BICHUK

KMIBCbKOIo HALIIOHAJIbHOIO YHIBEPCUTETY IMEHI TAPACA LUEBYEHKA

ISSN 1728-2713 (Print), ISSN 2079-9063 (Online)
reonoris 4(107)/2024

3acHoBaHo 1958 poky

YOK 504+550+551+552+624
DOI: http://doi.org/10.17721/1728-2713.107

HaBeneHo pe3ynbTaTM reosioriyHux, crpaturpacgiyHMX, NaseoHTONOriYHMX, riAporeonoriyHnx, reodgianuyHmnx
i reoiHcpopMaLiiHMX AOoCNiAKEHD.
[Ansa BuknagaviB, HAyKOBMX CNiBPO6IiTHMKIB, acnipaHTIB i CTyAEHTIB.

roNoBHWIA PEAAKTOP BwxBa Cepriii, a-p reon. Hayk, npod. (YkpaiHa)

PEAAKLUIAHA KOJIErIS Anb6aHi A6aep Enb, a-p ¢inocodii, npoc. (PpaHuis); bBaxmyroB Bonogumup, a-p
reoJs. Hayk, CT. HayK. cniBpo6. (YkpaiHa); BoHaap KceHis, a-p reon. Hayk (MonbLa);
BecHaBep Anbpo, A-p pinocodii, npod. (Itanis); Bxkea 301, A-p di3.-MaT. Hayk, npod.
(Ykpaita); Ainaaporny Typraii, ao-p dinocodii, npod. (TypeuunHa); Ae [oHaTic Maypo,
B-p dinocodii, aou. (Itanis); AybuHa OnekcaHAp, A-p reon. Hayk, pou. (YkpaiHa);
3arHitko Bacunb, A-p reon.-miHepanor. Hayk, npod. (YkpaiHa); 3auepkoBHuii Bitaniii,
A-p TexH. Hayk, npod. (YkpaiHa); 3eHr KBinrni, a-p dinocodii (Kvutait); IBaHik OneHa,
A-p reon. Hayk, npod. (YkpaiHa); IBaxHeHkO OnekcaHap, A-p dinocodii, npod.
(KasaxcTtaH); KapneHko Onekcii, A-p reon. Hayk, npod. (YkpaiHa); KopoHeoc AHTOHIC,
B-p dinocodii, npod. (Mpeuis); Kopuarin IrHaTt, A-p ¢i3.-MaT. HaykK, CT. HayK. cniBpo6.
(YkpaiHa); KownsikoB Onekciii, 4-p reon. Hayk, npod. (YkpaiHa); Kypuno Mapis, a-p
reos. Hayk, aou. (YkpaiHa); Jli LinHweH, a-p dinocodii, npod. (Kutait); JlIo3uubkuii
Bcesonop, a-p ¢is.-maTt. HaykK, CT. HayK. cniBpob6. (YkpaiHa); Macnos Bopuc, ao-p
is.-mart. Hayk, npod. (YkpaiHa); MeHbLIOB OnekcaHap, A-p reon. Hayk, CT. AOCNIQHUK
(Bian. pea.) (YkpaiHa); MutpoxuH OnekcaHap, A-p reon. Hayk, npod. (YkpaiHa);
MuxaiinoB Bonoaumup, a-p reon. Hayk, npod. (YkpaiHa); MiniHeBcbkuit FeHHagin,
A-p ¢i3.-MaT. HayK, CT. HayK. cniBpob6. (YkpaiHa); MipoHuyk TeTsiHa, kaHA. dinon.
Hayk, pou. (YkpaiHa); HectepoBcbkuii BikTop, A-p reon. Hayk, npod. (YkpaiHa);
Orap BikTop, a-p reon. Hayk, npod. (YkpaiHa); OniBisa Mapk, a-p dinocodii, npod.
(Noptyranist); Opntok Muxaiino, a-p reos. Hayk, npod. (YkpaiHa); MacryweHko
TeTtaHa, kaHAa. dinon. Hayk, aou.(YkpaiHa); Mepeiipa MNayno, a-p dinocodii, npod.
(Jiutea); MoptHOB Bacunb, Aa-p dinocodii, npod. (KasaxcraH); Cnaccos Cimo,
A-p dinocodii, npo. (Benwrisi); Crapoay6 Hpiii, a-p i3.-maT. Hayk, npod.
(YkpaiHa); LLlabaTypa OnekcaHAp, A-p reon. Hayk, Aou. (3acT. rosioB. pea.) (YkpaiHa);
LLleBueHKO OneKcCiii, A-p reosn. HayK, CT. HayK. cniBpo6. (YkpaiHa); LUeBuyk BikTop,
A-p reos.-MiHepanor. Hayk, npod. (YkpaiHa); WmigTr Bonbkmap, a-p dinocodii,
npod. (HimeuunHa); LLIHIokoB Cepriii, A4-p reon. Hayk, Aou. (YkpaiHa)

Appeca peakonerii HHI "IncTuTyT reonorii”

By/n. BacunbkiBcbka, 90, M. KuiB, 03022

® (38044) 521 33 38

e-mail: geology.bulletin@knu.ua; geolvisnyk@ukr.net
web: https://geology.bulletin.knu.ua

3aTBepaXeHo BueHoto papoto HHI "IncTutyT reonorii”
20.12.24 (npotokon N2 7)
3apeecTpoBaHoO HauioHanbHOIO pafoto YKpaiHu 3 NUuTaHb TesiebaueHHs i pagioMOBNEeHHS

PiwueHHs N2 1089 Big 28.03.24
InenTndikaTop apykoBaHoro megia: R30-03800

ATtecTOBaHO MiHicTepcTBOM OCBITM | HAyKM YKpaiHm (kaTeropis A)
Haka3 N2 1412 Big 18.12.18

IHAEeKCcyBaHHA Scopus, Web of Science (kBapTunb 4, imnakT ¢aktop 0.2), Research Bib,
Google Scholar, Crossref

3aCHOBHMK KuiBCcbkuii HawioHanbHUK yHiBepcuTeT iMeHi Tapaca LlleBUeHka

Ta BuaaBseLlb BuaaBHuuo-nonirpacdiuHnii ueHTp "KniBcbkuit yHiBepcutet"

CBifoOLTBO NPO BHECEHHS A0 [lep)XaBHOro PeecTpy
AK N2 1103 Big 31.10.02

Appeca BuaaBus BIL| "KviBcbkuii yHiBepcuTteT"
6-p Tapaca LlleBueHka, 14, M. Knis, 01601
= (38044) 239 32 22, 239 31 58, 239 31 28
e-mail: vpc@knu.ua
© KuiBCcbkuii HauioHanbHMIA YHiBepcuTeT iMeHi Tapaca LLleBueHKa,
BIL, "KviBcbkuii yHiBepcutet", 2024




BULLETIN

TARAS SHEVCHENKO NATIONAL UNIVERSITY OF KYIV

ISSN 1728-2713 (Print), ISSN 2079-9063 (Online)

GEOLOGY 4(107)/2024
Established in 1958

UDC 504+550+551+552+624

DOI: http://doi.org/10.17721/1728-2713.107

Published are the results of geological, stratigraphic, paleontological, hydrogeological, geophysical and

geoinformation research.

For scientists, professors, graduate and postgraduate students.

EDITOR-IN-CHIEF
EDITORIAL BOARD

Address

Approved by

Registered by

Certified by
Indexing

Founded
and published

Address

Vyzhva Sergiy, DSc (Geol.), Prof. (Ukraine)

Albani Abderrazak El, PhD, Prof. (France); Bakhmutov Volodymyr, DSc (Geol.), Senior
Researcher (Ukraine); Bondar Kseniia, DSc (Geol.) (Poland); Dindaroglu Turgay,
PhD, Prof. (Turkey); De Donatis Mauro, PhD, Assoc. Prof. (Italy); Dubyna Oleksandr,
DSc (Geol.), Assoc. Prof. (Ukraine); Ivakhnenko Oleksandr, PhD, Prof. (Kazakhstan);
Ivanik Olena, DSc (Geol.), Prof. (Ukraine); Karpenko Oleksiy, DSc (Geol.), Prof.
(Ukraine); Korchagin Ignat, DSc (Phys. & Math.), Senior Researcher (Ukraine);
Koroneos Antonis, PhD, Prof. (Greece); Koshliakov Oleksiy, DSc (Geol.), Prof.
(Ukraine); Kurylo Mariia, DSc (Geol.), Assoc. Prof. (Ukraine); Liu Qingsheng, PhD,
Prof. (China); Lozitsky Vsevolod, DSc (Phys. & Math.), Senior Researcher (Ukraine);
Maslov Borys, DSc (Phys. & Math.), Prof. (Ukraine); Menshov Oleksandr, DSc
(Geol.), Senior Researcher (Executive Editor) (Ukraine); Milinevskiy Gennadiy, DSc
(Phys. & Math.), Senior Researcher (Ukraine); Mironchuk Tatyana, PhD (Philol.),
Assoc. Prof. (Ukraine); Mykhailov Volodymyr, DSc (Geol.), Prof. (Ukraine);
Mytrokhin Oleksandr, DSc (Geol.), Prof. (Ukraine); Nesterovskiy Viktor, DSc
(Geol.), Prof. (Ukraine); Ogar Viktor, DSc (Geol.), Prof. (Ukraine); Olivia Marc, PhD,
Prof. (Portugal); Orliuk Mykhailo, DSc (Geol.), Prof. (Ukraine); Pastushenko
Tatyana, PhD (Philol.), Assoc. Prof. (Ukraine); Pereira Paulo, PhD, Prof. (Lithuania);
Portnov Vasyl, PhD, Prof. (Kazakhstan); Schmidt Volkmar, PhD, Prof. (Germany);
Shabatura Oleksandr, DSc (Geol.), Assoc. Prof. (Deputy Editor-in-Chief) (Ukraine);
Shevchenko Oleksiy, DSc (Geol.), Senior Researcher (Ukraine); Shevchuk Viktor,
DSc (Geol. & Mineral.), Prof. (Ukraine); Shnyukov Sergiy, DSc (Geol.), Assoc. Prof.
(Ukraine); Spassov Simo, PhD, Prof. (Belgium); Yurii Starodub, DSc (Phys. & Math.),
Prof. (Ukraine); Vesnaver Aldo, PhD, Prof. (Italy); Vyzhva Zoya, DSc (Phys. & Math.),
Prof. (Ukraine); Zacerkovniy Vitaliy, DSc (Tech.), Prof. (Ukraine); Zagnitko Vasyl,
DSc (Geol. & Mineral.), Prof. (Ukraine); Zeng Qingli, PhD (China)

USI "Institute of Geology"

90, Vasylkivska Str., Kyiv, 03022

® (38044) 521 33 38

e-mail: geology.bulletin@knu.ua, geolvisnyk@ukr.net
web: https://geology.bulletin.knu.ua

the Academic Council of the USI "Institute of Geology"
20.12.24 (protocol N2 7)

the National Council of Television and Radio Broadcasting of Ukraine
Decision N2 1089 of 28.03.24
Identifier of printed media: R30-03800

the Ministry of Education and Science of Ukraine (category A)
Order N2 1412 dated 18.12.18

Scopus, Web of Science (Quartile 4, Impact Factor 0.2), Research Bib,
Google Scholar, Crossref

Taras Shevchenko National University of Kyiv
Publishing and Polygraphic Center "Kyiv University"
Certificate of entry into the State Register

AK N2 1103 dated 10.31.02

PPC "Kyiv University"
14, Taras Shevchenko blvd., Kyiv, 01601
® (38044) 239 32 22, 239 31 58, 239 31 28
e-mail: vpc@knu.ua
© Taras Shevchenko National University of Kyiv,
Publishing and Polygraphic Center "Kyiv University", 2024



3MICT

3ArAllbHA TA ICTOPUYHA TrEONOTIA

IBAHIK OneHna, JIABE XXepom, FTAOALIbKA Katepuna, KPABYEHKO OmuTtpo, METPYLUEHKO Eayapna
MopaentoBaHHS 3CyBHOI CNPUAHATANBOCTI LIEHTPANBHOTO HEMAMY ......iiiiiiiiiiiiei et 5

FEO®I3UKA

BAXMYTOB Bonoaumup, MENIbHUK Fanuna, MMABALIbKUA OMutpo, MONAYEHKO €Brex
Ekckypcu reomarHiTHoro nons xpoHy bpioxec.
YactuHa 2: MarHitocTpaTturpadis cybaepanbHUX BigKNagiB Ta BNAMB HA JOBKITIIS ..ceevurreeiirieeeaireeesiieeeesriee e e e 13

KAPMNEHKO IBaH, ILLLEHKO Irop, KAPMEHKO Onekcin
"eoxiMiYHi xapakTepuCTUKK | TepmanbHa 3pinicTe Nopig BepxXHbOro AeBoHy (JHinpoBcbko-[JoHeLbka 3anagnHa)
3a AaHUMu Niponi3y rock-eval (MOLUYKOBE BYPIHHS) ....ceiuurieeiiiieeiiiieeestieeeeeteeeeseeeee s et e e e aeaeeesaneeeeesnneeeeeaneeeeeaneeeesannneeenn 23

NMOrOPEJIOBA €nena, ABAYIIA-3AOE Mypapa
HadTorasoHocHi komnnekcu Ta nironoro-ctpaturpadiyHa xapakrepuctuka
NNioLEeHOBUX BigKNAAiB POAOBULLA BYIINA-LLEHIB ... ..ueiiiiiii et e e e e et e e e e e e e e e e e e e e e annraeeeaaeeeanas 31

TULLEHKO Anppin, KWHKA Onekcanap, BUXKBA AHapin
LenbgoBi naneopycna, CXMnoBi KaHbNOHW, IMMOOKOBOAHI KOHYCU i NiABOAHI KOMMITEKCU MaconepeHocy
Ta iX BMMAMB Ha Mirpauito ByrneBOAHIB Ha MiBHIYHO-3aXiAHOMY LUENbdi HYOPHOTO MOPS ..cooiuieeiiieeeeeeeiiiieeee e e e e eieeeeee e 40

BWXBA Ceprinn, OHULLUYK Biktop, OHULLYK OMmutpo, OHULLYK IBaH, LUABATYPA OnekcaHgp
MopiBHAMNbHa XapakTepucTuka inbTpauinHO-EMHICHUX BNAaCTUBOCTEN YLUINIbBHEHUX TEPUreHHUX Nopig
[OHinpoBcbko-JoHeubKoT 3anagnHu Ta cXigHoro cxuny JIbBiBCbKOrO MNaneo030MChKOrO MPOMUHY ......cceeeeiieierreeeeaaeeaaneeeeenns 46

CYNEMMAHOBA Bada, MAHCYPOBA Camipa, MAMMALOBA Hazine
MeTopauka ineHTudikauii po6oumx 06'ekTiB Npu po3pobui HaToBMX POLOBULL,
Ha OCHOBI MaTeEMaTMKO-CTaTUCTUYHMX NOKa3HWKIB (Ha Npuknagi pogosuwa Mipannaxi (MiBHivHa Cknagka)) .....ceeeeneee.. 60

FEONorid pogoBuLL KOPUCHUX KOMANUH

OCbMAYKO Jro6os, BEPXOBLIEB BaneHTuH
Mpo cTpyKTypr3aLito TEXHOreHHO 3MiHeHKX 06'eMiB kap'epy "TiBOEHHUA" M. KPUBUIA Pir ........ccooviiiiiiiiiiiccee e 66

MUXANNOB Bonoaumup
3anizopyaHa ripHnyogobyBHa NPOMUCIIOBICTL YKPATHU Y CBITOBOMY KOHTEKCTI . .uvvierieeeieiuirreeeeeeeesinsrseeeeaesessnsnseeeaasesannnns 76

JNTYKOMCbKWUW Bnagucnas, KYPUIO Mapis
MapameTpu KoHAWLI AN NigpaxyHKy 3anacis pogosuLy, 6yaiBensHOro KaMeHo
B perioHaxX NOLUMPEHHS JTbOL0BUKOBUX BITKITAIIB .....vvvvrrerrrrerereresesesesnsesesesesssesssssssssssssssssssssssssssssssssssssssssssssssnssssnnnnsssnnnnnnn 84

BYPNYLbKUN Mukona, TIMTBUHIOK CtaHicnae
"epmaHin Ak eneMeHT KpMTUYHOT CMpoBMHW. BypoByrinbHi pogosmwla 3akapnaTTs
AK [PKEPENo AN OTPUMAHHS TEPMAHIF0 B YKDATHI .....veeeiitiieiiiiiteititee ettt e e ettt ettt et e e st e e sab e e e et e e e anne e e sneeeeeas 89

riaPOreonorid, IKEHEPHA TA EKOJIOTINYHA reonorid

OBOOOBCbLKWUIN Onekcanap, AAHbKO KoctsiHtuh, MOYAEBELb Onena, KOPOIO[lA Hatanis, TPEBIHb Bacunb
MeToaun4yHi acnekTu Ta pesynbTaTv BU3HAYEHHS TEXHIYHO MOXIMBOrO MApoeHepreTMYHOro NoTeHLjiany pivyok YkpaiHu
(Ha Npuknagi panoHy GACEAHY PIMKM LLHIMPO) ...ceeiueieeeiutiieeeieieesaeteeaeateeeeeaseeeassaseeaeaasteeesanseeaesnseeeaasseeesaanseeesanseeeeanseeaeanne 95

EMEJIbAHOB Bonognmup HACE[OKIH, €BreH, KYKOBCbKA Tamapa, KOLUNAKOBA TeTtsiHa,
®ENOPOHYYK Hartanin, LUYPAEB Irop, OXUM4YYK Bonogumup
HocnigXeHHs po3noainy MikponnacTuKy B JOHHWUX Bigknagax 3axigHOi YaCTUHN YOPHOTO MOPS .....cuveeeeeririeeeeiieee e 104

HAMAS3OB Inbrap, KAPIMOB Barid, LUAPI®OB Oxadap, MALUAEBA LWadarar
CyuacHi rigporeonoriyHi yMOBU ANLLIEPOHCHKOTO MBOCTPOBA .......eeeeirrereerrereesaneeeeaanseeeeaaneeeesanseeeeansneessanseeessnnseeeamsseeesans 114

FrEOIHPOPMATUKA

OXPIMYYK PomaH, JEMUOOB Bcesonoa, CITIOCAP KatepuHa
Mopeni rmMBUHHOro HaBYaHHS ANsi CErMeHTaLii Mope-cyLla Ha OCHOBI JaHUX AUCTaHUINHOIO 30HAYBaHHSA 3eMri ....... 122



CONTENTS

GENERAL AND HISTORICAL GEOLOGY

IVANIK Olena, LAVE Jérome, HADIATSKA Kateryna, KRAVCHENKO Dmytro, PETRUSHENKO Eduard
Susceptibility modelling of landslides in Central NEPal ...........cooi i e s e e snneeeean 5

GEOPHYSICS

BAKHMUTOV Volodymyr, MELNYK Galyna, HLAVATSKYI| Dmytro, POLIACHENKO levgen
Geomagnetic field excursions of the Brunhes chron.
P.2: Magnetostratigraphy of subaerial deposits and impact on the environment..............ccociiii e 13

KARPENKO Ivan, ISCHENKO lhor, KARPENKO Oleksii
Geochemical characteristics and thermal maturity of the upper devonian rocks (Dnieper-Donets Basin)
according to rock-eval pyrolysis data (exploration driling)............cueeeiiiireii e 23

POGORELOVA Elena, ABDULLA-ZADA Murad
Oil and gas bearing complexes and litho-stratigraphic characteristics of pliocene deposits of the Bulla-Deniz field ........ 31

TYSHCHENKO Andrii, KITCHKA Oleksandr, VYZHVA Andrii
Shelfal paleo-river valleys, slope canyons, deepwater fans & mass transport deposits and their influence
on hydrocarbon migration to the north-western shelf of the Black Sea..............ccooiiiiiiiiiiiiiiceee e 40

VYZHVA Serhii, ONYSHCHUK Viktor, ONYSHCHUK Dmytro, ONYSHCHUK Ivan, SHABATURA Oleksandr
Comparative analysis of reservoir properties of consolidated terrigenous rocks of Dnieper-Donetsk Depression
of the eastern slope of the Lviv pale0ZoiC AePreSSION ........ccocuuiiiiiiiiiiiiiie e et e e 46

SULEYMANOVA Vafa, MANSUROVA Samira, MAMMADOVA Nazile

Methodology for identifying operating objects in oil field development based on mathematical
and statistical indicators (using the example of the Pirallahi (Northern Fold) field) ............cccccoiiiiiiiiiiciee e 60

MINERAL RESOURCES

OSMACHKO Liubov, VERKHOVTSEYV Valentin

Structurization of technologically changed volumes of the "Pivdennyi" quarry of ¢. Kryvyi Rih........cccccoooiiiiiiis 66
MYKHAILOV Volodymyr
Iron ore mining industry of Ukraine in @ global CONTEXE .........coiiiiiiii e 76

LUKOMSKYI Vladyslav, KURYLO Mariia
Cut-off parametres for reserves calculation of construction stone deposits within the distribution of glacial sediments ............ 84

BURLUTSKYY Mykola, LYTVYNIUK Stanislav
Germanium as an element of critical raw materials. Coal deposits of Transcarpattia — a source of germany in Ukraine............ 89

HYDROGEOLOGY, ENGINEERING AND ENVIRONMENTAL GEOLOGY

OBODOVSKIY Oleksandr, DANKO Kostiantyn, POCHAIEVETS Olena, KOROHODA Nataliia, GREBIN Vasyl
Methodological aspects and results of determining the technically possible hydropower potential of ukrainian rivers
(on the example of the DNIPro RIVEN DASIN).........cooiiiiiiiie et e e e e et e e e e e et e e e e e e s eesasbaeeeeaeeeananees 95

IEMELIANOV Volodymyr, NASIEDKIN Yevhen, KUKOVSKA Tamara, KOSHLIAKOVA Tetiana,
FEDORONCHUK Natalia, SHURAIEV lIhor, YUKHYMCHUK Volodymyr
Exploring the microplastics distribution in the bottom sediments of the Western Black Sea..............cccccoiiiiis 104

NAMAZOV ligar, KARIMOV Vagif, SHARIFOV Jafar, PASHAYEVA Shafagat
Modern hydrogeological conditions of the AbSheron PENINSUIA...............ooiiiiiiiiiiiiiii e e e 114

GEOINFORMATICS

OKHRIMCHUK Roman, DEMIDOV Vsevolod, SLIUSAR Kateryna
Sea-land segmentation models in deep learning from remote sensing data ............ccceeeiiiiiiiie e 121



BUMNYCK 4(107)

SATANNbHA TA ICTOPUYHA TEOJIOTIA

UDC 551.435.627
DOI: http://doi.org/10.17721/1728-2713.107.01

Olena IVANIK'?, Dr. Sci. (Geol.)
ORCID ID: 0000-0002-8782-4883
e-mail: ivanik@knu.ua

Jérome LAVE?, Dr. Sci. (Geol.)
ORCID ID: 0000-0001-8358-2402
e-mail: jerome.lave@univ-lorraine.fr

Kateryna HADIATSKA', PhD (Geol.)
ORCID ID: 0000-0003-1334-506X
e-mail: katkravchuk@gmail.com

Dmytro KRAVCHENKO', PhD (Geol.), Assoc. Prof.
ORCID ID: 0000-0001-6312-819X
e-mail: dmytro.kravchenko@knu.ua

Eduard PETRUSHENKO', Master's Student
ORCID ID: 0009-0001-6699-2722
e-mail: edik.petrushenko322@gmail.com

Taras Shevchenko National University of Kyiv, Kyiv, Ukraine
2CRPG, CNRS, YHisepcuTeT JloTapuHrii, ®paHuis

SUSCEPTIBILITY MODELLING OF LANDSLIDES IN CENTRAL NEPAL

(lMpedcmaeneHo YneHoM pedakuiliHoi konezii 0-pom 2eoJ1. Hayk, cm. docnidHukom O.l. MeHbwoeum)

Background. Landslide processes in the Himalayas represent a major hazard threatening both humans lives and the
socio-economic development of the region. The main goal of the present study is to examine the main factors influencing landslides
in Central Nepal, to understand their relative importance and connections, and demonstrate the potential of the integrated
technique for the assessment of landslide hazards at the regional scale.

Methods. The workflow used in this study consists of the following steps: (1) collection of the data for analysis (numerical
topographies, remote sensing data, geological data, inventory of landslides); (2) identification of the main causes of landslides,
determination of input parameters for modelling; (3) lineament extraction by using manual and automated approaches; and
(4) susceptibility mapping and spatial modelling of landslides.

Results. Based on the overlay analysis of geological and geomorphological data, the susceptibility modelling of landslides
in Central Nepal helps to identify the landslide-prone areas (high to low). The analysis confirms the essential role of lineaments in
the landslide formation and their relation with tectonic and erosion processes. Therefore, in the regional classification of landslides
in the Central Nepal it is necessary to add the landslides associated with weak zones of various nature and orientations.

Conclusions. The susceptibility modeling and landslide forecasting at the regional level are the main stage of the
landslide risk evaluating and management. The results concern the general impact of geological-geomorphological and landscape
factors on the formation of landslide phenomena in Central Nepal. Carrying out an analysis of landslides and studying their
dynamics and regime is only possible with detailed studies and identifying the priority of the influence of each factor on the
landslide formation. This study also aims to provide valuable insights for disaster preparedness, risk reduction, and sustainable
land use practices in the region.

Keywords: Nepal, landslide hazard, susceptibility, mapping.

Background of landslides, the conditions for their occurrence and

Landslide processes in the Himalayas represent a major
hazard threatening both human lives and the socio-
economic development of the region located in the central
Himalaya. Nepal is particularly vulnerable to landslide
hazards: all its mountainous districts are affected. Nepal
contribute 10 % of all rainfall-triggered landslide events to
the Earth global dataset. The analysis of different databases
(Petley et al., 2007; Froude, & Petley, 2018) suggest that
there is a high level of variability in the occurrence of
landslides from year to year in Himalaya, but that the overall
trend is upward. This increase in landslide occurrences
amplifies the importance of research and measures to
mitigate these natural disasters. The complexity of factors
influencing landslides in this region range from geological
and topographical features to climate conditions.

Landslides hazard assessment and landslide
management are based on various approaches and
methodology among which the regional forecasting of
landslides and the determination of the main causes and their
possible associations is of great importance (Roy, & Saha,
2019; Biswakarma et al., 2020). Regional forecasts imply
special zoning of the territory, which characterizes the spread

activation, and determines the probability of occurrence within
certain territories. The susceptibility modelling of landslides
helps to identify the landslide-prone areas (high to low). This
enables communities to implement mitigation measures
across the landslide-induced zones (Dhungana et al., 2023).
In the central Himalaya, many studies have attempted to
document landslide susceptibility using different approaches,
most of them based on multi-criteria zoning and statistical
approaches. Four distinct approaches were applied in the
Indrawati watershed, a high mountain area of Central Nepal:
frequency ratio, logistic regression, artificial neural network,
and support vector machine. Landslide susceptibility maps
are prepared on the basis of available digital data of
topography, geology, land-use and hydrology (Kayastha,
Dhital, & De Smedt, 2013; Gautam et al., 2021). Regmi et al.
(2014) have investigated the application of the frequency ratio
(FR), statistical index (SI), and weights-of-evidence (WoE)
approaches for landslide susceptibility mapping within the
Lesser Himalaya and Siwalik zones of Central Nepal. With a
success rate of 76.8 % and predictive accuracy of 75.4 %, the
FR model performs better than the WoE and S| models.
In most cases the validation of landslide susceptibility maps is

© Ivanik Olena, Lavé Jérome, Hadiatska Kateryna, Kravchenko Dmytro, Petrushenko Eduard, 2024



~6~

B 1 C H U K KuiBcbkoro HauioHanbHoro yHieepcurety imeHi Tapaca LleBueHka

carried out using receiver operating characteristic (ROC)
curves (Devkota et al., 2013). It is important to note that
comprehensive understanding of the primary factors
influencing landslides and their intricate interrelations is of
paramount importance for assessing landslide susceptibility
and predicting future occurrences. Investigating the
relationships among the factors is essential for developing
accurate models that can assess landslide susceptibility.

The main goal of the present studies is to examine the
main factors influencing landslides, to understand their
combinations and priority, and finally to demonstrate the
potential of the integrated technique for the assessment of
the landslide hazards at the regional scale within the
mountain areas. This study also aims to provide valuable
insights for disaster preparedness, risk reduction, and
sustainable land use practices in the region.

Geological settings. The Nepal Himalayas is located in
the central part of the Himalayan arc. The range is a
consequence of the collision between Indian and Eurasian
plates during the Cenozoic and is bounded by Indus Tsangpo
Suture Zone (ITSZ) to the north and the Ganga basin to the
south. The Nepal Himalayas display the highest peaks on
Earth. They are characterized by steep slopes, rugged relief,
and deep valleys, and one of the most tectonically active
continental regions in the world (Adhikari, & Ojha, 2021).

This region is marked by a gradient of heavy rainfall
increasing from south to north with intense monsoon
precipitation peaking at 4 m/y along the southern flank of the
High range (Putkonen, 2004). This area presents steeper
slopes, active microseismic activity (Ni, & Barazangi, 1984;
Pandey et al., 1995), with strong ground shaking events by
major earthquakes like during the Gorkha earthquake (Mw
~7.8, 25/04/2015). This topographic, climatic and seismic
setting induces some of the highest regional erosion rates in
the Himalayas (Lavé &Avouac, 2001), particularly through
intense monsoon-induced and co-seismic landsliding
(Petley et al., 2007; Morin et al., 2018; Roback et al., 2018;
Marc et al., 2019; Jones et al., 2021). The landslides affect
all the geologic units of the central Himalaya. This geology
is ftraditionally divided into four main E-W trending
geological units (Colchen, Le Fort, & Pécher, 1986),
including from North to South: 1 — the Tethyan Sedimentary
Series (TSS: medium to low-grade detrital and carbonate
metasediments of Paleozoic to Eocene age); 2 — the High
Himalayan Crystalline (HHC: high-grade metamorphic
gneisses and migmatites; both formations are intruded by
Miocene leucogranites); 3 - the Lesser Himalayan
formations (LH: metamorphosed Precambrian to Palaeozoic
metasediments of the Indian craton); 4 — the Siwaliks
corresponding to the Neogene foreland basin deposits of the
Ganga plain, exhumed by Late Cenozoic thin skin tectonics.
At the longitude of Kathmandu area, the southern
prolongation of the High Himalayan Crystalline units is
expressed by a klippen (the so-called Kathmandu klippen)
that overrides the Lesser Himalayan units and which is
made of high grade methamophosed units at its base to
unmetamorphosed sediments at its top.

These geologic units are bounded by major thrusts: the
Main Central Thrust (MCT) that overthrusted HHC units on
top of LH units, the Main Boundary Thrust (MBT) that
overthrusted LH units on top of Siwaliks sedimentary units,
and the Main Frontal Thrust (MFT), that marks the most
frontal topographic expression of the Himalayan wedge
north of the modern Ganga plain. Most of the units present

ISSN 1728-3817

large scale folds, secondary folds as well as internal
secondary faulting and fracturing mostly due to Himalayan
active shortening over at least 20 Ma. Most of them are
usually underlined by a geomorphic signature like break in
slopes, linear valleys, or lineaments.

These tectonic features are usually associated to larger
internal deformation and fracturing, which is presumed to
have a direct impact on landslide susceptibility and on
landscape erodibility. Structural elements as faults, folds
and lithological boundaries and other structural weakness
zones have therefore an imprint on erosional forms and
landscape, that can be expressed in many cases by
lineament features (Bhattarai, 1984).

Methods

Landslide risk assessment on a regional scale requires
a special classification of the area in order to characterize
landslide distribution, triggering factors and occurrence
probabilities.

The workflow used in this study consists of the following
steps:

1) collection of the data for analysis, — e.g. SRTM/DSM
numerical topographies, Landsat images, geological data,
inventory of landslides. For the Central Nepal recently compiled
30-year mass-wasting inventory (Jones et al., 2021) has been
used. This database includes mass-wasting over an area of
~42,000 km? extending over central and eastern Nepal,
between 1988 and 2018. Of the 12,920 moderate to large
(>1000 m?) landslides mapped, 10,138 were new failures and
2782 reactivations or remobilisations of previous failures
(Fig. 1). The inventory does not include co-seismic or
anthropogenic mass movements, but includes rainfall-induced
landslides as well as reactivations/remobilisation during
monsoon of co-seismic mass wasting (Jones et al., 2021);

2) identification of the main preparatory factors of
landslides, determination of input parameters for modelling
from existing geological and geomorphological data;

3) lineament extraction by using manual and automated
approaches (ArcGIS and RockWorks17), and subsequent
comparison of the results (Poliakovska et al., 2022);

4) susceptibility mapping and spatial modelling of
landslides using the weighted overlay method.

To determine in step 3 the impact of the structural-
tectonic factor on the formation of landslides, detailed
studies of lineaments were carried out and the priority
influence of tectonic factor on the reactivation/remobilization
of landslide phenomena was determined. The lineament
features were mapped using remote sensing and
topography data. Such method is applied for different
geological research (Bhattarai, 1984; Kassou et al., 2012;
Thapa et al., 2023). The workflow used for the lineaments
analysis is composed of four main steps (Poliakovska et al.,
2022): (i) selection of the most suitable data for analysis, —
e.g. SRTM/DEM/Landsat images; (ii) data processing and
enhancements; (iii) lineament extraction by using the
manual and automated approaches and their further
comparison. (iv) comparison of the final map with available
geological and tectonic data and geospatial analysis
(density, direction, intersection length, and orientation
analysis). For lineament analysis of the Central Nepal the
LANDSAT 8 images were used. A specific geomodelling
software packages were applied for the analysis:
RockWorks17, ArcGIS, and Stereonet. Remote sensing and
GIS techniques enable the process of analyzing and
interpreting the topography data.
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Fig. 1. (a) Regional location of the study region. (b) The location of the 12,838 mapped landslide points used within this study.
Kathmandu and the 2015 Gorkha earthquake epicenter are represented by a circle and a pink star respectively.
(c) The inverse-gamma distribution fitted to the probability density function of landslide area for all mapped landslides
(reproduced from Jones et al., 2021)

Results

Analysis of the factors favoring the occurrence of
landslides and landslide susceptibility mapping. An
analysis of the factors favoring the occurrence of landslides
is performed on the basis of existing geological and remote
sensing data. Various data can be involved in the overlay
analysis, which determine the priority factors of mass
movements and their possible combinations. This method
allows to take into account simultaneously the different
factors to be considered in order to obtain spatial information
and to implement a multi-factor model for a comprehensive
landslide hazard assessment.

As a result of geological and geomorphological studies
and analysis of mass movements, a complex relationship
between geomorphological and geological factors in the
formation of these hazardous processes has been
established for the study area.

In Central Nepal topographic characteristics are one of
the most important criterion and prognostic indicator for the
formation of landslides. The main factors that traduce the
impact of the topography are: absolute elevation of the
landslides, slope and aspect of the hills (Regmi et al., 2014;
Petley et al., 2007). To study the relief parameters USGS
DEM model representing 3D elevation data has been used.
The vast majority of landslides are confined to steep slopes,
the degree of which varies from 36 to 89 (Fig. 2).

The lithology appears also to control the occurrence of
the landslide phenomena. For spatial analysis of existing
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landslides, the large-scale geological map of the Central
Nepal was used (Dhital, 2015).

Geographically, the majority of landslide processes are
confined to the Himal group (two mica gneisses, granitic
gneisses, banded gneisses, kyanite bearing gneisses) and
Ranimatta formation (phyllites, grillstones with conglomerates
and massive quartzites). A large number of landslides
correspond to the rocks of the Upper Lesser Himalaya group
represented by quartzites interbedded with phyllites,
carbonaceous slates and green shales, calcareous quartzites
and quarzitic limestones, and dark grey slates (Fig. 3). Based
on the results of the overlay analysis, the location of landslides
within a certain polygon of the specified vector layers was
identified and a statistical calculation of the occurrence of
landslides in a specific polygon was carried out by combining
the attribute tables of landslides and the specified layers. A
procedure was carried out to rank the territory by the number
of landslides within each polygon.

To determine the impact of the structural-tectonic factor
on the formation of landslides, the detailed analysis of
lineaments was carried out and the priority influence of
tectonic factor on the reactivation/remobilization of landslide
phenomena was determined. The lineament features were
mapped all over the mountainous areas including the
Siwaliks (Fig. 4a). The High Himalaya and the Mahabarat
range display a higher density of lineaments than the Lesser
Himalaya and the Siwalik belt.
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Fig. 2. Distribution of the monsoon-induced landslides (Jones et al., 2021) superimposed on the slope map of Central Nepal

The corresponding determination of the influence of
lineaments of different nature on the formation of landslides
is shown on the Fig. 4. A significant number of landslides are
localized within a distance of 0 — 1000 m from lineaments
(Fig. 4b and 5).

The spatial analysis confirms (Fig. 4) the essential role of
lineaments in the landslide formation and the relation between
tectonic heritage and pre-conditioning factors for landslides.
Certain combinations of geological and tectonic conditions
can result in a complex interplay of erosion processes and
tectonic zones, which essentially affects the dynamics and
morphology of landslides. Within tectonized units associated
to active or formerly active faults, rheologic weaknesses
favour the manifestation of landslide phenomena. The
constructed map of the distances of the landslides in relation
to the lineaments became the basis for creating a raster
model of the study area with ranking of zones, and where the
distances to the lineaments are reflected (four classes
characterizing these distances were identified, respectively).

Thus, based on cartographic modeling, a comprehensive
analysis of the factors for the formation of landslide processes
was carried out. Each above described factor was ranked
according to its degree of correlation with the density of recent
landslides. The objects of each layer (factor) were classified
creating a unified scale for all classes (ranking from 1 to 4) to
assess their impact on the landslide hazard. In order to
determine the impact of each factor on the formation of
landslides, calculations  of  weighting  coefficients
(informativeness  coefficients) were performed. All
characterized factors are combined to create a common
integrated hazard map. It should be noted that the assignment

ISSN 1728-3817

of weighting coefficients at the analysis stage required some
clarifications and adjustments. This is dictated by the need for
a step-by-step grouping of factors and the use of the results
of expert assessment, taking into account data from analytical
studies. The integrated landslide susceptibility map (Fig. 5)
was created by the method of overlay analysis, which makes
it possible to simultaneously take into account the considered
factors, obtain a new spatial information and the
corresponding implementation of a model for a
comprehensive assessment of landslide hazard in the region.
A landslide susceptibility map depicts areas that have the
potential for landsliding. These areas are determined by cor-
relating some of the principal factors that contribute to
landsliding with the past distribution of landslides.
Susceptibility measures the degree to which a terrain can be
affected by future slope movements (Shahabi, & Hashim,
2015). In other words, it is an estimate of "where" landslides
are likely to occur. In mathematical language, susceptibility
can be defined as the probability of spatial occurrence of
slope failures, given a set of geo-environmental conditions.
Susceptibility does not consider the size e.g., the length,
width, depth, area or volume of the landslides, but
susceptibility assessments can be prepared for different-sized
landslides.

These maps indicate only the relative stability of slopes;
they do not make absolute predictions.

The results concern the general impact of geological-
geomorphological and landscape factors on the formation
of landslide phenomena in Central Nepal. Carrying out an
analysis of landslides and studying their dynamics and
regime is only possible with detailed studies and identifying
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the priority of the influence of each factor on the landslide
formation. The significance of dynamic factors can
radically change their combinations and the corresponding
weight of each in the process of landslide formation. It
should be noted that the analysis of landslide formation
factors was carried out to study the natural factors of the
landslide phenomena. The impact of anthropogenic
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factors, which are usually unpredictable and cannot be
considered as forecasting and reference criteria,
introduces a variable component into the overall analysis
process, the consideration of which in each specific case
requires additional research and a corresponding change
in the complex landslide hazard model.
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Discussions and conclusions

The article's emphasis on susceptibility modeling as a
preliminary step in predicting landslides is an important
perspective in geology and natural disaster risk assessment.
Susceptibility modeling indeed plays a crucial role in
identifying areas where landslides are likely to occur, and it
provides a valuable tool for prioritizing areas for further
investigation and mitigation efforts. However, it's essential to
recognize that susceptibility modeling has limitations and
should be complemented with more detailed, site-specific
information. One key point made in the article is that
susceptibility modeling can effectively highlight regions with
a high risk of landslides. This is particularly useful for large-
scale planning, such as zoning regulations, infrastructure
development, and disaster preparedness. Identifying these
susceptible areas at a broad scale allows for proactive
measures to be taken, such as land use planning, risk
assessment, and the implementation of early warning
systems (Sim, Lee, & Wong, 2022).

Nonetheless, the article correctly points out that
susceptibility modeling alone cannot provide a complete
understanding of landslide dynamics. To comprehensively
assess the risk and predict the behavior of landslides, it is
necessary to delve into the local geological and
geotechnical conditions. This involves conducting in-depth
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geological research to wunderstand the specific

characteristics of the soil and rocks, the geological structure
of the slopes, groundwater conditions, and other factors that
influence slope stability. In essence, while susceptibility
modeling helps to identify potential landslide-prone areas on
a regional level, it cannot replace the importance of detailed,
site-specific geological research for a comprehensive
assessment. Only through local-scale investigations we can
understand the unique factors that contribute to landslide
formation and develop effective mitigation strategies. This
comprehensive approach is crucial for minimizing the
potential consequences of landslides, including loss of life
and property damage.

Susceptibility modeling is a valuable tool in landslide risk
assessment, but it should be viewed as just the initial step in
landslide forecasting. Local-scale geological research is
essential for understanding the specific characteristics of
landslide-prone areas and providing more accurate predictions
and effective strategies for landslide risk reduction. Both
approaches, when used in conjunction, contribute to a more
holistic and robust approach to landslide management and
disaster prevention. It is crucial to increase landslide
management and risk assessment capacity at the local and
regional level. The comprehensive analysis of landslide risks
will increase the accuracy of landslide resilience identification.
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Fig. 6. Landslide susceptibility map, Central Nepal

The developed prognosis models could be applied for
better understanding of vulnerability of areas, and to apply
the methods of local predictions of landslides within areas
with the highest hazards. It enables to develop the
appropriate protective measures to withstand the impact of
potential landslides in Central Nepal. The Government of
Nepal committed to the implementation of the new Sendai
Framework for Disaster Risk Reduction 2015-2030 to
enhance efforts to strengthen disaster risk reduction to
reduce losses of lives and assets from disasters, increase
the capacity for understanding the disaster risks, strengthen
the global cooperation. Therefore the susceptibility modeling
and landslide forecasting at the regional level are the first
stage of the landslide risk evaluating and management and
could be a part of the Disaster Risk Reduction (DRR) cycle.
This cycle includes preparation, mitigation, response, and
recovery in term of the landslide hazards (Sawalha, 2020;
Van den Hurk et al., 2023; Tian, & Lan, 2023).
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MOAOENIOBAHHSA 3CYBHOI CMIPUAHATINBOCTI LEHTPANBHOIO HENANY

BcTyn. 3cyeHi npoyecu e Nimanasix cmaHoenssmb eefluKy Hebe3rneky, sika 3a2pOXye K xxummio todel, mak i coyiasibHO-eKOHOMiYHOMY
po3sumky pezioHy. Mema yb020 docnideHHs — 00cioumu oCcHOBHI ¢hakmopu, wo enuearombs Ha ghopmMysaHHs 3cysie y LlenmpanbHomy Henani,
3po3ymMimu ix npiopumemHicmb ma e3a€MO8iOHOWEHHSI, a MaKoX NpPodeMoHcmMpyeamu egheKmueHicmMb 3acmocyeaHHs1 KOMIIIEKCHOI MemoduKu
Ons1 oyiHKu Hebe3rneku 3cysie y pe2ioHasbHOMy Macwmaoi.

Me To aun. Memoduka, sska sukopucmoeyemsbcsi 8 YboMy O0cCiOxeHHI, ekioyae maki emanu: (1) 36ip daHux Onsi aHani3y (daHi monozpadir,
OaHi ducmaHyiliHo2o 30HAy8aHHSI, 2eos102i4Hi OaHi, iHeeHmapu3ayisi 3cysis); (2) susHa4eHHsI OCHOBHUX ¢hakmopie 3cyeHoi Hebe3neku, aHari3 exio-
Hux napamempie 0ns modesntoeaHHsI; (3) cmeopeHHs1 Kapm JliHeamMeHmie 3a 00MOMO20+0 PYYHO20 Ma aemomamu3oeaHo20 nidxodie; (4) kapmozpa-
gpyeaHHs1 3cyeHoI cnpuliHsimaueocmi ma npocmopoee Modesito8aHHs 3cysie.

Pe3ynbTaTu. [PyHmyoYuck Ha aHani3i crieeiOHOWEHHS 2€07102i4HUX | 260MOPEhOI02iYHUX OaHUX, MOOEI08aHHS CIPULHSIMAUSOCMI 3Cy-
sie y LlenmpanbHomy Henani dae 3Mo2y eu3Ha4umu 30Hu, Halibinbw cxunbHi Ao nposiey 3cyeHoi Hebe3neku. AHani3 nidmeepadxye icmomHy posnb
niHeamMeHmie y hopmyeaHHi 3cyeie ma ix 38’130k i3 meKmoHiYHUMU ma epo3iliHUMuU npoyecamu. Y 38'A3Ky i3 yum e pezioHanbHy Knacugikayiro
3cyeie LjenmpanbHoz2o Henany HeobxiOHO eknroYumu 3cyeu, noe'asaHi 3 ocnabneHumu 3oHamu pi3Hoi Nnpupodu ma opieHmauil.

B v cHoBEKW. ModentosaHHs cnpuliHamaueocmi ma npo2Ho3ye8aHHs 3cyeie Ha pe2ioHarlbHOMY pi8Hi € OCHOBHUM emarioM OyiHKU ma ynpase-
JNiHHA 3cy8HUMU pu3ukamu. Pe3ynbmamu cmocyrombcsi 3a2asibHO20 iUy 2e0s1020-2e0Mopghos1o2idHuUxX i naHOwagmHux ¢hakmopie Ha ¢hopmy-
8aHHs1 3cyeHux sisuw, y LjenmpanbHomy Henani. lfpoeedeHHs1 aHanisy 3cyeie ma eue4yeHHs ix OUHaMiKu ma pexumy MoxJsuee siuwe 3a ymMosu
demanbHux docnidXeHb Ma eusiesieHHs1 piopumemy ensuey KoXXHo20 ¢hakmopa Ha 3cyeoymeopeHHsi. Lje docnidxeHHs1 makox Mae Ha Memi Halamu
dodamkosy iHghopmauyito uyodo 20moesHocmi Ao cmuxitiHux nux, MiHimizauyii npupodHuUx pu3ukie ma 3abe3neyeHHs MPaKMUKU CMasoao 3eM/IeKopu-
cmyeaHHs1 8 Pe2iOHi.

Knio4yoBi cnoBa: Henan, 3cysHa Hebe3neka, cnpuliHamaueicmn, KapmoapagyeaHHs.
ABTOpM 3aABNSAIOTL NPO BiACYTHICTb KOHAMIKTY iHTepeciB. CnoHcopy He 6panu yyacTi B po3pobneHHi AoCnimKeHHs; y 360pi, aHanisi un
iHTepnpeTaLii AaHVX; y HanUCaHHi pyKonucy; B pilleHHi Npo nybrnikavilo pe3ynbTaris.
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EKCKYPCU rEOMAIrHITHOro nonsa XPOHY BPIOHEC.
YACTUHA 2: MATHITOCTPATUIPA®IA CYBAEPAJNIbHUX BIOAKNAAIB
TA BInJIMB HA NOBKINNA

(lMMpedcmaeneHo 4YneHoM pedakuyiliHoi kosnezii 0-pom 2eo. Hayk, cm. docnidHukom O.l. MeHbwoegum)

BcTyn. CyyacHuli cmaH ma npobsemu docidxeHHsI eKcKypcie xpoHy bproHec po3ansiHymo y nepwili yacmuHi cmammi.
3okpema, 3a3Hav4eHO, w0 Halibinbw HadililHO ecmaHoeslIeHUMU y XpoHi BproHec eeaxarombcsi ekckypcu Laschamp (41 muc. pokie
momy), Blake (114 muc. pokie momy), Iceland Basin (188 muc. pokie momy). Y dpyezili yacmuHi cmammi HaeedeHO demanbHull
02190 ma npuknadu 3acmocyeaHHs1 2e0Ma2HiMHUX eKCKypcie XxpoHy BproHec npu kopensuii cybaepanbHux eidknadie nielicmo-
UyeHy, 30KkpemMa Jiecoeo-r'pyHmoeux mosuw, YkpaiHu i cyMixxHux kpaiH €eponu.

MeToawu. [JocnioxeHHs1 necoeo-rpyHmMosux moeu, 8UKOHyeanuck fnajeoMazsHimHuMu ma nempomazHimHuMu Memodamu.
Po3paxyHOK xapakmepucmu4YHOi KOMMTOHeHMU HaMa2HidYyeaHOCMmi BUKOHy8ascsi cmamucmu4YHUMU MemodamMu cghepuyHUX OaHUX.

Pe3ynbTaTtu. llpedcmaeneHo Hogi pe3ynbmamu A0cidXeHHs 71eco80-I'PyHM0o8020 po3pi3y PokconaHu, uyo 0OMoeHo-
romb nonepedHo MazHimocmpamuapagiyHy wkany. Y po3pisi ausiesnieHo eKcKypc o6epHeHol nonsspHocmi Ha pieHi HUXXHbO3aea-
diecbko20 nedokomnmnekcy (S4; kopensHm MIS 11), wo e Hawil iHmepnpemauii 3icmaenssembcs 3 nodieto Unnamed eikom
430 muc. pokie momy, onucaHoro paHiue y necoesux po3pizax B'asieok i Medubix. O620e80peHO ocmaHHi po6omu 3 eU84YEeHHs
npobieMamuku enyiuey eKcKypcie Ha 3MiHU A0Kinss, 30KpemMa Ha rnasieoekosio2iyHi ma ksiMamu4Hi 3MiHU 8 oCmaHHbLOMY J1b00O-
sukoeomy rnepiodi.

BucHoBku. Cy4yacHumu docinidxeHHsIMU Jlecoeo-rpyHmMoeoi ¢hopmauii YkpaiHu eusiesieHo ekckypcu Unnamed (430 muc.
pokie momy) ma Big Lost (540 muc. pokie momy). BiocymHicmb iHwux dob6pe 3adoKymeHmoegaHux 2/106abHUX eKCKypcie y eepx-
HborIelicmoyeHo8UX J1eco80-T'PyHMoe8uUX 8idkadax Moe MosICHIO8aMUCS sIKk HelmoeHomMoro eidbopy 3pa3skie, mak i cmpamuezpa-
ivHUMU nepepeamu, ocobnueocmsmMu naseomagHimHo20 "3anucy” ma HedocmamHbOK 8UBYEHICMIO Ma2HimHoi MiHepasoaii
yux nopio. Bnnue iHeepcili ma eKcKypcie 2eoMagHimHO20 Nosisi Ha 3MiHU O0BKINsA € OUCKYCIUHUM numaHHSAM, wo nompebye
nodanbwux docnidxeHb, 0cobnueo y cghepi mowyky MexaHiamie makozo ennusy. Ockinbku 6azamo docnioHukie nidkpecroromb
posib ammMocghepHO20 030HY y 3MiHax Kilimamy ma doekinnsi, 3anponoHoeaHul y (Kilifarska, Bakhmutov, & Melnyk, 2020) mexaHi3m
MOJXKe MosICHIo8amu 38'30K 3MiH 2eoMa2HimHO20 nosisi ma Knimamy.

KnwuyoBi cnoBa: iHeepcii ma ekckypcu 2eoMa2HimHO20 roJisi, MagHimocmpamuepadisi, iecoeo-rpyHmoei cepii, 3miHu

HaeKONMUWHBLO20 cepedosulya, nNIelicmoyeH.

