aTu HaykoBy npobriemy) akTuyHO € nigcymMkoBMM ab3auoM-BUCHOB-
KoM poboTun cTygeHTa. Ha ocHOBI BCbOro onpauboBaHOro matepiany 3i CTarTi
CTYAEHT NOBUHEH KOPOTKO, are 3MiCTOBHO y3aranbHUTU, AKMM came YnHoMm [1C
6yno BUKOPUCTaHO Yy OOCHOKEHHI Ta SK Lie AonoMorna BUPILUNTU HayKoBY Npo-
6rnemy. |HWUMKM cnoBamMu, OYiKYETbCH HEBENWKUM y3aranbHIOYUA TEKCT, Y
SIKOMY CTyAeHT nosicHoe posnb NC y gocnigkeHHi 3aranom: aki MOXMBOCTI
O6yno HagaHo (aHanis gaHux, MOAENtoBaHHSA, Bidyarizauis KapT, BUSBIIEHHS
NPOCTOPOBMX 3aKOHOMIPHOCTEN) | YoMy 6e3 BuKkopucTaHHA ['1C gocartu Takmx
pesynbTaTiB Oyno 6 cknagHiwe abo HeMoxnuBo. Lle KOpoTKUM NoriyHnn Bu-
CHOBOK, LLLO €MOHCTPYE PO3YMIHHSA MPakTUYHOro 3HadeHHs [C y po3B’a3aHHi
aocnigHnubKkoro 3aBgaHHAa. OTke, 3 HaBedeHoro npuknagy ue éytu cgopmy-
NbOBaHO HACTYMHUM YNHOM:

How gis was used and how it helped to solve the research problem: GIS
was used to combine air quality data, weather data, and location information in
one system. The researchers used Ordinary Kriging to estimate PM,s and
PM,, values in places where no measurements were taken. With this method,
GIS helped create pollution maps for the whole study area. These maps made
it easy to see where air pollution was high and where it was low. The results
showed that the highest pollution levels were mainly near industrial plants, not
near open-pit mining areas. GIS also helped compare pollution levels in
different parts of the city and clearly showed spatial patterns related to wind

direction and industrial activity. Overall, GIS made it possible to understand
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how air pollution is distributed in the mining region and helped assess its

environmental impact.

2.4. KpuTepil ouiHIOBaHHA Ta BUMOTU AnsA opopMIeHHsA 3BiTy

3BIT roTyeTbCAa y ApYKOBAHOMY BUIMSAi Ha apkyLwax 6inoro nanepy cop-
maTty A4 (210297 mm). Bumorn oo opopmneHHs: wpndt — Arial, poamip 14
Kernb; MbKpsaKoBun iHTepBan — 1,5; Nonsa CTOPIHKW: BEPXHE — 2 CM, HUXKHE — 2
cM, npaee — 1,5 cm, niBe — 3 cMm; ab3auyHun Bigctyn — 1,25 cm. CTOpiHKKM 3BITY
HeobXxigHO HymepyBaTh apabCbknmu umdpamun y npaBoMy BEPXHbOMY KyTi
CTOPIHKW, OOTPUMYIOYMCb HACKPI3HOI Hymepauil. TUTYNbHUIA apKyLl BKIIOYa-
€TbCS A0 3arasibHOI Hymepauil, arne HoMep CTOPIHKM Ha HbOMY He NpoCcTaBnA-
ETbCA.

3BIT 3 NPaKTU4YHOI POBOTM NOBUHEH MICTUTH:
. TUTYIbHY CTOPIHKY, OpOpMIeHy BiAnoBigHO A0 3paska (JdooaTtok A)

. OCHOBHY YacTMHY 3 NMCbMOBMMMU BiAMNOBIASIMM HA 060B’I3KOBI MYHKTMU.

Y 3BiTi HEODXiAHO HagaTV NMCbMOBI BiAMOBIAI HA TaKi MMTAHHSA:
o Main aim of the study (FonoBHa meTa AocnigXeHHs)
o The main objectives of the study (OcHOBHI 3aBOaHHA JOCTIOKEHHS)
o Data and data sources used (BukopucTaHi gaHi Ta gxepena gaHux)
o The following GIS and spatial analysis methods that were applied (3a-
ctocoBaHi ['lC Ta iHWi meToaM NPOCTOPOBOro aHanisy)
. How GIS was used and how it helped to solve the research problem (Ak

6yno BukopuctaHo NC i gk ue gonomMorno po3s’si3aTt HayKoBy Npobnemy).

YiTknx Bumor wono obcary 3BiTy HEMae, ogHaK PeKOMEHAOBAHUN MiHi-
ManbHUN OBCAr — He MeHLle OAHIEl CTOPIHKM OCHOBHOMO TeKCTy. [logaBaHHs

PUCYHKIB, rpacikiB us Tabnuupb He € 0OOB’A3KOBMM, OOCTATHbO MOBHUX Ta
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3MICTOBHMX NUCbMOBUX BIiANOBIOEN Ha 3a3Ha4yeHi NUTaHHA. bakaHo rotyeBaTtu
3BIT @HrMiMCbLKOIO MOBOI, OfIHAK Y pa3i BUHUKHEHHA TPYOHOLLUIB 4O3BONHAETLCH
BUKOHaHHS pobOTN yKpalHCLKOK MOBOIO.

OuiHOBaHHS 3BIiTY 34IMCHIOETLCA 3@ NOBHOTOM Ta SKICTHO MMCbMOBUX Bi-
anosigen Ha obOB’A3KOBI MYHKTU. 3 Binbll AeTanbHUMU KPUTEPIAMU OLLiHIO-

BaHHS CTYEHT MOXe O3HaoMuUTUCS y Tabnuui 2.

Tabnuusa 2 - Kputepil ouiHtoBaHHSA iHAMBIAyanbHo! pob6oTtn Ne2.

Kinb-
KiCTb KpuTepii ouiHoBaHHSA

Oanis

14 HagaHo noBHi, NOriyHi Ta apryMeHTOBaHi BiaAnoBigi Ha BCi 060B’A3KOBI MyHKTU

11-13 | BucsitneHo BCi NyHKTW, 04HaK HasiBHI HE3HaYHi HETOYHOCTI abo ckopoYeHi nosic-

HEHHA

8-10 | Po3kpuTo BinbLliCTb NYHKTIB, ane okpeMi Bignosigi nogaHi noBepxHeBo abo He-

NOBHO

5-7 BuceiTneHo nuwe 4YactuHy ob60B’sI3KOBUX MYHKTIB; BigNOBiAi, He4OCTaTHLO 06-

I'PYHTOBaHI

1-4 HagaHo MiHimanbHi abo HecncTeMHi BignoBiai; GinbLWiCTb NYHKTIB BiACYTHI

0 3BIT He nogaHo
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