BcTtyn

Y nepwin yactuHi ctaTTi 6yno po3rnsiHyTO CyyYacHUW
CTaH [OCNifKEeHHSA eKcKypciB XpoHy bpitoHec (BaxmyToB Ta
iH., 2023). Ha cborogHi HanbinbL HagiHO BCTAHOBNEHUMM
y XpoHi bproHec BBaXatoTbCcsa ekckypcu Laschamp (41 Tuc.
pokiB Tomy), Blake (114 tuc. pokiB Tomy), Iceland Basin
(188 Tuc. pokis Tomy), a HanbinbLo Npobnemoto € AOCTO-
BipHEe BW3HAYEHHSA EeKCKYpCiB Yy 4YacoBOMYy iHTepBani
0-30 Tnc. pokis Tomy. [JOCTOBIpHO BCTAHOBMEHI EKCKypCu
MOXYTb CRyryBaTu HagiHUMW cTpaTurpadiyHumm pene-
pamu Onsa Kopensauii YeTBEepPTUHHMX BigKNagiB, OCKINbKU
BOHW € KOPOTKOYACHMMMU B reonoriyHmMx mactabax yacy no-
4isimu, sKi MaloTb rnobanbHUA YN perioHanbHUA XapakTep.
OcTaHHE pekoMeHAYI0Tb BpaxoByBaTy npu nobyaoBsi XpoOHO-
cTpaturpadivyHuX LwKan.

[pyra yactuHa cTaTTi NpucBAYEeHa akTyanbHUM nuTaH-
HSIM 3any4eHHs eKCKypcCiB y po3B'si3aHHi npobnem cTpaTur-
pacpii, naneoknimaTonorii Ta eKonorii aHTPOMoreHy,
30KpeMa pesyrnbTatam AoChigKeHb eKCKypCiB y cybaepanb-
HUX BigKNagax nnencroueHy YkpaiHu t1a AeskuM iMoBipHUM

MeXxaHi3aMmaM BMfvBY eKCKYpCiB Ha 3MiHW OOBKiNMs, Hacam-
nepen Ha 3MiHu knimary.

3anuc ekckypcie e cybaepanbHux eidknadax. 3any-
YEHHS1 ManeomarHiTHoOro Metogy [Anis po3B'A3aHHA 3agad
ctpaTurpadii B 1960-x pokax i noganbLui iHTEHCUBHI oCHi-
[PKeHHs1 cybaepanbHoi dopmauii nnencrtoueHy YkpaiHu,
Kutato i LleHTpanbHoi A3ii nepeaycim 6ynu ckepoBaHi Ha no-
OynoBy MarHiTocTpaTurpadiyHoi wkanu. 3aaBanocs, Lo
nepLwi obHaginnuei pesynbTatu gadyTb BignoBigi Ha nu-
TaHHA Kopensauii YeTBepTUHHMX BigkNagiB 3a naneomarHit-
HUMK AaHuMK (AnB. nocunaHHsa y baxmyToBs Ta iH., 2023).
OpHak i3 Yacom BMSBUINOCS, LLO NpK iHTepnpeTauii pe3ynb-
TaTiB BUHMKaNo 6araTo cynepeunueBux TnymayeHb SK cTpa-
TurpadivyHuX, Tak i MarHitoctpaturpadivyHux cxem. HK
He[aBHI NpUKNag MOXHa HaBeCTW Ornsg 3 OTPMMaHHAM
HOBMX JaHUX LOAO NOnoXeHHsA Mexi MaTtysama—bploHec B
OMNOpHUX po3pi3ax NecoBo-I'pPyHTOBOI dopmallii nnencro-
ueHy Ykpainu (Hlavatskyi, & Bakhmutov, 2020; BaxmyToB u
ap., 2021). 3 ekckypcamu npobnema HabaraTo cknagHiwa,
TOMY OKPeMO Crlig 3ynMHMTUCA Ha 0cobnmBocTAX "3anucy”
€KCKypciB B cybaeparnbHuX Bigknagax.

© baxmyToB Bonoaummp, MensHuk MNanuHa, Masaubkuin AMutpo, NMonsiueHko €BreH, 2024
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OcHOBHO Npobnemoto y BU3HAYEHHI EKCKYpPCiB Y Neco-
BMX TOPM3OHTAax, MOPYLIEHUX noAanblMMK npouecamMm
I'PYHTOYTBOPEHHS, € 3aTpMMKa naneomarHiTHoro "sanmcy",
L0 3yMOBIOETLCH rMmnbuHoto dikcadii (lock in depth) Hama-
rHiYeHoCTi y AocnigXyBaHux nopogdax. Taka "saTpumka” no-
SICHIOETbCSH TUM, LLO BTOPWHHI MpOLIECUM HaMarHiyyBaHHs
(nocTceamMMeHTaUinHi, XiMiyHi, B'A3Ki), 3yMOBMeEHi 3a3Bu4yan
npouecamu negoreHesy, "3millyoTh" naneomarHiTHun "3a-
nuc" yH13 no TOBLLi po3piay, i BiabyBaeTbCA sK MOro 34aBHi-
WaHHA, TaK i 3rmamkyBaHHa (TOOTO CMOTBOPEHHs) (AuB.,
Hanpuknag, bonbwakos (1995; 2004)). Mpu 3MmilleHH rnu-
O1HM dhikcauii Ha Kinbka MeTpiB, 3rigHO i3 3anNPoNOHOBaHO
B.A. BornbluakoBMM CXeMOH0, HanPSMKX 3anuLLKOBOT Hamar-
HIYEHOCTi KOHTPONIITHLCA NOCTCEANMEHTALINHOK HaMarHi-
YeHICTI0, dka Moxe opMyBaTUCHA 3HaAYHO nisHiwe. [Npwu
LboMy "3anmc” Bapiauin reoMarHiTHOro nons y nopogax cyT-
TEBO 3rNafKyeTbCS, @ KOPOTKOYACHI Pi3Ki 3MiHW KOMMOHEHT
nons (Hanpuknag, ekcKypcu) MOXyTb B3arani He dikcyBa-
THCs. MoXNuBICTb BMMMBY Taknx NpoLecis Ha naneomarHit-
HUIM "3annc" NokasaHo Ha NpuUKNagi BUBYEHHSI reOMarHiTHUX
€KCKypCiB, "3annc" sikmx cnoTBOPIOBaBCH YN 34aBHILIAB Ha
PiBHSIX PO3BMHYTOrO NMeforeHesy necoBO-I'PYHTOBUX PO3pi-
3iB (Fang et al., 1997; Zhu et al., 1994, 2007; Sun et al.,
2013). BogHouac HamarHiyeHocTi y "3anucax" eKkckypciB y
necosux ropusoHTtax (Zhu et al., 1994; Sun et al., 2013),
a TaKoX BUAINEHHS BIKOBUX reoMarHiTHMX Bapiadin (Evans,
& Heller, 2003), Bka3ytoTb Ha 3HAYHO MeHLWY "rNnOuHY dik-
cauii" ansi necis NOPIBHSAHO 3 r'pyHTaMW.

B y3aranbHioBanbHii poboTi 3 MarHiTocTpaTurpadii neco-
BMX po3pisiB Kutato (Liu et al., 2015) posrnsiHyTi naneomarHi-
THi i neTpomarHiTHi gaHi 3a maike 40 pokiB i 3pobneHa
cnpoba kopensiii KOHTUHEHTanNbHUX NanNeoKniMaTUYHNX (Ha
OCHOBI NETPOMarHiTHUX AaHux) "3anucis" i3 pesynbratamm,
OTPMMaHVMK  Onsi  MOPCbKUX TMNOOKOBOAHUX Bigknagis.
Monpw getanbHi OOCHIOKEHHS OECATKIB NeCcOBO-I'PYHTOBUX
po3pisie, aBTopu (Liu et al., 2015) pobnsiTb BUCHOBOK, LLIO OK-
pim rpaHuui Matysma—BptoHec, cTpaTurpadiyHe nonoxXeHHs
iHLIMX reoMarHiTHUX nogdii (exckypciB) BCTAHOBIEHO HeHa-
JiliHo | noTpebye yTouHeHHs. MNpoTe i aHani3 posTallyBaHHS
rpaHuui MaTtysima—bploHec Ha cTpaTurpadivyHuX WKanax Bka-
3ye Ha ii "nnaeatoyy" NpuypoYeHiCTb TO A0 MPYHTOBUX FrOpu-
30HTIB, TO A0 Nnecosux (baxmyTtos, & Masaukun, 2016).

Y nisHiwmx pobotax (Bolshakov, 2017; Jin et al., 2019;
Hlavatskyi, 2019; Hlavatskyi, & Bakhmutov, 2020, 2021), ogHak
rinotesa "lock in depth” 6yna nepernsHyTta. 3okpema, "nnasa-
toye" nonoxeHHs Mexi Matysma—BbptoHec y GinbLuocTi neco-
BMX pospisiB Kntato Ta YKpaiHM NOSICHIOETLCA HEKOPEKTHUM
cTpaturpadiyHUM po3yrieHyBaHHsIM, NepepBaMu B OCafoHa-
KOMUYEHHI, HETOYHMM BU3HAYEHHSIM MEXi MK I'PyHTOBUMM Ta
NecoBUMU rOpU3oHTaMK. HAK BUSIBUNIOCb, TPaHYNOMETPUYHI
aHarniay BKasyloTb Ha Oinblly haKTUYHY MOTYXHICTb IPYHTO-
BOTO FOPV30HTY 3a paxyHOK YaCTWHW NeCOBOro (Ae i BUu3Haya-
nace rpaHuus MaTysma—bptoHec), Ha BigMiHy Bif BidyanbHOro
BM3HAYEHHs1 y MOMbOBMX YMOBax Ta 3a AaHUMMK MarHiTHOI
cnpunHatnueoctTi (Liu et al., 2015; Jin et al., 2019).

Came yepes nepepsu y ceauMeHTaLii eKCKypcu He Tak
4YacTo IKCYTbCH B YHETBEPTUHHUX NECOBMX Bifknagax, 30-
Kpema B Mexax AeTanbHO BUBYEHWUX po3pisiB KuTtancbkoro
N1ecoBOro NnaTo i €Bponu, BKIOYayy AOCHIAKEHUA HaMK
CTpaTOTMN NeCOBO-I'PYHTOBOI hopmalii YkpaiHm — po3pi3s
Crapi Kanpakn (Hlavatskyi et al., 2021). OgHak y 6aratbox
paHHiX EBPOMENCbKMX (Ta yKpaiHCbKUX) AOCNIAKEHHSX NeciB
Oyna onybnikoBaHa iHhopmaLlisi NPO YMCMEHHI "reoMarHiTHi
ekckypcii". Ha Hawy aymky, e 6yno 3ymoBneHo HegocKo-
HanicTio B MeToauLi naneomarHiTHUX 4OochiaXeHb, 30KpeMa
HeBpaxyBaHHAM BMNMBY B'A3KOI CKNagoBoi 3anuLLKOBOI Ha-
MarHiYeHocCTi, i Taki 3anucy "ekckypcis" He Gynu 3ymoBneHi

ISSN 1728-3817

3MiHaMu reomarHiTHoro nons (Ave.
Hlavatskyi, & Bakhmutov, 2020).

Mig yac Hawwmx gocnigkeHb TiNbKK OesKi eKCKypcu bynu
3acpikcoBaHi y cybaepanbHuX Bigknagax cepegHboro nnen-
ctoueHy (puc. 1). besimenHa nogis (Unnamed; 430 Tuc. po-
KiB TOMy) BusiBneHa y pospisax B'asiBok (Hlavatskyi, &
Bakmutov, 2020), Megxunbix (Mnasaukuin n gp., 2021), a
ekckypc Big Lost (540-580 tuc. pokiB Tomy) — y po3spisax
Pokconann (Bakhmutov et al., 2017) ta [JdonuHcbke
(Hlavatskyi, & Bakmutov, 2021). Kpim Toro, y po3pisi Pokco-
naHun 6yrno BN3HAYEHO eKCKypC NPsiMOi NOMSAPHOCTI Y XPOHi
MaTtysima, nonepenHeo 3ictaBneHui i3 Kamikatsura (867—
900 Tuc. pokiB ToMy). BuaHayeHHst Ha Lmx po3pizax iHLWKX
HafinHO 3aJ0KYMEHTOBaHUX eKCKypcCiB, 3okpema Lachamp
Ta Blake, notpebye noganblumx AeTanbHUX AOCHIMKEHb 3
6esnepepBHUM (CyLinbHMM) BiGGOpPOM 3paskiB.

Y po3pisax 3axigHoi YacTuHu YkpaiHu, npu geTanbHOMY
BiAOOpi opieHTOBaHMX 3pa3kiB Ha pO3pi3i BEPXHLOrO MIENCTo-
ueHy KonogiiB, Oyno igeHTudikoBaHO ekckypcu Blake Ta
Lachamp (Nawrocki, Boguckyj, & tanczont, 2007). Y po3pisi
Ckana lMoginbcbka y HWXHIA YacTUHI BEPXHLOTO NEeLOKOMI-
nekcy, cpopmoBaHOro Ha BifKknagax OCTaHHbOrO iHTeprisLi-
anbHoro rpyHTy (Ha rmmbuHi 0,5m Big noBepxHi), Gyno
BM3HayeHo enizon Blake (Boguckyj et al., 2009). Maneomar-
HiTHa noais Pringle Falls (212 Tuc. pokis Tomy) 6yna BusB-
1leHa B apXxeornoriyHii ctosHui Benvkuin Mnnboyok (Lanczont
et al., 2014). Kpim Toro, Ha naneonitTuyHii cTosHUi MNpoHATUH
Oyno ineHTndikoBaHoO ekckypc Blake (Lanczont et al., 2015).
MmosipHuin exckypc Hilina Pali (18 Tuc. pokie Tomy) onmcaHo
y po3pisi PiBHe y BEpPXHi YaCTUHI OCTaHHLOrO NeCOBOro ro-
pu3oHTy (Nawrocki et al., 2018). Cnig 3a3HaunTk, WO Aeski 3
UMX eKcKypciB Bynu BU3HAYeEHi TiNbkK MO ogHOMY 3pasky, a
BigHOCHO ekckypcy Hilina Pali kputuyHi 3ayBaxkeHHsa Gynu
3pobneHi B (Snowball, 2018).

Bigknagu nnencroueHy neyvepu bykoBWHKa Takox OocC-
nigpKyBanucsa naneomMarHiTHMM metogom (Bondar, & Ridush,
2015). OanH 3pa3ok nokasaB aHOMarbHe 3HAaYeHHS! CXU-
neHHs1 (6rnunabko 60°), Lo aBTOpK iHTEprNpeTyBanu sk NposiB
ekckypcy Etrussia 6nm3bko 2,8 Trcsiy pokis Tomy.

Cepepn HaMnoBHIWNX pO3pi3iB reomarHiTHUX enisogis y
cybaepanbHuxX Bigknagax AOUiNbHO PO3rAsHYTU CBEpPAno-
BuHY Udvari-U2 y 6acewHi piukv OyHan (YroplimHa), y Skin
MarHiTO30HM 3BOPOTHOI MONSPHOCTI B MeXax XpoHy bproHec
Oynu iHTepnpeToBaHi (Simegi et al., 2018) sk Blake
(120 Tuc. pokis Tomy), Iceland Basin (191 Tuc. pokis Tomy),
Levantine (362 Tuc. pokie Tomy), Unnamed (430 Tuc. pokis
Tomy) Ta Stage 17 (670 Tuc. pokis Tomy). Lis cBepanosuHa
Mae noTyxHicTb 170 M (3okpema, Bigknagu enoxu bptoHec
— BepxHi 70 m), naneonegonoramu He 3adikcoBaHo CTpaTy-
rpadivyHnx nepeps, a MarHitocTpaTurpadiyHi BUCHOBKM 06-
I'PYHTOBaHO YNCIIEHHUMM 3HaXigKamu gayHu.

Ak npuknag naneomarHiTHUX AOCHIMKEeHb Y cybaepanbHNX
BigKnagax Ta iXHbOi MarHitocTpaturpadiyHol iHTepnpeTaLii
HaBeJeMO HOBi pe3yrnbTaTi AOCHIMKEHHS NTECOBO-I'PYHTOBOIO
po3pisy Pokconanu B lNiBHiYHOMY [NpryopHOMOp!'T.

Ekckypc Unnamed (430 muc. pokie momy) y necoego-
rpyHmoeomy po3pi3i PokconaHu.

leosioziyHe nonoxxeHHs1. Po3pi3 NNencToLeHOBUX Big-
knagis PokconaHn — oauH i3 HanMBigOMILLMX €BPOMNENCHKUX
NEecoBO-I'PYHTOBUX PO3pIi3iB, LIO AeTanbHO BMBYanM 4uc-
NEHHi yKpaiHCbKi Ta MiKHapoOHi koMaHau (avB. ornsag B
Hlavatskyi, & Bakhmutov, 2020; Bakhmutov, Hlavatskyi,
& Poliachenko, 2023). BigcnoHwoetbest (46°11' nH.w.;
30°26' cx.g.) Ha niBomy 6epesi [HICTPOBCLKOro NMUMMaHy y
BUMMSAAI NecoBKX KnidiB NOTYXHICTIO 4o 55 M i €, BiporigHo,
HanBinbL NOTY>XHUM NECOBO-I'PYHTOBUM po3pizom lMpuyop-
HOMOPCBKOI  HM30BMHW.  3a  BIiACYTHOCTI  SIKICHMX

06roBopeHHs B
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niTonaneoneaonoriyHNX AoCnigKeHb, OCTOBIPHUX XPOHO-
NOTYHUX JaHuX, a TakoX Yepes3 TPYOHOLLI Y BUAINEHHI Ha-
NpsiMKiB ~ Hanbinblw  cTabinbHOI  (XapaKTepUCTUYHOI)
KOMMOHEHTM 3anuLLKoBOi HamarHiyeHocTi (ChRM), ctpatur-
pacpis po3pisy PokconaHu Ta nonoxeHHs mexi MaTtyama—
BploHec BUKNMKanu xxBaBi AMCKYCIi, NOYMHAOUM 3 Yacy Noro

B’sasieok

%1 vs0 | hi R-SO | hi

L ERRVIRIR| bg R-L1L1S1 df

4: viL1st | wt R-L1L1 bg
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1 R-L1L2 | ud
] vsist | pl R-s181 [ PI

81 V-SIL1 | ts R-S1S2 | kd

J R-L2 dn

181 VL2
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] R-S2 t
] i p
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227 VI3

oa] V-S3

] o Unnamed____ R|3 | o

(430 TC. pp. TOMYy) |

Mubuna, m
N
o
.

\
\
\
\
\
301 !

1
1 V-L5 ' R-S3 zv.
32 : \‘ 3
] \RL4 | v,
341 “R-S4~ -

361

PokconaHu

1 V-S1s2 | kd i -]

BMBYEHHA — y 1970-x pp. i goTenep. HepaeHo cniBaBTOpPU
uiei ctatTi (Hlavatskyi, & Bakhmutov, 2020) 3anponoHysanu
HOBe cTpaTturpadivyHe po3uneHyBaHHS, Lo 0a3yeTbca Ha
nonoxeHHi mexi Matysima—bptoHec, naneomarHiTHUX pene-
piB (puc. 1) Ta cy4acHUx OaHMX JNOMIHECLEHTHOro aarty-
BaHHS BEPXHbOI YaCTMHU pO3piay.

CnpolueHa nitonoris

Il cy-achvii rpynr [[] rnAuiansHuii cyrnuHok
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Puc. 1. BusiBneHi reomarHiTHi eKCKypcu 3a pe3ynbTatamMmu MarHitoctpaturpacdivyHmx pocnigpxkeHb
necoBoO-I'PYHTOBUX po3pi3iB YKpaiHu:
B'asiBok (Hlavatskyi, & Bakhmutov, 2020), Pokconanu (Bakhmutov et al, 2017; Hlavatskyi, & Bakhmutov, 2019),

Mepxmbix (Hlavatskyi, 2019; Masaukun n ap., 2021), JonuHceke (Hlavatskyi, & Bakhmutov, 2021). Ingekcy nosHavatoTb cTpaturpadiyHi

ropusoHTu: hl — ronoueH, bg — 6y3bkuid, vt — BUTaYiBCbkMiA, ud — yaancekui, pl — npunyLbkui, ts — TACMUHCBKUIA, kd — kangaLupkui,

dn — gHINPOBCLKMI, pt — NOTArannMiBCbKUIA, OF — OPINbCbKWN, ZV — 3aBafiBCbku, tl — TURirynbcbkuid, Ib — ny6eHcbkuniA, sl — cynbCcbkun,
mr — MapTOHOCBKWI, Pr — NPUAasoBCbKUN, Sh — LUIMPOKUHCBKUIA, il — innidiBCbKkWn, kr — kpvpkaHiBCbKUIA, br — 6epe3aHcbkuin, bv — 6eperiBCbkui.
Ekckypc Unnamed (430 Tuc. pokiB TOMy) 3anponoHOBaHO Ans po3pidy PokconaHu 3a naneomarHiTHAMU AaHUMW, HaBeEeHVMU Y L cTaTTi

Metoan

Y npoueci gogaTKoBMX AOCAIOXKEHb MNINOTHOI Konekuii
18 3paskiB i3 po3pisy PokconaHu y naneomarHiTHi nabo-
paTopii IHCTUTYTY reodismku lonbCbKoi akagemii Hayk
(m. Bapwasa, 2022 p.), 3paskn nonepegHb0 po3marHivy-
Banu 3MiHHUM MarHiTHMM NofieM yCTaHOBKOM, L0 Cynpo-
BOAXKYE  KpioreHHMn  marHitometp  2G SQUID DC.
OTpumaHi faHi NopiBHIOBaNuUCh i3 pedynbtaTtammn CTyneHe-
BOr0 TemnepaTypHOro po3marHiyyBaHHsi, NpoBefeHOro
B nivyyi MMTD 80, i BumipsaHuMK Ha marHiTomeTpi JR-6 y
HemarHiTHin  kimHaTi MMLFC LeHTpy KOmnekTuBHOro

ISSN 1728-2713 (Print), ISSN 2079-9063 (Online)

KOPUCTYBaHHSA MarHiTOMeTpMYHUMK npunagamu [HCTUTYTY
reodisvkn im. C.l. Cy66oTtiHa HAH YkpaiHn. 3pasku pos-
MarHiyyBanu 3MiHHMUM MarHiTHAM nonem i3 KpOKOM
2,5-20 mTn go 100-120 mTn Ta TeMnepaTypolo 3 KPOKOM
30-50 °C po 350 °C. llicna KOXHOro HarpiBy Ha MiCTKy
3MiHHoro ctpymy MFK1-FB BuMmiptoBanu marHiTHy cnpui-
HATNMBICTL ANA KOHTPOMIO MOXIMBUX MiHEpanoriyHnx
3MiH. Byno BMKOHaHO aHani3 KOMNOHEHT NPUPOAHOT 3anu-
LWIKOBOI HamarHiyeHocTi (natural remanent magnetization,
NRM) Ta pospaxoBaHO HanpsMKM AaBHbLOrO MarHiTHOro
nons 3a cTaHgapTHUMMW MeToANKaMW.
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B 1 C H U K KuiBcbkoro HauioHanbHoro yHieepcurety imeHi Tapaca LleBueHka

Pesynbtatu

[aHi 3a 17 3 18 3paskiB, po3marHiyeHMx 3aMiHHUM MarHit-
HUM nonem y BapLuaBschkint nabopaTopii, y3romkyTbesi 3 No-
nepegHiMmn gaHnmu (Hlavatskyi, & Bakhmutov, 2020) ans
BCbOrO iHTepBarny rmubuH. OaWH 3pa3ok i3 HKHbLO3aBaAiBCh-
koro negokomnnekcy (R-S4, MIS 11) Ha rmnbuHi 34,11 M mae
Aapyry crabinbHy komnoHeHTy (ChRM), wo Bkasye Ha obep-
HEeHy MOMsAPHICTb (puC. 2a). Hanpsmku xapakTepucTUYHOI
KOMMOHEHTWN 3paska-ayons i3 rmmbuHn 34,10 M, posmarHive-
HOTO TEMMEPATYPOIO, TaKOX TSXilOTb 10 0OEPHEHOI NOMNSPHOCTI
(puc. 26). 3paskn BULLE | HWXKYE i3 HUKHLO3ABAAIBCLKOrO
rOPU3OHTY BKa3YylOTb BUKIOYHO Ha NPSAMY NOMSAPHICTb.

3 ornagy Ha nonoxeHHs ekckypcy Unnamed Bikom
430 TuC. poKiB TOMY B HWXHbLO3aBaAiBCbKOMY FOPU3OHTI B
nonepeaHb0 BUBYEHMX po3pisax B'ssiBok i Memxunbix,
MOXHa MpUNyCTUTK, WO B po3pi3i PokconaHn 3oHa obep-
HEHOI NONAPHOCTI TakoX MOxe OyTu BigHeceHa 4O AaHoro
€KCKypcy, Lo MigTBEPOXYETbCA pesynbTataMu po3marHi-
YyBaHHA ABOX 3pa3skiB-ayobniB y pi3HmMx nabopartopisax pis-
HUMK MeTodamu. MNpoTe B pospizax B'asiBok i Meaxnbix
BKka3aHa 30Ha 0oOepHEeHOi MOomnsApHOCTI po3TalloBaHa B

1 3pa3ok R-87-41,
GEO mubuHa 34,11 m

(Lambert)
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HWXHIA YacCTMHI NeJOKOMMMEKCY, Ha BiAMiHY Big po3pi3y
PokconaHu, e 3oHa o6epHeHoi NONAPHOCTI po3TalloBaHa
Ha rmmnbuHax 34,10-34,11 M, gewo Buwe Big cepenHboi
YacTWHU I'PYHTOBOrO KOMMIEKCY. 3a naneoneonoriyHMMm
paHvmu (ouB. nocunadHHa B Hlavatskyi, & Bakhmutov,
2020) y pospisi PokconaHv gaHui negokomnneke — y mu-
Hynomy 0obpe po3BMHEHMWI, NPOTE YaCTKOBO AEHYAOBa-
HWWA, i3 3pi3aHUM TyMYyCOBVMM TFOPU3OHTOM. Y necoBO-
r'pyHTOBIV chopmauii €EBponu negokomnnekc MIS 11 3assu-
Yan [oOpe pO3BUHEHWI | Mae yABiYi Ginblly NOTYXHICTb,
30KpeMa Yy cycigHix pospizax CaHxivika i KypopTHe. Y Ha-
Win iHTepnpeTadii, y po3pisi PokconaHu 36epernacs nuiie
HWXXHS YacTMHA HWXHbO3aBaZAiBCbKOro NeloKoMIIEKCY, pa-
30M i3 NaneoMarHiTHUM 3anMcoM eKCKypcy, KU AOUifbHO
BigHecTn go Unnamed Bikom 430 Tuc. pokiB TOMY 3a aHa-
norieto Ao iHWKUX po3pisiB YKpaiHu i YropLmHu.

Omxe, nopaa i3 rpaHuueto MaTtysama—BpioHec, gocToBi-
PHO BCTaHOBMEHI reOMarHiTHi eKCKypcu MOXHa BBaXkaTu ne-
PCMEKTUBHUMW MapkepaMu Mnpu Kopensuii 4eTBEPTUHHUX
cybaepanbHux Bigknagis (puc. 1).

1 3pasok 87-40,
GEO rnuéuHa 34,10 m

(Lambert)
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Puc. 2. Npuknagu ctyneHeBoro po3marHivyBaHHsl 3MiHHUM MarHiTHUM nonem (a) Ta Temneparypoto (6) 3paskiB-gyonis
i3 HNKHbO3aBaAIBCbKOro IpyHTY (ropuM3oHT R-S4 3rigHo po3uneHyBaHHsa Hlavatskyi, & Bakhmutov, 2020):
1 — cTepeorpadiyHi NPOEKLii HAaNPSMKIB NPUPOAHOI 3anuLikoBoi HamarHiyeHocTi (NRM), nycTi (3anuTi) Toukv — NpoeKLii BeKTopiB
Ha BepxHto (HWXHI0) niBcepy y npoekuii JlambepTa; 2 — giarpamu 3ingepsenbaa; 3 — kpusi poamarHivyBaHHst NRM (M/Mpax)
Ta pe3ynbTaTv BUMIpIB MarHiTHoi cnpunHaTnmeocTi (K) nicna Harpisis

3HayeHHs1 eKckypcie Ons MazcHimocmpamuzpadii.
Ponb ekckypciB sk MarHitocTpaTurpadiyHux Mapkepis Ln-
pPOKO 0OroBOpHOETLCA B MyOnikaLisix OCTaHHIX pokiB. 30k-
pema, y (Laj, Channell, & Kissel, 2021) HaronowyeTbCcs,
Lo MeToau MarHiTtocTpaTurpadii y CBOEMY pO3BUTKY NpPOn-
LWV Wnsx Big nnaHeTapHMx MacwTabiB 3MiH reoMarHiTHol
NonsIPHOCTI 3 YacOBUMMW iHTepBanamu nopsiaKy KinbkKox co-
TEHb TUCSY POKIB O €KCKYpCiB, siki Aal0Tb 3MOry 4OCSITU
pO3AinNbHOI 30aTHOCTI y Kinlbka CoTeHb pokiB. KpiM Toro, xo4a

ISSN 1728-3817

B Aeskunx pobotax (bonbwakos, 2007) BCTaHOBNEHHSA eKC-
KypciB 3a gaHumm VADM (virtual axial dipole moment) Bu-
KNMKano CnpaBeAnuBY  KPUTUKY, 3HAYHE  3HWKEHHS
Hanpy>XeHOCTi reomarHiTHOro Nonsg nig 4Yac eKkCcKypciB BidK-
puBa€E HOBI MOXNMBOCTI ANS BCTAHOBIEHHSI KOpensuinHuX
3B'A3KIB 3 iHLUMMW NPUPOSHUMM apXiBamMKn, TaKUMU SIK KEPHU
nbopy 3 [peHnaHgii abo AuTtapktuam (Laj, Channell, &
Kissel, 2021). lMig 4ac 3MeHLUEHHSA Hanpy>xeHocCTi nons
36inbLIYETLCA MOTIK KOCMOrEeHHMX i30ToniB, Takmx sk '°Be,
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36Cl i '“C, wo HagxoaATh Ha NoBepxH0 3emni nicns ix yTeo-
PEHHS Y BEPXHIX Liapax atMocdepu, Ta KOHLEHTpaLis AKX
BUMIPIOETLCA B NbOAOBMX KepHax. HapelwTi, ineHTudikauis
npocpinis naneoHanpy>XeHocTi B 0cafoBUX ToBLLax 3abes-
neyye 0OCUTb TOYHY KOPEnsuilo Ta BigKpUBaE HOBWUIA eTan
MarHiTHoi cTpaTurpadii BUCOKOI po3ainbHOI 34aTHOCTI, KU
aKTMBHO PO3BUBAETLCS.

3e'a30k ekckypcie 3i 3miHamu doekinnsi. Yn Bnnuea-
I0Tb EKCKYpCW reomarHiTHoro nonsi Ha goskinna? Lle nu-
T@HHA  HanpsiMy CTOCYETbCA TeMM  3B'A3KY  3MiH
reomarHiTHoOro nomns 3i aMiHamu knimaty. € K NPOTUBHUKM,
Tak i NPUBIYHMKM iCHYBaHHSA Takoro 3B's3Ky, a HanbinbLue ny-
Onikaui 3a uielo TeMaTukor npucesHeHo nogii Lashamp.
Lisenuapcbki BYEHi BUKOHaNU po3paxyHKM CTaHy aTtmoc-
epu nig Yac ekcKypcy 3 BUKOPUCTaHHSM rnoGanbHoi XiMiy-
Hoi knimaTnyHoi mopgeni SOCOL-MPIOM (Suter et al.,
2014). IxHi po3paxyHKkn nokasanu 3HauyHe 36iMbLIEHHS KOH-
LleHTpaLii BOOHIO Ta oKcuay a3oTy BHACMIAOK NOCUIEHOI io-
Hi3auii ranakTMYHNUMM KoCMiYHUMK npoMeHsamu (FKIT), 3MiHn
KOHLeHTpaUil 030HY, SKi € MPUYMHOK 3HAYHUX 30HAaNbHMX
aHomanin BiTpy, 4o 5 m/c y cTpaTocdepi Ta 8o 2 m/c y Tpo-
nocdpepi, NOCUNEHHs1 LMPKYMMONSAPHUX BUXOPIiB B3UMKY. Lle
[00pe y3roxyeTbcsl 3 JaTOBAHUMU 3 BUCOKOK PO3AiNbHOK
30aTHICTIO AaHMMUK NOMNSIPHUX NbOAOBUX KEPHIB Ta CyoTpo-
niyHmMx cneneotem. OgHak aBTOpU pobNATb BUCHOBOK, LUO
reoMarHiTHi eKCKypcH, WBMALLE 3a BCe, HE MaloTb NPSMOTrO i
3HAYHOrO BMMBY Ha rnobanbHWI KrimarT.

Hatomictb Cooper et al. (2021), BUKOPUCTOBYIOUM Ty XK
camy rnobanbHy XimiyHy KniMaTudHy wmogens SOCOL-
MPIOM ansi cBoix po3paxyHkiB, pobnsite BUCHOBOK NpoO
BMNMMB nogdii Lashamp, B noegHaHHi 3i 3Ha4HMMU COHSAYHUMU
MiHIMyMaMu, Ha iCTOTHi 3MiHW B KOHUeHTpauii i unpkynsuii
030Hy B aTtmocdepi. Ak BKadyBanocb BWLLE, EKCKypC
Lashamp BigbyBaBcsi Ha OOHI 3HUXKEHOI NaneoHanpyxeHo-
cTi reomarHiTHoro nons. Astopu (Cooper et al., 2021) BBa-
XKawTb, WO MiABULLEHUI pPiBEHb COHSAYHOI Ta KOCMIYHOI
pagiauii, sika gocsirae aTmocdepun 3emni Yepes ocnabneHe
reomarHiTHe none, AMOBIPHO, 30iNbLUMB iOHI3aLil0 aTMOC-
depn Ta 3HU3NB piBEHb 030HY Y cTpaTocdepi, NOTEHUINHO
CMPUYMHUBLLN perioHarnbHi KMiMaTUYHi 3MiHW, NPOSIBU SIKNX
ikcytoTbest B 6aceriHi Tuxoro okeaHy. Lie nokanbHi nbogo-
BMKOBI MakcMmymun B ABcTpanasii Ta AHgax, 3acyxa Ha
BCbOMY KOHTMHEHTI Ta BUMUPaAHHA MeradayHu B ABcTpanii,
Aki Bindbynuca ~40—42 Tuc. pokiB ToMy. Y ToW camuii nepiog
y MiBHiYHIN AMepuui cnocTepiranocs LUBMAKE, BUpaXeHe
pO3LUMPEHHS JlTaBpeHTUACHKOro NbOL4OBUKOBOMO LMTa Bif,
noro MiHiMymy ~42 Tuc. pokiB Tomy. [ns BCTaHOBMEHHSA
XPOHOJOriYHOT NOCNIAOBHOCTI LIMX NOAIN Ta IXHbOro MMOBIp-
HOro 3B'A3Ky 3 ekckypcoM Lashamp 6ynwu 3any4eHi HoBi To-
YHi YacoBi MpWB'A3KW, OTPMMaHi 3aBOSKWA OOCNIMKEHHSAM
npupoaHoro apxiesy — aepes kaypi (Agathis australis) 3 nie-
HiyHOI YacTrHKM Hoeoi 3enangii (Cooper et al., 2021). [eTa-
NbHUA pajioByrneueBuin aHania 3anuwikiB UMX OepeB Yy
NnoeaHaHHi 3 JaHMMKM crieneoTeM nedepu Xyny, AaToBaHMX
3a 0Th meTofOM, @B 3MOry BMKOHATX PEKOHCTPYKLO aT-
mocdepHoro “C nig vac ekckypcy Laschamp. Byno Busie-
NEeHO  3HayHi  3MiHM  KOHUeHTpauii  aTtmocdepHoro
pagioByrneuto 4o Ta nig yac Laschamp, Wwo, sik NOPIiBHATY 3
naneomarHiTHAMU AaHUMW, [O3BOMMIIO BCTAHOBUTHW, LLO
¢asa obepHeHoi nonspHocTi nogii Laschamp Tpueana Big
41,56 po 41,05 tuc. pokiB Tomy. 3anuc Kaypi-Xyny pas
3MOry 3KOpenoBaTu Nogito 3i 3MiHaMU HaBKOMMULLHBOTO ce-
pefoBulia y nnaHetapHomy macwTtabi. byno BigsHaveHo,
o ~42 Tuc. poKiB TOMy B CepefHiX i HMU3bKUX LUMpOoTax
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BioOynMCsl ogHOYacHi KniMaTuU4Hi Ta eKonoriyHi  nogiji
(puc. 3). Lle 36irnocsa 3 ocnabneHnm reoMarHiTHAM nonem
3emni, 9gke 6esnocepedHbLO MepenyBano  €KCKypCy
Laschamp, i 3aranom, Cooper et al., (2021) Ha3Banu Lo no-
nito "Adams Transitional Geomagnetic Event" (nani "Mopgis
Apamca"). Husbka HanpyXeHiCTb reomarHiTHoro nons nig
yac "MNogii Agamca", pa3om i3 BENMKMMN 3MiHaMU iHTEHCUB-
HOCTi KOCMIYHOrO BWMNPOMIHIOBaHHSA, npu3Benn [o 36inb-
LLEeHHA aTMOcepHOi ioHi3aii Ta ynbTpadionetosoro (YO)
BMNPOMIiHIOBaHHSA Ha g0 25-40 % i 10—15 % nopiBHSHO i3
CyyYacHUM piBHEM, 0COGNUBO B eKBaTopianbHUX i HU3bKKX
wupotax (<40°). ABTopy HaronowwytoTb, wo "Mogis Agamca”
nyxe 6rnm3bka 3a Yacom Ao rnobanbHoro nowmpeHHs diry-
paTUBHOrO HacKenbHOro MUCTELTBA, BiAOUTKIB pyK 3 YepBO-
HOI OXpM Yy neyepax, Hanpuknag y €sponi Ta Ha ocTpoBax
MiBaeHHO-CxigHoi Ag3ii, sake patyetbcs ~40-42 Tuc. pokis
TOMy. BOHM iHTEpPNPETYIOTL Le SK BUKOPUCTaHHSA nevep sk
YKpUTTA Bif 30inblieHHs ynbTpacdpionety B nig vac "Mogii
Agamca". Y Ui xe poboTi nepekaniopoBaHuin Yac BUMUK-
paHHa HeaHgepTanbuie ctaHoBuTb Big 40,9 go 40,5 Tuc.
pOKiB TOMY, pa3oM 3i 3HUKHEHHSAM OEeSKUX NepLUnX €BpOMnen-
CbKUX KynbTyp i NOAAnbLUOK LUMPOKOH MOSIBOK OPUHbSI-
KCbKOro TexHokommnekcy. Takox astopu (Cooper et al.,
2021) BMCROBMIOIOTL NPUNYLLEHHS, IO reoOMarHiTHUA ekc-
Kypc Mono Lake (34 Tuc. pokiB ToMy) Big3Ha4YaeTbCs YiTKUM
nikom “C y cranarmiti neyepu Xyny i Moxe GyT1 NPUHNHO0
HaCTYMHOro BUMMpaHHA MeracpayHu B €Bpagsii. 3aranowm ae-
TOPW MPOMOHYIOTb HOBY MOAENb PanToBUX NaneokniMaTuny-
HMX 3MiIH — 4epe3 reoMarHiTHi eKCKypcu MOXYTb
3MiHIOBaTUCS LUMPOTHI TemnepaTypHi rpagieHTu, OCKinbKu
BiaOyBaeTbCA pi3ke 36inMblLUeHHA KOCMIYHOI pagdiauii Ta
3HWXKEHHS KOHUEHTpauii 030Hy. BkazaHo Ha MOXnMBWIA rno-
OanbHWI BNNMB reoMarHiTHUX iHBepcin 3 HabaraTo Bigaane-
HiLLMMW Y Yaci Hacnigkamu, OCKiNbKK iHBepCis BiabyBaeTbCA
HabaraTo AOoBLUE, HiXX ekckypc. B ocTaHHi poku onybniko-
BaHO 6arato pobiT Ha U TeMy, 30Kpema Mpo HU3bKy BEnu-
YMHY Hanpy>XeHoCTi Ta rinepakTUBHWIA (IHBEPCINHWI) pEXUM
reoMarHiTHOro nons HanpukiHui efiakapito — no4YaTky kemb-
pito, IO FNOTETUYHO MOSICHIOE (heHOMEH "keMOpiiCbkoro
BMOYXY", KONMM LWBMAKO i Maike OOHOYACHO Ha HaLluin
nnaHeTi BUHUKNO 6e3niv HoBMUX GionoriyHMx hopm (amB., Ha-
npuknag, (Shcherbakova et al., 2020), i nocunaHHs B Hin).
MpupopgHo, wo ny6nikauis Takoro matepiany BUKIUKae nig-
BULLEHWUI iHTepec Ta guckycito, 3okpema y (Hawks, 2021
Ta NOCWMaHHA B Hill) HABEAEHI apryMeHTH, Lo 3anepeyy-
I0Tb BMMB E€KCKYPCiB reoMarHiTHOro nons Ha Taki 3HauyHi
3MiHW OOBKINMS.

3a Hawumy JOCHIOXEHHAMN HWKHBOCTpaTOCHEPHNUIA
030H Bifirpae BaXnuBy posb y MOXIMBOMY BMNMWBI reomar-
HITHOrO Mons Ha knimMat. MexaHiam Takoro BnnuBy SIBMSiE CO-
OO0  mMaHUtor  MPUYMHHO-HACNIAKOBMX  3B'A3KIB,  SIKWUWA
NMOYMHAETLCA 3 MOAYNSLIT MOTOKIB KOCMIYHMX MPOMEHIB reo-
MarHiTHUM nonem. [ani 4acTUHKM KOCMIYHWX NPOMEHIB
BMMMBaKOTb Ha KOHLEHTPAaLito 030HY B HWXHI cTpaTocdepi,
sika BMN/MBaE Ha BOAsIHY Napy Ha BMCOTax HWXHLOI CTpaTo-
chepu-BepxHbOi Tponocdepw, Aki € HaA3BUYANHO YyTNu-
BUMWU 00 Oyab-skux 3MiH BOMOrocTi Ta MakTb BNAUB Ha
pagiauiiHui BanaHc nNnaHeTn, a OTKe i Ha NPU3EeMHY TeM-
nepatypy (Kilifarska, Bakhmutov, & Melnyk, 2020). Lleit me-
XaHi3M OCHOBaHW Ha [aHuX MPSMUX CMNOCTEpeXeHb Ta
eMnipu4HMx mogernen gns octaHHix 120 pokiB, ogHaK BiH
[ae Hanbinbl peanicTM4yHe Ha CbOroAHi NOSICHEHHS! 3B'A3KY
reomarHiTHoro nons i knimary.
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Puc. 3. 3miHu knimaTy Ta HaBKONUWHBLOro cepenoBuila nig vac "Mogaii Agamca”.
(A) 3naueHHs A'C 3a gaHMMK no gepesax kaypi (KOMbOPOBI CYUiNbHI KPYXXEUK/ No3HavaTb OKpeMi gepesa)
MOPIBHAHO 3 AaHUMU PadioBYrNeLeBoro aHaniay 3 nedepy Xyny (MopoxHi kpyxedku). CTpinka nosHavae nik AC,
skmm 3biraetbes 3 nomitTHUM GSM (Grand Solar Minima, TpuBanum nepiogoM HU3bKOT COHAYHOT aKTUBHOCTI).

(B) KpvBa BigHOCHOI naneoHanpy>eHoCTi reomMarHiTHoro nons, nobyaosaHa 3a AaHWMU Bigknaais YopHOro Mopsi Ta NbOJOBOro KEPHY
3 [peHnangji. (B) Hopmanizosanui noik '’Be 3a gaHnmm 3 MpeHnaHaii (6nakutHa niHis) NpoTv 3Mo4eNnboBaHNX TEMMIB HakonuyeHHs “C
3 HaBopy AaHux Kaypi-Xyny (ToBcTa YyopHa inist). Mocuneni niku '°Be nig Yac ocnabneHoro reoMarHiTHOro noss BignosigaTs
MiABMLLEHHIO OHI3Y04Oro BUNPOMIHIOBaHHS nig yac GSM (ctpinku). (M) 3anuc 5'®0 3a MpoekTom gocnimpKeHHs
nboay MisHiyHoi 'peHnaHaii (NGRIP). MNokasaHo MpeHnaHAckki iHTepcTadianbHi (noTenniHHs) nogii Gl-11 ta GI-9,

a Takox cnabky peHnanackKy ctagianbHy nogito (GS-10), ssika Moxe Bka3dyBaTW Ha floKarnbHe pi3ke NOXOnoAaHHs,

L0 NepepvBace iHTepcTagianbHy Nogito, ska cnovatky cknaganaca 3 GI-10 i GI-9. (0) BumiptoBaHHs koedilieHTa noBHOro BinbutTsa ocagis
(sediment total reflectance, refl-L*) B ynorosuHi Kapiako, sikuii noka3sye BigcyTHICTb YiTkoro curHany GS-10. O6epHeHa nonsipHicTb
marHiTHoro nons 3emni (MIN3) — ceiTNO-Cipuii cToBNUKMK, ha3u nepexody nNo 6okax — TEMHO-Cipi CTOBMYMKM, MPUYOMY OCTaHHI
€ Hancnabwymu nepiogamy MarHiTHoro nonsa 3emni, siki 36irarotbes 3 GS-11 i GS-10. 3ipoykamu nokasaHo Nogii, Aki 36iraloTbes 3i 3MiHaMu
reomarHiTHoro nons nig yac Lashamp ta nposiBnsitoTecs B 6aratbox YactuHax cBiTy (agantoBaHo 3 Cooper et al., 2021, Fig. 1, 4)
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Y (Channell, & Vigliotti, 2019) 3a3Hau4eHo, L0 nicnsa Nok-
paLleHHs MeToAiB AaTyBaHb Ta aHanidy naneoHTONOrYHMX
3HaxigoK, eBOMIOLUIVHI nodii YeTBepTUHHOro nepiody cranu
yiTKilue obmexeHumn B 4aci. [oBro BBa)arnocs, WO Ha
GionoriyHy eBontoLilo BNNVBae ynbTpagioneToBe BUMPOMiI-
HIOBaHHS, ke gocsrae nosepxHi 3emni. Ha came yneTpadio-
NeToBe BUMNPOMIHIOBAHHA MOXe BMAMBaTU  BenNUYnHa
OVNONBHOrO MarHiTHOro nonst 3emrni 4epe3 CBOK pofb Y
dopmyBaHHi cTpaTtocgepHoro o3oHy (Kilifarska, Bakhmutov,
& Melnyk, 2020). 3arnbenb HeaHaepTanbLiB Ha pPiBHI
~41 TC. pokiB Moxe ByTu 3ymMOBreHa MiHIMyMOM Hanpyxe-
HOCTi reoMarHiTHOro Mons K 3axXMCHOro eKpaHa, Lo MoB's-
3aHe 3 MarHiTHUM ekckypcoMm Lashamp, a BwxuBaHHS
aHaTOMIYHO CyyacHUX mnoger MOXHa MOSCHUTWU BigMIHHOC-
TSMW B apuroBoMy BYrneBOAHEBOMY PELIENTOPI, AKUI Bidirpae
KIMHOYOBY POrb B €BOMIOLVHIV peakLii Ha NOTik ynbTpadioneTy.
BukonHi pelutkm 3 ABCTpanii BKadytoTb Ha Te, WO Ni3HE YeTBe-
PTUHHE BMMUWPaHHSA MeradpayHu ccaBUiB Yy 4aci cniBBigHO-
CUTbCA 3 reoMarHiTHUMK ekckypcamu Lashamp Ta Blake, a Bik
Ni3HBOro YeTBEPTUHHOIO BUMMpaHHSA B [NiBHIYHIN AMepuli Ta
€Bponi 36iraeTbCA 3i 3HAYHUM 3HWKEHHAM HaMPY>XEHOCTi
reoMarHiTHoOro nons Ha pieHi ~13 TUC. pokiB.

Akwo BBaxaTW, WO reomarHiTHe nore BMMUHYNO Ha
€BOrOLiI0  BEMUKMX CCaBLiB-OOBrOXUTENIB 4epe3  3MiHu
ynbTpadioneToBoro BUNPOMiIHIOBaHHA B nepioan cnabkoi Ha-
NPY>KEHOCTi MONS, TO BOTHMLLA BUMMPaHb Y Pi3HUX perioHax
MOXXHa MOSACHUTU reOMETPIE PYNHYBaHHS CTPaTOChEPHOro
030HY MiA Yac eni3oAiB HU3bKOT HANPY>XEHOCTi NOMsi — O30HOBI
Oipy NepeBaXxKHO PO3TalloBaHi y BUCOKMX LUMpOTaXx, 3Baxa-
04N Ha posnb CTpaTocepHUX TemnepaTtyp i NONAPHUX cTpa-
TOCPEpHMX XMap Yy BUCHAXEHHI O30HOBOMO  LIapy.
BumupanHa B AscTpanii nig yac ekckypcis Lashamp i Blake
MOX€E O3HayaTu, L0 BUCHAXKEHHSI CTPATOCKEPHOrO O30HY B
Lewn vac Bigbysanocs B OCHOBHOMY B [liBAeHHI niBKyni, a B
[MiBHIYHIM NiBKYNi BAMUPAHHSA NOB'A3aHe 3i 3HKEHHSM Hanpy-
»eHocTi nons Ha ~13 Tuc. poki (Channell, & Vigliotti, 2019).

Y pob6orTi (Orgeira, Sinito, & Compagnucci, 2016) 3po6-
NeHO ornsaa pPi3HUX rinoTes Npo BRMMB 3MiH COHAYHOI aKTUB-
HOCTi Ta 3aranbHOro COHSYHOro BUMpPOMiHIOBaHHSA (TSI),
OTPMMaHKX yHacnigok 3miH 3eMHMX opbiTanbHUX napameT-
piB, Ta 3MiH reoMarHiTHOro nons Ha krnimaT. ABTOpy BBaxa-
I0Tb, WO Taki 3MiHW € BaXXKNUBUMW 30BHILLHIMK ¢hakTopamm
KNiMaTU4HOi MIHNMBOCTI. Ha iXHI0 OyMKy, BNPOAOBX rono-
LiEHY Lie COHSAYHa Ta reoMarHiTHa akTUBHICTb, AN NNENCTo-
LEeHY — 3MiHM iHCOMAUil, BMKNMKaHI 3MiHamMu opbiTanbHuX
napameTpiB, a TaKOX iHBepCii Ta eKCKypcu reoMarHiTHoro
nons. 3a (Orgeira, Sinito, & Compagnucci, 2016), mexaHiam
BMMMBY reOMarHiTHOro norns noB's3aHnii 3 MOAyNsUieto no-
TOKIB KOCMIYHMX MPOMEHIB, SIKi, ¥ CBOI Yepry, MOXyTb BMSn-
BaTW Ha XMapHWIA NMOKPUB.

BaxnmBmMM KpokoM y po3pobLii MexaHiamiB BMMMBY eKc-
KypCiB reomMarHiTHoOro nons Ha knimat € pobota (Gao et al.,
2022), ne po3paxoBaHi rnodarnbHi CiTK1 XXOPCTKOCTi reomar-
HITHOro 0bpi3aHHS (KinNbKiCHOI Mipy 30aTHOCTI reoMarHiTHoOro
nons ekpaHyBatu 3eMmi0 Bi KOCMIYHOrO BWMPOMIHIO-
BaHHs1). ABTOpY pobOTU HaronowyTb, WO Uel napameTp
BriepLle po3paxoBaHuin Ana ekckypcy Lashamp Ha ocHoBi
mMogeni reomarHitHoro nons LSMOD.2, wo oxonntoe nepiog
50-30 Tuc. pokiB. PospaxyHku BUKOHaHI Ans cepefHboi To-
YKM EKCKYPCY, KOMNW AUMNONbHUA MOMEHT GnU3bKUIA A0 Hyns,
i JOMiHYIOTb HeAMnonbHi KOMMOHEHTU. BuaHauyeHo, wWo B
Lilel Yac >XOpCTKICTb 00pi3aHHA € Hux4ow 3a 4 B (kopcT-
KicTb 0Opi3aHHs Ha 60° reoMarHiTHOI LUMPOTW, BULLE Bif sIKOT
iHTEHCUBHICTb KOCMIYHOrO BUMNPOMIHIOBAHHSA Mamxe noc-
TiiHa i NpMbnun3Ho BABIMI BULLA, Hi>XX HA eKBaTOpi, e ANns Cy-
YaCHOro reomarHiTHOro nons edqeKkT ekpaHyBaHHS €
MaKCMMaIbHNM Ta 3MEHLUYETBLCS 3i 36iNbLLIEHHAM reoMarHi-
THOI WKpoTK). BoHa maiixe He 3anexuTb Bif LWMPOTH, Lo
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BKasye Ha Te, WO KOCMiYHE BUMNPOMIHIOBaHHS Mig 4ac
ekckypcy 6yno rno6anbHo npubnv3Ho BABIMI GinbLunM,
HPK Ha Cy4acHOMY reomarHiTHOMy ekBaTopi. PesynbTatu
064YMCNEHHA TPaHMYHOI XXOPCTKOCTI, nNpeactaeneHi B (Gao
et al., 2022), natoTb 3MOry OLHATY LUBUAKICTE BUPOOHMLTBA
KOCMOreHHMX i30TONIB Ha OCHOBI peanicTMYHOI MoAeni reoma-
FHITHOrO Nons nifg Yac ekckypcy Lashamp. AkicTb po3paxyHkis
obMmeXyeTbCca sK TO4YHiCTIO camoi mogeni LSMOD.2, sika,
6asyeTbCA Ha naneoMarHiTHUX AaHuX 3 NpuTaMaHHUMKU iM
XPOHOSOT4YHNMM MOXMOKamMK, Ta HEPIBHOMIPHUM MPOCTOPO-
BMM | YaCOBUM MOKPUTTSIM 3EMHOI Kyni, TaK i BiACYTHICTIO pe-
anicTM4HOI MoZeni naneomarHitocdepw nig Yac ekckypey.

IHWi aBTOpM (Chen et al., 2015) npunyckaTb TiCHWUI
3B'I30K MK reoMarHiTHUMK iHBepCisiMU (SIK FiNOTETUYHUMU
iHOukaTopamu 36inbLUEHHsT TENMIOBOrO MOTOKY Ha rpaHuLi
A0pO-MaHTid), 3MiHaMKn KnimaTy Ta LWBMAKICTIO cybaykuii y
MaclwTabax gecaTkiB MinbHOHIB pokiB. BoHW nopiBHSANM ya-
CTOTY reoMarHiTHUX iHBEpCin i LUMKMIYHICTb 3MiH KrimaTy 3a
OCTaHHi 73 MNH pOKiB i BUSBUNW TXHIO CRiNbHY nepiogny-
HiCTb, sika cTaHoBUTL 13 MNH pokie. BoHa nopyLuyetbes Ha
KIHLSIX AOCNIAPKYBaHOro iHTepBary, OCKiNbK1 HaNHOBILLNA Ta
HangaBHILLMIA YacoBi IHTEpBanu fnexartb 3a MeXaMu KoHyca
piBHs aoBipyn 95 % npu pospaxyHkax nepiogis. Taky camy
nepiognyHicTe 6yno BUSIBNEHO i ANst WBUAKOCTI cybaykuii
TEKTOHIYHUX MNMANUT, OCKIMIbKM aBTOpM BUXOOUNU 3 Mnpuny-
LLIEeHHS, WO reoMarHiTHi iHBepcii Ta YyTBOPEHHSI MOPCBLKOro
[OHa MOXyTb OYTU NoB'si3aHi. BenBneT-cnekTp WBUAKOCTI Cy-
64ykuii nokasas nepiog ~13 mMnH pokiB Mix 70 i 17 MnH pokis
TOMY, Tak camo $IK ANs reoMarHiTHUX iHBepcCii Ta 3anucis
5180, a oTxe, aBTOpM POBNATL BUCHOBOK, LLIO BCi Li napame-
TpKM NoB'A3aHi Mk coboto. 3miHa WBKMAKOCTI cybaykuii abo
BUnNepeaxae, abo BigcTae Bid iHWMX ABOX NapameTpiB. AB-
Topu (Chen et al., 2015) gaoTb NosiCHEHHs1 Anst 060X BUNa-
OKiB (y nepLiomMy Lie noB'a3aHo 3i 36inbLUeHHAM TennoBoro
NOTOKY Ha MeXi SApO-MaHTid, y ApyroMy — 3i 3MiHamu rana-
KTUYHOI opbiT COHSAAYHOI cUCTEMU, NMPOXOMAXEHHS 3emni
Kpi3b TEMHY MaTepito B ranakTU4Hii NAOLWUHI Ta HarpiBaHHs
S4pa), Xo4a Li NOACHEHHS CKnafHi Ta YacoM HEOAHO3HAYHI.

Lunckycis i BUCHOBKMN

B ocTaHHi poku y necoBo-rpyHTOBIV chopmalii YkpaiHu
Oyno BCTaHOBNEHO psn ekckypciB, 3okpema Unnamed
(430 Tnc. pokiB Tomy) Ta Big Lost (540 Tuc. pokis TOMy).
Pesynbtat gogatkoBMX — naneoMarHiTHMX — AoChigKeHb
NecoBO-I'PYHTOBOrO po3pidy PokconaHu BkasyloTb Ha Moso-
YKEHHS 30HN 06EpPHEHOT NONAPHOCTI Y HUXKHBO3aBaBCbKOMY
knimatoniti (MIS 11), ska 3icTaBnseTbCA Hamu 3 nofieto
Unnamed Bikom 430 T1C. pokiB TOMy B po3pidax B'asiBok
i Memxmbix. BigcyTHICTb aesknx gobpe 3ag40KyMEHTOBAHMX
rnoGanbHNX EKCKYpCiB Y BEPXHbOMIENCTOLEHOBKX 1ECOBO-
Ir'PYHTOBUX BifKnagax cnpuyMHeHa HeMoBHOTOLO Biabopy 3pa-
3kiB, cTpaturpadiyHMMM nepepBamMu OCafAKOHAKOMUYEHHS,
0cobnNMBOCTAMM ManeoMarHiTHoro "sanucy" Ta HegocTar-
HBbOK BMBYEHICTIO MarHiTHOI MiHeparorii Lx nopia.

MWTaHHa BNNMBY iHBEPCiN Ta eKCKypCiB reomarHiTHOro
nons Ha 3MiHW JOBKINNS NEXWUTb Y NMAOLLMHI NOLWYKY AOCTO-
BipHMX MEXaHi3aMiB Takoro BMfMBY Ha Pi3HUX YaCOBMX LLKa-
nax. 3anponoHoBaHui y (Kilifarska, Bakhmutov, & Melnyk,
2020) MexaHi3aM MOXe NOSICHIOBATK 3B'A30K 3MiH reoMarHiT-
HOro nons Ta knimaTty, ocobnveo 3 ornagy Ha Te, wo barato
OOCnigHMKIB NiOKPECnIoTb porib aTMOCKEpPHOro 030HY Y
3MiHax knimaTy Ta AoBkinns. Lle nutaHHa € 4ocuTb AMCKY-
CillHMM, Mae sK NpubiYHKKIB, TaK i OMNOHEHTIB Ta NoTpebye
nofanbLUMX OOCNIOKEHb.

BHecok aBTOpiB: Bonoammmp baxmyToB — KoHUenTyanisauis, Ha-
nucaHHs (nepernsg i pegaryBanHs); ManmHa MenbHuk — choopMansHUn
aHani3, HanncaHHs (opuriHanbHa YepHeTka); Omutpo Masaubkuin —
METOLOMOrisA, Banigauis AaHWX, HanUCaHHs (opuriHanbHa YepHeTka);
€BreH MNonsiyeHKo — dopmarnbHUA aHania, MeTOLOMOrS.
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Mopsika Ta mxepena ciHaHcyBaHHA: [10CNioKEHHS BUKOHY-
Banucs 3a 6104)KeTHUM acUrHyBaHHAM BigoMY0i yHAaMeHTanbHol
TemaTukn HauioHanbHoi akagemii Hayk YkpaiHu Ans HaykoBoi po-
60T "MarHeTusm cybaepanbHux BigknaziB aHTponoreHy YkpaiHu y
BUpIiLIEHHI 3agayv cTpaTturpadii, naneoknimatonorii Ta ekonorii"
(wndpp: 111-5-24; Ne pepx. peectpauii 0124U000085) Ta 3a nigTpu-
MKMW rpaHTy HauioHanbHoro doHAy JocnigkeHb  YkpaiHu
2020.02/0406 "MarHiTHi iHaMKaTopy NaneokniMaTU4HNX 3MiH y Bia-
Knagax necoBo-I'pyHToBOI hopmalii Ykpainum".
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GEOMAGNETIC FIELD EXCURSIONS OF THE BRUNHES CHRON.
PART 2: MAGNETOSTRATIGRAPHY OF SUBAERIAL DEPOSITS AND IMPACT ON THE ENVIRONMENT

Background. The current state and problems in the study of the Brunhes chron geomagnetic excursions have been discussed in the part 1.
In particular, Laschamp (41 thousand years ago), Blake (114 thousand years ago), Iceland Basin (188 thousand years ago) excursions are considered
as the most reliable geomagnetic events. The second part of the article provides a detailed overview of the application of the Brunhes chron
geomagnetic excursions in the correlation of subaerial deposits of the Pleistocene, in particular loess-palaeosol sequences of Ukraine and nearby
European countries.

Methods. Studies of loess-palaeosol deposits were carried out by paleomagnetic and rock magnetic methods. The calculation of the
characteristic component of magnetization was performed by statistical methods of spherical data.

Results. New results of the study of the Roksolany loess-soil section, which supplement the previous magnetostratigraphic scale, are
presented. In the section, an excursion of reversed polarity at the level of the Lower Zavadivka pedocomplex (S4; correlative of MIS 11) has been
revealed, which, in our interpretation, corresponds to the Unnamed event of 430 thousand years ago, described earlier in the Vyazivok and Medzhybizh
loess sections. Recent studies of the impact of excursions on environmental changes, for instance, on palaeoecological and climatic changes during
the Last Glacial Period, are discussed.

Conclusions. Unnamed (430,000 years ago) and Big Lost (540,000 years ago) excursions have been manifested in resent studies of the
loess-palaeosol sequences of Ukraine. The absence of other well-documented excursions in Upper Pleistocene loess-soil deposits can be explained
by sampling gaps, stratigraphic hiatuses in sediment accumulation, peculiarities of the paleomagnetic "records” and the insufficient study of the
magnetic mineralogy of these deposits. The impact of geomagnetic field inversions and excursions on environmental changes is a debatable issue
that requires further research, especially in terms of mechanisms of such effects. Since many researchers emphasize the role of atmospheric ozone
in climate and environmental changes, the mechanism proposed in (Kilifarska, Bakhmutov, & Melnyk, 2020) may explain the relationship of
geomagnetic field and climate changes.

Keywords: geomagnetic field inversions and reversals, magnetostratigraphy, loess-palacosol sequences, environmental changes,
Pleistocene.
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Background. Inthe Dnieper-Donets Basin (DDB), Devonian deposits are a very interesting object of hydrocarbon system
research — from the initial stage of hydrocarbon generation to the stage of formation of oil and gas deposits. The presence of
sedimentary layers enriched with scattered organic matter determines the oil and gas generation potential of the deposits. The
article presents the results of laboratory studies of Upper Devonian rocks performed on the Rock-Eval pyrolytic tool in order to
assess their thermal maturity and degree of hydrocarbon generation.

Methods. Laboratory studies were carried out by the method of pyrolysis of rock samples (Rock-Eval) with the
determination of a number of parameters that allow for the assessment of thermal maturity, the type of organic matter (kerogen)
and the coefficient of organic matter transformation. Data processing was performed using the methods of mathematical statistics.

Results. An important result of the research is the established regularity that shales and limestones with an increased
content of organic carbon (TOC) of the Famennian layer from between-salt strata in this part of the DDB are already in the active
phase of oil generation and belong to oil-source rocks. Precisely in this part of the Dnieper-Donets depression the main explored
reserves of liquid hydrocarbons in the Eastern region are concentrated.

Conclusions. Generalized conclusion based on the results of the above studies: most samples of shales (argillites) and
limestones have quite high concentrations of organic carbon; the thermal maturity of the rocks for 63 % of the samples corresponds
to the "oil window"; all four types of kerogen are present in the rocks; the best oil-generating properties are characteristic of shales
from between-salt strata; also, these shales have the maximum degree of realization of the generating potential TRI — more than
0.3 at depths of 4,700 m. The results of the above studies indicate that the shales and limestones of the Frasnian and Famennian

layers from the studied deposits can be considered as potential oil-source rocks.

Keywords: Devonian, kerogen, pyrolysis, sourse rock, hydrocarbons, Dnieper-Donetsk basin.

Background

The Dnieper-Donets avlakogen is known not only as a
large reservoir of oil and gas fields, but also as a unique
training ground for studying the formation processes of
hydrocarbon deposits, and of all known types. This is exactly
what was emphasized when writing this article. The material
for the research was the results of laboratory analyzes of rock
samples of predominantly clay composition, from the core
obtained during the driling of exploratory wells. The
geography of the wells location covers a number of oil and
gas producing areas of the Dnieper-Donets basin — from the
northwest to its southern part. Materials — the results of
laboratory analyzes that were the basis of this study are
unique, new and therefore represent an undoubted interest
for specialists dealing with issues of exploratory oil and gas
geology. Core samples of the Upper Devonian, Famennian
and Frasnian stages were taken from the sections of deep
exploratory wells. The issue of selecting rocks from this
stratigraphic interval is based on the well-known assumptions
that rock strata were formed in the Devonian period, which
later were regionally (all over the planet) one of the main
"kitchens" where hydrocarbons were generated for many oil
and gas deposits. A huge number of publications on this topic
prompted the author's team to be engaged in specific
research with the aim of assessing the oil and gas generation
potential of mainly clayey rocks from certain areas of the DDB.
The results of "fresh" laboratory studies performed on a
modern Rock-Eval pyrolytic tool allowed an independent
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(unbiased) assessment of the generation potential of rocks
from the Upper Devonian deposits.

Regarding the location (or vertical differentiation) of the
Upper Devonian deposits, a working scheme was adopted
in which the following main litho-stratigraphic complexes of
the southern zone of the DDB are distinguished (Eisenberg,
Berchenko, & Brazhnikova, 1988; Khomenko, 1986;
Menning et al., 2006):

o the under salt-bearing complex is stratigraphically
formed by the Givetian and Eifelian stratigraphic complexes
(D2ef-zv, 393,3-382,7 Ma) in the northwestern part of the
basin, and within other areas by the Upper Frasnian Semilut
horizon (Dsfrssm, 380, 2-375,5 Ma) and the Voronezh suite
(Dsfravr, 377,0-378,0 Ma);

¢ lower salt-bearing complex — stratigraphically formed
by the Upper Frasnian, Lievean and Yevlanian horizons
(Dsfrsev-lv, 378,8-375,0 Ma);

¢ between-salt complex (Dsfmizd-el, 372,0-367,0 Ma)
formed by the Lower Famennian Zadonian and Jelets
horizons;

e upper salt-bearing complex — formed by the Lower
Famennian Yelets horizon and the Middle Famennian
Lebedyan layer (Dsfmzdn-lb, 367-365 Ma);

e over salt complex — formed by the Middle Famenian
Dankovo-Lebedyan (Dsfmzadn-lb) and Upper Famenian
Ozersky-Khovansky  (Dsfmz20z-hv)  horizons  (360,0-
359,5 Ma).
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In the work (Karpenko, 2018), it is noted that seven oil
fields have been discovered in the Devonian deposits in the
northern pre-board zone: Yasenivske, Sukhivske, Zahidno-
Koziivske, Koziivske, Bugruvativske, Golikyvske,
Radianske. It is believed that the hydrocarbon deposits were
formed by subhorizontal migration flows from the deeper
part of the basin from the Devonian oil-source strata. They
are associated with tectonically shielded deposits in over
salt-bearing Upper Famennian deposits (West Koziivske,
Yasenivske, Sukhivske deposits); lithologic-shielded deposit
in breccia at the salt dome (Romenske); by fields of
hydrocarbons in  between-salt Devonian deposits
(Bugruvativske, Holikivske); deposits in the Carboniferous
and between-salt deposits of the hydrocarbons (Koziivske).
At the same time, only one oil and gas condensate field
(Lychkivske) and two gas-condensate fields (Bogatoyske
and Ryaskivske) are known in Devonian deposits within the
southern border zone. The Lychkivske gas condensate field
is represented by 3 isolated deposits within the uplifted block
surrounded by several subvertical tectonic faults. It is
believed that the deposits were also formed by subhorizontal
migration flows of hydrocarbons from the deeper part of the
basin from the Devonian oil-source strata (Karpenko, 2018).

The idea of writing this article is to publish the obtained
new results regarding the assessment of the generation
possibilities of potential oil and gas source strata of the Upper
Devonian in different sections of the DDB, taking into account
their stratigraphic, structural and geographical location. The
analysis of the results of core samples geochemical studies
at the Rock-Eval pyrolytic tool has been renewed.

The main publications on the topic of the research, in
which the results of study of the Devonian sediments of the
Dnieper-Donets basin from the point of view of their oil and
gas potential or as potential oil and gas source rocks, should
be included (Ratnayake, Kularathne, & Sampei, 2018;
Eisenberg, Berchenko, & Brazhnikova, 1988; Sachsenhofer
et al., 2002; Sachsenhofer et al., 2010; Misch et al., 2015;
Stryzhak, & Korzhnev, 2012; Karpenko, 2018). The detailed
work on the history of the search for oil and gas
accumulations in the Devonian deposits of the Dnieper-
Donets depression, prospects for the discovery of
hydrocarbon deposits belong to the authors (Stryzhak, &
Korzhnev, 2012). It contains a detailed analysis of the
negative results of search works over a long period of time.
The significant contribution of many researchers to
establishing the history of the formation and development of
Devonian deposits in the DDB is also appreciated.
Directions for further research and prospecting work are
indicated. The conclusion of the authors of this work
contains the following. To date, in the sedimentary complex
of the Devonian deposits of the northwestern Dnieper-
Donets avlakogen, industrial deposits of hydrocarbons have
not been identified. The degree of discovery of the Devonian
deposits of this area by parametric and exploratory drilling is
relatively low. Obviously, the establishment of regularities of
the distribution of explosive deposits in Devonian deposits
will be facilitated by the gradual increase in drilling volumes
and the receipt of relevant geological and geophysical
information. Summarizing the conclusions of most
researchers, we note that the main prospects of the territory
of the northwest of the Dnieper-Donets avlakogen should
be connected with the under-salt Zadonsko-Yeletsky strata.
This is evidenced by the overwhelming number of oil and
gas occurrences, favorable thermobaric, hydrogeological,
shielding (lithological and tectonic) conditions for the
formation and preservation of hydrocarbon deposits, the
presence of biogenic carbonate and terrigenous reservoirs.
The shielding capabilities of the lower (Lievean and
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Yevlanian) salt-bearing stratum leave certain prospects for
the lower salt-bearing as well (Stryzhak, & Korzhnev, 2012).
At the same time, it should be noted that the possibility of
the existence of non-traditional hydrocarbon deposits in the
Devonian sediments is not sufficiently appreciated, despite
the fact that in the Devonian period there were favorable
conditions for the accumulation and burial of huge masses
of organic matter at the regional and planetary level. Which
later served as raw material for the generation of
hydrocarbons with the migration of the latter into the host
strata and into structures of younger orders. Regarding the
study of potential oil and gas source strata of the Devonian,
it is worth noting the numerous works of Professor
R. Sachsenhofer and his colleagues (Sachsenhofer et al.,
2002; Sachsenhofer et al., 2010; Misch et al., 2015),
Academician O.E. Lukin (Lukin, 2006), (Mykhailov et al.,
2014), many other researchers. As a result of extremely
heterogeneous genesis, mineral composition and spatial
distribution of Devonian sediments (mainly terrigenous
type), any additional new information regarding the
geological and geochemical features of mudstone-like,
organically enriched Devonian sediments (Karpenko,
Bashkirov, & Karpenko, 2014), is an undoubted scientific
and practical interest in terms of assessing the oil and gas
potential of the entire Dnieper-Donetsk basin.

Geological and geochemical features of the research
objects. The studied core samples were taken from sections
of 9 exploratory and parametric wells. In terms of location, the
wells are divided into 2 groups: a) northern ones — tending to
the northwestern part of the DDB, closer to the northern side,
7 wells; b) southern — to the central part of the southern board
zone of the DDB, 2 wells. In terms of lithology, mainly shales
(88 samples), siltstones (2 samples), sandstones (4 samples),
interlayering of sandstones and shales (8 samples),
limestones (16 samples), interlayering of shales and
limestones (2 samples), metasomatites (2 samples). All
samples belong to Upper Devonian deposits: — Frasnian layer
(Dsf1-Daf2) and Famennian layer (Dsfm+, Dafm2, Dafma).
Regarding the main litho-stratigraphic complexes according
to the classification (Eisenberg, Berchenko, & Brazhnikova,
1988; Khomenko, 1986; Menning et al., 2006): under-salt
complex — 36 samples, lower-salt complex — 2 samples,
between-salt complex — 70 samples, over-salt complex —
14 samples. The sampling depths differ significantly in the
wells of the northern and southern groups: for the northern
group of wells, the average values of depths are 3844 m
(2559-5474 m), for the southern group the average values of
depths are 2732 m (1695—4171 m).

The Tab.1 shows the distribution of the main
(representative) lithotypes of rocks depending on their
location in the Upper Devonian salt-bearing layer of rocks and
by stratigraphic affiliation. There are 2 main groups of rocks in
the collection: shales (including a core with interlayering of
shale and sandstone) and limestones (with a core where
there is an interlayering of shale and limestone).

All the above-mentioned lithologic-stratigraphic features
of the deposits, their spatial location are important factors
that were taken into account during the analysis of the
geochemical characteristics of the studied rocks.

Methods

All core samples from the above collection were
subjected to a full set of laboratory tests on the Rock-Eval
pyrolytic tool in the laboratory of the State Enterprise
"Ukrnaukageocentre". Most of the selected mudstone
samples (shales) are typical of Upper Devonian deposits. In
some of them, during the macro description, the presence of
plant remains was found, in some, a characteristic smell of
hydrocarbons was observed.
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Table 1
Distribution of the main rocks lithotypes in the Upper Devonian salt-bearing layer of rocks *
Placement D3f2 D3fm1 D3fm2 D3fm3
Over salt 10(sh) 2+2(sh-Im)
Between salt 58(sh)+8(sand+sh)
Under salt 16(sh)+10(Im) 6(Im)

* sh — shale; Im — limestone; sh+Im — shale+limestone; sand+Im — sandstone+shale

The main parameters that were obtained during
laboratory tests include:

S1 is a measure of free hydrocarbons (HC), which
evaporate from the rock without kerogen cracking (that is, up to
a temperature of 280-300 °C). Peak S7 corresponds to the
explosives contained in the rock (mg of HC/g of rock); increases
in relation to Sz with increasing maturity of kerogen.

Sz is the yield of heavy and light hydrocarbons during
kerogen cracking (generated at higher temperatures — up to
550 °C), measured (mg of HC/g of rock). Sz defines the
potential of hydrocarbons generation by modern rock.

S1+ S2is a measure of the genetic potential or the total
amount of HC that could be generated by the rock (without
taking into account the emigration of hydrocarbons from the
rock that has already occurred).

S3 — the amount of COz2 released as a result of pyrolysis
of dispersed organic matter in the temperature range of
300-390 °C; (measured as mg of substance/g of rock).

Tmax is the temperature of the maximum yield of
hydrocarbons during kerogen cracking. Tmax is a function
of the maximum peak temperature of S2. The degree of
catagenetic dosing of organic substances is estimated by
the value of Tmax.

TPI or S1/(S1+S2), which is called the coefficient of
transformation of organic substances; it indicates the
amount of rock that has exhausted its generation potential.

TOC is the content of organic carbon in the rock, %.

HI or hydrogen index is the ratio (S2TOC)*100. High
values of this parameter indicate the ability of the rock to
generate hydrocarbons, mainly oil.

Ol or oxygen index is the ratio (STOC)*100. The ratio
of the hydrogen and oxygen indices of the appearance of
the kerogen type (taking into account the degree of
catagenetic changes that have occurred in the rock) is the
Van Krevelen diagram (Tissot, & Welte,1984).

In order to obtain significant results and conclusions, in
addition to the construction of "classical" diagrams and
histograms of probability distributions of parameter values,
methods of mathematical statistics were applied.

Results

The rather diverse composition of the studied samples in
terms of their lateral and vertical placement in sedimentary
strata, stratigraphic and lithological affiliation requires the
introduction of certain restrictions regarding their further use
in analytical studies. Thus, unrepresentative collections of
individual lithological groups were excluded from the
research. Data on all samples of lithotypes from the Upper
Devonian deposits were given only on general diagrams
(graphs). Tab. 2—3 show the statistical characteristics of the
geochemical parameters of the main lithological types.

Fig. 1 shows the distribution of all samples from the
collection on the diagram "oxygen-hydrogen indices" O/-HI,
which is used to determine the transformation of organic
matter (OM) or kerogen to one of the 4 generally accepted
types. Dotted lines mark typical correlation dependences for
individual types of kerogen. As can be seen, in the collection
from Upper Devonian deposits there are representatives of
all types of kerogen — from type | (marine-lacustrine sapropel
OM) to type IV ("sedimentary").

Table 2
Statistical characteristics of geochemical parameters of shales
Parameter Valid N Mean Minimum Maximum Std.Dev.

Depth, m 88 3644.8 1695.0 5474.0 1038.6
S1 88 0.4 0.0 4.4 0.8

Sz 88 2.1 0.2 37.1 5.9

S3 (CO2) 88 0.3 0.0 2.6 0.4
Tmax, °C 88 435.2 417.0 463.0 10.8
HI 88 51.4 4.6 447.6 63.2
ol 88 174 0.7 138.0 24.2
TPI 88 0.2 0.0 0.6 0.1
TOC 88 2.7 0.8 17.2 2.5
S1+S; 88 24 0.2 40.1 6.4
(S1+S2)/TOC 88 64.4 6.1 611.3 85.7

Table 3
Statistical characteristics of geochemical parameters of limestones
Parameter Valid N Mean Minimum Maximum Std.Dev.

Depth, m 16 4152.9 3794.0 4425.0 2255
S1 16 0.26 0.02 1.65 0.40
Sz 16 1.23 0.06 4.41 1.41
S3 (CO2) 16 0.37 0.05 0.89 0.33
Tmax, °C 16 431.9 406.0 442.0 8.2
HI 16 79.9 3.6 223.3 67.2
ol 16 41.9 1.8 246.9 60.1
TPI 16 0.2 0.1 0.4 0.1
TOC 16 1.5 0.3 3.4 0.9
S1+S; 16 1.5 0.1 6.1 1.8
(S1+S2)/TOC 16 96.0 5.1 256.2 77.3
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Table 4
Statistical characteristics of geochemical parameters of samples with layering of sandstones and mudstones
Parameter Valid N Mean Minimum Maximum Std.Dev.
Depth, m 8 2670.3 2640.0 2711.0 30.3
Sy 8 0.17 0.08 0.57 0.16
Sz 8 1.70 0.92 2.90 0.77
S3 (COy) 8 0.70 0.05 1.46 0.61
Tmax, °C 8 423.8 414.0 433.0 6.4
Hi 8 111.7 35.0 2371 71.6
ol 8 42.0 3.2 91.1 36.7
TPl 8 0.1 0.0 0.2 0.0
TOC 8 1.8 1.2 2.9 0.7
S1+S2 8 1.9 1.0 3.5 0.9
(S1+S2)/TOC 8 123.2 38.6 246.2 79.4
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Fig. 1. Classification of kerogen types of sediment core samples using oxygen and hydrogen indices from the studied wells.
Modified Van Krevelen diagram (Tissot, & Welte,1984; Ratnayake, Kularathne, & Sampei, 2018)

Traditionally, four types of kerogen are distinguished
depending on the content of original organic matter (Tissot,
& Welte,1984; Karpenko, Krochak, & Baisarovych, 2017).

Liptinite (or alginite) (type 1) has a high ratio of
hydrogen to carbon, but low — oxygen to carbon. It is mainly
an oil-generating type, with a significant percentage of
production (up to 80 %). It is formed primarily from algae,
rich in lipids, which are formed in lagoon and lake
environments. Liptinite fluoresces under ultraviolet radiation.

Exinite (type 2) has average values of hydrogen/carbon
and oxygen/carbon ratios. This type generates oil and gas,
production is 40-50 %. The source of exinite formation is
film remains of plants (spores, pollen, soft plant tissues),
phytoplankton and bacterial marine microorganisms.

Vitrinite (type 3) has low hydrogen and high — oxygen
content, generates small volumes of hydrocarbons, mainly
gas. The main source of vitrinite is the remains of higher
plants found in coal or carbonaceous rocks. Vitrinite does
not fluoresce under ultraviolet radiation, but has an
extremely high reflectivity at higher stages of maturation,
and therefore, it can be used as an indicator of the degree
of maturity of the matter rock.

Inertinite or fusinite (type 4) is a product of any of the
above types of kerogen that does not fluoresce under
ultraviolet radiation. It is characterized by high carbon
content and low hydrogen content. Inertinite has no
significant potential for generating oil and gas, which is why
it was called "dead carbon".

Under the influence of temperature, large molecules of
kerogen disintegrate into smaller molecules of liquid and
gaseous hydrocarbons. Undoubtedly, there are many
transitional forms (genetic types) of kerogen, which is clearly
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shown by the scatter of observation points — core
measurements in Fig. 1. However, a significant number of
rocks that gravitate to the I-1l types of kerogen according to the
distribution of OI-HI indices are distinguished (Fig. 1). It has
been established that kerogens of these types are the main
"producers" of oil and combustible gas in sedimentary rocks.

Fig. 2 shows the classic "Tmax-HI" diagram, which
allows estimating the generation potential of kerogen, its
genetic type, and establish the degree of catagenetic
maturity of rocks.

Because of the uniqueness of this chart, it is possible to
estimate the oil and gas generation capabilities of kerogen
from a collection of researched samples based on the data of
laboratory measurements on the Rock-Eval pyrolytic tool.
Vertical lines in Fig. 2 show the conditional Tmax limits of the
distribution of rocks by thermal maturity (all lithological types
of rocks from the collection are given here). The value of
Tmax correlates well with the vitrinite reflectance Ro, which is
a recognized characteristic of the degree of maturity of rocks
or catagenetic transformation of rocks and organic matter.
Thus, the work (Waliczek et al., 2021) gives the equation of
3 regression dependences of the Ro coefficient on the Tmax
value depending on the type of kerogen. For type Il kerogen,
the equation was calculated (Waliczek et al., 2021):

Ro = 0.0112 - Tmax — 4.2072. r=0.84 (1

Similar equations are found in other publications, and all
of them are quite similar in coefficients, which allows the use
of the Tmax parameter as a characteristic of the degree of
genetic maturity of different types of kerogen. In Fig. 2 more
than half of the rock samples belong to the "mature”
category, the Tmax value of which, according to the Rock-
Eval measurement results, is greater than 430 °C. Almost all
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samples of this group are within the "oil window". As will be
shown later, these samples were mainly taken from the
northern group of wells, from the northwestern part of the
DDB. According to the value of the HI hydrogen index, most

500

of the samples contain type lll or even type IV kerogen.
A smaller part gravitates towards transitional forms of
lI-11l types. Single samples — with type Il kerogen (Fig. 2).
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Fig. 2. The distribution of HI relative to the Tmax, Rock-Eval coefficient, indicates the type of kerogen and the degree of maturity
of the potential source rocks. Modified diagram lines by (Ratnayake, Kularathne, & Sampei, 2018)

Fig. 3 shows the histograms of probability distributions
of Tmax parameters and organic carbon content of TOC for
the two main lithotypes of rocks in which the highest values
of TOC content were observed - shales and limestones.

It is expected that the TOC organic carbon content in the
limestone samples is significantly lower — it practically does
not exceed 2 %. In shales, the peak TOC content is within
2—4 % (sometimes higher). This may indicate that mudstones
here have a good probabilistic oil and gas generating potential
(in general). The probability distribution of Tmax values
indicates approximately the same level of catagenetic
transformation of organic matter in limestones and shales.
The approximate temperature range of maximum generation
for the "oil window" of 430—457 °C (see Fig. 2) is typical for
most samples of limestones and mudstones (Fig. 3).
However, such conclusions are generalized; they do not take
into account the features of the lateral and vertical distribution
of carbonate and clay rocks in the studied area. A
characteristic of the spatial position of the strata relative to the
salt-bearing strata of the Upper Devonian should be added to
the stratigraphic affiliation during a detailed analysis of the
degree of catagenetic maturity and generational
characteristics of the rocks. In Fig. 4 shows a cross-plot of the
dependence of the Tmax parameter on the depth of mudstones
beds, taking into account the position of the latter relative to salt-
bearing strata. In the future, we will consider the geochemical
features of clay rocks (shales) as the most likely sources of
hydrocarbon generation from Upper Devonian deposits. This is
also influenced by the fact that mudstones have the most
representative sample in our collection compared to other
lithological rock types. The lines of the regression equations in
Fig. 4 are given for a visual representation of the "behavior" of
the Tmax parameter with increasing depth and spatial
placement of mudstones. Over-salt beds of Famennian shales
Dsfmz and Dsfms are characterized by slightly increased Tmax
values at the depths of their occurrence compared to between-
salt and under-salt counterparts at approximately the same
depths (2000—4000 m).

However, at depths of more than 4,000 m, the degree of
catagenetic maturity of rocks is highest in shales of
between-salt deposits. The organic matter in all mudstone
samples has a degree of maturity that corresponds to the
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"oil window" of hydrocarbon generation. Kerogen in some
samples has a Tmax value already in the area of the "gas
window" for wet gas (refers to between-salt deposits)
(Fig. 4). In general, based on the results of laboratory
analyzes of samples from the Upper Devonian sediments,
the idea that terrigenous rocks (shales and mudstones with
layers of sandstones) from between-salt strata have the
greatest generating properties was formed.

The coefficient of transformation of organic matter TP/,
as it was said, characterizes the degree to which the rock
has exhausted its generation potential. In Fig. 5, a general
regularity of the increase in the value of TP/ with increasing
depth of shale layers occurrence is observed, regardless of
their position relative to salt-bearing strata.

A noticeable increase in this indicator begins at depths
greater than 4,200 m. The analysis of the core selection show
that all samples marked on the cross-plot deeper than 4,200 m
refer to wells from the northwestern part of the DDB.
Accordingly, shales with high TOC content of the Famennian
layer from between-salt strata in this part of the DDB are
already in the active phase of oil generation and belong to oil
matter rocks. It is precisely in this part of the Dnieper-Donets
depression that the main explored reserves of liquid
hydrocarbons in the Eastern region are concentrated.

The results of the studies presented in the article with an
assessment of the probable oil generation potential of the
Upper Devonian deposits of two parts of the DDB show that
the degree of thermal maturity of the kerogen of the rocks
depends significantly not only on the depth of occurrence,
but also on a number of other factors, such as the lateral
placement of the deposits relative to the tectonic elements
of the avlacogen, their position relative to salt-bearing strata,
from the genetic type of organic matter. In addition, the
degree of realization of the generating potential of TP/
kerogen depends on its degree of maturity (parameter
Tmax), this is a natural statement (see Fig 6). However,
there is a peculiarity of the influence on such a dependence
of the position relative to the saline strata: under-salt
deposits of limestones and mudstones have increased
values of TPI relative to over-salt deposits. This is clearly
manifested in the Tmax range of 430—440 °C — in the left
part of the "oil window" of hydrocarbon generation.
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Discussion and conclusions

The results of the performed geochemical studies of rock
samples at the Rock-Eval pyrolytic tool from the Upper
Devonian deposits of the northwestern and southern pre-
border parts of the DDB made it possible to draw a number of
important conclusions. Similar studies of rocks from the oil and
gas regions of Ukraine are carried out in limited quantities. Data
on the geochemical generation potential of probable oil-bearing
strata have always been of increased interest to researchers
and practicing geologists. In this collection, there are two main
lithological groups of rocks — shales and limestones, in which
an increased content of organic carbon TOC is observed:
average values of TOC in shales are 2,7 %, in limestones —
1,5 % (for details, see Tab. 1, 2).

Cross-plots of OI-HI and Tmax-HI (Rock—Eval
parameters) indicate the existence of all types of kerogen
(I-IV) in the studied samples. The degree of thermal maturity
of kerogen corresponds to the region of "immature" rocks —
35 % of the samples, the region of the "oil window" of
hydrocarbon generation — 63 % of the samples.

The maximum generating property is characteristic of
terrigenous rocks — shales and mudstones with layers of
sandstones from between-salt strata (Dsfm1). There is a
natural trend of increasing thermal maturity of rocks with
increasing depth of deposits. At depths of more than
4,000 m, the degree of catagenetic maturity of rocks is
highest in shales from between-salt deposits. Also, with
increasing depth, the degree of realization of the generating
potential of TP/ kerogen increases. This dependence is
influenced by the position of the sediments relative to saline
strata: under-salt deposits of limestones and shales have
elevated values of TP/ relative to over-salt deposits. This is
clearly manifested in the Tmax range of 430-440 °C —in the
left part of the "oil window" of hydrocarbon generation.

Generalized conclusion based on the results of the above
studies: most samples of shales and limestones have rather
high concentrations of organic carbon; the thermal maturity of
the rocks for 63 % of the samples corresponds to the "ol
window"; all four types of kerogen are present in the rocks;
the best oil-generating properties are characteristic of shales
from between-salt strata; also, these mudstones have the
maximum degree of realization of the generating potential of
TPI — more than 0,3 at depths of 4,700 m. The results of the
above studies indicate that the shales and limestones of the
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Frasnian and Famennian stages from the studied deposits
can be considered as potential oil source rocks.

Authors' contributions: Ivan Karpenko — conceptualization,
methodology, formal analysis, writing (original draft); Ihor Ishchenko
— data validation, writing (review and editing); Oleksii Karpenko —
formal analysis, writing (review and editing).
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FEOXIMIYHI XAPAKTEPUCTUKU | TEPMAJIbHA 3PIIICTb NOPIA BEPXHbOIO AEBOHY
(AHINPOBCbKO-AOHELIbKA 3ANMAOWHA) 3A OAHUMU NIPONI3Y ROCK-EVAL (MOLUYKOBE BYPIHHA)

BcTyn. Y [uinpoecbko-[JoHeuybkili 3anaduHi desoHcbKi 8idknadu € dyxe yikasum 06'ckmom docnidxeHHs1 ayanesodHe8oi cucmemu — 8id
noyamkoeozo emany 2eHepauii ey2neeodHie Ao emany ¢popmyeaHHs1 noknadie Hagpmu i 2a3y. HasseHicmb ocadosux moeuwj, 36a2a4eHux po3CisiHO
Op2aHiYHOI PeyoBUHOIO, BU3Ha4Ya€ Haghmoaa3zozeHepauiliHuli nromeHyian eioknadie. Y cmammi po3ansiHymo pe3ysbmamu nabopamopHux doci-
O)KeHb nopid eepxHb0O20 Ge8OHY, BUKOHAHUX Ha NiposimuyHil ycmaHoeyi Rock-Eval 3 Memoto ouyiHku ix mepmanbHoi 3pinocmi ma cmyneHs eyane-
800Heegoi 2eHepaui.

Me To awn. JlabopamopHi docnidxeHHs s&uKOHaHO MemoAoM niponi3y 3pa3kie 2ipcbkux nopid (Rock-Eval) 3 suzHa4yeHHsIM HU3KU nNapamempis,
sKi Oaromb 3MO2Yy OUyiHIO8amMu mepmMarsbHy 3pinicmb, mun opaaHi4YHOI peyosuHU (KepoHaeHy) i koeghiyicHma nepemeopeHHs op2aHi4HOi pe4o8UHU.
0O6po6Ky daHuUX BUKOHAHO i3 3acmocyeaHHsIM Memodie MameMamu4yHOI cmamucmuku.

Pe3ynbTaTtu. Baxnueum pesynbmamom O0OC/idKeHb € 8CIMaHO8IIEHO 3aKOHOMIPHiCMb, WO apainimu 3 nidsuweHUM eMicmomM op2aHi4-
Ho20 kap6oHy (TOC) ghameHCbKO20 sipycy 3 MiXconboeux moew, y yili yacmuHi 3 exe nepebysaromeb @ akmueHili ¢ha3i HagpmozeHepauii i Hane-
)Xamb 0o HagpmomamepuHcbKux Mopod. Sk pa3s y yili yacmuni [Hinpoecbko-[oHeybKoi 3anaduHu 3ocepedxeHi OCHOBHI po3eidaHi 3anacu piokux
ayaneeodHie CxiOHO20 pe2ioHy.

B 1 cHoBKMU. 3ape3synmamamu docnidxeHb 6yro ecmaHoesieHo: Ginbwicmb 3pa3kie apainimie i eanHsikie Marome do80s1i 8UCOKI KOHYeHmpau,ii
op2aHi4Ho20 8yasieyro; mepmasibHa 3pinicms nopid Ansa 63 % 3pa3kie eionosidae "Hagpmoeomy eikHy"; y mopodax NPUCymMHi eci Yomupu munu Kepo-
2eHy; Halikpaw,i HaghmozeHepyeanbHi enacmueocmi npumMamaHHi apainimam 3 MiXxconboeux moeuw, makox yi apainimu maromes MakcumanbHuli cmy-
niHb peanisauyii 2eHepayilino2o nomeHyiany TPl — 6inbwe 0,3 Ha 2nu6uHax eid 4700 M. Pesynsmamu HaeedeHux docidkeHb ceidyamb, wo apainimu i
8arHsKuU hpaHCbKO20 i haMeHCbKO20 sipycie 3 sus4eHUX 8idknadie MOXymb po3ansidamuchk K NomeHyiliHi HagpmomMamepuHchbKi Mopoadu.

Knw4yoBi cnoBa: 0esoH, kKepozeH, niposiz, MamepuHcbka nopoda, eyaneeodHi, [JHinpoecbko-[JoHeybka 3anaduHa.
ABTOpM 3asBNAIOTb NPO BiACYTHICTb KOHANIKTY iHTepeciB. CNoHcopu He Bpanu yyacTi B po3pobneHHi AoCniaxXeHHs; y 36opi, aHanisi umn
iHTepnpeTaLii AaHVX; y HAaNUCaHHi PyKOMuCy; B pilLeHHi Mpo nybrikaLilo pe3ynbTaris.
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of data; in the writing of the manuscript; or in the decision to publish the results.
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OIL AND GAS BEARING COMPLEXES AND LITHO-STRATIGRAPHIC CHARACTERISTICS
OF PLIOCENE DEPOSITS OF THE BULLA-DENIZ FIELD

(lMMpedcmaesneHo 4yneHoM pedakyiliHoi kosezii 0-pom 2eos. Hayk, npogh. B.B. Ozapem)

Background. In the current and long-term plans for the development of the country's fuel and energy balance, there is a
significant emphasis on increasing and objectively assessing hydrocarbon resources to ensure a steady rise in oil and gas production.
A decrease in geological exploration in the South Caspian basin has been observed, partly due to overestimates of predicted resources
made before the twentieth century, which may have overly optimistic characterizations of the oil and gas potential of various regions
and areas. In the Baku Archipelago, industrial deposits have been discovered in several geological horizons, with stratal deposits
mainly associated with crestal tectonically shielded areas. A characteristic feature of the Productive Series (PS) section is the regular
replacement of oil accumulations with gas and gas condensate in the direction of regional layer immersion.

Methods. The purpose of the study is to clarify and evaluate the prospects of oil and gas-bearing deposits within PS
sediments. This involved analyzing a complex of geological and geophysical materials to determine the reservoir properties of
these sediments. The study incorporated stock materials, published articles, and factual data. An inter-well correlation was
performed based on well data to assess the reservoir properties of PS sediments. The geological structure, lithological
confinement, and petrophysical features of the deposits were also examined.

Results. The analysis of the V horizon of the Bulla-Deniz field revealed that the section is predominantly clay (91 %) rather
than sandy (9 %). The porosity of the section varies from 2 to 16 %, while the gas saturation parameter ranges between 0.47 and
0.61. The VIl horizon, in contrast, has a relatively less clayey composition, which positively influences the reservoir parameters.

Conclusions. The study highlights the need for a more nuanced evaluation of hydrocarbon resources in the South
Caspian basin, specifically within the Baku Archipelago. The results indicate that the Productive Series (PS) sediments, particularly
in the V horizon of the Bulla-Deniz field, present significant challenges due to their high clay content and variable porosity and gas
saturation. However, the VIl horizon's relatively better reservoir properties suggest that targeted exploration and development
efforts could yield promising results. To optimize future resource assessment and exploitation, it is essential to integrate updated
geological and geophysical data with modern exploration techniques. This approach will ensure a more accurate understanding of

the region's hydrocarbon potential and contribute to the sustainable management of its oil and gas resources.

Keywords: South Caspian basin, Baku archipelago, Bulla deniz, field, pliocene, Productive Serie, sediment.

Background

One of the priorities for the development of the country's
fuel and energy complex is a wide turnaround in geological
prospects for oil and gas within the offshore zones of the
seas and oceans, and the assessment of hydrocarbon
resources using modern geological, geophysical and
mathematical methods.

Oil and gas-bearing complexes confined to the depressions
of Alpine tectogenesis are distinctive of epicontinental basins
separated from the oceans by island arcs, and the coastal part
of the oceans. These include the American Pacific coast and
the aquatorial part of the Japanese Islands.

Oil and gas deposits are found throughout the entire
area of the depression, but it is more likely that they will be
found near its near edge parts. The same patterns are
inherent in heterogeneous (intermountain) depressions of
the Alpine cycle, which include the southern basin of the
Caspian Sea, where the largest deposits are found near the
northern, eastern and western sides; there is a high
probability of rich oil and gas accumulations at the central
part of the depression.

Nowadays, the whole Caspian Sea is one of the regions
that play a key role in energy security in the world, whereby
neighboring countries and foreign corporations actively
participate in the extraction of its hydrocarbon resources.

The Baku Archipelago, being an integral part of the
South Caspian Basin (SCB), is distinguished by a wide
variety of geological conditions and prospects for the oil and
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gas potential of its various parts (Pogorelova, 2019,
Mikhailov, 2017). Hence, increasing the efficiency of
geological exploration in the oil and gas bearing area of the
Baku Archipelago requires their clear orientation to the most
deeply submerged horizons, where a growth in industrial
reserves of oil, condensate and gas can be obtained with
minimal time and material expenses.

Deep exploration drilling was carried out in a number of
areas within the Baku Archipelago, among which the Bulla-
Deniz field attracts special attention (Fig. 1).

In the Baku Archipelago, industrial deposits were
discovered in the VIII horizon of the Balakhkhany suite, the
Fasila suite, and the Postkirmaky sandy suite. Deposits of
the stratal type are associated mainly with crestal
tectonically shielded deposits. A characteristic feature of the
oil and gas content of the Productive Series section is the
regular replacement of oil deposits with gas and gas
condensate deposits in the direction of the regional
immersion of layers.

The Sangachal-Deniz — Duvanny-Deniz — Khara-Zira-
Bulla-Deniz anticline belt is located within the northern part of
the Baku Archipelago oil and gas region. A characteristic
feature of the tectonic structure of the anticline belt is the
presence of large longitudinal faults in the axial parts of the
structures. Foci of mud volcanic activity are often associated
with longitudinal faults. Numerous transverse faults divide the
structures into separate tectonic blocks (Alizade et al., 2018).

© Pogorelova Elena, Abdulla-Zada Murad, 2024
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Fig. 1. Overview scheme of oil, gas and gas condensate deposits of Baku Archipelago
Methods Structural-tectonic setting and Stratigraphy. The

The study utilized a comprehensive dataset that included
geological and geophysical data obtained from SOCAR
seismic profiles, exploration wells, and stock materials. Key
sources of data included:

1. Seismic data provided detailed structural and
stratigraphic information about the Bulla-Deniz field.

2. Data from exploration wells were crucial for
understanding the lithological and petrophysical properties
of the Pliocene deposits. Well logs, core samples, and
drilling reports were analyzed.

3. Relevant scientific publications provided additional
context and supporting information for the analysis.

The litho-stratigraphic characteristics of the Pliocene
deposits were examined by analyzing core samples and well
logs. The stratigraphy was correlated across different wells
to construct a comprehensive geological profile of the area.

The reservoir properties, such as porosity and
permeability, were determined through laboratory analysis
of core samples (made in AZLAB laboratory). These
properties were mapped to identify areas with the highest
potential for hydrocarbon accumulation (Menshov, 2021).

An inter-well correlation was performed to understand
the spatial distribution of reservoir properties across the
field. This involved aligning the stratigraphic sections of
different wells to identify continuous reservoir layers.

Statistical methods were used to analyze the variability in
porosity, permeability, and hydrocarbon saturation across
different horizons. Based on the compiled geological and
petrophysical data, reservoir maps were created to simulate
the distribution of hydrocarbons. These constructions helped
in forecasting the planning future exploration activities.
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Bulla-Deniz field is located in the northern part of the Baku
archipelago and is included in the Kanizdag-Bulla-Deniz
anticlinal belt. The formation of the Baku Archipelago fold
began in the early Pliocene and ended a little later than the
Absheron peninsula.

Bulla-Deniz uplift is a closed fold (Fig. 2). According to
the VIl horizon of the Karadag division of the Productive
Series of the Bulla-Deniz field consists of a large
brachyanticline fold symmetrical in the transverse section
and asymmetrical in the longitudinal section.

The length of the structure is 27 km, the width is 9 km,
the height of the fold in the northeast limb is 1400 m. A
characteristic feature of the region tectonics is the presence
of large longitudinal faults in the structures of anticlinal belts
along the axis, and many of them are traced up the entire
length of the anticlinal fold. There has been indicated the
activity of mud volcanoes (gas manifestation, gryphon and
etc.) within longitudinal faults (Fig. 3).

According to seismic works, exploration wells in the
northwestern periclinal and the northeastern limb, the Bulla-
Deniz uplift connects with the southwestern limb of the
Khara-Zira uplift, and the southwestern limb of the structure
crosses a wide synclinoria and consociates with the
northeastern limb of the Umid structure.

According to the deep drilling and seismic exploration
data the top VIl horizon, of the Bulla-Deniz structure evolved
as a brachyanticlinal fold with the dimensions of 27 x 9 km,
extending towards the northwest and southeast, the height
of the fold is 1400 m (Fig. 4b.). The fold is asymmetric: the
lying angle of the layers is 22° in the northeastern limb, 15°
in the crestal part, 22-11° in the southwestern limb, and
11-12° in the periclinal part.
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Fig. 2. (A) The structural map of the Fasila suite within the Sout Caspian Basin (SCB) illustrates the pronounced relief
of SCB anticlines, with the elevation change from syncline to the crest of the structure exceeding 3 kilometers.
(B) The sedimentation rate from the Pleistocene epoch to the present is depicted in meters per million years within the SCB,
highlighting significant disparities in sedimentation rates between synclines and the crests of structures
(According to Javanshir et al., 2015)

Mud volcano

Mudvolcano

Fig. 3. Sublongitudal seismic sections. Activity of mud volcanoes within longitudinal faults (SOCAR)

The crestal part of the structure and its southwestern limb are
characterized by two longitudinal faults in the northwest direction
with an amplitude of 900—1000 m, and they divide the structure
into separate tectonic zones: the northwestern, central area, and
southwestemn limb. The V horizon in the central area and
southwest limb has not been intersected with deep wells. In the
north-eastern limb of the structure, six transverse fractures
(NN 3,4) were marked, which divided it into six blocks (Fig. 4a.).
The amplitude of some of them (NN 3,4,6) reaches 250 m, while
the amplitude of other faults is less than the thickness of the
horizon (40-60 m) (Kerimov et al., 2015; Glumov et al., 2004).

means of several wells (wells 53, 56, 70, 71, 74, 72, 77),
these well data are not enough to establish an accurate
structural map of the VIII horizon. Therefore, the law of
normal sedimentation was used.

In the geological section of the Bulla-Deniz field
Quarternary, Upper Pliocene and PS sediments were
encountered. The existence of Miocene sediments confirmed
by deep drilling in the adjacent fields is also beyond doubt.
Lithologic and facial characteristics of the section are based
on results of core analysis and well log interpretation.
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The Productive Series formed due to various sources of
sedimentary supply, the main routes of which were the
paleorivers of the Volga, Kura, and Araks, in the
northwestern part of the South Caspian Basin is represented
by the Absheron, Gobustan, and Lowerkura facies
(Khalilova, & Seyidov, 2023; Kerimova, 2023).

The Absheron facies is a rhythmic alternation of sands,
siltstones and clays, the thickness of which varies widely —
from several meters to several hundreds and thousands of
meters. The Gobustan type of sediments is marked by poor
sorting and weak differentiation. Alternation of pure sandy
and clay packages is not observed, mixed types of rocks
prevail — clay-sand, sand-siltstone and others, which are
characterized by the predominance of one or another
fraction. The Lowerkura type of sediments is represented by
an alternation of siltstone-clay-sand rocks and s
characterized by significant clay formation compared to the
Absheron type, a small content of quartz and an increase in
the amount of feldspar, pyroxene, hornblendite, which
indicates the dominance of igneous rocks in the area of
erosion (Abdulla-zada, & Vakhably, 2021; Alieva, 2004).
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The VIl horizon in Bulla-Deniz field was encountered by
Lithologically, the section of sediments of the Productive
Series within the South Absheron anticline belt and the Baku
Archipelago is represented by alternating layers of clays and
sands (Fig. 5.). Reservoirs within the South-Absheron
anticline belt are stacked in mainly sands and sandstones,
and in the Baku Archipelago, the predominant rocks in the
composition of reservoirs are siltstone differences (Aliyeva,
2021). In general, the section of the Productive Series in the
Baku Archipelago is more clayey compared to the South
Absheron anticlinal belt. In the direction of the Baku
archipelago, the sandy material decreases in its section and
the mixing of three facies occurs with the gradual
disappearance of the Absheron facies to the south (Yusubov,
Guliev, & Guseinova, 2020; Yusubov, & Guliev, 2015).

Quaternary sediments consist of a complex of ancient
Caspian and modern marine sediments and are up to 650 m
thick. The section of the Absheron suite is dominated by
clays, and there are intersections of sand and clayey sand
sediments. The total thickness is 800 m. Aghchagil suite
consists mainly of clay layers, where the thickness is 70 m.

Productive Series section is represented here by two
types of sediments, Lowerkura and Absheron facies.

The section of PS was encountered till the upper parts of
Kirmaki suite. The deepest well No. 62 in the field reaches the
depth of 6400 m (to the VII top horizon). So, well No. 74
reached the Kirmaki suite (KS) at a depth of 5792 m and
dissected the top of KS only up to 100 m. The bottom horizons
of the Productive Series (Prekirmaki suite, Gala suite) were not
reached by exploratory wells in the Bulla-Deniz field.

NE
»
A

;
E
|

Fig. 5. Geological profiles through the Bulla-deniz field (authors' constructions based on SOCAR seismic profiles)

The PostKirmaki shaly suite (unseparated thickness) of
the Productive Series (PS) is up to 3300 m and differs in the
absence of oil and gas deposits. In the lower part of the PS
(from the top of the V horizon — analogue to the VIII and
IX horizons of the Absheron section's Balakhany suite)
Absheron facies are widespread and they are of interest in
terms of oil and gas content.

Miocene sediments have not been studied by drilling yet.
Taking into account the tectonic setting of the area, it can
only be assumed that the sediments lying below the PS can
begin with the Pontine age (thickness 150-200 m).

The confident division of the upper part of the Productive
Series (Surakhany suite, Sabunchu suite, Balakhany suite
and Fasila suite) on the Absheron division is uncertain. So,
we divide the upper part of the PS into the following
lithological units:

V horizon (analogue to the VIl and IX horizons of the
Absheron section's Balakhany suite);

VIl horizon (according to the Absheron division is
analogue to the "Fasila" suite).

The sediments of V horizon are represented by sandy
layers with a thickness of 130 m, which are calculated to be
45 %. The upper part of the V horizon (thickness 55 m) is
composed of clays with an estimated resistivity of
3-5 Ohms, which is not attracting from the point of view of
gas content.

In the section of the V horizon, two well-permeable
objects (Viop and Vbot) were identified for calculating
hydrocarbon reserves, both according to the peculiarities of
electric logging and the results of well exploitation (Fig. 6).
The average thickness of these objects is 21 and 31 m,
respectively. Layers 3-7m thick, sometimes 14 m
prevailing, are marked inside each object with a calculated
reserve, and their true resistivity reaches 8—10 Ohms. The
permeable parts of the object, whose reserves are
calculated, are separated by a 20 m thick clay layer.

e

= ; -
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Unit V-VII consists of homogeneous clay with an
estimated resistivity of 2—4 Ohms, without differentiation
along the SP line.

In the lower part of the section, thin sandstone
interlayers are observed, which make up — 10 % of the entire
section. The thickness of the V=VII unit varies sharply within
the field and averages 370 meters. The lowest value of
V-VII unit (up to 320 m) was observed in wells No. 20, 46, and
the largest (557-575 m) in wells No. 104, 80, respectively.

The VIl horizon (according to the Absheron division is
analogue to the "Fasila" suite), has a thickness of 100 m and
consists of sandstones and clay interlayers (Fig. 7). The cross-
section of the horizon is sandy, where the thickness of sandstone

layers constitutes 59 %. Correlation of the well sections allows
selecting two objects for reserve calculation in this horizon (Vlltop
and Vllbot) separated by 25 m thick clay layer.

In the section of the VII horizon, sandy layers are
characterized by a resistivity of 10—20 Ohms, in some cases
the resistivity values reach even 40 Ohms. The thickness of
the sandy layers is 3—-6 m, and in some cases, it reaches
12 m. The average thickness of the calculated reserve
objects is Vllitop — 49 m and Vllbot — 25 m.

The lower part of the PS, we divide into the following
lithological units:

VIl horizon (according to the Absheron division is
analogue to the "Postkirmaki sandy" suite).
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PostKirmaki clayey suite consists of a variety of clays with
sand interlayers, sandstone, siltstone of small thickness. The
thickness of the suite ranges from 120-250 m. Suite pinchout,
unlike the lower horizons, is not observed. The electric log
curves are poorly differentiated. Sandy sediments are
characterized by high resistivity values.

As mentioned above, deeper horizons were not
intersected in the Bulla-Deniz field (only Kirmaki suite was
encountered up to 100 m). Therefore, the section is given
analogously to the adjacent Sangachal-Deniz — Duvanni-
Deniz — Khara-Zira fields.

Kirmaki suite was intersected in 6 wells in the Bulla-
Deniz field. The maximum thickness (more than 100 m) was
noted in the well No. 74, the depth of the well is 5792 m. In
the Sangachal-Deniz — Duvanni-Deniz — Khara-Zira fields,
located in the neighboring area, the average thickness of the
sediments of Kirmaki suite is 350 m, and it consists of clays
characterized by interlayers of sand and sandstone with very
little thickness (Kerimov, Sharifov, & Zeynalova, 2023). To
assume so, it is possible that this layer group will be
presented as the same lithofacies in the Bulla-Deniz field.

PreKirmaki suite consists of sandy-clay lithofacies, with
sand-siltstone predominance in the Sangachal-Deniz —
Duvanni-Deniz field. It can be assumed that the 9 m thick
PreKirmaki suite in the Bulla-Deniz field will be suitable for
the accumulation of hydrocarbons (Javanshir et al., 2015).

In the Bulla-Deniz field, the Gala suite has a thickness of
400 m, and is characterized by clay facies and an increase
in sand-siltstone material in its lower part (Fig. 8).

Sediments underlying the PS. It is assumed that there
are no Pontine sediments in the southern lower part of the
adjacent Sangachal-Deniz — Duvanni-Deniz — Khara-Zira
fields, so the lower part of the PS in the wells is included in
the diatom formation. Taking into account the geological
structure of the studied region, it can be assumed that in the
Bulla-Deniz field, Pontine sediments with a thickness of not
less than 150 m lie in the lower part of the PS.

Results

The results of the analysis of rock samples from wells
drilled at the Bulla-Deniz field were obtained, analyzed and

—-— -
© 200 400 600 800

a b c
Fig. 9. (a) Vsh, (b) Cc, (c) Porosity and (d) Permeability maps of the V horizon
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investigated in order to monitor the area and section of
perspective horizons.

The rock samples taken from wells drilled in the Bulla-Deniz
field consist mainly of clays, siltstones and sandstones.

Reservoir properties of rocks taken from the Bulla-Deniz
field by means of wells were mainly studied on 97 rock
samples. They are represented by clays, clayey siltstones
and thin sand interlayers. Clays are gray, brown-gray in
color and mostly poorly sorted.

Clay rocks consist of the following fractions: the sandstone
fraction varies from 1.1 to 9 % and makes up an average of
2.3 %, the siltstone fraction makes up from 14 to 23 % and
makes up an average of 18 %, the clay fraction makes up
from 71 to 86 % and makes up an average of 77.3 %.

Siltstone rocks are characterized by the following
fraction composition: the sand fraction varies from 8.2 to
14.4 % and constitutes an average of 11.2 %, siltstone
fraction varies from 54.8 to 66.0 % and constitutes an
average of 59 %, the clay fraction varies from 18 to 34.5 %
and constitutes an average of 22.5 %.

Sandstones are characterized by the following fractional
composition: the sand fraction varies from 20.2-26.5 % and
constitutes an average of 21.5 %, the clay fraction varies
from 31.8 to 43.7 % and constitutes an average of 34.2 %.

The porosity of the studied rocks of the upper part of the
PS varies in the following interval:

e clays 11.3-21.0 % (average 14.0 %);

o siltstones 14.1-25.5 % (average 17.3 %);

¢ sandstones 17.1-22.0 % (average 19.3 %).

The permeability of the studied rocks of the upper part of
the PS varies in the following interval:

e clays 3.5-13.4% (average 8.1 %);

o siltstones 5.6—13.6 % (average 10.7 %);

¢ sandstones 8-10.4 % (average 9.1 %).

In the Bulla-Deniz field, silty layer sediments were
opened by means of exploration wells. The sediments of this
part of the section consist of silt, clay and clay-silt sand
interlayers.
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The porosity of rocks in the lower part of the PS is 6.4—10.6 %
for clays (average 9 %), for siltstones 5.4-20 % (average
18.8 %), for sandstones 20.4—28 % (average 22.7 %).

The permeability of these rocks varies from 0.8 to
9.3 mD for clays (average 1.6 mD), for siltstones it varies
from 4.8 to 9.5 mD (average 7.4 mD), for sandstones from
18.4 to 28 mD variable (average 21.6 mD).

Clay rocks are practically impermeable.

The comparison of the lithological and reservoir
properties of the upper and lower parts of the PS sediments
is observed with the improvement of their reservoir
properties, permeability and porosity as the depth increases.

Industrial oil and gas potential of the Bulla-Deniz field was
determined in 1973 by means of wells of VII horizon (No. 18),
in 1974 —V horizon (No. 14) and in 1982 — VIII horizon (No. 56).

The daily productivity of wells pumping powerful gas
from great depths from the VII horizon of the Bulla-Deniz
field was much higher than the daily productivity of wells
operated from the VIl horizon of the Khara-Zira uplift and
Sangachal-Deniz field (Abbasov, & Guyiev, 2003).

In 1982, the exploitation of Well No. 56 in Bulla-Deniz
field showed the accumulation of oil and gas reserves of
industrial importance in this horizon.

In 2012—-2013, there was a fire in the well as a result of
the exploitation Well No. 90 with high pressure gas during
drilling. The fire in the well was extinguished after a period
of 2 months. This well, starting from 23.10.2013 continued
to work with 1.3 min m3/g of gas and 200 t/g of condensate.
After the comparison of the logging diagrams, it was
confirmed that with the fountain the gas-bearing object
corresponds to the VIII horizon of PS sediments (Bagirov,
Minzverg, & Kondrushkin, 1975). As a result, the high
productivity of the VIII horizon was once again confirmed. In
terms of oil and gas prospects, the VIII horizon of the PS has
a high potential. Drilling deep wells in this horizon is
economically viable, although technically difficult.

In the Bulla-Deniz field, according to the reservoir
properties of the V horizon of PS, the sand content is about
9 %, and the clay content is 91 %. The values characterizing
the calculated porosity coefficient are approximately 2—
16 %, and the oil viscosity parameter values range from 0.47
to 0.61 (Fig. 9). These parameters range from 16 %, 84 %
for VII horizon, 0.9-14 % for porosity and 0.54—-0.64 % for
oil saturation. From the obtained data it can be seen that
according to V horizon relatively high values of porosity are
observed in the central part of the research area, and a slight
increase in this parameter is observed in the southern part.
The value of oil saturation in these areas is also changing.
Within the VII horizon the values of porosity and oil viscosity
ratios are spread chaotically across the area.

Discussion and conclusions

Proved oil and gas content in the sediments of the
Productive Series within the Baku Archipelago has a fairly
wide distribution both in the central and northern areas, and
in the stratigraphic interval of the section.

Based on the consistently performed work on the
anticline zone, the tectonic setting of the deposit, its
lithological and stratigraphic affiliation and oil and gas
potential were clarified.

It was concluded that, based on the compiled maps of
the V horizon of the Bulla-Deniz area, it turned out that the
section is composed predominantly of clay facies (91 %),
rather than sandy (9 %) sediments. Values of porosity here
changes in span from 2 to 16 %, where the gas saturation
parameter varies between 0.47-0.61.
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The VII horizon is characterized by a relatively less
clayey section, which mainly has a positive effect on the
remaining parameters.

Authors' contribution: Elena Pogorelova — writing, investigation,
methodology, formal analysis, conceptualization, data curation,
supervision; Murad Abdulla-zada — investigation,  writing,
visualization, data curation, formal analysis, supervision.
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BcTyn. Y cyyacHux ma doe2ocmpoKogux niaHax po3eumky najaueHo-eHep2emuyHo20 6anaHcy KpaiHu eaxueum € nidsuujeHHsi ma o6'ek-
mueHa ouiHka pecypcie eyaneeodHie 3 Memoro 3abe3neyeHHs1 MOCMIliHO20 3pocmaHHs1 06'emie sudobymky Hagpmu ma 2a3y. Cnocmepizaembcs
3MeHWeHHs1 0b6csizy 2eonnozopo3eidysanbHux pobim y lliedeHHokacnilicbkomMy 6aceliHi, YacmKkogo Yyepe3 me, W0 OyiHKU MPO2HO308aHUX pecypcis,
3pobneHi do deadysimoz2o cmosiimmsi, 6ynu 3asuwieHi i, MOXiueo, HaOMipHO onMuUMICMUYHO xapakmepu3yeasiu Hagpmoeull i 2a3oeuli TomeHyian
okpemMux Haghmosux i 2a3o8ux MPoesiHyill, pezioHie ma palioHie kpaiHu. Ha BakiHcbkoMy apxinena3si eusiesieHo npomucsosi noknadu 8 20pU3oHmMax
Vil sapycy BanakaHcbkoi ceumu, ceumu ®acina i nocmkipmakiHcbkoi niujaHoi ceumu. lMoknadu cmpamuzpaghiyHO20 muny nNepeeaxxHo acoyirtoromucsi
3 2pebeHe8UMU MEKMOHIYHO 3axuweHUMU gidknadamu. XapakmepHoto pucoro Haghmoeoeo i 2a308020 3micmy cekyii [lpodykmueHozo sipycy (I15) €
peaynsipHa 3aMiHa Hagpmoeux noknadie Ha 2a3 i 2a3oeuli KOHOeHcam y HanpsIMKy pe2ioHaslbHO20 3aHYPeHHs wapie.

MeToaun. Memor AocnidxeHHs1 € ymo4YHeHHs1 ma oyiHka nepcrekmue Hagpmo- i 2a30HOCHuUX noknadie eioknadexs [15. Qnsa ybozo 6yno
npoeedeHo aHasi3 KOMIJIEKCY 2e0s102iYHuUX i 2eohi3uyHUX Mamepianie 3 Memoro eusHa4YeHHs1 erlacmueocmeli pesepeyapie yux eidknadis. [jocni-
O)KeHHs1 8K/1F04asIo 8UKOpUCMaHHSI Mamepiasie ¢poHdie, ony6nikoeaHux cmameli ma gpakmuyHux daHux. Ha ocHoei daHux 3i ceepdnosuH 6yno eu-
KOHaHO MixceepO/i08UHHY Kopensuilo Ons oyiHku enacmueocmeli pe3epeyapie eidknadie [151. Takox 6ys0 eue4yeHO 2e0J102iYHY CMPYKMypy,
nimonoziyHe o6pamneHHs i nempodpizu4Hi xapakmepucmuku rnoknadie.

Pe3ynbTaTtu. AHanisz V2opuzoHmy Bynb-[leHi3cbk020 podosuwa Noka3ae, Wio cekyisi cknadaembcsi nepesaxHo 3 2nuHu (91 %), a He nicky
(9 %). Mopucmicmsb cekuyii konueaemscsi 8id 2 do 16 %, modi sk napamemp 2a3oHacuyeHocmi eapitoemncs mix 0,47 i 0,61. VIl 2opuzonm, Haenaku,
Mae 8iOHOCHO MeHWYy a2/IuHuUcCmicms, Wo Mo3UMuUHO 8rJIU8ae Ha pesepeyapHi napamempu.

BucHoBku. [JocnidxeHHsi niokpecnroe Heob6xiOHicmb 6inbw demanbHOi oyiHKu eyaneeodHesux pecypcie y [liedeHHokacnilickkoMmy 6a-
celiHi, 30kpema 8 bakiHcbkomy apxinenasi. Pesynbmamu nokasyroms, w0 ocadosi gidknadu [IpodykmueHoi cepil, ocobnueo y 2opu3oHmi V podo-
suwa Bbynna-[eHi3, cmaHoensimb 3HaYyHi UKJIUKU 4Yepe3 8UCOKUU eMicm 2/luHU ma 3MiHHYy rnopucmicmb i 2a3oHacu4veHicmb. [lpome kKpawi
napamempu pe3sepsyapis y 2opuzoHmi VIl ceidsamb npo me, wio yinecnpsimosaHxi 3ycunnisi 8 po3eioyi ma po3pobuyi MoXXymb npuHecmu rnepcrek-
mueHi pesynsmamu. [insi onmumisayii malibymHboi ouiHku ma ekcnsyamauii pecypcie eax/ueo iHmezpyeamu oHoeJieHi 2eos102i4Hi ma 2eogpizuyHi
OaHi i3 cyd4acHUMu memodamu po3eidku. Takuli nioxid 3a6e3ne4ums 6inbw mMo4YHe pPo3yMiHHSI 8y21e800HE8020 NomeHyiany pezioHy i cnpusmume
cmarnomy ynpaeniHHIo io20 Haghmoaa3oeumu pecypcamu.

Knw4yoBi cnoBa: lliedeHHOoKacnilicbka 3anaduHa, BakuHcbkuli apxinenae, Bynna-feHi3, podoesuuie, nnioyeH, lMMpodykmueHuli sipyc.
ABTOpM 3a8BNSIOTb NPO BiACYTHICTb KOHAMIKTY iHTepeciB. CnoHcopy He Gpanu y4acTi B po3po6neHHi AoCcnimKeHHs; y 36opi, aHanisi un
iHTepnpeTauii AaHWX; Y HanMCaHHI pyKonucy; B pilleHHi Npo nybnikauito pe3ynbTaris.
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LWWENb®OBI NANEOPYCIJIA, CXUNOBI KAHbUOHU, NMUBOKOBOAHI KOHYCHU
I MIABOAHI KOMMJIEKCU MACONEPEHOCY TA iX BNJuB
HA MIFPALLIIO BYIrNEBOAHIB HA NIBHIYHO-3AXIAHOMY WENb®1 HOPHOIO MOPSA

(lMMpedcmaeneHo YyneHoM pedakyiliHoi konezii 0-pom e2eon. Hayk, doy. O.B. LLlabamypotro)

BcTyn. TekmoHiyHa esontoyisi i cmpykmypHa 6ydoea wenbghoeoi 30HU 341eHyeaHHsA CxiOHoeeponelicbKoi nnamgopmu,
lMepeddobpydxuHcbko20 nepedoeozo npoauHy Ckighcbkoi nnumu ma HaknadeHoi Me30-kaliHo3olicbkoi YopHoMopcbkoi 3anaduHu
eupi3Hsirombcsi ocobnueoto cknadHicmro. lMpedcmaeneHi docnidxeHHs1 OaHOI 30HU 34/1eHy8aHHs1 MPOcmMopoeo eidnoegidaroms Mi-
JIKOBOOHI e HympiwHil YacmuHi nieHi4YHO-3axiOHo20 wenbgy YopHo20 Mopsi.

MeToawu. Byno npoeedeHo memamuyHy 2e0J102i4HY iHmMepnpemauito pezioHanbHUx celicmiyHux daHux 2D CDP, wo exsio-
yana 47 npogbinie (3a2anbHa doexxuHa matixxe 10 000 km), ompumanux 0nss HAK "Hagpmoza3s Ykpainu"” y 2005 poui ma nepeo6po6-
JleHux i3 3acmocyeaHHsIM Memody eiGHOesIeHHs1 icmuHHOI amnnimyodu. Lji cmpykmypHi no6ydoeu donoeHeHo iHmepnpemauyieto
dewjo winbHiwux 2D CDP celicmiyHux aHux, ompumaHux komnaHieto Western Geophysical y 1994 poui, xoya ocmaHHs 3acmo-
coeyeana iHwi napamempu 3UOMKU ma MemoduKy o6po6ku.

Pe3ynbTaTtun. Y mexax ykpaiHcbko2o0 cekmopy nieHi4Ho-3axiOHoi yacmuHu YopHo20 Mopsi i cymixHoI akeamopii 3a pe-
3ynbmamamu KomrsiekcHuUx docnidxeHb 6yro eneplwe 3akapmoeaHo MacwmabHy cucmemy 21Uu60K0800HUX NMIABOOHUX KOMIIIEKCI8
MacornepeHocy Heo2eH-4emeepmuHHo20 eiky. Ha ocHoei memamu4Hoi iHmepnpemauyii 6yno 3'acoeaHo, ujo cucmema 2suboko-
800HUX Ni080OHUX KOMIIIeKcie MacornepeHocy y ceoili NidowoeHill YacmuHi NIIoWUHHO20 KO83aHHSI ymeoploe cucmemy 6azamo-
SIPYCHUX eKpaHie Ha wsixy eucxiOHoi micpauii eyaneeodHie. [JemansHa 2eoso2iyHa iHmepnpemauisi daHux celicMopo3eidku, a
makox 2n1uboko2o 6ypiHHs1 Aasa 3mo2y eudinumu OpeHaXHy Mepexy, sika NoedHye e cobi koslekmopchkKi piaHoeaudu myp6idumie
i KaHanie ducmanbHUX KOHyci8 8UHOCY, @ MaKOX KOMIJIEKCY 3arno8HeHHs1 8pi3aHux 0OJIUH KOHMUHeHManbHOo20 naneocxusny ma
noxoeaHux piyKkoeux naseodosluH 8HymMpiWHbL020 wenbgy.

B nc HoBku. Cucmema sucokoamniimydHux Kpatiosux ckudie Kparo naneowesbgy ma epo3iliHux NogepxoHb KOHMPOJIHOE
wiisixu nepemikaHHs 8y2/1e800HI8 3 HUXYUX CMPYKmMypHUX pieHie y YopHoMopchKili 3anaduHi Hazopy ma crnpusie iXHbOMy Mpo-
HUKHEHHIO 8 MPUKOHMaKmMoaei KosieKmopu eepxHbOI Kpelidu, naseoyeHy ma eoyeHy nieHiyHo-3axiOHO20 wesnbgy, WOo € 8aXIUSUM
acrnekmom Onisi po3yMiHHSI winsixie nideuuweHHs1 pe3ysbmamueHocmi nouwykoeo-po3eidyeanbHux pobim Ha Hagpmy ma 2a3 y

0aHOMYy pe2ioHi.

Kno4yoBi cnoBa: cucmema 2nub6okogodHux nideodHux komriekcie maconepeHocy (lKM), nieHiyHO-3axiOHa YyacmuHa
YopHozo mopsi, celicMopo3eidka, cekeeHuisi, iHmeprnpemauyisi, Miecpayisi ayzaseeodHis.

Betyn

dopmyBaHHA MiABOAHUX KOMMIEKCIB  MaconepeHocy
(MKM) — komnnekcHe reonoriyHe siBULLE, sIKe XapaKTepHe
ans Bigknagis CBiTOBOro okeaHy, LLO NEPIOANYHO BUHMKAE
BHACNiAOK MeXaHiYHOi HecTabiNbHOCTI KOHTUHEHTalbHUX
CXWUNIB i NPOBOKYETLCH LUBUAKUMWU 3MiHAMW PiBHS MOpS,
TEKTOHIYHUMK NepebyaoBamn, POCTOM BHYTpiLLHbOGacew-
HOBMX MIOQHATTIB | CKkNagok, 3emnetpycamu Towlo. [ns
NNencToLEeH-roNoLEHOBOI enoxum y3depexoks YopHoro mopsi
nobpe Bigomi nigBogHi obBanu Ta CNoB3aHHA Mopig Mo
ocrnabneHux rMMUHUCTNX BePCTBax 3 NepemMillieHHsM BigipBa-
HUX onicToniTiB / onicTonnak i opMyBaHHAM XaoTWUYHMX
0CaoBUX MeNaHXiB Ta yNaMKOBUX MOTOKIB.

HewopnasHo 6yno BM3HaHo, wo po3suTtok NKM € Haba-
rato MOTYXHILUMM MPOLECOM, HiK BBaXarnocs paHiwe
(Ogata, Festa, & Pini, 2020), Tox BiH CyTTEBO BMMMHYB Ha
reonoriyHy 6ygoBy 0CagoBOi TOBLLUI CepeaHbOro-ni3HLOro
HeoreHy i nnioueHy Ha BinbLui YacTuHi rMMBOKOBOAHOI Yac-
TMHU YopHomopckkoro 6aceriHy (Kitchka, Tyshchenko, &
lysenko, 2016; Tari et al., 2015, 2016; Tishchenko et al.,
2021). MNig yac TemaTu4HOI iHTepnpeTauii perioHanbHux 2D
CEeNCMIYHUX AaHWX, L0 OXONSoTb YKPaiHCbKY rMMOOKOBO-
OHy YacTuHy YopHoro Mopsi, 6yrno BUSIBNIEHO NOBHWIA CEKTP
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CTpyKTYpHMX ymoB KM Ta noB'a3aHnX 3 HAMK enemeHTiB
pO3TAry, NepeHocy Ta CTUCHEHHS. Y3aranbHeHo cencmoda-
uii, wo noe'asaHi 3 NMKM, nokasaHo Ha puc. 1.

Posrnsg reonorivyHoi cutyauii Yepes koHuenuito NMKM gae
3MOry TpakTyBaTW LWBWAKI NafiHHA piBHA YopHOro mops B
ernoxy cepefHboro i Mi3HLOro MIOLEHY K NPUYMHY akTuBaLii
npuLLIEenbEHOBUX PO3FOMIB | POPMYBaHHS NiABOAHNX BPi3aHUX
ponuH (OnblwaHeuskuin, & €pmonenko, 2011), NpoBOKyBaHHSA
HecTabinbHOCTI cxuniB i BenukomacliTabHux obsanis ripcb-
KMX nopig, AK nepeaBiCHUKIB MPOsiIBY MECCIHCbKOI Kpusn B
cybokeaHiyHoOMy nosici MapaTeTicy, Wo po3novanacst B Meo-
TUCI | JocArna cBoro anoreto B CepeHbONOHTINCBKUIA Yac.

MeTtoau

TemaTuyHa iHTepnpeTauis perioHanbHUX CEeNCMIYHMX
gaHnx 2D CDP (47 cercmivyHux Npodinis 3aBAOBXKKM Mawixe
10 000 km), otpumanux ans HAK "HadToras Ykpainun" y
2005 p. Ta nepeobpobneHnx i3 3acTocyBaHHsM MeToay Bif-
HOBIEHHS icTHHOI amnniTyam B AN "HaykaHadpToras", € knto-
YOBMM €efieMeHTOM LbOoro gochnimpkeHHs. La iHTepnpeTtauia
TakoX NiATBEPOKYETLCA HA AaHMX MO AeLlO LWiNbHILWIN cenc-
MiyHii ciTui 2D CDP, oTpumaHin komnaHieto "Western
Geophysical" y 1994 p., xo4a oCTaHHs 3acTocoByBana iHLi
napamMeTpwu 3MoMKM Ta MeToauky o6pobkun. 3a pesynbtatamum
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iHTepnpeTaLii 6yno BuaineHo Asi BennkomaclutabHi obnacTi
KomMno3utHux NMKM: 3axigHui i cxigHun amditeaTpm Hakonu-
YeHHS BiAKMaaiB TpaHCNopTy Mac, BianoBigHo (puc. 2). Kpim
TOro, y UbOMY AoCHifxeHHi 6yno BukopuctaHo 3D cericMiyHi
AaHi nnoweto 710 kB. kM, 06pobneHi B 1N "HaykaHadToras"
Ha Opecbkomy i BesiMeHHOMy rasoBux pogosuax Ta

e
Basal shear surface

Localised topography

npunernux ginaxkax y 2009 p. ans Bidyanisauii TOHkoLwapo-
BOi OyAOBU LiNboBMX HAadhTOrasaoHOCHUX chopMauii 3 BUKO-
pPUCTaHHAM MeToAy CneKTpanbHOi AEKOMMNO3KLIT 3 BUCOKOHO
pO34inbHOK 34aTHICTIO, NEPEBAXHO AN BUBYEHHS BHYTPILL-
HbOT apXiTeKTypu 3anoBHEHHS BPi3aHUX JOSUH.

Headwall
Domain

Translational Domain

Toe Domain

Puc. 1. Mogenb hopmyBaHHsA KM (mass transport complex) (Bull et al., 2009):
1 — BEpXHiN ycTyn (eckapn) BiapuBy; 2 — 6Moku, L0 YTBOPWUIMCS B NpoLecax po3TAryBaHHs i o6Bany; 3 — GiuHi Mmexi;

4 — pamnu i preTn NoBepxHi KOB3aHHS; 5 — 6OPO3HN B3AOBX MOBEPXHi KOB3aHHS; 6 — 6OPO3HM, CTBOPEHiI PyXOM ONiCTONITIB;
7 — ocTtaHUi (HenepewmilleHi 6noku); 8 — nepemilleHi 6noku (knactu, onictonitT); 9 — onicToNiT-BTiKay y PPOHTanNbHI YacTuHi;
10 — cknagku; 11 — okpeMi Benuki NO3A0BXKHI 3CyBU; 12 — CTpyKTypm Tedii; 13 — rpaan-cknagku B 30Hi ranbMyBaHHS MOTOKY;
14 — cknapgyacTo-HacyBHa 30Ha. Crown cracks — 3akonbHi TpiwmHK; basal shear surface — 6a3anbHa NoBepXHsi 3CyBY;
localised topography — micueBe y3suwws; headwall domain — 30Ha eckapny;
translational domain — 3oHa nepemileHHs; toe domain — nigoLoBHa 30Ha

AONMHA Nane-/lHicTpa A308cbKe mope

PymyHis YKkpaiHa

YopHe mope

TypeuunHa

Puc. 2. [1Ba BeNnuK1Mx KOMNO3UTHUX (CepeAHili MioLeH-NnioLeH Ta paHHin nnencroueH) amditeatpu MKM (3axigHun (W)
Ta CxigHui (E)) po3TawioBaHi B ykpaiHCbKOMY rMMG60KOBOAHOMY cekTopi YopHOMOpCbKOro 6aceiHy.
Ha pucyHky 3rigHo 3 (OnbliaHeubkuii, & €EpmoneHko, 2011, 3i amiHamu) BkasaHo: Ogecbke Ta besimeHHe rasosi pogosuLua (*),
naneoLuenb®, NPopizaHUn NOXOBaHUMW KaHbNOHaMK Ta aniosianbHUMK naneopycnamm

PesynbtaTtun

BuaineHi cepegHbOMIOLEHOBI-MMIOLEHOBI Ta pPaHHbO-
nnericToueHosi MNMKM B YopHomy mopi. Hanrnubwwum i3
3akapToBaHux € piseHb [1KM, nos'a3aHuii 3 penepHnM ropu-
30HTOM BiOWTTS Ip, WO NpuypoYveHnin 4o NigoLWBK napace-
KBEHLii BaNMHUCTUX cepeaHbOMIOLIEHOBUX FTNH.

Y celiCMOCEKBEHLiSIX Big cepeaHboro MioueHy 4O BEpX-
HbOrO NNiOLEHY-PaHHBOrO NENCTOLEHY, Y 3axigHOMYy amdi-
TeaTpi NKM 6yno BUSIBMEHO L€ LWiCTb OCHOBHMX piBHIB MKM

ISSN 1728-2713 (Print), ISSN 2079-9063 (Online)

(puc. 3), Ha BiAMIHY Big nNuwe ABOX Yy CXiOHOMY, siKi BUIMs-
[alTb MonoAwmnmMm (MisHin MioleH — KiMepin?), HiX y 3axia-
Homy. 3 NobynoBaHMX KapT BUNMMBAE, WO 3axigHWUN TeaTp
MKM 6yB GinbLl po3norMm i 3Ha4HO MOTYXKHILLUMM Ta Xapak-
Tepu3yBaBcs BENVKUMU HegedOpMOBaHUMK, HACYHYTUMM i
nepeBepHyTMMM Tinamu OMiCTONITiB, GOKOBUMKU pamnamu,
ceguMeHTaUIHUMK S3MKaMmn KOHYCIB NpopMBY Ta NOTOKaMu
[ebputiB, BikKHaMu 3CyBHOMO BigpvBY, HOpMarnbHWMMK CKU-
Jamu i dreTaMyM 3 KOrepeHTHOK cKnagyacTicTio dhauin
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MKM, a TakoxX rapmMOHIMHMMMK BHYTPILIHLOOPMaLIAiHUMM
cknagkamu (puc. 4) i MenamwxeBuMMU 3iM'ATUMW 30HaAMKU
B3[OBX (PPOHTaNbHO pO3ranyXeHux HacyBiB, LLO CyrnpoBO-
AXYIOTbCS MiABEPHYTUMU CKNagKamu.

MpunyckaeTbes, Wo Ui AedopmMaLil KOHTPOMKTLCS ro-
PU3OHTOM MAACTUYHUX TEMHUX IMIMH cCapMaTCbKOro BiKy, Nif,
AIKMM FTOKarnisoBaHa NoBepXxHs BiAwapyBaHHs / koB3aHHS. Lli
pe3ynbTatn gobpe KopenoTbesa 3 AOCMIMKEHHAMMN Ta iH-
TepnpeTauisgmu, 3pobneHnmmn Ans 3axigHOYOPHOMOPCHKOro

Ut

Puc. 3. eﬁcmoc'rp“'mrp

S

baceliHy B TypeubkoMy, Gonrapcbkomy Ta PyMyHCbKOMY
CeKTopax.

Miwani dpauii MKM i noB's3aHi 3 HUIMKU CTPYKTYPHi 0CO6-
NMBOCTI MOXYTb ByTU KONekTopamu A4S NOKNaAiB BYrieBo-
OHiB, xo4ya Hanbinbw Tunosi Ana MKM BanHsAHI rMUHUCTI
nopoau BigirpalnTb Pofb EKPaHyr4Yux Mnopig, oTxe Hau-
6inbLU NnepcnekTMBHNMM 06'ekTaMu po3Biaky € niwaHi Typbi-
OuTW i nonaTtesi Bisna KOMMMekcy 3anoBHeHHs Hag MKM
(Kitchka et al., 2021).

S thery

adpiyHi MHMi.li

cepeaAHbOMIOLIEeHOBUX — HUXKHbOMMIOLLEHOBUX — paHHbonnencToueHoBux MKM (npoHymepoBaHi)
B YKpaiHCbKOMY rnM6okoBoaHOMY cekTopi 3axigHo4uopHoMopcbkoro cy66aceiHy (34B), cerncmonpodins BS 05-23

=i

Puc. 4. Cencmodauii rapmMoHin
lNoxoeaHi piykoei dosmuHU ma rnideo0dHi KaHbUOHU rie-
HiYHO-3axiOHO20 wesbghy ma ix 3Ha4yeHHs1 OJisi po38ioKu
ayaniesodHie. lNepLui AaHi Npo Bpi3aHi JOMWHM Y MeXax MiB-
HIYHO-3axigHOro Wenbgy 3ragyloTbCs Y BUPOOHMUMX 3BiTax
MpuyopHomopcekoi APl Ha noyatky 80-x pokiB MUHYroro
cronitTTa. [MisHiWwi TemaTtuyHi JoCnifmKeHHs Ha HadTy i ras
(Khriachtchevskaia, Stovba, & Popadyuk, 2009; OnbLuaHeub-
kun, & €EpmoneHko, 2011) BUSBUNW po3ranyXeHy i pPO3BUHEHY
cucTeMy anioBianbHUX pycen naneopiyok (ave. puc. 5) i no-
XOBaHUX CXWUMOBUX KaHLWMOHIB, LLO MPOopi3aloTb KarlHO30MCb-
KU ocapoBuin Yoxon B Opechkiit 3aToui niBHIYHO-3aXigHOro
wenbdy, gKka nigTBEpoKEHa AK Cy4aCHUMN CENCMIYHUMU [a-
HUMW, TaK i AaHVMW NOLLYKOBO-PO3BidyBarnbHOro OypiHHS.

Ha cborogHi BaXnMBICTb AMCKOPOAHTHMX OONWH AN
PO3yMiHHSA CTPYKTYpU Ta HadTOra3oHOCHOrO MoTeHuiany
3axigHO4YOPHOMOPCBKOI 3anafauHy Ta il NiBHIYHO-3axigHOro
wenbdy 30kpema € 3aranbHoBu3HaHow (Tari et al., 2015).
Y poesknx Bunagkax KaHbMOHW MOXYTb PO3LiNATv MOKnaau
NepcrnekTUBHOI OiNsHKU (Hanpuknag, cepeHin eoueH Onim-
NINCbKOI aHTUKMIHaNi, KA PO3CIYEHU BPI3AHOK HEOreHo-
BOIO [JOMMWHOI) i YCKMagHIBaTU MOLLYKOBO-PO3BidyBaribHi
po6otu. 3 iHworo 60Ky, BOHM MOXYTb BUSIBUTUCSH eeKTuB-
HUM KaHanom Ans noganbLUoi BUCXIQHOI Mirpauii Byrnesoa-
HiB Big AE€NOLEHTPIB TEPMIYHO 3pinnX TOBLL A0 NepudepinHnx
NacTok, A4ilo4n SK XMBNsaYi "Tpybu” ana HaddTu i rasy, ocKinbkm
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Ho'l'cm:lanqacmﬂ y'3axi.quon_ny an)i'r_ea'rpi MKM, cen

a3 —

Monpodink BS 05-37

GaszanbHi WapK piYkoBMX AOMWH 3a3BMYall NpeacTaBrieHi
BMCOKOMPOHWKHUM YNaMKOBUM MaTepianiom.

BigHoBmnOOYMCh Maibke Ha TOMy CaMOMy MiCLi MPOTArom
reornoriyHoro 4acy, MonepevHi AONMUHU YM KaHbNOHW (iXHi
TanbBern ycnagkoBaHi BiA MUOMHHUX PO3NIOMHUX 30H)
3anoBHIOBaNMCs ynaMmkoBUM mMaTtepiarnom i ctaBanu BCe ru-
OwmMM i MubLummMmn, HabnmXxarumchb OO Kpak KOHTUHEHTasb-
HOro naneocxuny, MOCMiAOBHO npopidaoyn Binbll  AaBHi
BEpCTBM, W06 HapeLuTi 3'egHaTmca 3 TypbiaMToBMMU BisnaMmm
KOHYCIB BUHOCY Ha NigHIMOKI KOHTUHEHTaNbHOro CXumy. Takum
YMHOM, AOMWHU Ta KaHbWOHW NEPEXONnIoTb, NOKaNi3yoTh i
nepepo3noginsaTb BUCXiOHI NMOTOKM BYrNEBOAHIB (B3OOBX
chimneys, abo T. 3B. Tpy6 Aerasalii), Hagatoum naTepanbHUiA
LUNAX OO0 BEPXHiX FNCOMETPUYHMX PIiBHIB, AMB. NpUKnag Ha
puc. 6 (MinkoBoaHa rasoBa aHomanis BABIYi iHTEHCMBHILA B
MeXax XXMBIAYNX PO3NOMIB, HiXX B iXHBOMY OKOTi).

MopiBHIOYN YKpaTHCBKY YaCTUHY 3 MPUMErion pyMyH-
CbKOI0 aKkBaTopito, 6yro BCTaHOBIEHO Ti caMi NiCKOBWKM, LLIO
npoaykTuBHI Hag dpoHToM KM Ha rasosux poposuLiax
HowmiHo Ta Nipa (puc. 7).

HenponukHi 6aratopiBHeBi noBepxHi NKM BuKOHYHOTb
pOnb MOKPULLOK HadTH i rasy, BOHN MOAYMIOKTb, aKyMyIo-
I0Tb i BiOXUNATb BUCXiAHI NOTOKW BYrMEeBOAHIB A0 nepude-
pii 6acenHy (Sun et al., 2017; Constandache et al., 2023), a
yepes BiKHa BUTOKIB MOXOBaHWX KaHbWMOHIB i pycen pivyok
CMpUAOTb HaAOXOMKEHHI HadTh i rasy Ao wenbgoBux
YTBOpEHb pi3HOI rMubuHu i Biky (puc. 8).
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Puc. 5. CnektpanbHa gekomno3suuif 3D-Ky6a, o BUABNSIE TOHKY MeaHAPYHYY CTPYKTYPY NOXOBAHOI AONUHU
naneo-[Hictpa(?) Ha 3pi3i 728 mc TWT, BHyTpiwHi wenbcd OaecbKoi 3aTOKM.
Bezymenne gas field — BesimeHHe rasoBe pogosuiie; Odesa gas field — Ogecbke razose pofoBULLE;
multistage paleo-river system — 6araTopiBHeBa naneopiykoBa cuctema; Anchovy prospect — notykoBuii 06'ekT AH4OyC

Puc. 6. 3D ceiicmivyHui Ky6 cnekTpanbHoi Aekomno3uuii (3pi3 Bia 508 go 3948 mc),
Lo noka3ye MinKoBOAHUI ra3 (ickpaBsa nnsiMa), ska po3TalloBaHa Ha AHi NpoKcMManbHoro naneodaHy Ha rMUGMHI ~755 m
i NipKUBNIOETLCA KaHanaMm pgerasadii, Wo KOHTponoTbess OaecbKUM TPaHC(POPMHUM PO3NTOMOM.
Odesa gas field — Ogecbke rasose pogosuLle; paleo-channel — naneo-kaHan; gas chimneys — kaHanv gerasauii;
free gas/brightspot — BinbHWI ras/sackpasa nnsma; Maykop Fm — Maiikoncbka cepist
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Puc. 7. IMoBipHO rasoHacu4eHi NickoBMKM KoMNeKcy 3anoBHeHHA Haa ppoHToM MKM (4epBOHi KOHTYpH)
B rMUGOKOBOAHIN YacTUHI yKpaiHCbKoro cektopy YopHoro mops

? 360km

Puc. 8. MpuHuunosa moaenb mirpauii BB 3i 3pinoro rnu6okoBogHoro 6aceiiHy Ao MeHL 3pinoro niBHi4YHO-3axigHoro wenbdy,
po3pis 3a (Khriachtchevskaia O. et al 2009) 3i 3MiHamK; 4epBOHiI CTPINKU BKa3ylOTb HaNpsAMKKN Mirpauii ByrneBoaHis.

N — niBHiv; S — niBgeHb; immature — He3pinun; mature — 3pini; overmature — nepe3spini; Odesa Shelf — ogecbkun Wwenbd;
Western Black Sea Basin — 3axigHo4opHomopcbekuin 6aceiiH; Pre-Cretaceous Jurassic-Triassic(?) — AOKPENO0BWIA IOPCbKO-TPiacoBUIA(?);
M-L. Eoc-Paleocene — cepegHili-BepxHi eoueH Ta naneoueH; Up. Cretaceous — BepxHs kpenaa;

Lower Cretaceous — HwxHs1 kpenaa; Holocene-Upper Miocene — ronoueH-BepxHii mioueH; Middle Miocene — cepeiHini MmioueH;
Lower Miocene-Oligocene — HuxHil MioueH-oniroueH; Upper Eocene — BepxHili eoLeH;

MTDs (mass transport deposits) — komnnekcu maconepeHocy

Lunckycis i BUCHOBKM

1. BcTtaHoBneHo, Wwo 6acenH YopHOro Mops xapakrepu-
3YETLCS MOTY)XHUM PO3BUTKOM MiABOAHMX KOMIMIEKCIB Maco-
nepeHocy i NiABOAHWMX KaHbWOHIB MPOTArOM cepefHbOoro-
Ni3HLOro MioLeHY i paHHbOro NAENCTOLEHY.

2. 3'AcoBaHo, WO NiABOAHI KOMMMEKCU MaconepeHocy,
noxoBaHi NiABOAHI kKaHbNOHM Ta cMCTEMa Naneo-pivok 3 Bia-
NOBIAHVMMW CTPYKTYPHUMW eNeMeHTamMu Ta NiTOnoriyHumMun
pisHoBMAaamn 3abesneydyoTb ePeKkTUBHI WIaXu Mirpadii Ta
NacTKoOBi YMOBW ONS CKyNM4YeHb BYITEBOAHIB, WO MIirpyloTb
nartepanbHO Bropy rno cxuny ocagoBoro 6aceviHa.

3. Bneple npeacTaBneHo, Wo CyMilLleHHs! 3pinux maTe-
PVHCBLKUX Mopig Mankony 3 6inbLu AaBHIMU nopogamu-Korne-
KTOpaMn No KpawoBi 30HI PO3NOMIB NiBHIYHO-3aXigHOro
naneowlenbdy, a TakoX 30H i NepeTuHy Bpi3aHUMKN [ONK-
HamMu CTBOPHOE e(EKTUBHY [OPEHaXHY Mepexy Ang

ISSN 1728-3817

3aMnoOBHEHHS PiIBHOMAaHITHMX NacTOK Y KOMeKTopax Bif HWK-
HbOI Kpewnau 40 BEPXHbOro NIOLEHY, L0 CTBOPHE CNpUAT-
NVBI WWIAHCK AN 3HAXOMKEHHSA NMPOMUCIIOBUX CKynyeHb BB
[OCUTb Janeko Ha MiBHIY i 3axig Big 30HW HadpToreHepauii
KapkiHiTCbKOro nporuHy.

4. BnepLue B yKpaiHCbKi YacTuHi YopHOro mops BU3Ha-
YeHi aHanorm Tpbox PiBHIB MiICKOBMKIB, AKi € NPOAYKTUBHUMU
Hag dpoHToM MNMKM Ha rasosux pogosuiiax JomiHo Ta Jlipa
(PymyHis).

BHecok aBTOpiB: AHApIN TULEHKO — KOHLenTyani3awis, MeTo-
[onorisi, iHTepnpeTauisi CEeACMIYHUX [aHWX, HaMUCaHHS, BUCHOBKM;
OnekcaHap Kuuka — reomoriyHa OCHOBa MpPOBEAEHVX OOCHigKeHb,
MeTogornorisl, HanucaHHs (opuriHanbHa 4epHeTka), opMarbHUi
aHanis; AHgpin Bikea — Banigauis faHnx, dhopManbHWn aHanis, BHe-
CEeHHs1 JONOBHEHb [0 CTaTTi, HaNUcaHHS (Nepernsg i pegaryBaHHs).
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SHELFAL PALEO-RIVER VALLEYS, SLOPE CANYONS, DEEPWATER FANS & MASS TRANSPORT DEPOSITS
AND THEIR INFLUENCE ON HYDROCARBON MIGRATION TO THE NORTH-WESTERN SHELF OF THE BLACK SEA

Background. The tectonic evolution and structural constructions of the East European Platform offshore convergence zone, the Pre-
Dobrogea foredeep on the Scythian Plate and the overlaid Meso-Cenozoic Black Sea Basin are particularly complicated. The presented research of
this convergence zone spatially corresponds to the shallow inner part of the Black Sea northwestern shelf.

Methods. A thematic geological interpretation of regional 2D CDP seismic data was performed, including 47 profiles with a total length of
almost 10,000 km acquired for Naftogaz of Ukraine in 2005 and re-processed using the true amplitude reconstruction method. These structural
constructions were complemented by the interpretation of slightly denser 2D CDP seismic data acquired by Western Geophysical in 1994, although
the latter used different acquisition par ters and processing techniques.

Results. For the first time based on the results of comprehensive studies, a large-scale system of deep-sea mass-transfer complexes of
Neogene-Quaternary age was mapped within the Ukrainian northwestern part of the Black Sea and adjacent offshore. Based on the thematic
interpretation, it was found that the deep-sea submarine mass transfer complex system in its plane slip bottom part forms a multi-level screen system
on the way of upward hydrocarbon migration.

A detailed geological interpretation of seismic and deep drilling data allowed us to identify a drainage network that combines reservoir turbidites
and distal alluvial fans, as well as incised valley filling complex of the continental paleoslope and inner shelf buried river paleodunes.

Conclusions. The system of marginal high-amplitude normal faults at paleo-shelf hinge and erosion surfaces facilitates migration of
hydrocarbons form lower to higher stratigraphic levels of deepwater domain and their permeation into adjusted paleo-shelf terrace through the
contact with older reservoir in Upper Cretaceous, Paleocene and Eocene strata that is quite important issue for planning of exploration activity for oil
and gas in this region.

Keywords: mass transport deposits (MTDs), Northwestern Black Sea, exploration, sequences, interpretation, hydrocarbon migration.

ABTOpM 3asBNAIOTb NPO BiACYTHICTb KOHANIKTY iHTepeciB. CNoHcopu He Bpanu yyacTi B po3pobneHHi 4ocniakeHHs; y 36opi, aHanisi umn
iHTepnpeTaLii AaHVX; y HaNMUCaHHi PyKonucy; B pilLeHHi Mpo nybrnikavito pe3ynbTaris.
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'KuiBcbkui HauioHanbHUM yHiBepcuTeT imeHi Tapaca LLieByeHka, KuiB, Ykpaina
2TOB "AnkoH YkpaiHa", Kuie, YkpaiHa

MOPIBHAJIbHA XAPAKTEPUCTUKA ®UJIbTPALIIMHO-EMHICHUX BNIACTUBOCTEM
YW NTbHEHUX TEPUFEHHUX NOPIA AHINPOBCbKO-AOHELIbLKOI 3ANAQWHU TA
CXIQHOIO CXUNy NbBIBCbKOIO NAJIEO30UCbKOIO NMPOrMHY

(MpedcmaeneHo YyneHom pedakyiliHoi koneaii 3-pom 2eosn. HayK, npod., YyneH-kop. HAHY M.I. Opntokom)

B cTyn. BuceimneHo pe3ynbmamu nopieHsiHHS hinbmpayiliHo-eMHICHUX Nnapamempie ywinbHeHUXx mepu2eHHUX rnopio Ka-
p6oHy nieHiyHO20 60pmy i yeHmpasnbHoz20 2pabeHy [JHinpoecbko-[JoHeybKoi 3anaduHu ma kemb6piro Jlbeiecbko20-naneo3olchb-
KO20 npoz2uHy nepcreKkmueHux Oi/ITHOK Ha rowyku eyasiegodHie. Mema docnidxeHb nonszana y eug4eHHi ma roOpieHSIHHI
nempogizuyHUX Napamempie ywinbHeHuUx nopiod-konekmopie AocidxeHux naouw; Sk OCHO8U KOMIIIEKCHO20 aHani3y ix gizu4yHux
eslacmusocmed.

Me ToAau. BukoHaHO eu3Ha4eHHs1 06'eMHOI 2ycmuHu 3pa3kie (cyxux) wisxoM 3eaxyeaHHs ma euMiproeaHHs ix 2eomempu-
YHUX po3Mmipie. Bukopucmoeyeaecsi Memod 2idpocmamuyHO20 38a)KyeaHHs1 3pa3kKie (Hacu4eHux Modesito niacmoeoi eodu). Ansi
8U3Ha4YeHHs1 ea2u 3pa3kKie eukopucmoeyeasiucb yugpoei aHanimuyHi eazu (moy4Hicmsb 0,001 2). Koegpiyienm eidkpumoi nopuc-
mocmi eau3Ha4aecsi 2a3080JIFOMemMpPUYHUM crloco6oM ma MemodoMm 2idpocmamu4yHo20 38aXKyeaHHS 32i0HO i3 cmaHOapmMHOK Me-
modukor. KaninspomempuyHi OocniOXeHHs1 BUKOHyeasucsi WIAXoM ueHmpudgyayeaHHsi 3pa3kie. [ns ecmaHO8sIeHHS
KopensiyiliHux 36'dA3Kie MiX eMHICHUMU, efleKmPUYHUMU Ma aKyCmu4YHUMU rnapamempamMu rnopio e ammocgepHux i nnacmoeux
yMo8ax 8UKOHaHO KOMIM/IEKC nempohi3uyHux 00cCiOxeHb i3 ¢hi3u4HUM MOOesnro8aHHAM N1acmoeux yMos.

Pe3ynbTtatu. focnidxeHo maki hinbmpayiliHo-eMHICHi Xxapakmepucmuku 3pa3kie nopio, sik koegpiyieHm eidkpumoi ma
eghekmueHoOi mopucmocmi, koegpiyieHm 3anuuwKoeo20 8000HacuU4eHHs1 ma KoegiyieHm nPoHUKHocmi.

HaeedeHo mexi 3MiH ma cepeOHi 3Ha4yeHHs1 (hinbmpayiliHo-eMHiCHUX napamempie AocnidxeHux nopid, a makox ix nopie-
HSIHHS1. BUKOHaHO OUiHKY cmpyKmypu nycmomHo20 npocmopy rnopid ma ix aHasni3 Ha ocHo8i KaninsspoMempu4yHuUX 00CidXKeHb
crnocob6om yeHmpugyayeaHHs.

BucHoBKU. 3a donomozoro KopesisyiliHo20 aHasli3y eCcmaHoesIeHO psi0 KopesnsayiliHux 3anexHocmel Mix ¢inbmpayiliHo-
€MHICHUMU napamempamu 0ocidXeHux nopid — 2ycmuHoro, koeghiyiecHmom nopucmocmi, koegpiyieHmom eghekmueHoi nopuc-
mocmi ma KoeghiyicHmMoM 3a5uwKo8020 8000HAaCUYEHHS, @ MAKOX MiX KoegiyieHmamu nopucmocmi, eu3Ha4eHUMU 8 ammMocgep-
HuUx ma nnacmoeux ymoseax. Lji 3anexxHocmi MoxXxymb 6ymu eukopucmati npu inmepnpemaduii daHux 2eoghizauyHux AocsidxeHb

ceepdsio8uH ma MmodesiroeaHHi hinbmpauyiliHo-eMHICHUX NapaMempie ywinbHeHuUx nopiod-konekmopie.

Knw4yoBi cnoBa: aneeponimu, nickoeuku, hinbmpayiliHo-eMHICHi napamempu, 2ycmuHa, koegiyieHmu nopucmocmi,
NPOHUKHOCMI Ma 3a51uWK08020 8000HaCUYeHHSsI, CmMPYyKmMypa fnycmomHo20 pocmopy, KopesnsiyiliHi 3anexHocmi.

Beryn

TMocmaHoeka npobniemu. Moknagam BYrneBOAHIB B YLLi-
NbHEHMX KOMeKTopax HanexuTb ocobnvee Micle cepen He-
Tpaguuiiinx mkepen BuaobyTky HadTM Ta rasy. BoHu
npeacrasneHi cnabonpoHUKHUMK, HU3LKOMOPUCTUMU TipCh-
kumu nopopamu (Muxainos Ta iH., 2014). HaaBHicTb HeTpa-
OVUIHUX MOKMNafdiB BYrNMeBOAHIB (ra3 YLWiNbHEHUX nopig,
CrnaHUeBUiA ra3 TOLLO) BCTAHOBMEHO B GaraTbox perioHax
CBiTY, B TOMY 4uncni B [JHinpoBcbko-[oHeLbkin 3anaguHi (043)
i Ha BonuHo-MNoainni (YkpaiHa). 3anacu ByrneBoAHIB B yLLUiMb-
HEHMX NopoAax MOXyTb Y pa3v NepeBuLLYBaTV pecypcu Tpa-
avuinHoro Tuny (Muxannos Ta iH., 2018). YwinsHeHi nopoau
B HW3Li perioHiB MICTATb 3HAYHY KiMbKICTb OpraHiku h MOXyTb
CnyryBaTtmh ik MaTepUHCBKUMY NMOpoaamMu, Tak i KonekTopamum
rasy. HoBiTHi TexHonorii BUOobyTKy rasy Ha OCHOBI Figpopos3-
pvBY Mriacta 3mMiHUIM NepcneKkTUBHICTb Lux Bigknagis. 3 6a-
raTmx Ha opraHiky yLinbHeHUX nopig MoxHa JobysaTtu ras y

BENMMKMX 0B'eMax i 3 EKOHOMIYHO MPUAHSATHOK 33 HUHILLIHIX
ymoB cobiBapTicTto.

YLWinbHEHi KONEeKTOpK 3a Lifiol HU3KOK O3HaK Bigpi3Hs-
H0TbCS Bi4 Nopig TpaguuinHnx pogosuw, Hadhth Ta rasy. [Ans
YWiNbHEHNX KOMNEKTOPiB XapaKTepHe perioHanbHe noLu-
peHHs. 3Ha4YHi MoKnagu rasy 30CepepkeHi B LEHTParbHMX,
HaMbinbLW 3aHypeHUX YacTuHax HadTorasoBux OGacewnHiB
("ras ueHTpanbHobacenHoBoro TMny").

Mig yac BMBYEHHA YLMbHEHUX KONEKTOPIB BaXnuey
ponb BifgirpatTb reodisnyHi Ta NeTpoi3nyHi AOCNIMKEHHS,
a TakoX MaTeMaTU4YHe MOAEMIOBAHHS, HA OCHOBI SIKUX BU-
3Ha4alTbCA HaNpsiMku Anst 6ypiHHS rOPU3OHTANbHOro CTO-
BOypa cBepAnoBvHU i napaMeTpu rigpopo3pusy nnacra.

Y cTaTTi BUCBITNEHO (PinbTpauiiHO-EMHICHI napameTpu
Ta MNOPIBHAHHSA YLWiNbHEHUX nopig, npeacTaBneHnx
HU3bKOMOPUCTMMM MiCKOBUKaMX Ta aneeBponitTamu cxia-
Horo cxuny JlbBiBCbkoro namneosorcebkoro nporuny (JIMM)
Ta [HinpoBcbko-[loHeubKol 3anaguHu (NiBHIYHUA GopT i
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LeHTpansHun rpabeH). Xapaktepuctuka neTpodisnyHux
BNACTMBOCTEN LMX MOPia € O4HMM i3 BaXnuBMX 3acobiB
OLiHKN HadTOrasoBOro NOTeHLiany NepcnekTMBHUX TOBLL
YWiNbHEHUX KONEeKTOpIB, WO 3YMOBMIOE aKTyanbHICTb iX
neTpodi3anYHOro BUBYEHHS.

AHani3 ny6nikauiti 3a memoro docnidxeHb. BuByeHHo
i3n4HNX BacTUBOCTEW Nopia HadpTorazonepcnekTMBHNX pam-
OHiB YKpaiHM npucsBsdeHa Hu3ka nybnikauii (Buxea Ta iH.,
2013, 2014, 2017-2022 a, 6; Vyzhva et al., 2017, 2019; luras et al.,
2023; KapneHko, BawkipoB, & Kapnenko, 2014; KapneHko,
Muxannos, & KapneHko, 2015; Macnos, OHuwyk, & LLnHka-
peHko, 2017; Muxannos Ta iH., 2014, 2018; HectepeHko, 2010;
Opnitok Ta iH., 2011, 2013, 2018; Orlyuk et al., 2018 a,6; Orlyuk,
Marchenko, & Bakarjieva, 2021; MNawwkeBuy, Opnitok, & Jlebeab,
2014; Pubanka, & KapneHnko, 2016; Cobonb, & KapneHko,
2021) Ta Garatbox iHLWKX aBTopiB. [NeTpodisnyHi napameTpu
nopig MarTb BaXIMBE 3HAYEHHS ANS OLIHKK iX KONEKTOPCHKMX
BMacTUBOCTEW 3a AaHVMU CBEPATIOBUHHMX ENEKTPOMETPUYHMX
Ta aKyCTUYHUX OOChigKeHb, ToMy ix nabopaTtopHum gocni-
DPKEHHAM NpuainsgeTbca 3HavyHa yeara. BogHoyac netpodisu-
YHi NapameTpu nopig i KOPEensuinHi 3anexHOCTi MK HUMK
MatoTb AOCUTb BUPaKEHUN iHAMBIAYyanbHWUIN XapakTep CTOCO-
BHO KOXHOI OinsiHkv gocnimkeHb. Omke, nabopaTopHe BU3Ha-
YEeHHS UMX BMNacTUBOCTEW Ta BCTAHOBMEHHS BignoBigHMX
KOPEnsUiiHNX 3B'A3KIB MK HUMW 0151 KOXHOI NEePCneKTUBHOI
nnowi noTpebytoTb BUKOHAHHA SIK OKPEMUX OOCHIOXKEHb, TaK i
OKpeMoro ny6nivyHOro BUCBITNEHHS iX pe3ynbTaTiB.

BudineHHs1 Hepo3e'si3aHUX paHiule YacmuH 3a2allb-
Hoi npo6niemu. Ha cydyacHomMy eTani npobnema noLuykis Ta
BMBYEHHS HETPAAULINHUX [XXepern BYrNeBOAHIB HA TepuTo-
piil YKpaiHu € HaA3BMYaNHO akTyarnbHO, 3BaXaroun Ha cu-
Tyauito 3 eHeproHocissmu y cBiTi. Tomy AochigKeHHs
neTpodpianyHMX BMACTMBOCTEN TFiPCbKMX Mopig 3 METO
OL|iHKV NepCnekTUBHOCTI re0NorivYHNX CTPYKTYP i KOMMNMEKCiB
Ha BYIMEBOAHI Ma€e BaXIMBE 3HAYEHHS. FK BXe 3a3Hayanocs,
neTpodisnyHi BMacTMBOCTI Nopig HeobXxiaHi nig yac iHTepnpe-
Tauii matepianis reodisnyHMX OOCNIoKEHb CBEPLIOBUH,
a TaKoX Ans OLiHKV MapaMeTpiB rigpopo3puyBy nnacTta.

BaxnuemMMun € pesynbTaTi NOpPIiBHANBLHOrO aHanisy Aa-
HUX NEeTPOIi3NYHNX AOCNIMKEHb YLiNbHEHUX Nopig Pi3HMX
reonoriYHnX perioHis.

Cnig Big3HauMTHK, LLO, HE3BAXAKOUN HA 3HAYHY KiNbKICTb
BiANOBiIAHMX Nybnikauin, onsa ywinbHEeHUX Nopig NPakTUYHO
BiCYTHi AaHi ix nabopaTopHuX inbTpauifHO-EMHICHUX O0-
CRigXeHb i KopensauiHUX 3aneXHOCTeNn MiXK ginbTpauiiHo-
E€MHICHMMW napameTpamMy AN KOHKPETHUX nnoly, i yTBO-
peHb. Taka cuTyauis BUHMKNA TOMY, LIO OO HeOaBHbLOro
yacy neTpogisunyHi gocnimpkeHHs 6ynu cnpsiMoBaHi nepesa-
XXHO Ha BMBYEHHS MOPIA-KONEKTOPiB TPaauLinHUX axepen
BYIMEBOAHIB, i NeTPodi3nyHi napameTpu yLUiNbHEHNX Nopig,
€ cnabko BMBYEHMMU ab0 HEBMBYEHVMMU.

Mema docnidxeHb. MeTol OaHux AocrigkeHb 6yno
NOPIBHAHHA MNeTpOomi3anYHUX BNACTUBOCTEN YLUiNbHEHNX
TEPUTreHHUX Nopia-KoneKkTopiB kapboHy NepCNeKTUBHUX Ji-
nsiHok [HiNpoBCcbkO-[JOHeLbKOT 3anaamHn — NiBHIYHWIA BopT
(MB 0A3) Ta ueHTpanbHuii rpaben (LM OA3) i Bigknagis ke-
MOGpito cxigHoro cxuny J1bBIBCbKOro Namneo3onCcbKoro npo-
ruHy (JIMIN) sik OCHOBM KOMMNEKCHOro aHanisy ix isnyHmnx
napameTpis.

BcTaHoBneHo, Lo KopensuiviHi 38'a3K1 MiXk EMHICHO-(inb-
TpauilHMMM napamMeTpamy | OaHUMW CBEPASIOBUHHUX Ta
NoNbOBUX reoi3nYHNX METOAIB € JOCUTb CKNagHMMK i NoT-
pebytoTb peTenbHoro BMBYEHHS. Komnnekc nabopaTopHux
neTpodpianyHMX AoCNigKEeHb — OCHOBA ANl BUSHAYEHHS LMX
3B'A3kiB. [laHi, oTpMmaHi B pe3ynbTaTi nabopaTopHux aocni-
OXEHb NP0 3MiHN NYCTUHU NOpid, X MUTOMOro eneKTPUYHOro
0nopy, LWBUAKOCTI MOLUMPEHHS NMPYXHUX XBUMb Y HUX Ta iX
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KopensAuinHi 3B'A3kn i3 PinbTpauinHO-EMHICHUMK napameT-
pamu, BUKOPUCTOBYHOTbCS AN iHTepnpeTauii pesynbraTtiB
€NeKTPOMETPUYHMX | aKyCTUYHMX MEeTOoAiB  OOCHiMKEeHb
CBepaSI0BVH, NOMbOBOI €N1EKTPOPO3BIAKN | CEMCMOPO3BILKN.

ExkcnepumeHmanbHi nempogizuyHi 00CniOXeHHs
BukoHaHo y HAJT TeopeTuuHoi i npuknagHoi reodisnkm
HHI "IHcTtuTyT reonorii" KHY imeHi Tapaca LUeByeHka. Kom-
nnekcHi nabopatopHi NeTpodi3nyHi 4OCNIKEHHA BUKOHAHO
3a €EAMHOI0 METOAMKOID, LLO Aarno 3MOory 34iNCHUTU agekBa-
THE MOPIBHAHHSA iX pedynbTaTiB. Komnnekc netpodisanyHmnx
[ocnigXeHb BKIMIOYaB BU3HAYEHHS: NYCTUHW Mopig; BiaKpu-
TOI Ta ePekTUBHOI NOPUCTOCTI; CTPYKTYPW KaninsgpHoOro npo-
CTOpY; MPOHWUKHOCTi; MUTOMOrO ENeKTPUYHOro  onopy;
LUBMAKOCTI MPYXHUX XBUMb B aTMOCHEPHUX i NNacToBux
ymoBax. Yci nabopaTopHi JoCnigKeHHs1 BUKOHYBanuch Bia-
NOBIOHO A0 YNHHUX HOPMATUBHUX JAOKYMEHTIB.

Y cTaTTi HaBe4eHO pe3ynbTaTu KOMMNIEKCHUX AOCHiAKEHb
neTpodianyHNX BNacTMBOCTEN KOMeKLin 3paskis nopia Jibsis-
CbKOrO Maneo3oMcbKoro NporvHy i [HINpoBCbkO-[OHELbKOT
3anagunHu (NiBHIYHMIA BOPT | LeHTpanbHWM rpabeH), a came.

JIbBIBCbKMIA MANEeo30MCbKUIA MPOrMH  (CXiAHUIA  CXUI)
npeacTaBneHnin 72 3apaskamu yLinbHEHUX nopig kemopito —
nickoBukiB (63 3pasku) i anesponiTis (9 3paskis), nnowyi: Bo-
nogmmupceka (iHTepsan rmmbuH 2189-2525 m); JobpoTsip-
cbka (iHTepBan rmmbuH  3236-3702 m);  JlyamHcbka
(iHTepBan rmubuH 2760-3110 m); NiwuHcbKa (iHTepBan rnu-
OouH 3003-3222 m); Cokanbcbka (iHTepBan rmmMbuH 2525—
2609 m); CywHiBcbka (iHTepBan rnmMbuH 2408-2562 m).
LocnigxeHi nopoaw JIMNIN npeacraBneHi NiCKOBUKAMU TOH-
KO3EPHUCTUMMU, APiOHO3EPHUCTUMM | CEpEeaHbO3EPHUCTMMMU,
cipyMu Ta CBITNO-CipUMMK, @ TaKoX anesBponiTaMmu Cipyumu.

NieHiyHui 60pT 003 npegcraBneHunii 69 3paskamu yLui-
NbHEeHWX nopig kapboHy — nickoBukiB (49 3paskiB) i aneBpo-
nitiB (20 3paskis), nnowi: AkcioTiBCbka (iHTepBan rnvbuH
39054033 m); lawwuHiBcbka (iHTepBan rmnbunH 3398—
3404 m); [OpyxentobiBcbka (iHTepBan rmubuH 2852—
2857 m); HapixHsiHcbka (iHTepBan rmubuH 3359-4186 m);
OcTpoBepxiBcbka (iHTepBan rmunbuH 3780—-4572 m). Oocni-
nxeHi nopoau MB O3 npeacTtasneHi nickoBMkamu ApibHO-
3E€PHUCTMMM | CepefHbO3EPHUCTUMM, KBAPLIOBUMM, Binnumun
Ta CBITMNO-CipMMM, @ TaKOX aneBponiTaMmn rMUHUCTUMU, CBi-
TNO-CipUMK, CMYracTUMW.

LleHTpanbHun rpabern 003 npenctaBneHun 115 3pas-
KaMuy yLinbHeHuX nopia kapboHy — nickoBukiB (96 3paskiB)
i anesponiTis (19 3paskiB), nnowji: 3axigHowebenuHcbka
(iHTepBan rmMunbuH 4929-5491 m); Konomaubka (iHTepBan
rmmbuH  5290-5650 m); Beceniscbka (iHTepBan rnmMouH
3618-3761 m). JocnigxeHi nopoan U O3 npencraeneHi
nickoBMkamMmn ApiGHO3epHUCTUMU | CepeaHbO3EPHUCTMMMU,
cipymu Ta CBITMO-CipUMU, @ TakoX anesporiTammn Craunc-
TUMMU, CBITAO-CIPUMUN CMYracTUMN.

Metoau

O6'emHa rycTvHa gocnigXeHux nopig y cyxomy ctaHi Bu-
3HaYanach LUNAXOM 3BaXKyBaHHS Ta BUMIPOBaHHS reoMeTpu-
YHUX  pO3MIpiB  creujanbHUX  nabopaTopHuUX  3paskiB
UUNiHAPUYHOT hOpMK, a B HACUYEHOMY CTaHi (HacuyyBanmcst
Mozennto nnacrtosoi Bogu — po3ynHom NaCl) — 3actocoBy-
BaBCS METOZ, MApPOCTaTUYHOIO 3BaXyBaHHs 32 CTaHAAPTHO
METOOMKOI MonepeaHbO HacuyeHux 3paskiB  ([JopTmaH,
19923, 6; UHcTpykums ..., 1977; Tnab, & JoHanacoH, 2009).
[ns BU3Ha4YeHHs Baru 3paskis BUKOPUCTOBYBaNMCh LUMGPOBI
aHanitnyHi Barn WPS 360/c/2 (Tovnictb £0,001 r).

KoediuieHT BiOKpuTOI MOPUCTOCTI BM3HA4YaBCS ra3oBO-
NIOMETPUYHUM cnocobom Ta MEeToAoM TiApOCTaTUYHOrO
3Ba)yBaHHs! 3ri4HO i3 CTaHAAPTHOK METOAMKOL.
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KaninapomeTpuyHi JOCRIOXEHHS BUKOHYyBanucs LWNs-
XOM UeHTpudpyryBaHHsa 3paskiB nopia 3a [JONOMOrow
ueHTpudpyrm OC-6M (Mopopbl..., 1985; Pyabko, 2005).
O6epToBa WBMAKICTL poTOpa LeHTpUdYrv 3MiHIOBanach Bif,
1000 go 6000 o6/xB i3 kpokom 1000 06/xB, BOAHOYAC TUCK
BUTICHEHHS 3miHoBaBcs Big 0,03 go 1 MlMa.

[na BCTaHOBNEHHS KOpensuiiHUX 3B'A3KIB MK €MHiC-
HUMK, ENEKTPUHHUMUN Ta aKyCTUYHUMK NapaMeTpamm nopig
B aTMOCEPHMX i NNacTOBUX YMOBaxX BUKOHAHO KOMMIIEKC
neTpomisanyHmMx AOChiAXeHb i3 (PI3UYHUM MOLEMOBaHHAM
nnacTtoBMx yMOB.

Pe3ynbtaTtun

AHani3 daHux nabopamopHux 0OocidxeHb. BUCBIT-
NEeHO pes3ynbTaTh BUKOHAHMX KOMMMEKCHUX nabopaTopHMX
AocnigXeHb, BU3HaYEHO NeTpodi3nyHi napameTpu yLLinbHe-
HWUX nopig JIbBIBCbKOro Naneo3onCbLKOro MPOruHy, MiBHIY-
Horo 6opTy i ueHTpaneHoro rpabeny AA3. Ak ctaHgapT ans
NOPIBHSAHHS BMKOPUCTAHO MNETPOMI3NYHi NapaMeTpu yLUinb-
HEHWX Nopia LeHTpanbHoro rpabeHa A3, sk HanbinbLw rnu-
OOKO 3aHypEHMX.

BigomocTi npo mexi 3MiH Ta cepeaHi 3Ha4YeHHs neTpodi-
3UYHMX NapamMeTpiB nopia 3anexHo Big ix nitonorii HaBe-
[OEHO Y BignoBiaHUX Tabnuusx.

lycmuna. 3a pesynbtatamum nabopaTtopHuX BU3HaYEHb
rycTvHu nopig J1bBiBCbKOro Naneo3oncbKoro NPornHy BCTa-
HOBIEHO, O LieW napameTp Cyxvx Mopif 3MiHIETLCSA: ANns
anesponitie Big 2506 0o 2750 kr/m® (cepeqHe 3HaYeHHSN
2629 kr/m®), a nickoBuKiB — B 2336 10 2656 kr/m® (cepenHe
3HaueHHs1 2524 kr/m3). F'ycTuHa nopia, HacuYeHUx Moaensno
NnacToBOl BOAMW, BapiloE B MeXax: Ans anesponiTiB — Big
2516 po 2754 kr/m® (cepenHe 3HaueHHs1 2648 kr/m3), a nic-
KOBMKIB — Big 2456 mo 2670 kr/m® (cepeaHe 3HaYeHHs
2573 kr/m%). YsiBHa MiHeparnoriyHa ryctuHa aneBponiTie 3mi-
HIOETbCA BiOo 2623 go 2760 kr/m® (cepedHe 3HAYEHHS

2685 kr/m?), a nickosukis — Big 2605 go 2706 kr/m? (cepeaHe
3HaueHHs 2650 kr/m3).

Pesynbtaty nabopaTOpHWX BU3HAY€Hb TYCTUHU CYXUX
nopig, niBHiyHoro 6opTy O3 nokasanu, Wo Lew napameTp
3MIHIOETLCS: ANA anesponiTie Big 2232 no 2718 kr/m3 (cepe-
[OHe 3HaueHHs 2573 kr/m3), a nmickoBukiB — Big 2425 no
2673 kr/m® (cepegHe 3HaueHHs 2555 kr/m3). MycTuHa nopia,
HaCU4YeHNX MOLENIIIO NNIAcTOBOT BOAW, BaPitOE B MeXax: Ansi
anesponiTie — Big 2430 go 2727 kr/m® (cepefHe 3HauYeHHs
2622 kr/m?), a nickoBuKiB — Big 2482 no 2688 kr/m3 (cepeaHe
3HaueHHs 2599 kr/m3). YaBHa MiHepanoriyHa rycTvHa anes-
poniTiB 3MiHIOETLCA BiO 2645 o 2740 kr/m® (cepeaHe 3Ha-
yeHHs1 2683 kr/m®), a mickoBukiB — Big 2629 go 2730 kr/m®
(cepenHe 3HaueHHs 2664 kr/m3).

3a pesynbTatamy nabopaTopHUX BU3HAYEHb MYCTUHM MO-
pia ueHTpansHoro rpabeny 13 BcTaHOBREHO, LLO Lie napa-
METP CyxuX nopig 3MiHIOETLCA: AN anesponiTis Big 2535 ao
2698 kr/m? (cepeaiHe 3HaYeHHs 2652 Kr/m3), a NiCKOBUKIB — Bifl
2397 no 2663 kr/m® (cepeaHe 3HadeHHs 2530 kr/m3). MycTuHa
nopig, HacM4eHnx Mogennio NnacToBoi BOAM, Bapiloe B Me-
Xax: Ans anesponitis — Big 2537 ao 2705 kr/m® (cepeaHe 3Ha-
yeHHa 2673 kr/m®), a nickoeukiB — Big 2500 go 2680 kr/m3
(cepeaHe 3HaueHHs 2589 kr/m®). YsaBHa MiHeparoriyHa ryc-
TUHa anesponiTiB 3MiHIETLCA Big 2586 kr/m® go 2730 kr/m®
(cepenHe 3HaueHHs1 2699 kr/m3), a nickoBukiB — Big 2587 4o
2754 kr/m® (cepegHe 3HadYeHHs 2670 kr/m3).

LUnpoki Mexi 3MiHM r'yCTUHK CBigYaTb NPO MIHMMBICTb SK
NITONOrYHOro CKknagy AOCHIMKEeHNX Mopid, Tak i BNacHe ix
nopucrtocrTi (Tabn. 1).

Y 1abn. 2 HaBeAeHO pe3ynbTaTy MOPIBHAHHSA 3HAYeHb
ryCTUHHMUX NapameTpiB gocnigxeHux nopig J1bBiBcbkoro na-
Neo30MCbKOro NpPoruHy i niBHiuHoro 6opty AA3 3 aHanoriy-
HUMUW NapameTpamMu nopia ueHTpansHoro rpabeny A03.

Ta6bnuys 1
Mexi 3MiH i cepeaHi 3Ha4eHHs TYCTMHHUX NapameTpiB nopig
naneogg;::i‘:(:?:poruﬂ MiBHiyHUM 60pT AO3 LleHTpanbHui rpabex 003
3HaueHHs NyctuHa YaBHa lyctuHa YaBHa N'yctuHa YaBHa
Mopoaa napametpa I’yCTv!Ha (xacw{. ryctuHa I’yCTv!Ha (:Iacwl. ryctuHa ch'ru_Ha (xacw{. rycTuHa
(eyxi), NaCl), | miHepanoriyHa, (eyxi), NaCl) MiHepanoriyHa (cyxi), NaCl), | miHepanoriyHa
Kr/m® ’ * | krim® ’ | krim® ’ ’
Krim® Krim® Kr/m® Krim® Krim® kr/m®
Anesponitu MiH. 2506 2516 2623 2232 2430 2645 2535 2537 2586
Makc. 2750 2754 2760 2718 2727 2740 2698 2705 2730
cep. 2629 2648 2685 2573 2622 2683 2652 2673 2699
[MickoBuku MiH. 2336 2456 2605 2425 2482 2629 2397 2500 2587
MaKc. 2656 2670 2706 2673 2688 2730 2663 2680 2754
cep. 2524 2573 2650 2555 2599 2664 2530 2589 2670
Tabnuys 2

MopiBHAHHA* 3HaYeHb NYCTUHHMX NapamMeTpiB nopiA JIbBiBCbKOro naneo3oncbKoro NporuHy i nisHiyHoro 6opty AA3
3 aHanoriYyHMMK NapameTpamu nopip ueHTpanbHoro rpa6éeHy 003

3HaYeHHS JIbBiBCbKMM Naneo3oMCbKUN NPOruH MiBHiYHMM GopT 003
Mopopa napamerpa F'ycTtuHa F'yctuHa YsABHa ryctuHa F'ycTtuHa F'yctuHa YsAiBHa rycTuHa
(cyxi), % | (hacuu. NaCl), % | miHepanoriuyHa, % | (cyxi), % | (Hacuu. NaCl), % | miHepanoriuHa, %
MiH. 1,1 0,8 -1,4 12,0 4,2 -2,3
AneBponitu MakKC. -1,9 -1,8 -1,1 -0,7 -0,8 -0,4
cep. 0,9 0,9 0,5 3,0 1,9 0,6
MiH. 25 1,8 -0,7 -1,2 0,7 -1,6
IMickoBuKK MaKc. 0,3 0,4 1,7 -0,4 -0,3 0,9
cep. 0,2 0,6 0,7 -1,0 -0,4 0,2

Mpumimka: *y Tabnuui NNOCoBi 3Ha4YEHHS 03HaYaloTh BiQHOCHE 3HWKEHHS, @ MiHYCOBI — BiAHOCHe 36inbLUeHHS BiANOBIAHOro NapameTpa

MOpiBHAHO 3 NapamMeTpoM nopig LeHTpansHoro rpabeHa AA3 y %.

AHani3 Tabn. 2 nokasye, Lo 6inbLUiCTb NyCTUHHMX Napame-
TpiB AOCNIAXEHNX NOPIA NPaKTUYHO HE BIAPI3HATLCA MiX CO-
6010, CNoCTepiratoTbCa N1LLIE He3HaYHI Bapiauii (4o +2 %).

MopiBHOOUM 3 aHanorivHumm nopogamu LI A3, cnocre-
piraemMo BiOHOCHE 3MEHLUEHHs1 MiHIManbHOro 3HayYeHHs
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ryctuHu anesponiTis M6 A3 (cyxi — Ha 12 %; HacuyeHi — Ha
4,2 %) Ta 36inbLlUEeHHs iX MiHepanoriyHoi ryctuHm (Ha 2,3 %).
CepefHe 3HaAYeHHs! TyCTUHW CyXMX aneBponiTiB TaKOX 3HW-
*eHe (Ha 3 %). Anga nickoBukiB y cyxomy crtaHi JTMIMN cnocre-
piraeTbCs 3HWKEHHS MiHIManbHUX 3Ha4eHb (Ha 2,5 %).
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TMopucmicmb. BuginsaoTe 3aranbHy, BigkpuTy Ta edek-
TUBHY nopucTictb (HdopTmaH, 1992a, 6; WHCTpykuus...,
1977; Twab, & OoHanacoH, 2009). KoediuieHT nopucTocTi
OAVH i3 rONOBHWX NapameTpiB, L0 XapakTepuaye NyCTOTHUIA
npocTip nopoau. Llein napameTp nopoau Ans KOXHOro Tuny
dntoigy Bu3Havae noro o6'em, Wwo mictutbcs B nopogi. Ok-
piM TOro, BaXnMBMMMK BNacTUBOCTSIMWU MOPiA-KONEKTOPIB €
CTPYKTypa iX MyCTOTHOrO NPOCTOPY Ta BMICT 3aruLLKOBOI
BOAM, @ TaKOX 3BMBUCTICTb NOPOBMX kaHanis. JlTabopaTopHi
BM3HAYEHHS UMX MapameTpiB j[ae 3Mory oTpuMaTty

iHbopmaLilo Npo KaTareHeTUYHi | AiareHeTW4Hi npouecn Ta
npo MexaHi3mu, sKi 4ianu nig yac TpaHCNopTyBaHHSA 1 BigK-
nafgeHHs 0CafoBOro matepiany, ywinbHeHHs 1 gedopmadii
ocagkis (Tuab, & OJoHanacoH, 2009).

Cnig Big3HauuTK, WO yLWinbHEHI NOPOAM XapakTepusy-
HOTbCS 3HUKEHUMW 3HAYEHHSIMWU NMOPUCTOCTI, Y TOMY YMUCHi
JocrnigxeHi y gaHin cratTi. BigomocTi npo mexi 3miH Ta ce-
peaHi 3HayeHHA koedilieHTIB MOPUCTOCTI Nopia 3anexHo
Big X BUAY HaBedeHo B Tabn. 3.

Ta6nuys 3
MeXi 3MiH i cepeaiHi 3Ha4YeHHSA EMHICHUX NapameTpiB nopig
JlbBiBCbKMIA - . .
Naneo30NCLKMI NPOrMH NiBHiuHuM 60pT 003 LleHTpanbHun rpabex 003

%8 Ko_e(biuier!_'r o E Ko_edoiuiel-!_'r o E Ko_e(biuier!_'r o E

2 BigKpUTOI E5¥ | kg X BigKPUTOI E5¥ | g BigKpUTOI E3X | EgEX

n 3 2 | nopucrocti, ky | § XF | 59 S| nopuctoctik, | 5 IF | § 8 4| nopuctocti, ky | SIE| 589 &
opoaa T & .E_mo .5_22 E‘m‘-’ E’EE .Emo.aes
53 Zz8 (25> Z58|125> Zzd|25>

] 8xhE |85k gxh5 |85k gxhE &8sk

€ | Hacuu. | Hacuy. | @ _g s | § 2§ | Hacuy. | Hacuu. | g_ s | § £ g |Hacuu. | Hacuu. | @ _g_ /828

asotom| NaCl | ¥ g § |< £ E |asotom| NaCl | ¢ & |2 € E |asotom| NaCl (2 g §|< E 5

= m = o = o

MiH. 0,009 | 0,004 0,001 0,003 0,013 | 0,008 | 0,0003 0,007 | 0,012 | 0,008 | 0,001 | 0,007

Anesponitn| makc. | 0,047 | 0,038 0,014 0,035 0,076 | 0,074 | 0,005 0,06 0,07 0,048 | 0,011 | 0,035
cep. 0,024 | 0,019 0,005 0,016 0,04 0,034 | 0,0026 0,028 | 0,023 | 0,018 | 0,005 | 0,014

MiH. 0,014 | 0,013 0,001 0,008 0,022 | 0,013 | 0,0013 0,011 0,027 | 0,014 | 0,001 | 0,007

MickoBukn | makc. | 0,103 | 0,096 0,015 0,091 0,095 | 0,087 | 0,0293 0,081 0,117 | 0,095 | 0,072 | 0,084
cep. 0,056 | 0,047 0,007 0,043 0,052 | 0,041 | 0,0048 0,037 0,07 0,053 | 0,021 | 0,045

3HaueHHs KoediuieHTa BigkpuToi nopuctocTi (Tabn. 3)
nopia JIbBiBCbKOro naneo3oncbKoro NporvHy, BU3Ha4e€Horo
ra3oBONIOMETPUYHMM CNOCOBOM (HACUYEHHST a30TOM), 3Mi-
HiooTbCA: anga anesponitiB Big 0,009 go 0,047 (cepegHe
3HayeHHs 0,024), a gnsa nickoukie — Big 0,014 0o 0,103 (ce-
peaHe 3HayeHHs 0,056). KoedilieHT BiAKpUTOI NOPUCTOCTI
nopia, BU3HAYEHNA HAaCUYEHHAM MOLENITIO NNacToBOI BOAU
(posumHom NaCl), amiHoeTbes: ans anesponitie Big 0,004
o 0,038 (cepenHe 3HayeHHs 0,019), a ons nickoBuKiB — BiA
0,013 po 0,096 (cepenHe 3HaveHHs 0,047).

KoediuieHT BigkpuToi nopuctocTi (Tabn. 3) nopia niBHiy-
Horo 6opTy O3, BU3HAYEHUI ra30BOMIOMETPUYHUM CMOCO-
6om, 3miHeTbCa: onst anesponitis Big 0,013 go 0,076
(cepenHe 3HaueHHs1 0,040), a gna nickosukis — Big 0,022 oo
0,095 (cepeaHe 3Ha4veHHs 0,052). Lien napameTp, BUu3Have-
HUA HACWMYEHHSIM MOZEN MfacToBOI BOAW, 3MIHIOETLCS:

onsa anesponitiB Big 0,008 go 0,074 (cepenHe 3Ha4eHHs
0,034), a anga nickosukis — Big 0,013 go 0,087 (cepeaHe 3Ha-
yeHHs 0,041).

KoediuieHT Bigkputoi nopucTocTi (Tabn. 3) nopig ueHT-
panbHoro rpabeny A3, BU3Ha4YeHUI ra3oBOMIOMETPUYHUM
crnocobom, 3amiHeTbes: anga anesponiTie Big 0,012 go 0,07
(cepepnHe 3HayeHHs1 0,023), a gnsa nickosukiB — Big 0,027 go
0,117 (cepenHe 3Ha4veHHs1 0,07). KoeilieHT BigkpuTOi no-
PUCTOCTI Nopia, BU3HAYEHWUA HAaCMYEHHSIM MOOENNI0 nnac-
TOBOI BOAW, 3MiHOETbCA: ansa anesponiTie Big 0,008 go
0,048 (cepeaHe 3HayeHHsi 0,018), a ang nickoBukiB — BiA
0,014 go 0,095 (cepepHe 3HadeHHs 0,053).

Y 1abn. 4 HaBegeHo pesynbTaTy MOPIBHAHHA 3HAYeHb
€MHiICHMX napamMeTpiB gocnigxeHux nopig J1bBiBCcbKOro na-
NEe030MCbKOro NPOruHy i NiBHiYHOro 6opty O3 3 aHanoriy-
HUMK NapameTpamMu Nopia ueHTpansHoro rpabeHy O03.

Ta6nuuys 4

MopiBHAHHA* 3HaYeHb EMHICHMX NapamMeTpiB nopia JIbBiBCbKOro Naneo3oMcbKoro NporuHy i nisHiyHoro 6opty AA3
3 aHanoriYyHMMM NapameTpamu nopig ueHTpanbHoro rpa6bedy 003

JIbBiBCbKMIM Naneo30MCbKUA NPOrvH MNiBHiyHuM 6opT 003
KoedpiuieHT KoedidieHT - KoediuieHT - -
topoga | Javewin | siaprral | ogeca: | FSSUST | aiurol | Sosthdenr | Kosbuen
napameTpa nopuctocTi, kn HOI nopuc- nopuctocTi, k, !
X B nnacT. yMm., nopucTocTi, |B NNacr. ym.,
Hacwuu. Hacuy. | TocTi, Kpe, k % Hacwuu. Hacuu. K. % k %
aszoTom, % | NaCl, % % .o aszotom, % | NaCl, % e o
MiH. 25,0 50,0 0,0 57,1 -8,3 0,0 70,0 0,0
Anesponitu MaKc. 32,9 20,8 -27,3 0,0 -8,6 -54,2 54,5 -714
cep. -4,3 -5,6 0,0 -14,3 -73,9 -88,9 48,0 -100,0
MiH. 48,1 7.1 0,0 -14,3 18,5 7.1 -30,0 -57 .1
MickoBuKKn Makc. 12,0 -1,1 79,2 -8,3 18,8 8,4 59,3 3,6
cep. 20,0 11,3 66,7 4,4 25,7 22,6 771 17,8

lMpumimka: *y Tabnuui NACOBi 3HAa4YEHHS 03HaYaloTb BiAHOCHE 3HWXKEHHS!, @ MiHYCOBI — BiJHOCHE 30inbLUEHHs BiANOBiAHOrO NnapameTpa

NopiBHSIHO 3 NapamMeTpoM nopiA LueHTpansHoro rpabeHa AA3 y %.

AHani3 Tabn. 4 nokasye, WO HasiBHA 3Ha4Ha AudepeHLuia-
Lis koedpilieHTa BiOKpUTOI NOPUCTOCTI AOCHIMKEHNX NOpia.

[ns anesponitie JIMI cnocTepiraeTbcs BiAHOCHE 3MEH-
LLIEHHS MiHIManbHOro i MakcMarnbHOro 3HavYeHHs koediLiie-
HTa BIOKPWUTOI MNOPUCTOCTI, BU3HAYEHOrO HACUYEHHSM
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a30ToM i Bogoto B iHTepBani 25-50 % i 32,9-20,8 % Biano-
BigHO, BOAHOYAC cepeaHE 3HAYeHHs uux napameTpiB 36imb-
weHe Ha 4,3-5,6 %, SKWO MOPIBHATX 3 BiONOBIAHUMM
napameTtpamu anesponitis LN A03. [Inga nickoBuKiB Takox
CMoCTepiraeTbCsl  BiAHOCHE  3HWXEHHS  MiHIManbHOro
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3HayeHHs kn (Ha 48,1-7,1 %). BigHOCHE 3MEeHLIEeHHs MaKkcu-
MarbHOro 3Ha4eHHsa kn Ona anesponiTiB, HACMYEHUX a3o0-
ToM, cqarae 12 %, a HacMyeHux BOAOK — MPaKTUYHO He
BiApi3HsAeTbCcA. BogHouyac cepefHe 3HayeHHsi LbOro napa-
mMeTpa 3meHLweHe Ha 11,3—20 % NopiBHSAHO 3 TakMM Yy Micko-
sukiB UI" 4A3 (tabn. 4).

[nsa anesponitie MNMB A3 3aranom xapakTepHe BigHOCHE
3pOCTaHHs MiHIManbHOrO | MaKCMMarbHOrO 3HaYeHHs KoediLli-
€HTa BiAKPUTOI MOPUCTOCTI, BU3HA4YEHOTO HACUYEHHSIM a30TOM
i Bogoto (Ha 8,3-54,2 %), a cepeHe 3Ha4YeHHS LibOro napame-
Tpa 3pocTae Ha 73,9-88,9 % nopiBHAHO TakMMK y aneBponiTis

0,10

y=-0.0001x +0.3274
R2=0,7357

R2=0,

(uacir. NaCl)

Koediniert moprcrocri, k,

LLLLLeLLeeLe
Scocooboobbob
SRR3R 8388

KoedimieHT mopreTocTi. k, vy 1.0

y =-0.0002x + 0,6539

8397

Lr Aoa3. Nickosmkm NB O3, HaBnaku, MaloTb BiAHOCHO 3HW-
XKeHi MiHiMarbHi i MakcMMarbHi 3Ha4YeHHs koedilieHTa Bigkpu-
Toi nopuctocTti (Ha 18,5-7,1 % i 18,8-8,4 % BignosigHo) Ta
Oro cepeHbOro 3Ha4YeHHs (25,7—22,6 %) NopiBHAHO 3 TaKMMK
y nickosukie LI 003 (tabn. 4).

Y pesynbTaTi aHanisy oTpUMaHnX AaHuX TakoX BCTaHO-
BNEHO KOpernsyuinHi 3aneXHOCTi MK 'YCTUHOIO OOCHiAXEeHMX
nopif (o) Ta ix koedilieHToM BiaKpUTOi NopuUcToCTi (Kn,Naci),
AKi ONUCYIOTLCA MNiHIMHUMK PYHKUISMK, rpadikn Skux npea-
cTaBrneHo Ha puc. 1 (anesponitn) Ta 2 (MiCKOBUKM).

0.10

y=-0,0002x +0.5727
R2=0.,7398

(macma. NaCl)

pPopLpoLLLPPEL
Sooooobooobo
SE8S8R2IIIE8

KoedittierT noprerocti, K, y,ci .0,

0
2400 2450 2500 2550 2600 2650 2700 2750 2800
Tycriga, Kkr/3

2300

a)

2400

Tycrina, kr/M3

6)

2500 2600 2700 2800 2400 2500 2600

TycTiga, Kr/s3

2700 2800

B)

Puc. 1. 3anexHicTb koediuieHTa BigkpuToi nopuctocTi nopia (K, nac), BU3Ha4YeHOro MeToAoM HacuyeHHsi po3umHom NaCl, Big
ryctuHu (o) gna anesponitis: a) JIMM1; 6) M6 AA43; 8) LIF A43

R*=0.8034

R*

KoeditieRT mopretocti. X, . T.0.

2450 2500 2550 2600 2700 2750 2800 2200 2300

2650

Tycrni, ki3

a)

¥ =-0,0004x +1.0677

0.9064

2400

y = -0.0004x +1.035
R2=0.7506

2400 2500

2600

2500 2700 2800

2600
Tycrima, Kriv3

2700 2800

T'yeTima, KT

6) B)

Puc. 2. 3anexHicTb koediuieHTa BigkpuToi nopuctocTi nopia (kn,NaCl), BusHayeHoro metogom HacuyeHHsi po3umHom NaCl,
Bif rycTvHu (o) ana nickosukis: a) J1MNM; 6) Mb AA3; 8) LI AA3

AHani3 kopenauiHMX 3anexHocTten kKoedilieHTa Bigk-
pUTOI MOPUCTOCTI Nopig Big rycTnHu (puc. 1) nokasye, WO Ko-
edilieHTn a i 8 y niHiMHOMY piBHAHHI Ana anesponitis b
003 He BigpisHaoTbCA, a anga anesponitis JIMM y gBa pasu
MeHLUi, HiX ansa aHanoriyHux nopia U O003. Ons nickoBukis
aHarnorivHi KopensuinHi 3anexHocTi koedilieHTa BigKpUTOl
NOPUCTOCTI Nopif BiA ryCTUHU (pUC. 2) NOKa3yoTb Take: koe-
diLieHTN a AnsA NICKOBKKIB YCIX TPbOX pavioHiB JOCNIOKEHb
oaHakoBi. KoedilieHT 8 y KopensuinHOMY PiBHSHHI Biapi3-
HATbCA ansa nickosukie LM AO3 Big Takmx e 3HayeHb b
003 Ha +3 %, a MM — Ha +15 %.

CTpyKTypa NnycCTOTHOro NPOCTOPY Nopif 3Ha4YHOK Mi-
POl BM3HAYAETLCS: po3Mipamu, OPMOID N OKaTaHICTHO

3epeH, iX COPTYBaHHSIM, OPIEHTYBaHHAM Ta TUMOM YNaKOBKW,
a TakoX XiMiyHMM ckragom (LdopTtmaH, 1992a, 6; NHCTpyk-
uus..., 1977; Tvab, & JoHanacoH, 2009). AHani3 KpMBUX Ka-
ninaproro Ttucky (KKT), oTpumaHux 3a pesynbTatamu
LeHTpUdYyryBaHHs, AaB 3MOry BU3HAYUTU KoedilieHTn 3a-
NULLIKOBOrO BOAOHAaCUYeHHS (Kss) Ta CTPYKTYpY MYCTOTHOrO
NpocTopy YLinbHeHUX nopia. BizomocTi npo cTpykTypy nyc-
TOTHOrO MPOCTOPY i koedilieHTU 3anuLIKOBOro BoAOHaCK-
YeHHs HaBedeHo B Tabn. 5.

Ona npuknagy Ha puc. 3 (aneBponitu), 4 (NiCKOBMKK)
HaBeAeHO TUMOBI KPUBI KaniNAPHOro TUCKY AOCHIAKEHNX No-
pia 3 pisHMMKN iNbTPaLUINHO-EMHICHUMU BNACTUBOCTAMMU
inn, Nb a3 ra Ur oas.

Ta6nuysa 5
Mexi 3MiH i cepeiHi 3Ha4YeHHs1 NapaMeTpiB NYCTOTHOro NpPoCcTopy nopif
Nusisckkuit MiBHiyHun GopT AO3 LleHTpanbHun rpabex 003
naneo3oMCbKUN NPOrvH P P P
BmicT nop, % . & BwmicT nop, % . ® BwmicT nop, % . ®
3HayeHHs z I E n§> z E g % z I E é
Mopoaa 3 T 3 57 3 T 2| 5z 2 T 3 s
napamerpa | g T 5B | m3 8| & § | E|*3%| & | §| E | 238
c = S ; © c = E ; © [S = E ; ©
s | 2| £ | %88 S | E|g|§5 | E|E| g |85
=} g ] O o =} ) ] O o =9 e ) O of
@© > ¥ 0 © > ¥ o © > X 0
I 3] m I o m I o m
Anesponitn MiH. 6 4 45 0,45 1 1 84 0,84 3 2 42 0,42
MakKc. 23 46 87 0,87 6 11 97 0,97 27 31 98 0,98
cep. 11 13 77 0,77 3 5 92 0,93 10 12 78 0,78
MickoBukM MiH. 1 2 40 0,40 1 2 43 0,43 1 1 28 0,28
MakKc. 38 48 98 0,98 18 40 96 0,96 37 64 99 0,99
cep. 7 10 83 0,83 4 10 86 0,86 7 21 72 0,72
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KoedimieHT BooHacHUeHH, KB

04 0.6 0.2

Tuek siricnenis, MITa

08

a)

0.4

Tuck BuTicHeHHs, MIla

6)

0.2 04 0.6

Tuck puricnenn, MIla

0.6 0.8 08

B)

Puc. 3. Tunosi kpuBi kKaninspHoro TMcKy ansa anesponitis: a) JIMNM; 6) N6 A03; ) LIr 403
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Tuck ButicHenns, Mlla
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0.4

6)

0.6 0.8

04 0.6
Tuck BuTicHeHHA, MITa

0.8

B)

Puc. 4. TunoBi KpMBi kaninsapHoro TMcKy Ansa nickosukis: a) JIMNM; 6) N6 AA3; B) LI 443

3a gonomoroto aHanisy KpuMBMX KaninsgpHoOro TUCKy Ansi
nopia JbBIBCbKOro Naneo3oncbLKOro NporMHy BCTaHOBMEHO,
Lo KoediliEHT 3anuULLIKOBOrO BOAOHACUYEHHS YLLiNbHEHMX
nopig, amiHeTLCS: Ans anesponiTie Big 0,45 fo 0,87 (cepe-
OHe 3HayeHHst 0,77), a ana nickosukiB — Big 0,40 go 0,98
(cepenHe 3HayveHHs 0,93), gus. Tabn. 5.

3 BMKOPUCTaHHSAM KoeqiLlieHTa 3armLIKOBOro BOAOHacuK-
YyeHHsa ansa nopig JIMM Bu3HaveHo koedilieHT edhekTUBHOI
nopuctocTi (Tabn. 3), Skuii 3MIHIOETBCA: ANsi aneBponiTiB
Big 0,001 go 0,014 (cepenHe 3HauveHHs 0,005), a onsa nicko-
BukiB — Big 0,001 go 0,015 (cepenHe 3Ha4veHHs 0,007).

AHaniz gaHux nabopaTopHUX BU3HAYeHb KoediljieHTa
3anuLKOBOr0 BOAOHACUMYEHHS YLULiNbHEHUX Mopia NiBHIY-
Horo 6opTy O[3 nokasas, WO Len napaMeTp 3MIHIETLCA:
ans anesponitie Big 0,84 oo 0,97 (cepenHe 3HadeHHs 0,93),
a gna nickoeukiB — Big 0,43 go 0,96 (cepedHe 3HaYeHHSA
0,86), oue. Tabn. 5.

3 BUKOPUCTAHHAM KoedilieHTIB 3anMLIKOBOro BOAOHAa-
CMYEHHsT Anst nopia niHivHoro 6opty O3 BM3HayeHo Koe-
diuieHTn edektuBHoi nopuctocTi (knesp). KoedpiuieHT
edekTMBHOT nopuctocTi (Tabn. 3), BU3Ha4YeHui 3a 3anuLuKo-
BMM BOAOHACUMYEHHAM, 3MIHIOETLCA: AN aneBponiTiB Bifg
0,0003 o 0,0050 (cepeaHe 3Ha4eHHsa 0,0026), a onsa nicko-
BukiB — Big 0,0013 go 0,0293 (cepenHe 3HaveHHs 0,0048).

B pesynbTtati aHanidy KKT BcTaHOBREHO, WO KoedilieHT
3aNMLLIKOBOrO BOAOHACUYEHHS YLLNbHEHMX Mopig LeHTpa-
nbHoro rpabena 3 3MiHOeTbCA: Ans aneeponiTie Big 0,42
0o 0,98 (cepeaHe 3HaveHHsa 0,78), a Ans NiCKoBWKIB — Bif
0,28 o 0,99 (cepenHe 3HayeHHs 0,72), aue. Tabn. 5.

KoeiuieHT edeKkTMBHOI MOpUCTOCTi Mopig LeHTpanb-
Horo rpabeHa /43 (Tabn. 3), BU3Ha4YeHU 3 BUKOPUCTAHHAM
KoediuieHTa 3anuLIKOBOro BOAOHACUYEHHS, 3MIHIOETLCS:
ansa anesponitie Big 0,001 go 0,011 (cepegHe 3HA4YeHHS
0,005), a ans nickoBukis — Big 0,001 go 0,072 (cepeaHe 3Ha-
yeHHs 0,021).

3a pesynbTatamu KaninsapoMeTpUYHUX AOCHiIAXEHb BU-
KOHaHO OL|iHKY CTPYKTYPW NYCTOTHOIO NPOCTOPY YLUiNbHEHMX
nopig 3a giameTpom kaninapis. Po3nogin nycToTHOro npoc-
TOpy nopia Ha cybkaningapHi (giameTtp <0,2 MKM), KaninspHi
(oiameTp 0,2-3 MkM) Ta HagkaninapHi (giametp 3—100 MKM)
nopu (Hecrepenko, 2010) HaBegeHo B Tabn.5. Cnig
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BiA3HaAuMTK, WO cybkaninapHi nopu yyacti y dinbTpauii
dnwoinis He 6epyTh i 3a3BMYal 3aNOBHEHI 3aNULLKOBOK BO-
poto. HatomicTb cpntoian, 3ocepedxeHi y HagkaninsapHux i
KaninspHUX MOpoBMX kaHanax, MoXyTb O6patu yyactb Yy
dinbTpaLiiH1X npouecax.

Y pesynbTati nabopaTopHUX KaninapoMeTpU4HNX Socni-
[>KeHb BCTAHOBIIEHO, LLIO MOPOBMWI NPOCTIp AOCHIAXEHUX No-
pia JIbBIBCbKOrO Maneo30MCbKOro MPOrMHY Mae Taky
CTPYKTYPY: ANA NiCKOBMKIB BMICT HagKaninspHUX Nop 3MiHto-
eTbes Big 1 oo 38 % (cepenHe 3HayeHHs 7 %); BMICT Kani-
nsipHUXx nop — Big 2 o 48 % (cepenHe 3HayeHHs 10 %);
BMiCT cybkaninsapHux nop — Big 40 go 98 % 3a cepeaHbOro
3HayeHHs 83 %; AN aneBponiTiB BMICT HaaKaninsapHUX nop
3MiHETbCA Big 6 A0 23 % (cepenHe 3HayeHHa 11 %); BMiCT
KaninspHux nop — Big 4 0o 46 % (cepenHe 3HaveHHst 13 %);
BMICT cybkaninspHux nop — Big 45 no 87 % (cepenHe 3Ha-
YeHHs 77 %), ovB. Tabn. 5.

Moposwuii npocTip nopia niBHiyHoro 6opty O3 mae Taky
CTPYKTYPY: ANS aneBponiTiB BMICT HagKaninspHUX nop 3mi-
HioeTbes BiA 1 00 6 % (cepenHe 3HaveHHa 3 %); BMICT Kani-
napHux nop — Big 1 80 11 % (cepeaHe 3Ha4YeHHs 5 %); BMIiCT
cybkaninapHux nop — Big 84 0o 97 % (cepefHbOro 3Ha4YeHHs
92 %); ANs NiCKOBMKIB BMICT HagKaminsapHWX Mop 3MiH0-
eTbea Big 1 0o 18 % (cepenHe 3Ha4yeHHs 4 %); BMICT Kani-
nspHux nop — Big 2 go 40 % (cepegHe 3HayeHHs 10 %);
BMICT cybkaninspHux nop — Big 43 no 96 % (cepenHe 3Ha-
YeHHs1 86 %), ave. Tabn. 5.

BcTaHoBneHo, Lo nopoBui NPOCTip AOCNIMXEeHNX nopia
ueHTpanbHoro rpabeHa 13 mae Taky CTPYKTypy: Ans ane-
BPONITIB BMICT HagkaninapHuWx nop 3MmiHeTbCS Big 3 A0
27 % (cepepnHe 3Ha4yeHHs 10 %); BMICT kKaningpHux nop — Big
2 no 31 % (cepepnHe 3Ha4eHHs 12 %); BMICT cybkaninspHux
nop — Bia 42 0o 98 % (cepenHe 3Ha4eHHs 78 %); ans nicko-
BUKIB BMICT HagkaninsapHux nop 3miHoetbes Big 0 o 37 %
(cepenHe 3HaueHHs 7 %); BMIiCT kaninsipHux nop — Big 1 oo
64 % (cepepHe 3HayveHHs1 21 %); BMICT cybkaninsapHux nop
— Bifg 28 0o 99 % (cepenHe 3HaveHHs 72 %), ouB. Tabn. 5.

Y Ttabn. 6 HaBedeHO pesynbTaTy NOPIBHAHHA NapameT-
piB MYCTOTHOrO NPOCTOPY AOCHiAXeHuX nopia JIbBiBCbKOro
naneo30MCcbKOro NporuHy i niBHivHoro 6opty 443 3 Bignosi-
OHVMMKW nopogamu LeHTpanbHoro rpabeny O03.
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Tabnuys 6

MopiBHAHHA* NapameTpiB NyCTOTHOro npocTopy nopia JIbBiBCbKOro naneo3oncbLKOro NPoruHy i niBHiyHoro 6opty 403
3 aHanoriYyHMMK NapameTpamu nopig ueHTpansHoro rpa6éedy 003

JIbBiBCbKUI Naneo3oMCcbLKU NPOruH MNiBHiyHMK GopT 0AO3
© BigHocHuM® BMicT nop, % BigHocHun BmicT nop, %
ge F E T E
ITo =% T o Q T o
Mopopa g = g g g Koedp. 3anuuu. g g g Koedp. sanwu.
o E = = BOAOHAaCUYeHHs, Kis, % E c = BOAOHACUYeHHs, kg, %
n S © = © © = ©
c % c ¥ X c ¥
0 ) © g g ©
© > «© >
I o I o
Anesponitn MiH. -100,0 | -100,0 -7,1 -7.1 66,7 50,0 -100,0 -100,0
MaKC. 14,8 -48,4 11,2 11,2 77,8 64,5 1,0 1,0
cep. -10,0 -8,3 1,3 1,3 70,0 58,3 -17,9 -19,2
[MickoBurkK MiH. 0,0 -100,0 -42,9 -42,9 0,0 -100,0 -53,6 -53,6
MaKc. -2,7 25,0 1,0 1,0 51,4 37,5 3,0 3,0
cep. 0,0 52,4 -15,3 -15,3 42,9 52,4 -19,4 -19,4

lMpumimka: *y Tabnuui NACoBi 3HAaYEHHS1 03HAYalOTh BiHOCHE 3HWXXEHHS!, @ MiHYCOBI — BiJHOCHE 30inbLUEHHsI BiANOBIAHOrO NapameTpa

NopiBHSIHO 3 NapaMeTpoM nopig LueHTpansHoro rpabeHa AO3 y %.

AHania matepianis kaninapoMeTpUYHMX SOCI[KEHb NOoKa-
3ye€, Lo HasiBHa 3HaYHa AvdbepeHuiaLis BifHOCHOrO BMICTY Nop
pisHMx Tunis y nopogax JIMM ta M O3, AKWwo NopiBHATK i3
BMICTOM nop B aHanoriyHux nopogax LI AA3 (tabn. 6).

B anesponitax MM cnocTepiraetsca BigHOCHE 36inb-
LUEHHS MiHIManbHOro 3Ha4YeHHs BMICTY HaaKaninapHuX i ka-
ningapHux nop (y ABa pasu), a cybkaninsapHux Ha 7,1 %;
BiJHOCHE 3MEHLLEHHS MaKCUMarbHOro 3Ha4YeHHs1 Hagakani-
napHux (Ha 14,8 %), cybkaninapHux (Ha 11,2 %) Ta BigHO-
cHe 36inbleHHsa kaninApHux (Ha 48,4 %). BopgHouac
cepefHe 3HaYeHHs BiAHOCHOrO 36inbLUeHHsI BMiCTY Haakani-
nsapHux nop ctaHoButb 10 %, kaninspHux — 8,3 %, a cybka-
NiNApHUX — HaBnaku, 3meHweHHs Ha 1,3 % wopo
anesponitis LI 403 (tabn. 6).

Ons nickosukis JIMIM cnocTepiraeTbca pisHOMaHITHa Ka-
pTUHa: BiOHOCHE 36inblUeHHsI MiHIMarnbHOro 3Ha4YeHHs1 BMi-
cTy kaninspHux nop Ha 100 %, a cybkaninapHux —Ha 42,9 %
32 0[JHaKOBOro BMIiCTY HagkaninsapHux. [ns makcumanbHuX
3HayeHb nickoBukiB JIMIM: HagkaninsipHi — BigHOCHe 36inb-
LWeHHS Ha 2,7 %; KaninsapHi i cybkaninapHi — BigHOCHE 3HK-
XeHHs Ha 25 i 1 % BiQNOBIAHO, SKLWO NOPIBHATY 3 TAaKUMK Y
nickosukax LI 003. BogHovac cepeHe 3HA4YeHHS BigHOC-
Horo 36inblueHHs cybkaninsapHux nop craHoBuTb 15,3 %,
BiJHOCHE 3MeHLUEeHHs kaninsapHux — 52,4 %, a Hagkaninsap-
HWUX — OOHaKoBe 3 TakMMu y nickoBukax LI 03 (Tabn. 6).

B anesponitax b 03 cnocTepiraeTbcs BigHOCHE 3Me-
HLIEHHS MiHIManbHOro 3Ha4yeHHst BMICTY HaKaninspHux i
KaninsapHux nop Ha 66,7 i 50 % BignoBigHo, a cybkaninApHMX
— BiJHOCHe 30inblUeHHs Yy ABa pa3su; BIAHOCHE 3MEHLLEHHS
MaKCUMasnbHOro 3Ha4YeHHa HagkaninsapHux (Ha 77,8 %), ka-
ninapHux (Ha 64,5 %), cybkaninsapHux (Ha 1 %). BogHo4yac
cepefHE 3Ha4YeHHs BiHOCHOMO 3MEHLLEHHS BMICTY Haakani-
nNsipHUX nop ctaHoBuTb 70 %, kaninapHux — 58,3 %, a cy6-
KaninspHUx — HaBnaku, 36inbweHHs Ha 17,9 % nopiBHSHO 3
Takumu y anesponitis LI 443 (tabn. 6).

Onsa nickoukis MNb O3 cnoctepiraetTbcs pisHOMaHiTHa
KapTuHa: BigHOCHE 30iMnblUEHHA MiHIMANbHOrO 3HAYEHHSs
BMIiCTy kaninapHux nop Ha 100 %, a cybkanindapHux — Ha
53,6 % 3a ogHaKoBOro BMICTy HaakaninspHux. Ons makcu-
MarnbHMX 3Ha4veHb nickoBukiB MB 003 BMIiCT: HagkaninsapHi
— BiJHOCHe 3MeHLIeHHs1 Ha 51,4 %; kaninspHi — 37,5 % i cy-
6kaninsapHi — 3 % nopiBHAHO 3 Takumu y nickoBukax LIF O03.
BogHo4ac cepefHe 3Ha4eHHs BiAHOCHOro 30inbLUeHHs cy6-
KaninapHux nop crtaHoBuTb 19,4 %, BiAHOCHE 3MEHLLEHHSsI
kaninsapHux — 52,4 %, a HagkaninsapHux — 49,2 %, aKwo no-
piBHATU 3 Takumu anga nickosukis LI 003 (Tabn. 6).

AHani3 oTpumaHnx mMatepiarnis nokasye, Lo HasBHa 3Ha4YHa
avdpepeHuiauist koedillieHTa 3anmLIKOBOro BogoHacuyeHHs (Kas)
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anesponitie i nickosumkie JIMM i Mb A03 nopiBHSHO i3 3Ha4eH-
HAMW Kss @aHanoriyHmx nopig LM 4A3 (tabn. 6).

CnocTepiraetbcs BigHOCHE 36inbLLEHHS MiHIManbHOro 3Ha-
YeHHs koediLjieHTa 3anMLLIKOBOro BOAOHACUYEHHS aneBponiTiB
JINN (Ha 7,1 %) i 3MEHLIEeHHA MaKCUMarbHOro 3Ha4YeHHs (Ha
11,2 %), BOOHOYAC CepefHE 3HAYEHHST LibOro napamMeTpa npak-
TUYHO He BiAPI3HAETLCS Bif 3Ha4eHb Anst anesponitie LM A03.
[ns nickoBKMKiB cnocTepiraeTbesl BiGHOCHE 36inbLUeHHS MiHIMa-
NbHOrO 3HaYeHHs kss Ha 42,9 % i NpakTU4YHO HE3MIHHOTO Mak-
CMManbHOro (3HMxeHHs Ha 1 %), BogHOYac cepeaHe 3HaYeHHs
uboro napametpa 36inbLueHe Ha 15,3 % NOPIBHSHO i3 3HaYeH-
HsaMu Ana nickoukis LI 003 (tabn. 6).

Ons anesponitis MNMb O3 3aranom xapaktepHe BigHO-
cHe 36inbLieHHs MiHimanbHoro (Ha 100 %) i cepegHbOro (Ha
19,2 %) Ta BigHOCHE 3MEHLUEHHsI MakcumanbHoro (Ha 1 %)
3Ha4yeHHs KoediuieHTa 3anuLWKoOBOro BOAOHACUYEHHS Mopi-
BHsIHO 3 anesponitamu U O03. MoaibHa kapTuHa crnocTe-
piraeTbes i ansa nickosukis MB 003 — BiaHOCHE 36inbLUEHHS
MiHiManbHoro (Ha 53,6 %) i cepegHboro (Ha 19,4 %) Ta Bia-
HOCHE 3MEHLLEHHs1 MakcumanbsHoro (Ha 3 %) 3Ha4YeHHs koe-
diLlieHTa 3annLLIKOBOro BOAO HACUYEHHS, SIKLLLO MOPIBHATH i3
3HavyeHHsIMK Ansi nickosukie LT 03 (tabn. 6).

AHanis oTpymaHux maTepianis nokasye, Lo HasiBHa 3Ha-
YHa AudpepeHuiauia koedilieHTa edeKTUBHOI MOPUCTOCTI
anesponiTiB Ta nickosukis MNb 403 Ta nickosukis J1MIM nopi-
BHSIHO 3 TakMMK Anst aHanoriyHmx nopig L 403 (tabn. 4).

CnocTtepiraetbcs BigHOCHe 36inbLUeHHA Makcumanb-
HOro 3HayeHHs koedilieHTa edheKTUBHOT NOPUCTOCTI anes-
ponitis NMM (Ha 27,3 %), BogHOYaC MiHiManbLHe Ta cepegHe
3HaYeHHs1 LbOro NnapameTpa He BiApi3HAETLCA Big TakmMx Ans
anesponitis LI O03. Ona nickoBuKiB CNoCTepiraeTbCca Bia-
HOCHE 3HWXKEHHS MaKCUMarbHOro 3HayeHHs KoediuieHTa
edekTnBHOI nopuctocTi Ha 79,2 %, MiHiManbHe 3Ha4YeHHs
He BifpI3HSETLCA, a cepeaHe 3HaAYeHHs LbOro napamerpa
3MeHLUeHe Ha 66,7 % MOopiBHAHO 3 TakKUMU AN NiCKOBUKIB
Ur oas (rabn. 4).

Ons anesponitis Mb O3 3aranom xapaktepHe BigHO-
CHe 3MeHLUeHHA MiHiManbHoro (Ha 70 %), MakcumarnbHOro
(Ha 54,5 %) Ta cepenHboro (Ha 48 %) 3Ha4eHHs koedilie-
HTa e(PEKTUBHOI MOPUCTOCTI MOPIBHAHO 3 TAKUMU ANs anes-
ponitie LI O03. Mickosukn MB OA3, HaBnaku, MaroTb
BiHOCHO 3HWXeHi MakcumanbHi (Ha 59,3 %), cepenHi (Ha
77,1 %) Ta 36inblweHi MiHiManbHi (Ha 30 %) 3Ha4YeHHs koe-
dilieHTa epeKTUBHOI NOPUCTOCTI MNOPIBHAHO 3 TaKMMK AN
nickosukie LI 003 (tabn. 4).

BcTaHoBneHo kopensuinHi 3anexHocTi Mix koediuieH-
TOM 3anuwKkoBoro BopoHacuyeHHsi (Kss) i koedpiuieHTom
edekTmBHOi nopuctocTi nopig (Knes), WO MaoTb MiHIAHUA
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xapakTep, rpadikv Skux npeacTaBneHo Ha puc. 5 (anespo-
nitn) Ta 6 (nickoBukn). 3 gocsigy NeTpodisanyHMX [ocri-
DPKeHb cnif Big3HaunTW, WO KOPENALiMHI 3aneXHOCTi MiX Kss
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Puc. 5. 3anexHicTb koediuieHTa echbekTMBHOI nopucTtocTi (kn,ed) Bia koediuieHTa 3anuiwikoBoro BogoHacu4yeHHs (k3B)
ansa anesponitis: a) JIMM; 6) N6 AA3; 8) U 443
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Puc. 6. 3anexHicTb KoediuieHTa echekTMBHOI NopucTocTi (Kneq) BiAl KOedbilieHTa 3anuikoBoro BogoHacn4eHHs (Kss)
ansa nickoBwmkis: a) JIMM; 6) N6 4A43; 8) LI 4A3

AHani3 KopensauinHnx 3anexHocten koediuieHTa edek-
TMBHOI nopucTocTi (Kn.ed) BiA koedilieHTa 3anMLLIKOBOro BO-
poHacnyeHHs (kss) (pyc. 5) nokasye, LWo koedildieHTn ai 8y
niHinHOMY piBHsIHHI ana anesponitis M6 003 6inbLwi, Hix
ans aHanorivHux nopig U 403, Ha 80 i 78 % BignoeigHo, a
ans anesponitie JIMNM — Ha 19 i 21 % BignosigHo. [ns nic-
KOBWKIB aHanoriyHi kopensuinHi 3anexHocTi KoediuieHTa
edeKTMBHOI NOPUCTOCTI Bif KoedilieHTa 3anunLLIKOBOro BO-
AoHacuyeHHs (puc. 6) nokasyloTb Take: KoedilieHTn a i e
ansa nickosukis MNb 003 MeHLi, HXX 4na aHanoriyHMX nopig
Ur Aa3, va 57 i 55 % signosigHo, a gns nickosukis JMM —
Ha 72 i 33 % BignosigHo,.

Cnig Big3HauMTH, WO 3a CTPYKTYPOK MYCTOTHOrO Mpoc-
TOpy JocnigXeHi 3pa3kv nopia 34ebinbLioro MaTb JOCUTb
HWU3bKi EMHICHI BMacTUBOCTI, 3@ BUHATKOM OKpPeMUX 3paskiB
i3 cepegHiMN EMHICHUMM NapaMmeTpamu.

®izu4He MoOes08aHHs M1acmMo8uUX YMO8 BMKOHaHO
3 BUKOPUCTaHHAM YCTaHOBKWM Bucokoro Tucky BCLI-1000.
Y pesynbTtaTti umMx AocnigpkeHb BU3Ha4YeHo KoedilieHT nopu-
cTocTi nopig y nnactoeux ymoax (Kn,nn).

3anexHo Bia rmMbuHn 3ansraHHsa nopig JIbBiBCbKOro na-
Ne030NCLKOro NPOrMHy Npu isnyHOMY MoAentoBaHHI nnac-
TOBUX YMOB e(EKTUBHWUA TUCK Pedp CAraB 26—45 Mlla, a
Temneparypa t amiHoBanack y mexax 60—-100 °C. Y pesynb-
TaTi aHanisy AaHux nabopaTtopHux AocnigXeHb NOPUCTOCTI
nopig y amogenboBaHUX NnactoBUX yMOBax yCTAHOBMEHO,
IO Ler napaMeTp Ans anesponiTiB 3miHoeTbes Big 0,003
0o 0,035 3a cepeaHboro 3HayeHHs 0,016, a ons ywinbHe-
HMxX nickoBukiB — Bia 0,008 go 0,091 (cepenHe 3HaYeHHs
0,043), ouB. Tabn. 3.

3riaHo 3 MuBMHOO 3ansiraHHs AOCHIMKEHWX NOpia NiBHIY-
Horo GopTy OA3 npu hisnuHOMy MopaentoBaHHI NNacToBuUX
YMOB ePEKTMBHUI TUCK Pe CAraB 41-55 Mra, a Temnepatypa
t amiHoBanack y mexax 94—126 °C. AHani3 pesynbTaris nado-
paToOpHWUX AOCNiMKEHb MOPWUCTOCTI MOpig Y 3MOAENbOBaHWX
NNacToBKX YMOBaXx MoKa3as, Lo Ler napameTp Ans anesporii-
TiB 3miHoeTbes Big 0,007 go 0,06 3a cepeaHLOro 3HaYEHHS
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0,028, a gns ywineHeHnx nickoswukie — Big 0,011 go 0,081 (ce-
penHe 3HadeHHs 0,037), ame. Tabn. 3.

Mpn isnyHOMY MoLentoBaHHI NNacToBUX YMOB, 3arne-
XKHO Big rmMmMBMHK 3ansiraHHs Nopia LeHTpanbHoro rpabeHa
003, ecbekTnBHUIA TUCK pegp csiraB 60—70 MlMa, a Temnepa-
Typa t 3miHOBanacb y mexax 138—-158 °C. Y pesynbrtari
aHanisy gaHux nabopaTtopHuX AOCHifKEeHb NOPUCTOCTI Mo-
pig y 3aMoenboBaHUX NnacToBUX YMOBaX BCTAHOBMNEHO, LLIO
uen napameTp Ans anesponiTiB 3miHoeTbes Big 0,007 go
0,035 3a cepepHboro 3HayeHHst 0,014, a ans ywinsHeHNx
nickoBukiB — Big 0,007 oo 0,084 (cepenHe 3HayeHHs 0,045),
ave. Tabn. 3.

Y pesynbTari isyHOro MoaentoBaHHs NNacToBMX yMOB
BiAOyBaEeTbCA 3aKPUTTS MIKPOTPILLUMH Nig HABaHTaXXEHHAM,
LLIO CMPUYNHSAE 3MEHLLEHHSI MOPUCTOCTI NOPIA MOPIBHAHO 3 1X
NOpUCTICTIO B aTMOCKEPHUX YMOBaX.

AHani3 OTpMMaHWX OaHWX MoKasye, WO BiAHOCHE 3HU-
XeHHs (€) koediuieHTa nopucTocTi nopia JibBiBCLKOro Naneo-
301CBLKOro MPOruHY 3a 3MiHN aTMOCEPHMX YMOB Ha NacToBi
(e=(kn—kn,nn)/kn" 100 %) cqrae: ana gocnigxeHnx anesponiTis
Bia 8,1 no 21,3 % (cepenHe 3HayeHHa 13,3 %), a onsa nicko-
BukiB — Big 1,0 0o 21,8 % (cepenHe 3HayeHHs 8,9 %).

BigHoCHe 3HWXeHHs KoedpilieHTa NopUCTOCTi 3a 3MiHU
aTMoCepHMX YMOB Ha NNacToBi AOCNIAXEHUX nopig MiBHi-
yHoro 6opty OA3 carae: ona anesponitisB — Big 14 po
19,5 % (cepenHe 3HadveHHsA 17 %), a AnNA NiCKOBUKIB — Bif
7,5 0o 18 % (cepenHe 3HayeHHs 10,5 %).

Ons nopig ueHTpaneHoro rpaberHa AA3 BigHOCHE 3HK-
XEHHs koedilieHTa NOpUCTOCTI 3a 3MiHW aTMOCHhEpHUX
YMOB Ha nnacToBi carae: anga anesponitis Big 10 8o 26,6 %
(cepenHe 3HayeHHs 17,3 %), a gna nickosukiB — Big 10 go
23,2 % (cepenHe 3HayeHHs1 15,3 %).

Y 1abn. 4 HaBefeHo pe3ynbTaTh NOPIBHAHHA Koedillie-
HTa MOPWUCTOCTI B NMACTOBMX YMOBaX OOCHISKEHUX nopig
JIbBIBCbKOrO Maneo3ocbKOro MPOruHy i NiBHiYHOrO GopTy
003 i3 uum napaMmeTpom Ang BignoBigHMX Nopig LeHTpanb-
Horo rpabeny 3.
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AHani3 oTpumaHux maTepiarnis Nokasye, Lo HasBHa 3Ha-
YHa OudepeHuialis koedilieHTa MOpPUCTOCTi B NNacToBUX
ymoBax aneBponiTiB i nickoswukis M6 003 Ta nickosukis JIMIM
NOPIBHSAHO 3 TakUM A aHanoriyHux nopig U 443 (tabn. 4).

CnocTtepiraeTbcst BigHOCHE 3MEHLLEHHS! MiHIManbHOro 3Ha-
YeHHs KoedillieHTa NoPUCTOCTi B NacTOBMX YMOBaX anespo-
nitis NIMM (Ha 57,1 %), BogHOYaC MakcuUmaribHe 3HaYeHHsi
LibOro napameTpa He Bigpi3HAETLCH, a cepeaHe 3binbLueHe Ha
14,3 % Big BignoBigHWX 3HaveHb Ansa anesponitis LI O03.
[ns nickoBUKiB CNocTepiraeTbCst BigHOCHE 36irbLUEHHST MiHiMa-
JNIBHOIO | MakcMMarnbHOro 3Ha4YeHHs koedilieHTa MOpPUCTOCTi B
nnactoBux ymoBax Ha 14,3 i 8,3 % BignosigHo, a cepegHe 3Ha-
YeHHSs1 LbOoro napameTpa 3MeHLeHe Ha 4,4 % MopiBHSHO 3 Ta-
kum ans nickosukis LI AA3 (tabn. 4).
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Puc. 7. KopensuiiHa 3anexHicTb Mix koedilieHTamu nopuctocTi y atmocdepHux (k;)

¥ =0.77824x +0.00181
R*=0.91443

0.04

Koedirient noprerocti, k. 9.0,

6)

Ons anesponitis MNMb O3 3aranom xapaktepHe BigHO-
CcHe 30inblieHHss mMakcumanbHoro (Ha 71,4 %) Ta cepegn-
Hboro (Ha 100 %) 3HayeHHs KoedpiulieHTa nopucTocTi B
NnacToBMX yMOBaX, BOGHOYAC MiHIManbHe 3HaYeHHs Liboro
napameTpa He BiApi3HAETbCA MOPIBHAHO 3 TakMM ANs anes-
ponitis LI O003. Mickosuku MNMB OA3, HaBnaku, MatoTb Big-
HOCHO 36inblueHi MiHiManbHi (Ha 57,1 %) Ta 36inblueHi
MiHiManbHi (Ha 3,6 %) i cepegHi (Ha 17,8 %) 3Ha4eHHs koe-
hilieHTa NOPUCTOCTI B MIACTOBMX YMOBaX MOPIBHAHO 3 Ta-
knum ana nickosumkis LI OA03 (Tabn. 4).

Y pesynbTarti uMX AOCNIAXEeHb TAKoX OTPMMaHO Kopensi-
LiMHI 3aneXHOoCTi MiX koedilieHTaMyn NOpUCTOCTi B aTMOC-
depHux (kn) i NnacToBux (kn,nn.) yMOBax, aHaniTM4Hi BUpasu
SKUX NpeacTaBneHi NiHiMHUMKU pyHKUiaMK, a rpadikn — Ha
puc. 7 (anesponitu) Ta 8 (NickoBuKN).
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Puc. 8. KopensiuiiHa 3anexHicTb Mix koediLlieHTamm nopuctocTi y atmocdepHux (kn) i nnactosux (kn,nn) ymoBax
Aansa nickoBwmkis: a) JIMM; 6) Nb AA43; ) LIr 4A3

AHani3 kopensauinHnx 3anexHocTewn koediuieHTa nopuc-
ToCTi B nnactoBux ymosax (knnn) Bif koediuieHTa nopuc-
TOoCTi B atmocdepHux ymosax (kn) (puc. 7) nokasye, Lo
KoediuieHT a y niHinHomy piBHaHHI ansa anesponiTis MNb 03
i INM Ginbwwin Ha 17,7 i 37,1 % Bigno.igHo, a koediuieHT
MeHwWwnn Ha 13,8 i 24,3 % BigNoBIAHO, HiXXK ANA aHaNorYHUX
nopig LU AA3. Ona nickoBmkiB aHanoriyHi kopensuiiHi 3a-
NEeXHOCTi koedilieHTa MOPUCTOCTi B NNacTOBUX yMOBAX Bif
KoediLieHTa NopucToCTi B aTMocdepHUx ymoBax (puc. 8)
nokasyloTb Take: koediuieHT a ans nickosukis MNb A3 npak-
TUYHO oaHakoBUI, a ans nickoukis JIMM 6inbwwnii Ha 4,2 %,
Hi>X Ans aHanoriyHux nopig U A03. KoediuieHT 8 MeHwnin
Ha 67,6 i 41,4 % BignosigHo.

TpoHuKHicMb TipCbKUX NOPI4 KOHTPOMKETLCA hopmoto
Ta po3mipoM 3epeH NOpPOAM, iX MPOCTOPOBUM PO3NoAinoMm, a
TaKoX YMNakoBKOK, CTyMEeHeM FNMHUCTOCTI, KoHconigauii 1
uemeHTauii. Ha NpOHWKHICTb CYTTEBMI BMMUB CMPUYUHSE
TMN rAMHUCTOro abo iHWOro LemeHTyBanbHOro matepiany
MiX MilaHMMn 3epHamun, ocobnveo y pasi MPUCYTHOCTI
Boau. [ledki rmMHUCTI MiHepanu, 3oKpemMma MOHTMOPWIIOHIT i
CMEKTUT, po3byxatoTb Yy BOAi i MOXYTb 4acTKoBO ab0 NOBHi-
CTIO 3aKyrnoptoBaT nycToTHWI npocTip (Tnab, & HdoHana-
coH, 2009; Mopogebl..., 1985).

disnyHa 3paTtHICTL nopoau nponyckatn yepes cebe
dnoign xapakTepuayeTbca KOedilieHTOM NPOHUKHOCTI Krp.
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Axkwo nopoga Ha 100 % HacudeHa ogHuM drnioigom (da-
3010), TakUM sk ra3, HadTa abo Boga, — BU3HavaeTbCsi ab-
COMOTHa MPOHUKHICTE Ana paHoro dnwigy. Y pasi
NpUCYTHOCTI Y nopogi 6inbLie ogHoro dnoigy, NPOHNKHICTb
[ONs KOXKHOTO 3 HUX € ¢ha30Bot0. Y TakoMy BUNaAKy BU3HaYa-
H0TbCS KOeILEHTU NPOHUKHOCTI Knpr, Knpx, Knpe, LLIO XapakTe-
pu3yloTb eheKkTUBHY a3oBy NPOHMKHICTb ANA rasy, HadTu
" BOAM BIiANOBIAHO. Y Mmpoueci pyxy No nyCTOTHUX KaHamnax
nnacToBi nian B3aEMOAIIOTL MK COOO0H, ranbmyrun
OOWH OfHOro, TOMy cyma eqeKTUBHOI MPOHWKHOCTI BCiX
TpbOX has 3aBxAM MeHLa Big abCOMNOTHOI MPOHMKHOCTI.
3a niTepaTypHuMn gaHumMK, KoediuieHT MPOHWUKHOCTI
nopia-konekTopie HaTH i rasy 3MiHIOETLCS B Adiana3oHi Bif
0,1 no 1000 dm?, iHkonK i Binblue. Knac konektopa 3ymoB-
TNOETBCS NOr0 MPOHUKHICTIO, WO NOAINAETLCA HA: HU3bKY —
knp<1 cpMm?, 3agoBinbHy — knp=1-10 M2, cepegHto
knp=10-50 com?, BUCOKY — knp=50—250 chm? i Ay>Ke BUCOKY —
knp>250 com? (Tnab, & OoHanacoH, 2009). Mopoawu, wo ma-
0Tb MPOHWKHICTE HWXYY 3a 1 (hM2, BBaXKalOTLCS YLLinNbHe-
HUMKW. Hu3bKa nNPOHWKHICTL BRacTMBa anesponitTam,
aprinitam, yLwinbHeHMM ra3oHOCHMM MiCKOBMKaM Ta MaTpuLi
BanHskiB. LLUBnakicTb pyxy dontoigy y npoayKTMBHOMY NriacTi
BM3HA4yaE TexHomorilo BuAoOyTKy ByrneBopHiB. [Mpomuc-
noBa po3pobka rasoHOCHWX YLUINbHEHUX MOpiA MOXIMBa
LWMSIXOM  3aCTOCYBaHHSl ~ TEXHONOriN  iHTeHcudikauii
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NPOAYKTMBHMX TOBLL, TAaKUX SIK KUCINOTHa obpobka Ta rigpo-
po3puB nnacrta. Lli 3axogu cyTTeBO NigBULLYKOTb MPOHUK-
HICTb yLWiNbHEHUX nopig i gatlTb 3MOry BecTu BUAOOYTOK
BYrNeBOAHIB i3 MOpiA-KONeKTopiB, SKi paHile BBaXanucs
HEKOHAULIMHUMMW.

KoedilieHT NPOHUKHOCTI AO0CMigpKEHUX aneBponiTiB i
NiCKOBUKIB BW3HA4YanM MeETOAOM CTauioHapHOi dinbTpauii
a30Ty 3a JOMOMOro creujianbHo po3pobneHoi yCTaHOBKM
(Mopogel..., 1985). Y Tabn. 7 HaBegeHO Mexi 3MiH | cepefHi
3HaYeHHs koeilieHTIB MPOHNKHOCTI aneBponiTiB i yLLinbHe-
HUX NICKOBWKIB.

Y pesynbTati aHanisy pesynbTaTie nabopaTopHuUX goc-
NigxeHb KoediuieHTa npoHukHocTi nopig JIMNIM BcTaHoB-
NEeHo, WO uen napameTp 3MIHIOETbCA: ANS apriniTiB Big
0,0001 go 2,927 pmM2 3a MO0 cepeaHbOro 3HAYEHHS

0,545 pm?, a ans nickosukis — Big 0,002 no 4,689 dm? 3a
1oro cepeHbOro aHaveHHs 0,191 pm2.

KoediuieHT npoHukHocTi nopig MB 003 3MmiHoeTbes:
ansa aprinitis Big 0,002 go 1,981 dm? 3a Moro cepeHLOro
3HaveHHs 0,279 M2, a ans nickoBukis — Big 0,002 mo
1,492 dom? 3a noro cepeHbOro 3HaveHHst 0,176 dm2,

AHani3 pesynbTaTiB NabopaTopHUX BM3HA4YeHb Koedi-
uieHTa npoHukHocTi nopig LM A03 nokasye, Wwo uew napa-
MeTp 3MiHIETLCA: Ans aprinitie Big 0,001 go 3,467 pm? 3a
Moro cepeiHboro 3HavyeHHs 0,685 dom2, a Ans MicCKOBUKIB —
Bin 0,003 0o 5,232 M2 3a MOro cepefHbLOro 3HaYeHHs!
0,462 pm2.

Y 1abn. 8 HaBe#eHO pe3ynbTaTh NOPIBHAHHA Koedillie-
HTa NPOHUKHOCTI gocnimkeHnx nopig MM i Mb 443 3 aHa-
noriYyHnum napameTpoM BignosigHux nopia LM O03.

Ta6bnuuys 7

MeXi 3MiH i cepeaiHi 3Ha4YeHHA NPOHUKHOCTI nopia

JIbBiBCbKUIM Naneo30MCbKUA NPOruH NiBHiYHWK 6opT 003 LleHTpanbHui rpabex 003
3HauveHHsA . - T " . .
Mopoaa KoedilieHT NpPOHUKHOCTI Kqp, KoedbilieHT npoHUKHOCTI k., | KoediuieHT npoHnkHOCTI Kqp,
napameTpa 2 2 2
tbm cm cm

MiH. 0,0001 0,002 0,001
Anesponitu MakKc. 2,927 1,981 3,467
cep. 0,545 0,279 0,685
MiH. 0,002 0,002 0,003
[ickoBurKK MakKc. 4,689 1,492 5,232
cep. 0,191 0,176 0,462

Ta6nuys 8

MopiBHAHHA* 3Ha4YeHb KoedillieHTa NPOHMKHOCTI nopiA JIbBiBCbKOro naneo3oncbKoro NporuHy i niBHiuHoro 6opty A3 3 aHanori-
YHUM NapameTpoM nopia LeHTpanbHoro rpadeHy 13 B nnacToBMX ymoBax

JIbBiBCbKUI Naneo30MCcbLKUA NPOruH NiBHiYHUM 60pT OO3
Mopopa 3HauyeHHsA napameTpa —— — - —— — -
BiAMiHHICTb KoedpilieHTa NpoHUKHOCTI, % BiAMiHHiCTb KoedilieHTa NPOHUKHOCTI, %
Anesponitn MiH. -100,0 90,0
Makc. 42,9 15,6
cep. 59,3 20,4
MickoBuKM MiH. 33,3 33,3
MaKc. 71,5 10,4
cep. 61,9 58,7

lMpumimka: *y Tabnuui NACoBi 3HAaYEHHS1 03HAYaOTh BiJHOCHE 3HWXKEHHS!, @ MiHYCOBI — BiJHOCHE 30inbLUEHHsI BiANOBIAHOrO NapameTpa

NopiBHSIHO 3 NapamMeTpoM nopia LueHTpanbHoro rpabeHa AA3 y %.

AHanis oTpumaHux maTepianis nokasye, L0 HasiBHa 3Ha-
YHa audpepeHuiauis koedilieHTa NPOHUKHOCTI aneBponiTiB i
nickosukis JIMM ta Mb O3 NOpiBHAHO 3 TakMM ANS aHano-
riyHmx nopig LM 443 (tabn. 8).

CrocTepiraetbCs  BiAHOCHE 30iNbLUEHHST MiHIManNbHOro
3HaYeHHs KoedpiuieHTa npoHukHocTi anesponitie JIMM (Ha
100 %), BoAHOYAC MaKcUMaribHe 3HAYeHHs LbOro napame-
Tpa 3meHLeHe (Ha 42,9 %), a cepefiHE TakoX 3MEHLLEHe Ha
59,3 % Big BignoBiaHUX 3HaveHb Ana anesponitis LI O43.
[nsa nickoBMKiB cnocTepiraeTbCs BiAHOCHE 3MEHLUEHHS MiHi-
MarnbHOro, MakCMMarbHOrO | CepeaHbOoro 3Ha4eHHs Koedili-
€HTa NPOHNKHOCTI, SIKLLIO MOPIBHATK 3i 3HAYEHHSIMM MICKOBUKIB
ur oa3 (rabn. 8), Ha 33,3, 71,51 61,9 % BignosigHo.

Onsa anesponitie NMB 003 3aranom xapaktepHe BigHO-
CHe 3MEHLUEHHs1 MiHiManbHOro, MakcMMarnbHOro i cepen-
HbOFO 3HaYeHHs1 KoedpiuieHTa NpoHMKHOCTI Ha 90, 15,6 i
20,4 % BignoBigHO NOPIBHAHO 3 TakMMK Ans anesponiTie LIl
003. MickoBukn MNB 003 Takox MalTb BiAHOCHE 3MeEH-
LEHHS MiHIManbHOro, MakcumarnbHOro i cepedHbLoro 3Ha-
YeHHSA KoediuieHTa MPOHMKHOCTI, SAKWO MOPIBHATA  3i
3HayeHHsiMM nickoBukis LI 403 (tabn. 8), Ha 33,3, 10,4 i
58,7 % BignosigHo.

Ounckycis i BUCHOBKM

JlabopaTopHi JocnimkeHHs1 NeTpodi3aNyHMX BNacTnBOC-
TeW HU3bKOMOPUCTMX NICKOBUKIB | aneBponiTiB € akTyanbHUMM
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OO0 OUiHKM HadTOra3oBOro MOTeHUiany NepcrneKTUBHMX
TOBLLY YLifbHEHMX KOmekTopiB. Y Ui cTaTTi BUCBITNIEHO
GinbTpaUiiHO-EMHICHI NapamMeTpu Ta iX MOPIBHAHHSA YLUiNbHe-
HVX Nopif, NPeacTaBNeHNX HU3bKOMOPUCTUMM MICKOBMKaMM i
anesponitTamu cxigHoro cxuny JIbBIBCbKOro naneo3oncbKoro
nporvHy Ta [HINpoBCbKO-[JOHELBKOI 3anaguHu (MiBHIYHWIA
OopT Ta LeHTparnbHWi rpabeH).

Ak cTangapT 4N NOPIBHAHHS BUKOPUCTaHO NeTPoqianyHi
napameTpu HanoINbLL rMMOOKO 3aHYPEHMX YLLINbHEHUX NOPIA
ueHTpanbHoro rpabeHa O003:

1. BusHayeHo, o GinbLicTb ryCTUHHUX NapameTpiB 40-
cnimpkeHNx nopig NpakTUYHO He BiOPI3HATLCS MiX coboto,
crnocTepiraTbCa NuLle He3HayHi Bapiauii (3o +2 %).

MopiBHAHO 3 rycTuHO aHanoriyHmx nopig LI OO3 cno-
CTEpIraeTbCA BifHOCHE 3MEHLUEHHS MiHIManbHOro 3Ha4YeHHs
ryctvHu anesponitie MNB AO3 (cyxi — Ha 12 %; Hacu4eHi — Ha
4,2 %) Ta 36inbLUeHHs iX MiHepanoriYHoi rycTuHu (Ha 2,3 %).
CepefHe 3HAYEHHSI TYCTUMHW CyXMX aneBpoOniTiB TaKOX 3HW-
xeHe (Ha 3 %). [Ansa nickoBukiB y cyxomy ctani Tl crnocte-
piraeTbCs 3HWKEHHSA MiHIMarnbHUX 3HaYeHb (Ha 2,5 %).

2. HasiBHa 3Ha4yHa BigHOCHa gudepeHuiadia koedilieH-
TiB BigkpuTOi NnopuctocTi (kn) 4OCNIAXKEHMX NOPI4 NOPIBHSHO
3 kn @aHanoriyHnx nopia LI 403.

Ins anesponitis NI cnoctepiraeTbcs BigHOCHE 3MEH-
LWEHHs1 MiHIManbHOrO i MakCUMMarbHOro 3HaveHHs Kn,
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BW3HAYEHOro HAaCMYEHHSIM a30TOM i BOAOK B iHTepBarni 25—
50 % i 32,9-20,8 % BignoBigHO, a cepedHE 3HAYEHHS LNX
napameTpiB 36inbLlueHe Ha 4,3-5,6 %. [Ins nickoBUKIB Takox
CMNOCTEpPIraeTbCa BiQHOCHE 3HWKEHHS MiHIManbHOro 3Ha-
YeHHs kn Ha 48,1-7,1 %. BiaHOCHe 3MeHLIEeHHs Makcumanb-
HOro 3HayeHHst kn Ons aneBponiTiB, HAaCMYEHUX a30TOM,
carae 12 %, a HacM4YeHMX BOAOK MPaKTUYHO He BiOpi3Hs-
eTbcs. CepegHe 3Ha4eHHs kn 3ameHweHe Ha 11,3-20 %.

Ons anesponitie MNb O3 3aranom xapakrepHe BigHOCHe
3POCTaHHS MiHIManbHOro i MakCMMarnbHOro 3Ha4YeHHs1 kn, BU-
3HAYEHOro Hacu4YeHHAM a3oToM i Bogok (Ha 8,3-54,2 %), a
cepegHe 3HayeHHs1 kn 3poctae Ha 73,9-88,9 %. [lickoBuku
MB 003, HaBnakn, MatoTb BIAHOCHO 3HWXKEHI MiHIManbHi i Ma-
KcumarnbHi 3HayeHHs ko Ha 18,5-7,1 % i 18,8-8,4 % Biano-
BiJHO Ta Moro cepeaHbLOoro 3HavyeHHs Ha 25,7-22,6 %.

3. HasBHa 3HauyHa audpepeHuiauia koedilieHTiB BigKpu-
TOI mopucTocTi B nnactoBux ymoBax (Knmn) aneBponiTis,
nickoswukis N A3 Ta nickoBukis JIMNTM nopiBHAHO 3 Kn,nn aHa-
noriyHux nopig Ur ga3.

CnocTepiraeTbCsl BiAHOCHE 3MEHLUEHHS1 MiHIManbHOro
3HayeHHs1 knnn anesponitis JMNM (Ha 57,1 %), BogHO4ac ma-
KCMMarbHe 3Ha4YeHHs LibOro napameTpa He Biapi3HSAETbCs,
a cepefHe 30inbweHe Ha 14,3 %. [ns nickoBukiB cnocTepi-
raeTbCsl BigHOCHe 36inblUeHHs1 MiHiManbHOro i Makcumarb-
Horo 3HaveHHs knnn Ha 14,3 i 8,3 % BignoBigHO, a cepeaHe
3HaYeHHs1 LbOoro napamMmeTpa 3MmeHLeHe Ha 4,4 %.

Ona anesponitis MNMb O03 3aranom xapaktepHe BigHO-
CHe 30inblieHHA makcumanbHoro (Ha 71,4 %) Ta cepeg-
Hboro (Ha 100 %) 3HayeHHsi Knnn, BOOAHOYAC MiHIManbHe
3HaYeHHs LbOro napameTpa He BiApi3HAETbCA. [lickoBMKK
M6 003, HaBnaku, MaloTb BiAHOCHO 36inblLUeHi MiHiManbHi
(Ha 57,1 %) Ta 3meHweHi makcumanbHi (Ha 3,6 %) i cepeqHi
(Ha 17,8 %) 3Ha4yeHHs Knnn.

4. B pesynbTarti aHanisy kopensauiiHnx 3anexHocTen Ko-
ediuieHTa BigKpMTOI NOPUCTOCTI Bif N'yCTUHMW NOPif BCTaHO-
BMeHo, Wo KoediuieHTn a i 8 y NiHINHOMY PiBHAHHI Ans
anesponitis b A3 He Bigpi3HATLCA, a ANA aneBponiTie
JINN y aBa pa3sun meHLwi, Hix Ans aHanoriyHux nopig Lr A03.
[nsa nickoBWKIB aHaNOrivHi KOpensuinHi 3aneXxHoCTi nokasy-
I0Tb Take: KoedilieHT a ANns NiCKOBUKIB BCiX TPbOX PanoHiB
pocnigpkeHb ogHakoBun. KoediuieHTn 8 y kopensuinHomy
PiBHSIHHI BigpisHAatoTbea ansa nickosukie LI OO3 Big Takmx
e nopig M6 AA3 Ha +3 %, a JIMNM — Ha +15 %.

5. BcTaHoBrneHo, Lo HasiBHa 3Ha4yHa andbepeHdiauis Bia-
HOCHOrO BMICTy Mop pi3Hux Tunie y nopogax J1MNM ta N6 443
NMOPIBHSIHO i3 BMICTOM MOp B aHanoriyHmx nopogax LI A03.

B aneponitax JIMIM cnoctepiraetbcsa BigHOCHE 36inb-
LUEHHS MiHIManbHOro 3Ha4YeHHs BMICTY HagKaninapHuX i ka-
ningapHux nop (y ABa pasu), a cybkaninapHux Ha 7,1 %;
BiIHOCHE 3MEHLUEHHS MaKCUMarbHOrO 3Ha4YeHHs Hagkani-
nspHux (Ha 14,8 %), cybkaninapHux (Ha 11,2 %) Ta BigHo-
cHe 30inbleHHs kaningpHux (Ha 48,4 %). BopgHouac
cepefHe 3Ha4YeHHs BiHOCHOrO 30iNbLUEHHSA BMiCTY HagKani-
nsipHMx nop ctaHoButb 10 %, kaninspHux — 8,3 %, a cybka-
NiNAPHUX — HaBnNaku, aMeHLWweHHs Ha 1,3 %.

Ona nickosukis JIMIM cnocTepiraeTbca pisHOMaHITHa Kap-
TuHa. BigHocHe 36inblUeHHs MiHIManbHOrO 3Ha4YeHHst BMIiCTY
kaninspHux nop Ha 100 %, a cybkaninapHux — Ha 42,9 % 3a
O[HAKOBOTrO BMICTYy HafkaninspHux. [Ina MakcvmanbHuUX 3Ha-
YeHb nickoBukiB JIMM BMICT: HagkaninspHi — BigHocHe 36inb-
WeHHs Ha 2,7 %; kaninapHi i cybkaninspHi — BigHOCHe
3HKeHHs1 Ha 25 i 1 % BignoeigHo. BogHovac cepegHe 3Ha-
YeHH$ BiZHOCHOrO 36iMbLUEHHsSI BMICTY CyOKaninspHux nop cra-
HoBUTb 15,3 %, BigHOCHE 3MEHLLEHHS KaninsapHux — 52,4 %, a
HagkaninspHUx — ogHakose LWoao nickosukis LI 003.
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B anesponitax N6 O3 cnocrepiraetbcs BioHOCHE 3MEH-
LIEHHA MiHIManbHOro BMICTY HagKanifsgpHUX i KaninsapHux
nop, Ha 66,7 i 50 % BignoBigHo, a cybkaninapHUX — BigHOCHE
30iNblUEHHS Y 1BA pa3u; BiQHOCHE 3MEHLLEHHS MakcumMarb-
HOro 3Ha4YeHHs1 HagkaninapHux (Ha 77,8 %), kaninapHux (Ha
64,5 %), cybkaninapHux (Ha 1 %). BogHoyac cepefHe 3Ha-
YEHHS BiOHOCHOTO 3MEHLUEHHS BMICTYy HagkaninspHuWx nop
ctaHoBuTb 70 %, KaninapHux — 58,3 %, a cybkaninapHux —
HaBnaku, 36inbLUeHHs Ha 17,9 %.

Ons nickosukiB MB OO3 cnocTtepiraetbes pisHOMaHiTHa
KapTuHa. BigHocHe 36inbLUeHHS MiHiManbHOro 3Ha4YeHHs! BMi-
cTy kaninspHux nop Ha 100 %, a cybkaninapHux — Ha 53,6 %
3a O[HAKOBOro BMICTY HagkaninsapHux. [ns MakcumanbHuX
3HauyeHb nickoBukie Mb 003 BMICT: HagkaninapHi — BigHOCHe
3MeHLUEeHHs1 Ha 51,4 %; kaninapHi — 37,5 % i cybkaninspHi —
3 %. BogHouac cepefHe 3HAYEHHSsT BiHOCHOIO 30iNbLUEHHS
cybkaninapHux nop craHoButb 19,4 %, a BigHOCHE 3MeH-
LIeHHs KaninspHux — 52,4 %, HagkaninapHux — 49,2 %.

6. BctaHoBneHo, Lo HasiBHa 3Ha4yHa andepeHuiauia Ko-
ediuieHTa edekTuBHOI nopucTocTi (Knep) aneBponiTiB i nic-
kosukis MNMB 003 Ta nickoBukie JIMM NOpiBHAHO 3 Knep
aHanoriyHux nopig Ur ga3.

CnocTepiraetbcsi BigHOCHE 30inblUEHHS MakcUManbHOro
3Ha4veHHs knegp anesponitis JIMM (Ha 27,3 %), BogHo4Yac MiHi-
ManbHe Ta CepefHe 3HaYEHHS! LIbOrO NapameTpa He BiapisHsi-
€TbCsa Bif knew Ana anesponitis UM O03. OAna nickoBukiB
crnocTepiraeTbCsl BiZHOCHE 3HWKEHHS MakKCUMaribHOro 3Ha-
YeHHs knep Ha 79,2 %, MiHIManbHe 3Ha4YeHHs1 He BiApi3HS-
€TbCS, a CepeaHe 3HAYEHHS LbOoro napameTpa 3MeHLLEHe Ha
66,7 % nopieHAHO 3 Takumu Ans nickosukis LM O03.

Ons anesponitis Nb A3 3aranom xapakrepHe BiaHOCHe
3MeHLUEHHs1 MiHiManbHoro (Ha 70 %), MakcumarnbHOro (Ha
54,5 %) Ta cepeaHboro (Ha 48 %) 3Ha4yeHHs Kneqp MNOPIBHSHO
3 Takumu gnsa anesponitis LM O03. Mickosuku MB 003, Ha-
BMaku, MaloTb BiHOCHO 3HWXEHI MakcumanbHi (Ha 59,3 %) i
cepepHi (Ha 77,1 %) Ta 36inbLueHi MiHimanbHi (Ha 30 %) 3Ha-
YeHHS Kneqp MOPIBHAHO 3 Takumu Ans nickosukis LIM O03.

7. BctaHoBNeHo 3HayHy avdepeHuiauiio koedilieHTa 3a-
FLLIKOBOTO BOAOHACUYEHHS (Kss) aneBponiTiB Ta NiCKOBUKIB
JINMN i NBb A3 nopiBHAHO 3 kss aHanoriyHmx nopig L 403.

CriocTepiraetbCsl  BiAHOCHE 30iNbLUEHHST MiHIManbHOro
3Ha4veHHs ks anesponitis JIMIM (Ha 7,1 %) | 3MeHLeHHA Mak-
cvMarnbHoro 3HayeHHs (Ha 11,2 %), BogHo4ac cepefHe 3Ha-
YeHHs1 LibOro napamMmeTpa NpakTU4HO He Biapi3HAETbCS Bif Kss
anesponitie LI O03. [1na nickoBukiB cnocTepiraeTbCcs BigHO-
CHe 306inblUeHHs MiHiManbHOro 3HayeHHs ks Ha 42,9 % i
NPaKTU4YHO HE3MIHHOMO MaKCUMarnbHOro (3HWKeHHS Ha 1 %),
BOAHOYAC CepeaHe 3HAYeHHs Lpboro napametpa 30inbluieHe
Ha 15,3 % nopiBHAHO 3 Takumu Ans nickoswukis LM O03.

Ons anesponitiB Mb 3 3aranom xapakTepHe BigHOCHe
36inblweHHa  MiHimanbHoro (Ha 100 %) i cepegHboro (Ha
19,2 %) Ta BiOHOCHE 3MEHLLEHHSI MaKCUMAsbHOTO 3HAYEHHS
kss (Ha 1 %) nopiBHsaHO 3 Takumu ana anesponiTis LI O03.
MopjibHa kapTuHa crnocTepiraeTbes i ans nickosukis M6 003 —
BiHOCHe 36inbLUeHHs1 MiHiManbHoro (Ha 53,6 %) i cepeHbOro
(Ha 19,4 %) Ta BiOHOCHE 3MEHLUEHHS MaKCYMarlbHOro 3Ha-
YeHHs kss (Ha 3 %) nopiBHSAHO 3 TakMu Ans nickosukis LI A03.

8. AHani3 kopensuinHMx 3anexHocTen Knep Big ks Noka-
3y€, WO KoedilieHTU a i 8 Y NiHINHOMY PIBHSHHI Ans anespo-
nitie Mb AA3 6inbLwi, Hix gna aHanorivHux nopig L 403, Ha
80 i 78 % BignosigHo, a ansa anesponitie JIMM Ha 191 21 %
BignNoBiaHO. [1na NiCKOBUKIB KOpEnsILiiHiI 3aneXHOCTi Knep Big
kss MOKa3ylOTb Take: koedilieHTu a i @ ans nickosukis M6 003
MeHLUi, Hix anst aHanorivHmx nopig U AA03, Ha 57 i 55 % Bio-
nosiaHo, a Ans nickoukie JIMM Ha 72 i 33 % BianosigHo.
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9. BcTtaHoBNEHO, L0 HasgBHa 3Ha4YHa andepeHdiauis Ko-
ediuieHTa npoHukHocTi (knp) aneBponiTis Ta nickosukis 1T
i M6 043 nopiBHsAHO 3 knp aHanoriyHmx nopia LM AA03.

Cnocrtepiraetbcsl BigHOCHe 36iMnblUEHHS MiHIManbHOro
3HayeHHs1 knp anesponitis JIMIM (Ha 100 %), BogHOYac mak-
CMMarnbHe 3HayeHHs LbOro napamMeTpa 3MeHLleHe (Ha
42,9 %), a cepefHe Takox 3MeHLeHe Ha 59,3 %. [Ans nicko-
BUKiB CMOCTEPIraeTbCA BiHOCHE 3MEHLLEHHSI MiHiManbHoro,
MaKCMMarbHOro i cepegHboro 3HadeHHst knp Ha 33,3, 71,5 i
61,9 % BignosigHo.

Onsa anesponitie NMB 003 3aranom xapaktepHe BigHO-
CHE 3MEHLUEHHsI MiHiManbHOro, MakcumarbHOro i cepepn-
HbOro 3HaudeHHs knp Ha 90, 15,6 i 20,4 % BignosigHo.
MickoBukn MB 003 TakoX MaloTb BiAHOCHE 3MEHLLIEHHS Mi-
HiManbHOro, MakCMMarnbHOro i cepegHbOro 3Ha4yeHHs knp Ha
33,3, 10,4 i 58,7 % BignosigHo.

10. Takum YnHOM, aneBponiTU Ta YLUiNbHEHI NICKOBUKN
AocnigkeHnx NnoL, MalTb NepeBaXHO HU3bKI i AyXe HU3bKI
inbTpaUiHO-EMHICHI BNAacTUBOCTI, 3a BUHSATKOM OKpemmx
3paskiB. Cnig Big3HaunTK, Wo po3pobka Takux KONEeKTOpIB He-
MoXnuBa 6e3 3acTocyBaHHS MeTogiB iHTeHcudikauii nnacTa.

11. BcTaHoBneHi KopensuinHi 3anexHocTi M dinbTpa-
LiINHO-EMHICH/MMW NapameTpaMy JOCHiMHKEeHMUX Nopia — rycTu-
HO0, KoedilieHTOM MOPUCTOCTI, KoedilieHTOM edeKTUBHOI
NOPUCTOCTi Ta KoeiLieHTOM 3anu1LLIKOBOro BOAOHACUYEHHS,
a TaKoX KOPensUinHi 3anexHoCTi Mk koedilieHTamy nopuc-
TOCTi, BU3Ha4YEHMU B aTMOCEEPHMX Ta NacToBMX YMOBaX,
MOXYTb BYTU BUKOPUCTaHI Npy iHTepnpeTauii faHux reodiau-
YHMX OocCnigKeHb CBEPASIOBUH Ta MOAENOBaHHI inbTpa-
LiNHO-EMHICHUX MapameTpiB YLiNbHEHNX MNopig-KonekTopis
OOCTiAXEHWX NITOLLL.

BHecok aBTopiB: Cepriii BuxxBa — koHUenTyanisauis, metogo-
norist; Biktop OHuLLyK — aHani3 i 0bpobka AaHux, HanncaHHs (nepe-
rmsg i peparyBaHHst); IBaH OHuwyk — metopgonoris, Banigauis
[AaHux, aHani3 i obpobka gaHux, MeTOLO0NOris, HanMcaHHs (opwuriHa-
nbHa uepHeTka); Omutpo OHUWYK — nporpamHe 3abesneyeHHs,
dopmanbHuin aHanis; Onekcangp Labatypa — nporpamHe 3a6es-
neyeHHsi, opmarnbH1In aHanis.

Mopasiku, mxepena diHaHcyBaHHA. Po6OTy BUKOHaHO B pam-
Kax gepx6romkeTHoi Temmn Ne 24B6M049-01.
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COMPARATIVE ANALYSIS OF RESERVOIR PROPERTIES OF CONSOLIDATED TERRIGENOUS ROCKS OF
DNIEPER-DONETSK DEPRESSION OF THE EASTERN SLOPE OF THE LVIV PALEOZOIC DEPRESSION

Background. The paper concerned the results of comparative analysis of the reservoir properties of consolidated
terrigenous Carboniferous rocks of the northern and central graben of the Dnieper-Donetsk depression and the Cambrian of the
Lviv Paleozoic downfold of promising hydrocarbons areas. The purpose of the research was to study and compare the
petrophysical parameters of consolidated reservoir rocks of the studied areas as the basis of a comprehensive analysis of their
physical properties.

Methods. Determination of dry-bulk density of samples by their weighing and measuring their geometric dimensions. The
method of hydrostatic weighing of the samples (saturated by model of the reservoir water) was used. Digital analytical scales
(accuracy 0,001 g) were used to determine the weight of samples. The open porosity factor was determined by the gas volumetric
method and by the method of hydrostatic weighing according to the standard method. Capillametric studies were performed by
centrifugation of samples. To establish correlation between the capacitive, electrical and acoustic parameters of rocks in
atmospheric and reservoir conditions, a complex of petrophysical studies with physical modeling of formation conditions was
performed.

Results. Such reservoir parameters as the open porosity factor and void factor, permeability coefficient and residual water
saturation factor have been studied. The article presents the limits of changes and the average values of reservoir properties of rocks,
and their comparison. On the basis of capillarimetric research, an evaluation of the structure of the void space of rocks was made.

Conclusions. The correlation analysis has allowed establishing a series of empirical relationships between the reservoir
parameters (density, effective porosity factor and residual water saturation factor) and, also, determining correlation dependences
between porosity coefficients measured in atmospheric and reservoir conditions. There are their comparison characteristics.
These relationships can be used in the data interpretation of geophysical studies of wells and in the modeling of porosity and
permeability properties of consolidated rocks.

Keywords: siltstones, sandstones, reservoir properties, density, porosity coefficient, permeability coefficient, residual
water saturation factor, correlation relationships.
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METHODOLOGY FOR IDENTIFYING OPERATING OBJECTS
IN OIL FIELD DEVELOPMENT BASED ON MATHEMATICAL AND STATISTICAL INDICATORS
(USING THE EXAMPLE OF THE PIRALLAHI (NORTHERN FOLD) FIELD)

(lMpedcmaeneHo yneHom pedakuyiliHoi kosnezii 0-pom 2eon. Hayk, doy. O.B. LLllabamyporo)

Background. In this research, a table based on samples taken from wells in each of the two horizons and using the
formation parameter values was compiled. As a result of the researches, five formation parameters (geological and technological)
were included in the matrix, and parametric criteria were used to determine the degree of similarity or difference between the upper

and lower layers of the KS.

Methods. In Pirallahi using the actual data of the wells that opened both layers, (CUS and CLS) calculations were made
according to statistical indicators based on the values of the relevant indicators and checked with parametric criteria. Since the
calculated prices are lower than the table values and there is a similarity between both objects, itis recommended to combine them
and operate them together. Such an approach leads to intensification of development.

Results. Due to the examination of complex geological and operational data, the following proposals are recommended
along with the consolidation of similar layers in the north of Pirallahi.

Conclusions. Thus, since the geological and production indicators between the objects KS,yper and KSiower are almost
similar, it is advisable to combine them into one object and exploit one grid of wells. The allocation of such objects leads to the
intensification of exploitation, and the results can be used in drawing up projects for the development of such layers.

Keywords: oil field, horizon, reservoir parameters, mean value, variance, effective thickness, porosity, viscosity, density,

reservoir pressure.

Background

The issue of combining operational objects is constantly
studied by researchers, and its results are reflected in the
corresponding literature (Bagirov, Narimanov, & Salmanov,
2001). The separation of operational objects should be
based on comprehensive research (Bagirov, 1986). As
experience shows, the combination of operational objects is
of great importance both from the economic and geological
point of view. However, it is necessary to justify the
corresponding criteria for their allocation and operation as a
single object (Bagirov, Mamedov, & Salmanov, 1994). For
example, their energy properties, lithological-facial
characteristics, physical properties of oil, and natural
regimes, which should be close or equal in value, must be
taken into account. The solution to the problem can be
achieved with the help of geological and mathematical
methods, and for a more reliable solution, the method
presented by Prof. D. A. Radionov becomes appropriate.

The method of section processing of each productive
layer involved in field cutting is favorable from the geological
and technological point of view. Thus, each layer has its own
network of exploitation and impact wells, which creates
conditions for the effective application of appropriate
methods in the development process. In this case, it is
possible to actively regulate the processing process.
However, this option is often not economically viable
(Salmanov, & Hasanaliyev, 2000).

If more than two operational objects are separated in the
cross-section of an oil and gas field, Bartlett or Cochran
criteria are used to determine the degree of difference
between them according to any parameter (for example,
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permeability of reservoir rocks). However, in practice, the
comparison of the operating objects separated by any
parameter is not based on their complex indicators. In this
case, if we denote the number of operating objects by n, and
the number of their parameters to be compared by m, we
get an n*m matrix. Then the Rodionov criterion was more
effective for checking the degree of similarity between the
layers in the field section (Rodionov, 1981). According to this
criterion, it is possible to come to an unambiguous
conclusion about the joint (or separate) processing of the
objects located in the cross section of the layer according to
the degree of similarity.

Justified allocation of production facilities in the cross-
section of multi-layer deposits is the bases of all scientific
and practical work on the development of oil and gas fields.
At the stage of geological exploration and work on putting
deposits into development, all available geological and
geophysical information is brought into consideration to
divide the section opened by drilling. A comprehensive study
of these data and their comparison with those in adjacent
areas makes it possible to divide the section into production
facilities. This allocation of the section is the basis for
subsequent scientific and practical activities of the
enterprise (reserve calculation, preparation of a process
flow chart and deposit development projects, etc.). It should
be noted that any approaches used in dividing the section
into horizons and then into production facilities cannot be
considered ideal, since the quality and quantity of
information used by researchers at the initial stage of putting
the field into development is insufficient, and most
importantly, such a very important problem of oil field
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geology is solved at a qualitative level, without using the
appropriate mathematical apparatus. Naturally, under such
conditions, the intuition and subjectivity of researchers who
put forward the final version of division of a multi-layer oil
and gas field come to the fore. Probably, therefore, after
putting the field into operation, the scheme for dividing the
section into objects is often criticized. However, it should be
noted that regardless of how correctly the problem of
identifying production facilities in the section of a multi-layer
field is solved, it should be periodically updated.

In our opinion, it is most appropriate to use the criterion
of D. A. Rodionov, which is an unambiguous and justified
procedure for finding homogeneous groups of objects with
respect to the parameters of both one-dimensional and
multidimensional random variables (Salmanov, 2007). The
nature of the procedure for considering partitioning options
should be determined by the geological problem being
solved. For example, as already noted, the position of
observation points can be strictly fixed on one line (division
of a stratigraphic section by a set of characteristics). In this
case, it is sufficient to consider n—1 options for partitioning
the set of observations into two parts. If the hypothesis of
homogeneity of observations located on a plane is
considered, then the approach to considering the procedure
may be different.

The function v(r?) is considered, defined on the set of
partitions R? of the space T into two parts is considered as
a criterion for testing the hypothesis of homogeneity:

o(r?)= 3" L M M :
j=t  (m+ny )SJ2
where xA" and x, are the arithmetic means of features with
number j, calculated for each of the two sets into which n
observations is divided; n1 and n2 are the numbers of
observations in these sets; S? is the value of the variance of
feature with number j, calculated under the assumption that
the variances of both groups into which the set is divided are
the same. This value is conveniently calculated by the
following formula:
s? !

2
2_ 1 S X, +3 X, ),
L ng+ng +1 (=X §))

tEA1 [EAZ

2 2
(Txy+T Xy -
tEA1 tEAZ
where A1 and Az are the sets into which the space T is
divided, and A1_A2=T. It is more convenient to calculate the
function v(r?) using the formula:

k n 2
4 m {(n—k)zxtj—k > x,j}

t=1 t=k+1

2
n 1 n
2
> X7 —[ xtj]
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2y_
Vi) = n(n—kk =

If the tested hypothesis is true, then v(r?) will be the value
of a random variable distributed y? as m with m degrees of
freedom. Thus, the hypothesis of homogeneity is accepted if

2
maxv(r?)<xgm-
reR
and is rejected if

max v(r?)>15m-
reR
When there are a large number of oil layers in the field
cutting, grouping and joint processing of them significantly
reduces the number of wells compared to separate processing
of each productive layer and is economically profitable.
However, in the grouping option, the final oil production
coefficient of the field should be expected to be less than the
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individual development option of each of them. Since most of
the oil fields in our region are multi-layered, it is appropriate to
apply the proposed method. Consolidation of operational
facilities in the mining division was carried out in several
deposits — Neft Dashlari, Guneshli, Binagadi, Kirmaku.

Solution of this issue is based on the principle of
determining the degree of similarity of layers in the section:
geologically similar layers should be exploited together, and
different ones should be exploited separately. Solution of the
problems of clarifying the division of operational objects at
different stages of the development of multi-layered oil and
gas fields remains an important problem for all fields.
Therefore, it is proposed to apply mathematical methods
that provide for the complex use of geological-exploitation
indicators of deposits.

Methods

The similarity and differences between layers in the (V)
of their characteristics are calculated and verified using
Student's and Fisher's criteria, as well as compared with
critical values taken from a special table. If the condition of
the equation is satisfied, where v(r?) < y2g,m, then the objects
can be combined since they are compatible. However, if
v(r?) > y%qm, then it is impractical to combine them since
there are differences between the layers. In this case, if the
number of exploitation objects is denoted by n and the
number of compared parameters by m, a matrix of size n*m
is obtained. Based on this criterion, a clear conclusion can
be drawn about the joint (or separate) development of
objects located in the deposit section, based on the degree
of their similarity. The article discusses the question of
combining the operating objects of the Kirmakinskaya suite
(upper and lower) — KSupper and KSiower — at the Pirallahi field
(north fold).

A brief description of the method. Let's accept that in the
first stages of working in the field section, the productive
layers were combined according to the degree of similarity
and turned into n number of exploitation objects. The
boundaries that separate them from each other have also
been defined. At a certain period of time, the degree of
similarity between the processing objects (or the existence
of the boundaries separating them) is checked. In this case,
it is necessary to solve the problem of determining the
boundaries that divide the sedimentary complex into layers
of the same type in a certain sequence. A complex of
mathematical methods is justified to solve this problem. For
this purpose, the indicators that characterize them (for
example, the porosity of the reservoir rocks) should be
compared with each other. Then the average value (X) and
dispersion (S?) of that indicator are calculated for both layers
and the values Xi, X2 and Si2, S22 are obtained for the
layers, respectively. Then, based on these values, the
Student's and Fisher's tests are used to compare the two
layers with each other. By comparing the calculated value of
both criteria with their critical value it is possible to make a
definite opinion about the significant or slight difference of
the layers according to the rock porosity. Fisher's criteria
were used in the presented work.

Fisher's criterion: F = % , where D, —is the maximum

variance, D — the variance of the remaining sample.

o X, — X. nn
Student's criterion: t=~-21—-2 |2,
D; . \n,+n,
1 2

where X, and X, — are the average values of the parameter
being studied, n —the amountofdata, D; ; —the weighted
variance, which is calculated using the formula:
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So if the table value F, and t; is less than the calculated

value Fand {,, then the null hypothesis is rejected, but if

the table values are greater than the calculated ones, then
the null hypothesis (H,) is not rejected. If the results

obtained are ambiguous, the results obtained using the
Student's criterion are accepted as true.

Results

In the article, the grouping of exploitation objects was
considered on the example of the Pirallahi field. The Pirallahi
oil field (marine part) is one of the oldest oil fields in
Azerbaijan. It is located in the shelf zone of the Caspian Sea,
east of the Absheron Peninsula. The island is separated
from the Absheron Peninsula by a narrow water basin
4.5 km wide in the north and 1.5 km in the south. In the
narrower southern part, in 1940, the sea was artificially
drained and a "Dam" was buiilt in the form of a narrow strip,
and the island was connected to the Absheron peninsula.
Pirallahi Island is 10-12 km long and is considered the
largest island in the Absheron Archipelago. The oil field
consists of two uplifted structures: northern and southern.

The first exploration works in the field were started by
private owners in 1897. In the same year, the Nobel brothers
finished drilling several exploratory wells. In 1902, the
potential oil content of the KS-3 horizon was discovered in
well number 44. Drilling of exploratory wells was continued
and as a result, oil accumulations were discovered in PK and
KS reservoirs.

The northern uplift has been under construction since
1902. The length of the northern uplift reaches 6 km. The size
of the deposit is 8.3x1.8 km. The oil content of the southern
uplift in the field was determined in 1930. Industrial objects
located in the northern uplift are the KSupper, KSiower, and PK
horizons. Over 1000 production wells have been drilled to
develop oil reserves at different stages of development.

Despite the fact that the Pirallahi field was included in
development since 1903, the clarification of the tectonic

structure began after 1931 with the acquisition of new
geological mining-geophysical data. The first structural
scheme of the deposit was drawn up by geologist
A.A. Kamladze. Structural refinement was continued until
1951, with the acquisition of new geological mining-
geophysical and development data.

Despite the fact that the Pirallahi deposit was included in
the development since 1903, the clarification of the tectonic
structure of the structure began after 1931 with the
acquisition of new geological mining-geophysical data. The
first structural scheme of the deposit was made by geologist
A.A. Kamladze.

Changes in the structural maps mainly covered the area
where intensive excavation works were carried out on the
field. Later, in 1984 and 2000, due to the recalculation of the
deposit's reserves, the structural maps were refined taking
into account the obtained geological data.

The South Pirallahi structure differs significantly from the
anticlinal structures of the Absheron Archipelago.
Tectonically, the South Pirallahi structure forms the southern
part of the North Pirallahi structure and is characterized by
a large-amplitude uplift fault. The plane of the uplift broke
the crestal part of South Pirallahi in the direction of the axis
line, and as a result, the NE limb (Illl block) was
superimposed on the SW limb (IV block). The amplitude of
the fault is 800 m.

The KS formation consists of gray and greyish fine-
grained sands. Gray dense or scattered layers of sandstone
are often found in the section, and the sandiness of the layer
increases as it goes down. In the electric log diagram, sandy
layers are observed in the section, and the value of the
assumed specific resistivity curve is more than 2550 Ohm m.
In this regard, the KS formation is divided into 7 operational
objects: I, II, lll, IV, IVa, V, Va, and recently it is divided into
2 objects. The KSuypper horizon includes groups |, Il, and I, and
the KS 1ower includes groups IV, IVa, V, and Va. The thickness
of the KS formation varies in a small range from 240 to 280 m
(Fig. 1). Thus, the thickness of the layer increases gradually
from the crest to the edges of the fold. The sandiness of the
horizon varies in the range of 2040 %.
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Fig. 1. Section of the KS horizon of the Pirallahi field
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Waterflooding in Pirallahi field. In order to maintain
formation pressure in the field, the contour waterflooding
process was started in 1947 in the southern uplift of the field.
From 1947 to 1949, the waterflooding of the formations
covered a distance of 200-250 m from the wells. Since
1949, the waterflooding process has been expanded by
injecting sea water into the eastern part of the northern fold
with new wells. The analysis of the initial and current
production of the wells shows that the effectiveness of the
waterflooding process in the northern fold was not high.

In 1948, water was pumped from two injection wells
(600-800 m deep) in the western zone of the dry area, and
in 1950-1951 from 6 more injection wells to study the effect
on operational wells located at a distance of 150-200 m.
Due to the flow of sand into the wells and the ingress of
formation water, the waterflooding process was stopped in
1986, and since 2012, the waterflooding process has been
started again in the SW KSupper horizon of the northern fold.
During the waterflooding, 19828.8 thousand m? of water was
pumped into the bed.

The northern uplift. Since 1947, the process of
waterflooding was started in the uplift, in 1986, this process was
stopped, and since 2012, the process of waterflooding has
been started again. In the northern uplift, the process of linear
waterflooding on the field was started in 1951. Currently, 12
injection wells are in the inactive fund in the northern fold. From
the beginning of the process until now, 14384.2 thousand m? of
water has been pumped into the uplift.

The southern uplift. Since 1952, the waterflooding
process was started in the uplift, in 1984, the efficiency of
waterflooding decreased and as a result, this process was
stopped. From the beginning of the process until now, 5447
thousand m? of water has been pumped into the uplift zone.

Physico-chemical properties of oil. In the Pirallahi
field, oil samples were analyzed in order to study the
physical and chemical properties of oil in reservoir
conditions. As a result of the conducted research, density,
viscosity, volume coefficient, gas solubility in oil, etc.
parameters are set.

The formation oil parameter on KSupper was studied
based on 72 samples. As it can be seen, the average value
of gas capacity of oil is 18 m3/t, density is 0.899 g/cm?,
viscosity is 24 mPa.s.

Production dynamics of the deposit. As can be seen
from the dynamics, the Pirallahi field was in the | stage of
development until 1949. Thus, performance indicators
increased dynamically. In 1949-1953, the indicators
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remained stable at the highest point. In the subsequent
period, the production indicators began to decrease
gradually. Currently, the field is in the final IV stage. In recent
years, due to the new wells drilled in the onshore and
offshore part of the field, the indicators have started to rise
relatively (Fig. 2). In 2021, 4 wells were drilled and put into
operation. In particular, 18 wells were drilled from core
samples No. 1140, 16; No. 1150, and 16 wells from core
sample No. 1220 built in the shallow water part of the dam.
In addition, restoration works are being carried out for the
wells that were flooded due to the rise of the sea level. Since
2013, 25 wells have been decommissioned and returned to
the operating fund.

At present, the construction of earth foundations in the
shallow part of the sea is being continued. Construction of
16-well land foundation No. 1240 continues.

Research works on the application of influence methods
are being conducted. The vibroresonance method was used
in wells No. 1024 and 1025. In wells No. 1072 and 1080,
special reagents were used to increase the temperature at
the bottom of the well.

Based on the results of the analysis of 42 samples taken
from KSiower, the average value of gas capacity is 46 m3/t,
density is 0.890 g/cm?, and viscosity is 16 mPa.s.

The objects of the Kirmakinskaya suite that were studied
were developed simultaneously. They operate in the
dissolved gas mode and are in the final stage of
development. The last time oil reserves were estimated at
the field was in 2018. The reserves of each of the two objects
were estimated separately, and the average values of the
geological and production data of the horizons are
presented in Tab. 1.

As can be seen from Tab. 1, the average values of many
parameters (effective thickness, porosity, viscosity, density,
temperature, reservoir pressure, etc.) and the daily well
productivity are very close to each other (in the range of 0.5—
0.7 tons per day). Both objects operate in the dissolved gas
mode, as already noted earlier.

In this study, based on samples taken from wells of each
of the two horizons and using the values of reservoir
parameters, a table (Tab. 2) was compiled. As a result of the
research, five reservoir parameters (geological and
technological): oil viscosity, density, rock permeability,
current reservoir pressure, reservoir temperature, reservoir
water type were included in the matrix using parametric
criteria to determine the degree of similarity and the
difference between the upper and lower KS horizons.
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Fig. 2. Dynamics of development indicators of the Pirallahi field
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Table 1
Geological and production indicators of the horizons of the Pirallahi field
. Horizons
Indicators KSuwpr KSiower

Year of commissioning 1902 1902
Reservoir depth, m 270 420
Qil-bearing area, ha 818 114
Effective reservoir thickness, m 12,8 11,5
Rock porosity coefficient, % 24 26
Rock permeability, mkm? 0,075 0,123
Oil saturation coefficient of the reservoir 0,74 0,68
Density of reservoir oil, kg/m® 899 890
Qil viscosity under reservoir conditions, mPa.s 24 16

Type of reservoir water

Sodium bicarbonate

Sodium bicarbonate

Mineralization of reservoir water, g/L 33,2 49,8
Reservoir temperature, °C 21,5 23,1
Reservoir pressure, MPa 17,2 18,8
Reservoir water cut, % 68,7 74,5
Current well density, ha/well 3,8 1,2
Well fund 95 57
Qil recovery factor: ultimate 0,310 0,340
current 0,270 0,310
Daily production rate: oil, t/day 0,5 0,7
water, m%day 1,2 2,2
Table 2
Well data for the KS,yper and KSiower horizons
o . . . Rock . .
Well | Horizons | Blok Oil viscosity, | Oil densslty, permeability, Current reservoir Reservoir . Typg of
mPa g/sm 0.001mkm? pressure, MPa temperature, °C reservoir water
S1A2—Sodium
411 KSupper | 35 0,916 69 15 23 bicarbonate
S4A2-Sodium
849 KSupper | 33 0,913 78 13 21 bicarbonate
1168 | KSuper | I 39 0,914 64 12 19 SiAzSodium
bicarbonate
946 | KSuper | Il 40 0,910 75 11 18 S1Ax-Sodium
bicarbonate
S1A2-Sodium
1080 KSiower | 43 0,922 117 19 24 bicarbonate
295 | KSower | | 39 0,020 132 17 25 S1A-Sodium
bicarbonate
431 | KSower | I 41 0,014 127 22 22 SiAx-Sodium
bicarbonate
438 | KSowr | Il 40 0,011 110 25 21,4 StAx-Sodium
bicarbonate

Conclusions

The analysis of the obtained results shows that the layer
parameters of both horizons do not differ significantly from
each other according to their average values (Tab. 3).

The calculation results were as follows: with a critical
value of the Student's criterion of 3.18 and Fisher's criterion
of 15.98, the calculated values were lower than the tabular

values: Tcalc. < Ttab. and Feac. < Ftab. This situation once
again confirms the similarity between these parameters.

Table 3
Distribution of reservoir parameters by wells and statistical indicators
Statistical indicators Parametric criteria, a=0,05
Average

Parameters Horizon I 9 Dispersion Mean Coefficient of Calculated | Table | Calculated | Table
vaLue (D) square variation (V,%) value value value value
X bias (0' ) 270 (Tcalc) (Tlab) (Fcalc) (Ftab)

Lo . KSupper 37 6.5 2.5 6.75
Oil viscosity, mPa KSiouer 1 25 15 3.65 1.4 3.18 2.6 15.98

Rock permeability, KSupper 7 32.5 5.7 8.02
0.001 mkm? KSiower 121 78.5 8.86 7.32 15 318 2.4 15.98

. . KS 913 3.5 1.8 0.19

3 upper

Oil density, g/sm KSuoner 917 225 27 051 0.29 3.18 6.4 15.98

Current reservoir KSupper 13 2.5 1.5 11.53
pressure, MPa KSiower 21 7.5 2.7 12.8 2.24 3.18 3 15.98
Reservoir KSupper 20 5 2.2 11 1.12 3.18 1.5 15.98

temperature, °C KSiower 22 7.5 2.7 12
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Thus, since the geological and production indicators
between the KCupper and KCiower Objects are practically identical,
it is expedient to combine them into one object and operate
them with a single well grid. The identification of such objects
leads to the intensification of production (Bagirov, Gismetov, &
Aliye, 1989), and the results can be used in the development of
projects for oil reservoirs (Velieva, 2005).

Authors' contribution: Vafa Suleymanova — setting of the
problem, conducting of mathematical-statistical analysis, analysis
of results; Samira Mansurova — data collection and processing,
mathematical-statistical analysis; Nazile Mammadova — drafting
of the article.

References

Bagirov, B. A., Narimanov, A. A., & Salmanov, A. M. (2001). Methods of
separation of operational objects in the cutting of multi-layered oil fields.
ASOA Publishing House [in Azerbaijan]. [Bagirov, B. A., Narimanov, A. A., &
Salmanov, A. M. (2001). Coxlayl neft madanlarinin kasilmasinda istismar
obyektlarinin ayriimasi tsullari. ADNA nagriyyati].

Bagirov, B. A. (1986). Geological basis for the development of oil deposits.
Elm [in Azerbaijan]. [Bagirov, B. A. (1986). Neft yataglarinin alave islonmasi
Uglin geoloji asaslar. EIm].

Bagirov, B. A., Gismetov, T. V., & Aliyev, R. M. (1989). Identification of
local zones by the area of deposits for the application of thermal methods of
reservoir stimulation. Azerbaijan Oil Industry, 2, 8-16 [in Azerbaijan].
[Bagirov, B. A., Xismatov, T. V., & Bliyev, R. M. (1989). Formalara tasir eden
istilik Usullarinin tatbiqi magsadile yataqlarin erazisi lzre yerli zonalarin
muiayyan edilmasi. Azarbaycan neft sanayesi, 2, 16-18].

Bagirov, B. A., Bagirov, E. B., & Salmanov, A. M. (1992). Classification of
oil deposits of Azerbaijan with hard-to-recover reserves to determine the
order of their development. Proceedings of the IX International Symposium
Non-traditional sources of hydrocarbon raw materials and problems of their
development, Petersburg, p. 119—120 [in Russian). [barupos, b. A., Barupos,
E. B., & CanmaHos, A. M. (1992). Knaccudukaumsa HedTaHbIX 3anexen Asep-
6anpxaHa ¢ TpyaHOU3BNeKaeMbIMK 3anacamu Ans onpeaeneHns oyepeaHo-
CTM ux ocBoeHuss. Mamepuanbl IX MexdyHapoOHo20 cumno3uyma
HempaduyuoHHble UCMOYHUKU y2r1e8000p00H020 Chipbsi U MpobrieMbl e2o
ocsoeHusi, lNemepbype, c. 119-120].

Bagirov, B. A., Mamedov, T. M., & Salmanov, A. M. (1994). Geological
basis for the choice of oil deposits in Azerbaijan for development by horizontal
wells. Azerbaijan Oil Industry, 6, 33-36 [in Azerbaijan]. [Bagirov, B. A,

Baca CYNIEMMAHOBA, kaHpa. reon. HayK, Aou.
ORCID ID: 0000-0002-1308-6320
e-mail: (vefa_verid@mail.ru)

Mammadov, T. M., & Salmanov, A. M. (1994). Azaerbaycan yataglarinda
horizontal quyularla islenmek Ugin neft yataglarinin segilmasinin geoloji
asaslari. Azarbaycan neft senayesi, 6, 33-36].

Bagirov, B. A., Salmanov, A. M., & Hasanaliyev, M. G. (1998). On
determining the quality of oil reserves. Oil and Gas Geology, 1, 22-25
[in Russian]. [barnpos, b. A., CanmaHos, A. M., & lacananues, M. . (1998).
O6 onpegenexnn Ka4ecTsa 3anacos HedTy. [eonoaust Heghmu u 2a3a, 1, 22-25].

Velieva, E. B. (2005). On the classification of hydrocarbon reserves and
resources. Azerbaijan Oil Industry, 5, 5-13 [in Azerbaijan]. [Valiyeva, E. B.
(2005). Karbohidrogen ehtiyatlarinin va ehtiyatlarinin tesnifati masalasina
dair. Azarbaycan neft senayesi, 5, 5-13].

Narimanov, A. A., Gasymov, A. A., & Akperov, N. A. (1996). Features of
the development of offshore oil and gas fields. Azerbaijan Oil Industry, 1-2,
6-11 [in Azerbaijan]. [Nerimanov, A. A., Qasimov, A. A., & Bkbarov, N. A.
(1996). Denizde neft ve qgaz vyataglarinin islenmasinin xususiyystlari.
Azarbaycan neft senayesi, 1-2, 6-11].

Rodionov, D. A. (1981). Statistical solutions in geology. Nedra [in Russian].
[PoawvoHos, . A. (1981). CtaTcTuyeckne peluenunst B reonorun. Hegpal.

Salmanov, A. M. (2004). On the problem of developing Azerbaijani
deposits with horizontal wells. Oil and Gas Geology, 6, 41-43 [in Russian].
[CanmaHoB, A. M. (2004). O npobrneme aopaspaboTkM MeCcTOpOXOEHWUIA
AsepbaiixaHa ropusoHTanbHbIMW CKBaXUHaMWU. [eonoausi Heghmu u 2a3a,
6, 41-43].

Salmanov, A. M. (2007). Geological and mathematical aspects of a new
approach to identifying operational objects in multilayer fields. Azerbaijan Oil
Industry, 3, 23-26 [in Azerbaijan]. [Salmanov, A. M. (2007). Coxlayl
yataglarda istehsal muassisalarinin miiayyanlagdiriimasina yeni yanagsmanin
geoloji-riyazi aspektleri. Azerbaycan neft senayesi, 3, 23-26].

Salmanov, A. M. (2005). Geological and production aspects of drilling and
operation of horizontal wells in onshore fields of Azerbaijan. Proceedings of
ANAS. Earth Sciences Series, 3, 64—70 [in Azerbaijan]. [Salmanov, A. M.
(2005). Azarbaycanin quru yataqlarinda horizontal quyularin gazilmasi ve
istismarinin geoloji va ¢6l aspektlari. Azarbaycan Milli ElImler Akademiyasinin
Xabarlari. Yer Elmleri Seriyasi, 3, 64—70].

Salmanov, A. M., Hasanaliyev, M. G. (2000). Identification of Azerbaijan's
deposits with hard-to-recover oil reserves and recommendations for their
rational development. Scientific conference dedicated to the 80th anniversary
of ASOA, p. 16-17 [in Azerbaijan]. [Salmanov, A. M., Hasanaliyev, M. Q.
(2000). Caotin gixarilan neft ehtiyatlarina malik Azsrbaycan yataglarinin
muayyan edilmasi va onlarin semarali islonmasi Uglin tovsiyaler. AMEA-nin
80 illik yubileyine hasr olunmus elmi konfrans, c. 16-17].

OTpumaHo pepakuieto xypHany /| Received: 16.06.24
NMpopeueH3oBaHo / Revised: 11.09.24
CxsaneHo go apyky / Accepted: 20.12.24

Asepb6anaxaHcbKuin AepxxaBHUM YHiBepcuTeT HadTh Ta npomucnoBocTi, Baky, Asep6ainaxaHcbka Pecny6nika

Camipa MAHCYPOBA, kaHA. reon. Hayk, Aou.
ORCID ID: 0000-0002-1284-4628
e-mail: (mansur_s74@mail.ru)

Aszepb6anaxaHcbkuin AepxxaBHUW YHiBepcuTeT HadTh Ta npomucnoBocTi, Baky, Asep6aiaxaHcbka Pecny6nika

Hasine MAMMALOBA, kaHA. eKOH. HayK, BUKnaaa4
ORCID ID: 0000-0001-6064-6274
e-mail: (naza_366@mail.ru)

AsepbanaxaHcbkuin AepXxaBHUW YHiBepcuTeT HadpTn Ta npomucnoBocTi, Baky, Asep6aiaxaHcbka Pecny6nika

METOOUKA BU3HAYEHHA OI0YUX OB'EKTIB NPU PO3POBLI HA®TOBOIO POOOBULLA
3A MATEMATUKO-CTATUCTUYHUMU NOKA3HNKAMU
(HA NPUKNALI POOOBULLA MIPANNAXI (MIBHIYHA CKNALOKA))

BcTyn. Y ubomy docnidxeHHi 6yno cknadeHo mabnuyro Ha ocHoei nNpob, eidi6paHux 3i ceepdsI08UH KOXHO20 3 080X 20PU30OHMI8 i 3 8UKO-
pucmaHHsIM 3Ha4eHb napamempie nnacma. B pesynbsmami docnidxeHb do Mmampuyi 6yno ek/o4YeHo n'smb napaMempie nnacma (2eosno2iyHux i
MmexHOoJI02i4HUX), a 3a MapaMempPUYHUMU KpumepissMu eu3Ha4eHo cmyniHb Nodi6Hocmi abo eiOMiHHOCMI MiX eepXHiM i HUXHIM wapamu KC.

MeTonawn. Ha podosuwi lMipannaxi 3 eukopucmaHHAM hakmuyHux OaHuUXx ceepOsIo8UH, ki po3kpusu obudea nnacmu, (CUS i CLS) 6yno
3po61eHo po3paxyHKU 3a CMamucmuYHUMU MOKa3HUKaMu Ha OCHO8i 3Ha4eHb 8i0noeidHuUX Noka3HuKie i nepegipeHo napamempuyHUMU Kpumepisimu.
OcKinbKu po3paxoeaHi yiHuU HUX4i 3a mabnu4yHi ma € cxoxicms Mixx o6oma 06'ekmamu, pekoMeHO08aHO 06'edHamu ix ma ekcrnslyamyeamu pa3oMm.

Takuti nioxio npueodums Ao iHmeHcudgikayii pozeumcxy.

Pe3ynbTaTtu. 3aedsku eusyeHHIO CK1aGHUX 2€0/102iYHUX Ma eKcrslyamayiliHux AaHux, HacCmMynHi NPono3uyii peKoMeHOYoMbCs1 Pa3oM i3

KoHconidayieto nodibHux wapie Ha nieHoui lMipannaxi.

BucHoOBKMW. Takum YUHOM, OCKifbKU 2€0/1020-8U006Y8HI Noka3HUKU Mix 06'ekmamu KSupper i KSiower MPaKMu4HO cxoxi, ix doyinbHo 06'ec0-
Hamu e o0uH o6'ekm i ekcrniiyamysamu oOHy cimKy ceepdnosuH. BudineHHsi makux 06'ckmie npueodums Ao iHmeHcudgikayii ekcrinyamauii, a pe-
3ynbmamu MoXyms 6ymu eukopucmani npu cknadaHHi npoekmie po3po6bku makux niaacmie.

Knio4yoBi cnoBa: Hagpmoese podosuuje, 20pu3oHm, napamMmempu niacma, cepedHe 3Ha4eHHs1, Oucnepcisi, epekmueHa mosujuHa, nopuc-

micmb, 8'A3kicmb, WinbHicmb, Nacmosuli Muck.

ABTOpM 3aABNSIOTb NPO BiACYTHICTb KOHMMIKTY iHTepeciB. CnoHcopy He 6panu yyacTi B po3pobneHHi AocnimpKeHHs; y 36opi, aHanisi un
iHTepnpeTauii AaHWX; Y HanMCaHHI pykonucy; B pilleHHi Npo nybnikauito pe3ynbTaris.
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STRUCTURIZATION OF TECHNOLOGICALLY CHANGED VOLUMES
OF THE "PIVDENNYI" QUARRY OF C. KRYVYI RIH

(lMMpedcmaeneHo YneHom pedakuyiliHoi kosnezii 0-pom 2eos. Hayk, doy. C.€. LLIHoKkosum)

Background. The research took place within the "Pivdennyi” iron ore quarry in Kryvyi Rihc. with the aim of
comprehensive and effective further use of the technogenically transformed areas of the subsoil and the earth's surface of Kryvbas.
A brief overview of the achievements of previous researchers is given.

Methods. Generally accepted research methods are applied. The fixation of bedding elements in relatively undisturbed,
small-sized blocks (hereinafter — "blocks" or "surviving block") of quartzites and shales of the Saksagan suite and in blocks of
demarcation of surviving block — technogenic accumulations was carried out. In relatively undisturbed blocks of quartzite, such
elements for banding, schistosity, linearity of mineral aggregates, axes of folded forms, striation, furrows, etc. were measured. The
actual material regarding the placement of structural elements was processed using the StereoNett 2.46 program, and the

displacement calculations of the blocks of the studied formations were also made.
Results. Among technogenic accumulations (scree slope, embankments and filled artificial cavities), according to the
degree of structuring, unstructured and structured to varying degrees were observed. Layering, mechanical schistosity and

linearity are fixed within them.

It was found that the formation of the system of blocks of the "Pivdennyi" quarry took place during their rotation along both

the vertical and horizontal axes.

Conclusions. The emergence of newly formed planes of technogenic accumulations took place with the inheritance of
the structural anisotropy existing in the surviving block with the creation of its own stratification. Therefore, the investigated
system "surviving block — technogenic accumulations” developed and formed as a complete object, mutually coordinated, years

— decades in surface conditions.

The transformation of technogenic accumulations, their "completion”/structuring, as a result of which the integrity of disturbed
and missing areas of the geological volume is restored, are constructive phenomena. They are practically a natural laboratory of
processes of formation of structural and textural elements in loose accumulations. Their tracking in time would make it possible
to actually observe the processes of self-creation/reproduction of modern technogenic-natural objects.

The ranking of structural neo formations in technogenic accumulations can be used as one of the criteria for assessment the
assimilation potential of these accumulations and their suitability for economic reclaim.

Keywords: ferruginous horizons, "Pivdennyi" quarry, undisturbed blocks, technogenic accumulations, bedding elements,

structuring.

Background

The research was carried out on the territory of the
Saksagan district of Kryvyi Rih, where iron horizons of the
Saksagan suite of the Kryvyi Rih series were discovered
within the "Pivdennyi" iron ore quarry. The studies were
carried out in connection with the problem of the lack of
systematic monitoring information about the trends in the
development of geodynamic processes and changes that
occur within the technologically transformed areas of the
subsoil and the earth's surface of Kryvbas. Therefore, the
research of such areas is relevant and carried out with the
aim of their comprehensive and effective use and prevention
of the development of negative natural and technogenic
processes (Geological investigation..., 2023).

According to archaeological research, the use of iron by
mankind in the Dnieper region has been known since the
middle of the 2nd millennium BC. (Nikitenko, 2023).

From the end of the 18th century, active economic
development of the south of Right Bank Ukraine began.
Under the leadership of V.F. Zuyev, iron ores in Kryvbas
were discovered during one of his expeditions. Thanks to
the work and perseverance of O.M. Pol', in 1876 the
industrial development of Kryvyi Rih iron ores began. This
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became the starting point in the anthropogenic
transformation of Kryvbas (Denisik, & Zadorozhnya, 2013).

At the end of the 19th century and at the beginning of the
20th century, ore deposits were mined to a depth of 25-50 m
using an open method. As the depth of mining operations
increased, ore deposits were mined in shallow (50-100 m)
mines. The cavities formed as a result remained or were
filled with loose overburden, mainly clays and loams
(Geological investigation..., 2023).

The "Pivdennyi" quarry was put into operation in 1972, in
2001 it was transferred to the mine management for
underground ore mining of KDGMK "Kryvorizhstal". The iron
ore deposit was discovered to a depth of 1,100 m
(Extraction..., 2018). Currently, the "Pivdennyi" quarry is being
developed by "RUDOMAIN" LLC. Achieved dimensions of the
quarry: length — 1050 m, width — 630 m, depth — 140 m; the
quarry is extended submeridionally (Fig. 1).

The fourth, fifth and sixth iron and shale horizons of the
Saksagan suite of the eastern limb of the Saksagan syncline
are spread directly within the territory of the development of
the "Pivdennyi" quarry. On the western side of the quarry, in
its upper part, the upper tectonic scale, or part of the
Saksagan anticline, is partially exposed, which is represented
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within the quarry by rocks from the talc horizon to the fourth
shale horizon (Geological investigation..., 2023).

The Saksagan syncline is characterized by a strike azimuth
of 0-30°, a dip of the axial surface to the west at an angle of
45-70°, and a plunge of the hinge to the north at an angle of 0
to 20° (Extraction..., 2018; Geological investigation..., 2023).

According to the results of the geological-surveying of
"RUDOMAIN" LLC, it was established that the section of the
"Southern" quarry in its current form was formed due to

technogenic factors caused by the underground method of
working out rich iron ores, which led to the collapse of
overlying rocks and their mixing with iron martites ores and
ferruginous quartzites, to the processes of subsidence and
slumping of the host rocks. As a conclusion, it was
ascertained that the "Pivdennyi" quarry site belongs to the
technogenic genetic type of deposits (Geological and...,
2018; Protocaol..., 2018).

In 2021, a ground-penetrating radar survey was carried
out on the site of the "Pivdennyi" quarry, its western flank and
the surrounding area with the help of the low-frequency
ground-penetrating radar complex "Loza-2N". A total of
23 profiles were made, the total length of which is 15,404 m.
According to the results of the work, 140 anomalies were
identified, which were summarized into four groups:
anomalies, which are vertical collapse zones that were filled
with clay or soil; local anomalies such as voids; anomalies that
form large conical structures and are filled with a mass of
collapsed rocks or filled with rock from dumps, or clay or soil;
structural anomalies reflecting the geological structure or
individual structural elements, for example, folds, faults, etc.

Most of the detected anomalies, which can be
interpreted as collapsed and landslide rocks, are located on
the western side of the quarry. Also, the bottom of the pit has
signs of numerous collapse processes and backfilling. The
eastern side of the quarry is less involved in these processes
(Geological investigation..., 2023).

It is extremely difficult to estimate the volumes of
technogenic subsidence and collapses as a result of
underground mining within the "Pivdennyi" quarry, but it can be
argued that they significantly exceed the volumes of the rock
mass mined underground (Geological investigation..., 2023).

As aresult, the quarry can be represented as a technogenic-
geological formation, where relatively undisturbed blocks of
crystalline rocks (surviving block) and blocks of technogenic
accumulations alternate. The apparent thickness of both types
of blocks ranges from a few meters to the first tens of meters.
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The totality of the action of human industrial activity and
natural processes generate processes that are layered on
the created mining complex. This is a special group of
processes and phenomena that G.I. Denisik and
G.M. Zadorozhnya are proposed to be called derivatives
(Denisik, & Zadorozhnya, 2013). These researchers typify
derivative processes and phenomena observed within the
mining landscapes of Kryvyi Rih according to a number of
signs: by genesis, speed, area, sequence of activation, age,
relation to the earth's surface, nature of manifestation and
degree of regulation (Denisik, & Zadorozhnya, 2013).

Research conducted in Kryvbas by V.P. Voloshchenko,
G.M. Malakhov, I.D. Rivkin and a whole galaxy of their
followers were allowed to have a fairly clear idea of the
geomechanical processes occurring in the upper part of the
earth's crust as a result of the underground development of
iron ore deposits. Very briefly, the essence of the
phenomenon can be reduced to the following (Extraction...,
2018; Geological investigation..., 2023): a) the collapse of
the ceiling of the void causes the advance of overlying rocks
starting from the surface along the lying side. As a result,
sedimentary rocks from the surface fall into the depth; b) the
void is also filled with the rocks of the hanging side; c) on the
surface there is a trough of deflection, with zones of collapse
and landslide. The landslide zone develops at an angle from
80° to 42° (Extraction..., 2018; Geological and..., 2018;
Geological investigation..., 2023).

As it was shown above, the shape of bodies of
technogenic accumulations, methods and conditions of their
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formation were mainly studied. The internal structure of
technogenic formations remained outside the attention of
researchers. The above is part of a general problem that
has not been solved before, which this work is devoted to.

Methods

The authors within the framework of the "Pivdennyi"
quarry used generally accepted methods of research —
expeditionary, natural sites, cartographic, aerospace,
observation, analysis. In this article, we present the results
of the work, which consisted in measuring with a compass
the bedding elements of the horizons of quartzites and
slates of the Saksagan suite, both relatively undisturbed and

to varying degrees technogenically altered. In particular, the
azimuths and angles of dip of planar structural elements —
banding, schistosity, and the azimuths and pitch angles of
linear elements — were measured within the boundaries of
individual relatively undisturbed blocks of quartzites and
slates (surviving block). Banding is usually represented by
alternating bands of quartzite, differing in color, mineral
composition and sizes of mineral grains. Schistosity is
expressed by uniformly oriented and scaly minerals and
their aggregates close together. Linear structural elements
are represented by hinges of folded forms, elongated
mineral aggregates, striation, furrows (Fig. 2).

Fig. 2. Photo of structural elements — planes of banding, schistosity and folded forms of separates surviving block
of quartzite and shale of the "Pivdennyi" quarry.
OP — observation point. OP 6, 7 — the western side, OP 23, 31 — eastern side of the quarry. Within OP 6, the exit of the structuring planes
in the scree slope is emphasized by the dot-dashed line. OP 23 — several linearities in the banding plane of ferruginous quartzites
by furrows, elongated mineral aggregates and striation. OP 31 — folded form in ferruginous quartzites

Among technogenic formations (scree slope,
embankments and filled artificial cavities), according to the
degree of structuring, we observed at least two varieties —
unstructured and structured to varying degrees. Within the
limits of the first of the mentioned types of technogenic
formations, no signs of structural and textural regularity were
found. Within the structured technogenic formations, signs
of structural and textural arrangement are recorded. They
are expressed by layering, schistosity and linearity, the
bedding elements of which were recorded. The layering of
technogenic accumulations is represented by the alternation
of layers, which differ among themselves in terms of color
and size of rock fragments. Such planes are emphasized by
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schistosity, which is expressed by uniformly oriented, flat
mineral aggregates and fragments of crystalline rocks in
layering planes (Fig. 3). Only one linear structural element
within technogenic formations has been recorded in the form
of a hinge of the heap fold. The azimuths and dip angles of
the planes of separation between the surviving blocks and
slumps, scree slopes, filled cavities and other technogenic
accumulations were also measured.

Accordingly (Korzhnev et al.,, 2005; Denisik, &
Zadorozhnya, 2013), the functioning of processes and
phenomena in mining landscapes (and hence the degree
and speed of structuring of technogenic accumulations)
depend on the intensity of mining operations in quarries,



FEOJIOrIS. 4(107)/2024

~ 69 ~

which create peculiar conditions/microclimate. These are
the following conditions: initiation of additional technogenic
vibration, migration and redistribution of matter, increase in
fracturing and water permeability, change in thermal regime
and conditions (Eh—pH).

The technogenic layering was most likely formed as a
result of successive pouring of crushed rock during the
creation of man-made and non-man-made accumulations of
fragments of crystalline rocks and, subsequently, gravitational
compaction, granulation differentiation of such accumulations
and the action of the man-made factors listed above.
Schistosity is created due to the rotation and reorientation of
individual flakes and packages of mineral flakes as well as
fragments of crystalline rocks under shear conditions. The
mechanisms of formation of layering and schistosity in natural
conditions are substantiated in the works of O.1. Lukienko with
co-authors (Lukienko, Vakarchuk, & Kravchenko, 2014;
Lukienko, Yanchenko, & Kravchenko, 2018). In particular, in
the conditions of the diagenetic subzone of the primary
epizone, the optimal architecture of the accumulation
environment is formed, which is in balance with the tectonic
and P-T conditions at the time of the formation of layering and
mechanical schistosity formation. The paper (Lukienko,
Vakarchuk, & Kravchenko, 2014; Lukienko, Yanchenko, &
Kravchenko,, 2018) also provides data on the creation of

Fig. 3. Photo of structural elements of individual scree slopes and technogenic embankments

artificial electromagnetic fields, which initiate, in addition to the
creation of banding and schistosity in rocks in the solid state,
and the migration of matter with the formation of new minerals
(hematite, magnetite, etc.). Formations similar to the above-
mentioned heap fold, under natural conditions, are completed
because of the bordering of relief irregularites and the
subsequent compaction of the heap mass.

All the above-mentioned measurements are presented
in the tables (Tab. 1-4). In addition to the actual
measurements, Tab. 1 and 2 show the calculations of the
displacements of each of the following blocks relative to
each of the previous ones and relative to the average
statistical azimuths and dip angles for the sides of the quarry
along the vertical and horizontal axes. At the end of the
tables, the averaged values of the azimuths and dip angles
and displacements for the examined surviving block, in
general, of the corresponding sides of the pit are shown.
Therefore, the averaged values calculated reflect the
general situation for the parts of the sides of the quarry
which formed surviving blocks. Similar calculations were
made for technogenic accumulations (table 3).

All the given data on the bedding elements of the investigated
structures of the western and eastern sides and the relative
displacements of their components of the "Pivdennyi" quarry are
given in the summary Tab. 4, also in Fig. 4.

on the western side of the "Pivdennyi” quarry.

OP 4 — demarcation of scree of different degrees of structuring in the form of a layering/sliding zone, with a dotted line underlined.
To the left of the border is a higher degree, a dot-dashed line with an arrow is the exit and direction of dip of the layering planes.
OP 7 — delineation of the surviving block (on the left) and scree in the form of a friction zone, highlighted by a dotted line.
Line with an arrow — bedding elements. For other designations, see above

Results

The dip azimuths of banding of quartzites on the eastern
side of the "Pivdenniy" quarry vary from 270 to 320°. Dip
angles within 10-47°. The average dip azimuth (on 16
measurements) of the banding of quartzites on the eastern
side of the quarry is 293.3°, the average dip angle (on 16
measurements) of the banding of quartzites on the side is
31.9°. The average displacement of the blocks (surviving
block) within the board, both along the vertical axis and
horizontally, is insignificant — a few degrees. But we can talk
about the absolute displacement of the surviving blocks of
quarry only if we know the bedding elements of rock before
the start of iron ore development.

The dip azimuths of banding of quartzites on the western
side of the "Pivdennyi" quarry vary quite widely — from 240°
to 20°. Also, the dip angles are from 25 to 87°. The average
dip azimuth (on 49 measurements) of quartzite banding on
the western side of the quarry is 333°, the average dip angle
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(on 49 measurements) of quartzite banding is 48.8°. The
average displacement of the blocks, both along the vertical
axis and horizontally, is an order of magnitude higher
compared to those on the eastern side (Tab. 4, Fig. 4).

Newly formed textures were found in 70 % of
technogenic geological bodies (scree, embankments, etc.)
of the "Pivdennyi" quarry, where iron horizons of the
Saksagan suite are being re-developed. These are layering
and schistosity, which are formed due to successive
filling/deposition, and most likely gravitational compaction
and granulation differentiation of crushed rock mass during
mining, as well as rotation and reorientation of flat mineral
aggregates and rock fragments. The bedding elements of
such newly formed textures of technogenic bodies in 40 %
of the cases imitate the bedding elements of bedrock rocks
in surviving blocks. Namely, the dip azimuths of technogenic
newly formed textures of the "Pivdennyi" quarry vary
between 230 and 88°. Dip angles from 22 to 90°.
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Fig. 4. continuations.
OP 5a — heap fold cloak, the exits of the sides planes are highlighted with a dot-dashed line; the dot-dashed line with arrows (dep direction)
is the output of the layering planes of technogenic accumulations; below the photo — cone-shaped unstructured landslide bodies.

OP 5 — heap layering (above), the exits of its planes are highlighted with a dot-dashed dotted line. These planes are through the entire
stratum in the photo, they are traced in the lenticular body of clays and weakly in the scree of the foot; squiggly dash — exits of layering
planes of clay; double dash — outcrop of layering planes in the scree of the foot. They are also traced into technogenic bodies above.
Bottom picture (OP 29) in the axial part of the "Pivdennyi" quarry, where interspersed relatively undisturbed blocks of ferruginous quartzite
(light outcrops), rich martite ore ("bruises", dark outcrops) and technogenic accumulations can be seen interspersed.

All of them are structurally and texturally ordered in the form of banding, which have the same bedding elements
for all the listed geological formations. For other designations, see above
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Table 1

Bedding elements and relative displacements of individual surviving block of the western side of the "Pivdennyi" quarry

Dip of planar structures

Changing the spatial position
of the block relative to the

Angle of rotation, block
relative to the statistical

Ne revious one ° X
ils op (angle of rl':alative rotation, °), by: average, (°) by:
azimuth,® average angle,® average vertical axis horizontal axis vertical axis | horizontal axis
value value
1 270 86
2 273 68
3 1 573 267,75 78 79,75 - - -65,3 + 30,9
4 255 87
5 270 75
6 290 55
7 2 270 285 35 53,75 +17,25 - 26 —48 +4,9
8 310 50
9 255 45
10 250 55
11 6 280 264 44 52,8 -21 -0,95 - 69 +4
12 250 60
13 285 60
14 330 35
15 7 290 286,6 30 40,3 + 22,6 -12,5 —-46,4 -85
16 240 56
17 285 53
18 8 315 306,6 50 51 +20 +11,3 - 26,6 +2,2
19 320 50
20 290 30
21 265 45
22 12 290 277 33 41,6 -29,6 -94 - 56 -72
23 270 35
24 270 65
25 245 35
26 280 55
27 280 40
28 14 270 277,5 58 52 +0,5 +10,4 - 55,6 +3,2
29 300 62
30 290 62
31 340 52
32 16 300 311,6 61 56 + 34,1 +4 -21,4 +7,2
33 295 55
34 325 25
35 17 345 335 55 25 +23,4 - 31 +2 -23,8
36 312 57
37 293 42
38 18 320 293,7 25 53 -41,3 +28 -39,3 +4,2
39 250 68
40 290 30
41 19 300 300 27 29,7 +6,3 -233 -33 -19,1
42 310 32
43 320 40
24 20 300 310 38 39 +10 +19,7 -23 -98
45 20 35
46 25 10 16,7 35 35,3 + 66,7 -37 +43,7 -13,5
47 20 36
48 320 45
29 26 315 317,5 53 49 -59,2 +13,7 -15,5 +0,2
The average value
for all studied surviving 333 - 48,8 3,82 -1,5 -32,4 -1,8
block on the west side
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Table 2
Bedding elements and relative displacements of individual surviving block of the eastern side of the "Pivdennyi" quarry

Changing the spatial position
Dip of planar structures of the blocl_( relative to the Angle of rf)tqtion, block relative
Ne oP previous one to the statistical average, (°) by:
ils (angle of relative rotation, °), by:
azimuth,® average angle,® average vertical axis horizontal axis vertical axis horizontal axis
value value
1 265 30
2 9 300 286,7 27 28 - - -6,6 -39
3 295 27
4 285 33
5 320 40
6 10 305 298 40 38,2 +11,3 +10,2 +4,7 +6,3
7 305 38
8 275 40
9 11 275 275 40 40 -23 +1,8 -18,3 + 8,1
10 290 47
1 21 300 295 37 42 +20 +2 +1,7 +10,1
12 285 10
13 23 305 295 10 10 0 -32 +1,7 -21,9
14 270 39
15 31 290 284,3 26 33 -10,7 +23 -8,7 +1,1
16 293 34
The average value
for all studied surviving 293,3 - 31,9 -0,5 +1 -4.3 -0,03
block on the side
Table 3

Bedding elements and relative displacements of heap, scree and structuring planes and boundaries between technogenic
accumulations and surviving blocks of the "Pivdenniy" quarry

Changing the spatial p05|_t|on Angle of rotation, block
. of the block planes relative .
Dip of planar structures . planes relative to the
Ne OoP to the previous one statistical average, (°) by:
ils (angle of relative rotation, °), by: ’ i
azimuth,® average angle,® average vertical axis horizontal axis | vertical axis horlz?ntal
value value axis
1 3 295 30
> 0 327,5 55 42,5 - - -225 -171
3 4 230 230 88 88 -97,5 + 45,5 -120 +284
4 5 320 320 22 22 +90 — 66 -30 -37,6
5 7 70 75
6 70 70 75 75 + 110 +53 +80 +154
7 13 345 90
8 88 36,5 70 80 -335 +5 +46,5 +20,4
9 29 270 270 50 50 -126,5 -30 -80 -9,6
The average value
for stud|ed. technogenic 350 } 59,6 115 +15 — 21 ~0,02
accumulations
on th side
Table 4
Summary structures data of the "Pivdennyi"” quarry
Blocks rotation, (°)
Average dip of planar structures Sum
Object statistical average
azimuth, ° angle, ° by the vertical axis by the horizontal axis
surviving blocks -201,8 -22,4
of the western side 333 48,8 -14,3 -1,7
surviving blocks —-14 24
of the eastern side 2933 31.9 -1,9 0,5
technogenic -91,8 3,7
formation 350 61.7 ~16,3 0.7
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the western bort of quarry
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Fig. 5. Stereograms of the studied structures of the "Pivdennyi" quarry, where the projections of each of the studied blocks
are drawn with different contours and numbers.
a — planar structures, b — linear structural. Numbers correspond to observation points. Projection to the lower hemisphere.
Gradation of isolines: 1-2-3-4-5-6-7-8-9-10-11-12-13-14-15. n — number of measurements. StereoNett 2.46 program

The average dip azimuth (on 9 measurements) of
technogenic layers of the quarry is 350°, the average dip
angle (on 9 measurements) is 61.7°. The angles of
displacement of the blocks (structured embankments and
scree between the surviving blocks) are comparable in
similar indicators of the western side of the quarry, but on
the horizontal axis with the opposite sign.

Discussion and conclusions

1. The formation of the system of blocks of the "Pivdennyi"
quarry took place during the rotation around the vertical axis
counterclockwise. While the greatest value of such rotation was
for the surviving blocks of the western side, the smallest — for
the eastern side. The difference between the borts, according
to the average value of the measurements, is 39.7°. The
calculated average rotation of the block on the western bort
is 14.3°. Eastern — 1.9°.
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Also, with this formation, there was scrolling around the
horizontal axis, the largest such scrolling was for the
surviving blocks of the western bort with a negative sign, the
smallest for the surviving blocks of the eastern bort with a
positive sign. The difference between the borts, according to
the average value of the measurements, is 16.9°. The
calculated average rotation of the block of the western bort
around the horizontal axis is 1.7°. Eastern — 0.5°.

That is, the degree of technogenic disturbance of the
western bort is an order of magnitude higher compared to
the eastern bort of the "Pivdennyi" quarry.

Blocks of technogenic layering occupy an intermediate
position according to the indicated indicators between the
western and eastern borts of the quarry.

2. The spatial formation of the newly formed planes of
technogenic accumulations took place with the inheritance
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of the structural anisotropy existing in the surviving blocks
with the creation of its own stratification. That is, surviving
blocks and technogenic accumulations developed in a
coordinated manner as a complete object. Therefore, the
studied technogenic geological formation is a system:
"surviving blocks-technogenic accumulations”, which was
formed over years — decades in surface conditions.

3. For the most part, the processes developing in the
landscapes of technogenesis zones are considered
undesirable and destructive. In this case, constructive
phenomena were recorded — the transformation of
technogenic accumulations, their "completion"/structuring, as
a result of which the integrity of disturbed, even completely
disappeared sections of the geological volume is restored. So,
in technogenic accumulations, physico-chemical processes
similar to natural ones occur, they are activated due to human
economic activity and are aimed at preserving the natural
balance of the environment. According to G.I. Denisik and
G.M. Zadorozhnya the detected neoplasms can be classified
as primary derivatives, micro-mesolevel, superficial,
unconsciously regulated.

4. The phenomena described above are practically a
natural laboratory of processes of formation of structural and
textural elements in loose accumulations. Their tracking in
time would actually make it possible to observe the
processes of self-creation/reproduction of modern
technogenic-natural objects.

5. Identification and ranking according to certain features
of the structural elements of technogenic bodies can be
used as one of the criteria for assessing the assimilation
potential (according to (Dovgii et al.,, 2016)) of the
technogenic changed geological environment.

6. The study of structural new formations in technogenic
accumulations can be used in the future to assess the
suitability of these accumulations for economic
development. After all, the conditions of occurrence and the
degree of maturity of such neoplasms will determine the
level of stability of the man-made environment.
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NPO CTPYKTYPU3ALIKO TEXHOIMEHHO 3MIHEHUX OB'EMIB KAP'E€PY "MIBAEHHUA™ M. KPUBUW PII

B c Ty n. JocnidxeHHs npoeodunucs 8 Mexax 3asnizopydHoz0 kap'epy "liedeHHuii” M. Kpueuli Piz 3 Memoro KoMnieKkcHo20 i epekmueHO20 &
nodanbuwomy euKopucmaHHsi mexHO2eHHO rnepemeopeHux OinsiHoK Hadp i 3eMHol nosepxHi Kpuebacy. HaeedeHo kopomkuli 0251510 AocsicHeHb Mo-
nepedHix docnidHukie.

MeToaun. 3acmocoeaHo 3azanbHonpuliHami Mmemodu docnidxeHb. BukoHaHO chikcayilo enemeHmie 3ansi2aHHs1 y 6iOHOCHO HeropyweHuUx
HesesuKux 3a po3mipamu 6rokax (dani— 6nokax abo "6noykax”) keapyumie i cnaHyie cakcazaHCbKOI ceimu (yinukax) ma e 65104Kkax po3mMexyeaHHs
yinukie — mexHo2eHHUX HazpoMaoKeHHsIX. Y 8iOHOCHO HeropyuweHux 6104Kax Keapyumie 3amMipssiucsi maki enemeHmu 01 cMy2acmocmi, criaHyto-
eamocmi, niHitiHocmi 3a MiHepasbHUMU agpe2amamMu, OCsIMU cKnadYacmux ¢hopmM, wmpuxamu, 6opo3Hamu mouwjo. ®akmuyHuli Mamepian w000
PO3MiujeHHs1 CmpyKmypHUX efleMeHmie onpayboeaHo 3a dornomozoro npozpamu StereoNett 2.46, makox 3po6rieHo po3paxyHKu 3MileHb 65104Kie
docidKyeaHUX ymeopeHb.

Pe3ynbTaTtu. Ceped mexHo2eHHUX HaepoMadeHb (ocurie, Hacumnie U 3ano8HeHUX WMy4HUX MOPOXHUH), 3a cmyneHeM cmpyKkmypu3auii,
crocmepexXeHo HeCMpPyKMypo8aHi ma pi3HO Mipo cmpyKmypoeaHi. Y Mexax ocmaHHix ¢hikcoeaHo wapysamicmb, MexaHi4Hy criaHyroeamicmb
ma niniliHicmb. 3'icoeaHo, W0 cmaHoesieHHs1 cucmeMu 61104kie kap'epy "lliedeHHuUl" YuHuUocs 3a ix o6epmaHHs sIK Mo eepmuKasibHili, mak i no
20pU30HMarbHill ocsx.

B v cHOBKMW. BUHUKHEHHSI HOBOYMEBOPEHUX MIOWUH MEeXHO2eHHUX HazpomadxeHb 8id6yocs 3 ycnadKyeaHHsIM iCHyIO4OT 8 Yinukax cmpyk-
mypHoi aHizomponii 3i cmeopeHHsIM enacHoi cmpamudpikayii. Omie, docnidxyeaHa cucmema "6/10YKU yinukie — mexHo2eHHi HacpoMmaoKeHHs"
po3eueanacs U ¢popmysanucs sk yinicHuli 06'ckm, e3aeMoy3200)KeHO, POKU — Oecsamuslimmsi 8 MogepxHea8uUX yMogax.

lMepemeopeHHs1 mexHO2eHHUX HazpoMadXeHb, ix "dobydoea"/cmpykmypu3ayisi, eHaciOoK siKux 8iOHOB/IH0EMbCS YinicHicmb nopyweHux i 3HU-
Kux OiNnsiHOK 2e0J102i4H020 06'eMy € KOHCMPYKMUBHUMU sisuw,amu. BoHu npakmuyHo € npupodHoto nabopamopietro npoyecie hopmysaHHsI cmpy-
KMYypPHO-MeKCMypPHUX efleMeHmie y CunKux HazpomaodxeHHsix. Ix eidcmexenHss e uyaci Oano 6 3Mo2y ¢bakmuyHO criocmepizamu npouecu
caMOoCmeopeHHs1/8idMmeopeHHs1 Cy4aCHUX MEeXHO2EeHHO-MPUPOOHUX 06'ekmis. PaH)XyeaHHsI CmMpyKmMypHUX HO80YMmMeopeHb 8 MeXHO2eHHUX Hazpoma-
O)KeHHsIX MO)ke 6ymu 3acmocoeaHo sik 00UH 3 Kpumepiie oyiHKU acuMinsayiliHo2o nomeHuyiany yux HaecpomadxeHb ma crnpusimsaueocmi Oss1 20cno-
0apCcbKO20 0C8OEHHSI.

KnwuyoBi cnoBa: 3anizucmi2opuzoHmu, kap'ep "liedeHHuii", HenopyweHi 67104Ku, MexXHO2eHHi Ha2pPOMaO)XeHHsl, eleMeHMuU 3assi2aHHsl,
cmpykmypu3sauyisi.
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KuiBcbkui HauioHanbHUM yHiBepcuTeT iMeHi Tapaca LLeBuyeHka, KuiB, YkpaiHa

3ANI30PYOHA NPHUYOAOBYBHA NMPOMUCHNOBICTb YKPAIHMU
Y CBITOBOMY KOHTEKCTI

(lMMpedcmaeneHo yneHom pedkonezii 3-pom 2eos1. Hayk, doy. C.€. LLHokosum)

Po3znssHymo cmpykmypy 3anizopydHoi 2ipHu40006yeHoi npomucsioeocmi YkpaiHu, ii posib i 3Ha4eHHs1 y caimoeomy eudoby-
mkKy 3anizHux pya. [loka3aHo, w0 2ipHuU4036az2ayvyeanbHi KOMb6iHamu 2any3i € 0OHUMU 3 20/108HUX 6100XKemoghopmyroyux nionpu-
emcme YkpaiHu. [lpoeedeHo oyiHKy cmaHy i Npo2HO3yeaHHsI PO38UMKY MiHepaslbHO-CUPOBUHHOI 6a3u 3asi3Hux pyd YKpaiHu 3
ypaxyeaHHSIM KOH'FOHKMypu ceimoeo20 pPUHKy i NPO2HO3HOI OyiHKu lio2zo nompe6. Po3a2nsiHymo ceimoei meHOeHyii po3eumky
3ani3opy0dHoi 2ipHuU40006y8HOI MpomMucsiI080cmi, NOKa3aHo, W0 3a2asibHOI C8iMmo8or MeHOeHUielo 3a ocmaHHi neped8O€EHHI
n'amsb pokie (2017-2021) 6yno nocmynose 36inbweHHs1 su0o6ymky 3anizHux pyd. HaeedeHo cmucny xapakmepucmuky 3asni3o-
PYyOHux 6aceliHie YkpaiHu. Oxapakmepu3ogaHo Haligsaxnuegiwi 2ipHu40006yeHi nidnpuemcmea YkpaiHu. [Toka3aHo, wjo 3ani3Hi
pyou € mpaduyiliHum eudoM 2ipHU4OpPYyOHOI cupoeuHU YKpaiHu, iHeecmuyiliHa npueabnuesicme AKOi r'PyHMyemsCcs Ha 3Ha4YHUX
3anacax, 6aezamopi4yHomMy doceidi po3pobku, po3euHeHil iHghpacmpykmypi.

Knw4yoBi cnoBa: MiHepanbHo-cupoeuHHa 6a3a, podoeuuie, 3ai3Hi pyou, 2ipHu4o-36a2ayyeansHuli kKombiHam, iHeecmuuj.

Becrtyn

lNocmaHoeka npo6siemu. 3ani3o HanexwmTb OO cTpaTe-
MYHUX KOPUCHMX KonanuH YkpaiHu. 3aranbHodepxaBHO
nporpamMoto po3BUTKY MiHepanbHO-CMpPOoBUHHOT 6a3n (MCB)
YkpaiHm Ha nepiog go 2030 p. (3akoH YkpaiHu..., 2021)
nepenbadeHo HapowyBaHHs MCB 3anisHux pyg. lipHudo-
36aravyBanbHi kom6iHaT (F3K) ranysi € ogHMMK 3 ronoB-
HUX GIOPKETOGOPMYIOUMX NIANPUEMCTB YKpaiHu, TOMY aHa-
ni3 cyvacHoro cTaHy i po3pobka cTparerii 3anisopygHoi
ripHM4o406yBHOT NPOMMUCIIOBOCTI YKpaiHWM, 0co6NmnBO B yMO-
BaxX MOBOEHHOIO BIOHOBMEHHS HALLOl KpaiHW, € Haa3Bu-
YalHO aKTyanbHUM i CBOEHYACHUM 3aBOAHHSM.

AHani3 ocmaHHix docnidxeHb i ny6nikayid. 3aniso-
pyoHuM 6acenHaM YkpaiHu npucBsYeHa 3HayvHa KinbkicTb
HayKoBMWX POBIT, Y AKUX JOCHIMKYIOTECA MUTaHHA X reonoriy-
Hoi 6ynosu (benesues, & benesues, 1981; benesues n ap.,
1981; lNypcbkmii Ta iH., 2006; Mwuxannos Ta iH., 2007;
Pyaobko, lNnothikoB, & PaposaHoB, 2013; CwmipHoB, €B-
TexoB, & €BTexoB, 2010, 2012); po3rnagaeTbes ix pecypcHa
6a3a (3apuupknii Ta iH., 1994; Kynuw v gp., 1971; Minepa-
nbHi pecypeu..., 2020); HaBOOUTLCS reosoro-eKOHOMIYHa
ouiHka (Kynuuw, & MNnotHukos, 2005; Pyabko Ta iH., 2010;
Pyabko, Kypuno, & PagosaHos, 2011; Pyabko, MNnoTHikoB,
& PapoBaHoB, 2012); po3bupatoTbCa NpaBoBi acnekTn ne-
pepobku 3ani3Hux pya (Muxannos Ta iH., 2022), ix cTpate-
riYHe 3HaAYeHHs AN eKOHOMIKM Hawoi KpaiHu (Cypcbkui,
2008; Mwuxainnos, 2023"2; Mykhailov, Hrinchenko, &
Malyuk, 2022; Mykhailov et al., 2023).

BudineHHs1 Hepo3e'si3aHuUX paHiule YacmuH 3a2allb-
Hoi npo6niemu. OpHak 3anisopyaHa ripHu4ogobyBHa npo-
MMWCHOBICTb YKpaiHW CTUKAETLCA 3 LinMM pagom npobnem,
AKi YCKIaQHIOTb il pO3BUTOK, @ came: npobremu Buyep-
naHHsa Garatux 3anisHux pya; iX SKOCTi; yOOCKOHANEHHs Te-
XHonorii ix 36ara4yeHHs1 i KOMMMEKCHOro BUKOPUCTAHHS;
NpaBoBi MUTaHHSA NepepobKV 3ani3HuX pya; NiOBULLEHHS
SIKOCTi TOBapHOI NPOAYKLIT, BUCOKOro 3HOCY OCHOBHUX 3aCO-
6iB Ha BCix NepenivyeHnx NignpuemMcTaax; BU3Ha4YeHHs nepc-
NekTMB  PO3BUTKY  3anisopygHOi  NPOMMUCIOBOCTI 3
ypaxyBaHHsIM 3aranbHOCBITOBMX BEKTOpPIB i TeHAeHUin. Bei
Ui NUTaHHA NOTPeOyoTh NOAANbLLOIO BUBYEHHS.

PopmynroeaHHs yineli cmammi. MeTta cTaTtTi — ouiHKka
CTaHy i NnporHo3yBaHHs po3BuTKy MCB 3ani3Hux pyn Ykpa-
THU 3 ypaxyBaHHAM KOH'IOHKTYPWY CBITOBOrO PUHKY i MPOrHO3-
HOI oUiHKM noro noTpe6. YacTKOBO Ui MUTaHHs pO3rNsiHyTO B
nonepepgHin ctatti asTopa (Muxaiinos, 2024).

ISSN 1728-3817

Ceimoei meHOeHuii po3eumky 3ani3opyOHoi 2ipHu-
40006ye8HOI npomucioeocmi. 3anizo CTaHOBUTb OCHOBY
CBITOBOr0 MeTanypriiHoro BMpoOHULTBA, ane TakoX Luu-
POKO 3aCTOCOBYETLCS B Pi3HOMaHITHUX CnnaBax i MopoLuKax,
AIKi BUKOPUCTOBYIOTBCS B €MEKTPOTEXHILI (CepaeyHnKn ene-
KTPOMarHiTiB i SKOpiB, NNaTUHW akyMynaTopiB, MarHiTonpo-
BOAM TpaHCOpMaTopiB i €NeKTPoABUIYHIB), SIK aHOA
y 3ani30HiKeneBMx | 3anisHO-NOBITPAHUX aKyMynaTopax,
y nipoTexHili, enekrpo3saptoBaHHi, nonirpadii, MegnuuHi,
TEKCTUNbHIN NPOMUCIIOBOCTI TOLLO.

Poposuwa 3anisHnx pya Bigomi Ginb Hix y 130 kpaiH
CBITY, iX 3aranbHi pecypcu caratote 180 mnpa T (3aniza —
85 mnpa T). HambinbwmmMun pecypcamu 3anisHnx pya Boso-
gitote (MnpA T): Asctpania (51,0), bpasunia (34,0), Pocis
(29,0), Kutam (20,0), Ingia (5,5), Ykpaina (6,5), KaHapa
(6,0), CLLA (3,0), Ipan (2,7), MNepy (2,6), KasaxctaH (2,5),
LWeeuis (1,3), MAP (1,0,). Lo ctocyetbca BuoobyTKy 3anis-
HUX pyA, To y 2022 p. Hanbinbwe Bugobysanu (MIH T): AB-
ctpanis (880), bpaaunis (410), Kutan (380), IHgia (290),
Pocis (90), Ykpaina (76), MAP (76), IpaH (75), KasaxctaH
966) i Kanapna (46) (tabn. 1).

3aranbHOo CBITOBOK TEHAEHUIE 3a OCTaHHI nepenso-
€HHi N'aTb pokiB (2017-2021) 6yno nocTtynose 36inbLIeHHs
cBiToBOro BuAoGyTKy 3anisHumx pyg 3 1511759 1tme. 1y
2017 p. po 1635056 tnuc. T y 2021 p. (+8,2 %) (Tabn. 2).
3 npoBigHMXx 3anizogobyBHUX KpaiH, BMOOOYTOK 3aniza B
Aknx nepesuwlye 10 MnH T, HanGinbWw AuHamiyHMM Gyno
3pocTaHHa BuMAobyTky B IpaHi (+59,8 %), Mekcuui
(+53,7 %), Mepy (+38,0 %), KazaxcraHi (+36,4 %), YkpaiHi
(+35,2 %), Kutai (+18,1 %), Yuni (+16,9 %), Kanagi
(+14,3 %). MomipHMM 3pocTaHHsaM BUAOOYTKY 3aniza xapa-
KTepuayeTbcst npomucnosicTb LWeeuii (+6,5 %) i AscTtpanii
(+4,2 %), y Tomn yac gk obcar BugobyTky 3Hu3mBcs y bpasu-
nii (-5,5 %), Pocii (-4,6 %), MAP (-2,7 %), CWA (-0,3 %).
3 iHWKX KkpaiH, 3 BMOobOyTKkoM 3aniza meHw 5K 10 MIH T,
0ocobnnBo aMHamivyHMM Byno 3pocTaHHs obcsariB BUA0GYTKy
B Jlaoci (+1409,3 %), Ni6epii (+311,5 %), IHOooHesIi
(+306,7 %), TypeuuuHi (+60,6 %), MoHronii (+19,2 %), y
TOWM Yac 9K HU3Ka KpaiH ckopoTuna BnaobyTok: BeHecyena
(-68,7 %), MNisHiuHa Kopes (-56,1 %), B'etHam (-33,8 %).
HecyTTeBo 3miHnnncs obesarm BuaobyTky 3aniza y Masputa-
Hii (+6,8 %), HoBoi 3enangii (-5,4 %), Asctpii (+11,1 %),
Hopserii (+6,5 %). LUum kpaiHam Hanexutb noHag 99 %
CBiTOBOrO BMAOOYTKY 3anisa (99,73 %).

© Muxannos Bonogumup, 2024
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Ta6bnuys 1
BupobyTok i pecypcu 3anisHux pya y csiti (Mineral Commodity..., 2023)
Bupo6yTok, TUC. T Pecypcu, MnH T
Kpaina Pypa 3aniso P 3ani
2021 2022 2021 2022 yAa aniso
AscTpanis 912 000 880 000 565 000 540 000 51 000 27 000
Bpasunis 431 000 410 000 273 000 260 000 34 000 15 000
Kntan 394 000 380 000 246 000 240 000 20 000 6 900
IHgis 273 000 290 000 169 000 180 000 5500 3400
Pocis 96 000 90 000 66 700 63 000 29 000 14 000
Ykpaina 83 800 76 000 52 400 47 000 6 500 2300
NAP 73 100 76 000 46 500 48 000 1000 670
IpaH 72 900 75 000 47 900 49 000 2700 1500
KasaxcraH 64 100 66 000 13 100 14 000 2500 900
KaHapa 57 500 58 000 34 500 35 000 6 000 2300
CLUA 47 500 46 000 30 100 29 000 3000 1000
LBeuis 40 200 39 000 28 600 28 000 1300 600
Mepy 18 100 17 000 12 100 11 000 2600 1200
TypeyynHa 16 100 17 000 9710 10 000 130 38
Yuni 17 700 16 000 11 200 10 000 H/3B H/3B
MaBpwTaHis 12 800 13 000 8 000 8 100 H/3B H/3B
Mekcuka 10 800 11 000 6810 6 900 H/3B H/3B
IHLWI KpaiHK 56 700 59 000 4 900 5 000 18 000 9500
Bcboro y cBiTi 2680 000 1630 000 1630 000 1600 000 180 000 85 000
Tabnuys 2
CiToBui BMAo6yTok 3aniza (World Mining..., 2023)
Kpaina Bupo6yTok, TMC. T
2017 2018 2019 2020 2021 % cBiToBoro | 2021/2017 %
ABcTpanis 548 297 560 055 567 957 568 384 571 114 34,93 +4,2
Bpasunis 289 090 287 617 255 339 245 952 273 330 16,72 -55
Kutan 215920 209 244 219 375 225 400 254 900 15,59 +18,1
IHAis 125717 129 616 151 827 126 309 156 452 9,57 +24,4
Pocis 62 186 64 192 65 726 65 372 59 376 3,63 -4,6
YKpaiHa 38768 38 751 47 584 49 274 52 431 3,21 +35,2
NAP 48 809 48 277 47 064 36 163 47 509 2,91 -2,7
KaHaga 30 683 32 181 33 020 35775 35070 2,14 +14,3
IpaH 21884 24 700 28 305 33 660 34 980 2,14 +59,8
CLIA 30177 31185 29 547 24 100 30 100 1,84 -0,3
LBeuis 18 741 18 405 19 367 20 112 19 964 1,22 +6,5
KasaxcraH 11706 12 969 14 279 15105 15 966 0,98 +36,4
Mepy 8 806 9534 10 120 8 894 12 149 0,74 +38,0
Yuni 9 549 8943 8 427 9 891 11163 0,68 +16,9
Mekcuka 7028 8413 10 331 10775 10 800 0,66 +53,7
TypeyunHa 6 095 9 547 8 829 13 087 9791 0,60 +60,6
MaBpwuTaHis 7679 6 962 7928 8 135 8 202 0,50 +6,8
MoHronis 4 309 3486 4 800 5 166 5136 0,31 +19,2
IHOoHe3sis 1076 600 1379 2 951 3300 0,20 +306,7
Manawsis 2469 2113 2 621 3384 3071 0,19 +24,4
NiGepis 963 2794 2 657 2925 3000 0,18 +311,5
HoBa 3enaHgis 2325 2100 1915 2260 2200 0,13 -5,4
B'eTHam 3309 3 353 3663 2 136 2191 0,13 -33,8
Naoc 150 60 282 608 2114 0,13 +1409,3
NisHiuHa Kopest 3 646 2083 1796 1640 1600 0,10 -56,1
Benecyena 4615 2018 2 063 1235 1463 0,09 -68,7
BiHes - - - 419 1139 0,07 -
ABcTpis 954 897 1037 974 1060 0,06 +11,1
Hopseris 993 1130 1070 1015 1058 0,06 +6,5
IHLWi 5815 3349 3027 3038 4 427 0,29 -23,9
Bcboro 1511759 1524 574 1551 335 1524 139 1635 056 100,00 +8,2
IHWi — KpaiHK, Wwo B1naobyBatoTb MeHL sik 1 MAH T 3ani3Hoi pyaun (Amkup, ApreHTuHa, bonisis, BocHia-I'epuerosuHa, byTtaH, [BaTemana,

€runet, Konymbisa, Konro [P, Managi, Mapokko, Hami6is, Henarn,
Cbeppa-JleoHe, Tainana, TaH3aHis, TyHic, Yranga, Ypyrsan, ®igxi,

OTxe, B OCTaHHi NepeaBOEHHI POKM y CBITi crocTepira-
nacs cTillka TeHAeHLUjis 40 NOBINbHOrO 3pOoCTaHHA BUAOOY-
TKy 3aniza. Tpeba odvikyBaTW, WO US TeHAeHUis
30epexeTbca 1 Hagani.

Pesynbtatu

lipHu4yodobyeHa npomucsiogicmb YKpaiHu. $k noka-
3aHo B nonepeaHiv ctatTi (Munxarnos, 2024), ripHniyogobysHa
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Hirepisa, HimeuunHa, MNisoeHHa Kopesi, Maknctan, Caypgiscbka Apasis,
®ininniHwn)

NPOMMICIIOBICTb YKpaiHW 3@ OCTaHHi CiM NepeaBOEHHMX POKiB
(2015—2021) BukasyBana CTilKy TeHOEHLj0 OO 3pOCTaHHs.
Tak, sikwo y 2015 p. 3aranbHun obesar BuaobyToi MiHeparbHOi
CcMpoBuMHWM B YKpaiHi ctaHoBuB 97,8 MnHT, TO y 2021 p. —
107,7 mrH T (+10,1 %). BogHouac HancyTTeBiwmm 6yno 3poc-
TaHHa BugobyTky (Tabn. 3): rpadity (+70,0 %), cipkn
(+48,9 %), rincy (+42,1 %), nonbosoro wnaty (+35,0 %),
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TutTany (+30,3 %), kaoniny (+27,7 %), 3aniza (+22,5 %), ma-
praHuto (+19,3 %), kokciBHoro Byrinns (+19,3 %). Pasom 3
TUM 3arpo3nMBMM BUrMSIAAE pis3ke NagiHHA BUAOOYTKy ranito
(-55,6 %), ypaHy (-53,6 %), 6eHTOHITY (-43,2 %), cyTTEBE —
coni (-11,1 %), umpkoHy (-10,0 %), syrinns (-7,1 %), He3Ha-
yHe — HadTyn (-3,1 %) i rasy (-0,7 %).

Lli TeHaeHLUii noTpibHO BpaxoByBaTU NpU NnaHyBaHHi no-
BOEHHOrO BiAPOOXKEHHS HALOI KpaiHuW, 3BaXarouun Ha Ti 3Ha-
YHi 3MiHW, SIKMX 3a3Hana NPOMWCIOBICTb YKpaiHu nicns
24 niotoro 2022 p.

3anizopydHi 6aceliHu YkpaiHu. 3a pecypcamiu i Bu-
[obyTkoM 3ani3Hux pya YkpaiHa nocigae ogHe 3 nepLumx
Micup y cBiTi. TyT BigomMo n'aTb 3anisopygHunx 6acenHis Ta
pavioHiB (3PP): KpuBopisbkuii, KpemeHuyubkuii, binosepckb-
ki, TMpuasoBcbkuin, KepueHcekuin (puc. 1). CtaHoMm Ha
01.01.2020 p. y depxaBHOMY GanaHci 3anacis KOPUCHUX KO-
nanuH Ykpainu BpaxoaHo 60 pogosuLy, 25 3 gknx po3pob-
NATLCA; 3aranbHi 3anacu 3ani3HMX pya  CTaHOBNATb
31,4 mnpa 7 (y T. 4. 6anaHcoBi 3a kaTeropismm A+B+Cq —
18,8 mnpa 1, C2 — 7,6 mnppg T, no3abanaHcosi — 5,0 mnpg T),
pecypcu—133,0 mnpg T; y 2019 p. B YkpaiHi 6yno Bugobyto
157,4 mnH T pyau (MiHepanbHi pecypceum..., 2020). Lle nos-
HICTI0 3a40BOMbHSAE NOTPEOM ripHUYOPYOHOT MPOMMCIIOBOCTI
YKkpaiHu 1 3abesneyye MOXIMBOCTI €KCMOPTY 3anisHuX pya
Ha CBITOBI PUHKM.

OCHOBHMM 3ani3opyaHnM panoHoM YkpaiHun € Kpuopi-
3bKWI, CKNageHuUn 0CafoBUMU i BYJIKAHOTEHHO-OCaZ0BUMM
rmmboko MeTaMopi30BaHNMMN YTBOPEHHSIMM NaneonpoTe-
pO3010 KPMBOPI3bKOI cepil, Y cknagi SKoi BUAINATb TakKi
CBITU (3HM3Y): HOBOKPMBOPI3bKa, CKENoBaTCbKa, cakcaraH-
CbKa, rOoaHueBCbka i rnetoBaTCbka, LO iX MepekpuBae
(puc. 2). OCHOBHO NPOAYKTUBHOK TOBLLIEH € CaKcaraHcbka
CBiTa, y cknai akoi BUAINATb CiM 3ani3ucTuX ropusoHTIB
3aBTOBLWKN 20—145 M. BoHu cknageHi pisHOMaHITHUMK
3a CKIMagoMm 3anisucTMu  KBapuutamu (MarHeTUTOBMMM,
cunikaT-MarHeTUTOBMMW, MarHeTUT-CUNIKaTHAMK, MarHeTuT-
KapboHaTHUMK, MarHeTUT-kapboHaT-cunikaTHUMK, Kap6o-
HaT-MarHeTUTOBMMM,  KapOOHaT-curikaT-MarHeTUTOBUMMU,
kapboHaT-cunikaTHMMM, remaTuT-MarHeTUTOBUMM), SIKi B 30-
Hax rinepreHe3y nepeTBOpeHi Ha MapTUTOBI i remMaTUT-Map-
TUTOBI pyAu. BuaingioTb Kinbka reonoro-npoM1ciosux TUnis

py4: cakcaraHCbKuM, iHryneubkuin, nepoTpaBHeBHUA (6a-
rati pyam i3 BMicTom 3anisa 46 % i GinbLue), CKenoBaTCbKuUiA,
npaBobepexHun, BepxiBLEBCLKMI, Ginoropoacebknii (GigHi
pyav i3 BmicToM 3aniza 20—45 %). [ina pya XxapakTepHi cmy-
racTi TEKCTYpU, YepryBaHHA pyaHuX i 6e3pyaHux npoLuapkis.
PyoHi miHepanu yTBoptotoTb OpiGHY BKpanneHicTb cepep,
HepyaHWX, arperaTtu i 3pocTkM 3 ocTaHHiMu. Lli ocobnueocTi
py4 poAOoBMLL 3yMOBIIOTL 0COBNMBOCTI iX NoganbLuoi 06-
pobku i 36arayeHHs.

FipHU4yodo06yeHi nidnpuemcmea. BynaobGyTok 3anis-
HUX pya B YKpaiHi 30iACHIETLCA PSAOM TipHNY0400yBHMX
NiANPUEMCTB, HANTONOBHILLMMW 3 AKKX €:

¢ nignpuemctea rpynu "MerTiHBecT", a came LleHTpanb-
HUIA, IHryneubkui, MNiHivHWA i MiBgeHHnA 3K, ski po3pobrto-
IoTb  pogoBuwa Benuka  [netoBatka, [leTpiBcbke,
ApTtewmiBcbke, IHryneupke, MNepBomarickke, MaHHiBCbke, Cke-
noBaTcbko-MarHeTuToBe, none waxtu iMm. OpaKoHikiase;

¢ "Apcenopmittan” — HoBokpuBOpi3bKe i BansaBkuHCbKe
poaoBuLLa, Nosne waxTu iM. ApTema;

e rpynu "Ferrexpo", Ao cknagy sKkoi BxoasaTh [onTasck-
kun i EpucTiscbkuin 3K, wo pospobnioioTs MopulHbnnas-
HiBCbke-JlaBpuKiBCbKe | EPUCTIBCbKE POAOBULLA;

o MAT KpuBopi3dbkuin 3anisopygHuiA KOMBIiHaT — LwaxTu
"TepHiBcbka", "lBapaivicbka" (Kosaupka), "Oktabpcbka"
(Mokposcbka), "batbkiBwmHa" (KpmBopisbka);

¢ [1AT "Cyxa banka" — waxtn "tOBinenHa", im. PpyHse;

¢ 3anopisbkuin 3anizopygHuii kombiHat — lMiBgeHHObINo-
3epcbke, NepeBepsiBCbke poooBuLLa

Hanbinblummun B YKpaiHi 3a BMAoOYTKOM 3ani3Hux pya €
nionpuemcmea e2pynu "MemiHeecm". Tak, 3a pe3ynbTa-
Tamn 2019 p. 3K rpynn "MerTiHBecT" 6yno BugobyTo
93 565,4 Tuc. T 3ani3Hux pya, abo 61 % Big obcAry 3anisHunx
pya, BugobyTtunx B YkpaiHi (tabn. 4). Lli nignpuemcrtea € Be-
NMKMMM NNaTHMKaMy NogaTKiB i TUM camim — GrogkeTodop-
mytouumn.  MixHapogHa rpyna "MeTiHBecT" 006'egHye
yotupun 3K: MPAT "LleHTpanbHuii ripHu4o-36aravyBanb-
HU koMGiHaT" (LIF3K), MPAT "lHryneubkuii ripHnyo-36ara-
yyBanbHui kombiHat" (IH3K), MPAT "MiBHiYHUIA FipHWUYO-
36aradyBanbHuii kombiHat" (MIBHI3K), AT "MiBaeHHwUiA
ripHM4o-36aradysansHui kombiHat" (MIBA3K).

Tabnuys 3
OuHamika BUAOGYTKY HaMBaXNUBILLMX KOPUCHUX KonanuH YkpaiHu (World Mining..., 2023)

CupoBuHa 2015 2016 2017 2018 2019 2020 2021 2021/2015 %
3aniso, T 42817 200 | 40 240 600 | 38 767 600 | 38 751 300 | 47 584 000 | 49 274 000 | 52 431 000 +22,5
Mapranreub, T 546 600 491 500 650 500 682 700 698 100 698 500 652 300 +19,3
TutaH, T 375 480 339 800 430 300 518 950 564 050 537 430 489 200 +30,3
lanin, T 9 9 9 6 5 4 4 -55,6
FepmaHin, T 1 1 1 1 1 1 1 0
BeHTOHIT, T 220 000 200 000 113 200 178 200 124 700 125 000 125 000 -43,2
MonboBun wnar, T 44 460 33 627 35000 50 000 60 000 50 000 60 000 +35,0
Mpadpit, T 10 000 12 000 13 000 15 000 10 000 10 000 17 000 +70,0
Mnc, T 1254900 | 1303000 | 1528900 | 1386400 | 1409400 | 1529000 | 1783300 +42,1
KaoniH, T 1814786 | 2335004 | 2379636 | 2091525 | 1843561 1680 891 2317723 +27,7
Cinb, T 2136500 | 1783530 | 1815684 | 2191619 | 2092795 | 2075000 | 1900 000 -11,1
Cipka, T 171700 171 300 175 900 222 200 220 400 223 500 255 600 +48,9
LinpkoH, T 30 000 29 280 27 239 21614 18 000 16 000 27 000 -10,0
Byrinns, T 23852700 | 25121 500 | 18 932900 | 21648 100 | 19 747 200 | 17 733 500 | 22 153 000 -71
KokciBHe Byrinns, T 6063900 | 6508800 | 5233900 | 4606300 | 5783200 | 6434800 | 7234000 +19,3
las, mnpg m® 19 900 20 052 20510 20 806 20 520 20 183 19 757 -0,7
Hadra, T 2533300 | 2272100 | 2169900 | 2293300 | 2453600 | 2430800 | 2455400 -3,1
YpaH, T 1156 1185 986 1390 944 877 536 -53,6
Bcboro, T 97 792 692 | 96 884 836 | 88 682 655 | 91 303 405 | 99 013 956 | 98 965 703 | 107 706 664 +10,1
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Puc. 1. Cxema po3TaluyBaHHs 3ani3opyAHuX panoHiB YKkpaiHcbKoro wura (Muxannos Ta iH., 2007):
1 — BynkaHoreHHa cpopmallisi; 2 — ByrnkaHoreHHo-ocagoBa cpopMaluisi; 3 — ocafoBa (TepuUreHHo-xemoreHHa) chopmaldisi; 4 —mexa YL,
5 — nnoLwi nowmnpeHHs 3anisucTux nopia; 6 — Mexi MeTanoreHiyHMx 30H i obnacrtewn; 7 — Mexi pafioHiB.

PumcbKi yughpu — meTanoreHiyHi obnacri i 3oHu: | — Ogecbko-binouepkiebka; |1 — KpnBopisbko-Kpemeruyubka; |1l — MNpuaHinposcbka;
IV — Binosepcbko-Opixiscbka (nia3oxu: |Va — KoHkebko-binosepcbka, 1V6 — OpixoBo-lNaenorpaackka); V — MNpuasoscbka.
Apabcbki yugbpu — 3anisopyHi paioHu i paiioHu MarHiTHUX aHomanin: 1 — binouepkiscbko-Bonoaapcbkuin; 2 — CepeiHbonoby3bkuid;

3 — Opecbko-AHaHbIBCbkUIA; 4 — KpemeHuyLbkuin; 5 — MpaBobepexHuid; 6 — KpnBopisbkuid; 7 — XepCoHCbkuiA; 8 — Kobensiupbkui;

9 — BepxiBuescbkuit; 10 — Yoptomnuubkuin; 11 — Cypcbkuid; 12 — KoHkebkuid; 13 — Binosepcbkuii; 14 — Maenorpagcekuid; 15 — OpixiBCbKMiA;
16 — Mono4vaHcbkuii; 17 — BoBuaHcbkuin; 18 — MNynanninbcbkui; 19 — 3axigHonprasoBcebkuid; 20 — CxigHONPUasoBCbKMN

Puc. 2. Po3pi3 KpuBopisbkoro 3anisopyaHoro paroHy (MuxainoB Ta iH., 2007):

CBiTU: 1-2 — rnetoBaTCbKa: MEeTaniCkoBUKM, koHrmomepaT (1), cnaHui 6ioTnToBi (2); 3 — roaHueBcbka; 4 — cakcaraHcbka: 3anisucTi (a),
cnaHueBi ropu3oHTu (6); 5 — ckemntoBaTcbka; 6 — HOBOKPMBOPI3bKa; 7 — rpaHiTV i Mirmatutu; 8 — posnomu:

BaxigHui (1), TapanakoBcbkuii (2), CakcaraHcbkuit (3), CxigHuii (4)

OcHoBHUI BUA rocnogapcbkoi aisnbHocTi umx 3K — Bu- OKWMCHEHI, Ha Lo Y NiANPUEMCTB € BiANOBIAHI cneuianbHi fo-
3sonu. Lli komGiHaTh € nignpMemcTBaMmm NOBHOMO FipHUYO-

O0BYTOK KOPUCHMX KOManuH, SKUMU € KBapLMTWU 3ani3ucri,
3ani3ncTi MarHeTUTOBi, MarHeTUTOBI 3ani3uCTi, 3ani3ncTi 3baravyBanbHOro UMKy Bifg [0OYyBaHHA MarHeTUTOBMX
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KBapuUTIiB 3 HU3bKUM BMICTOM 3ari3a BiKpUTUM Cnocobom
i3 NoAanbLIOK NepepobKoto LWNAXOM 36aravyeHHst Ta BUpoo-
HULUTBA Ha ripHMYo-36aradyBanbHOMY KOMMIEKCI KOHLIEHT-
paTiB 3ani3opyaHMX MarHeTUToBUX. BoHW BKNtOYaloTh Kinbka
BMpo6OHMUTB: fobyBHe, nogpibHoBanbHe i 30aravyBansHe.

UYeumpanbHut 3K 3giicHioe BUOoOyTOK, nepepobky
py4 i BUpOGHULTBO 3ani3opygHOro KOHLEHTpaTy Ta KOTYHIB
Ans meTtanyprinHoi npomucnoBocTi. [1o6yBHMI kKomnnekc
nignpuemcTea npeactasneHnn kap'epom Ne 1 Ha 6asi [Me-
HOBATCLKOro poaoBuLLa (MPOEKTHA NOTYXHICTb 6,0 MITH T Ma-
rHETUTOBMX 3ai3MCTUX KBAPUMTIB Ha piK); kap'epom Ne 3 Ha
6asi [MeTpiBcbkoro poaoBuia (MPOEKTHA MOTYXHICTb
6,0 MnH T); kap'epom Ne 4 Ha 6asi ApTeMiBCbKOro popao-
BULWA (NPOEKTHA MOTYXHICTb 4 MIH T), @ TaKOX LUAXTOK

iMm. OpoxoHikiase (Mepwa ginaxka), ska po3pobnioe marHe-
TMTOBI KkBapumtu noknagy "liBgeHHWA-MarHeTutoBmin"
(MpoekTHa NoTyxHicTb 1,6 MnH T). 3anacu, BUOoOGYTOK i ce-
peaHin BMICT 3ani3za unx pogosuw, HaBedeHo B Tabn. 4. Mig-
NPMEMCTBO Mae HeoOXigHi cneuianbHi 4O3BONK, AINCHI Ao
2030 p. MepepobHMM KOMNNeKC BKMoYae ApobunbHy dab-
pYIKY MOTYXXHICTIO 28 MIH T pyau Ha pik, 36aradyBarnbHy da-
OpuKy  MOTYXHICTIO NOHagZ 6 MNHT  3ani3opyaHoro
KOHUeHTpaTy Ha pik, pabpuky orpyakyBaHHSA MOTYXHICTIO
noHag 2,0 MiH T KOTYHIB Ha piK, AOMOMDXHI Liexu, wnamoc-
xoBuwe. Y 2020 p. Ha kombGiHaTti Oyno BupobneHo
4840 Tnc. T 3ani3opygHOro KOHLUEHTpaTy i3 BMICTOM 3anisa
66,3—68,0 % i 2840 Tnc. T KOTYHIB i3 BMiCTOM 3aniza 59,9—
63,5 % (Muxaiinos, 20232).

Tabnuys 4
Bugo6yTok i 3anacu 3anisHux pya 3K Ykpainm y 2019 p. (Muxaiinos, 2023?%)
NianpuemcTeo PopoBuue BupobyTok 3anacu, BwmicT, %
T™MC. T T™™MC. T Fesar, Feyarn.
Fpyna "MeTiHBecCT: Benwvka netoBaTka 4 459,0 941 320 27,81-38,11 | 16,60-28,56
LlaxTa im. OpmxoHikiase 1217,0 512 217 36,01-38,83 | 23,44-29,57
LleHTpanbHuit 3K MeTpiBcbke 4118,0 161074 | 29,28-34,71 | 21,29-23,97
ApTemiBcbke 1911,0 132 054 | 36,80-37,54 | 24,63-39,14
IHryneupkun '3K IHryneubke 27 748,5 1835813 | 18,96-26,02 | 31,11-34,10
MiBHiYHUN 3K [NepBomaricbke 19 888,0 2575404 | 34,52-52,29 | 26,13-40,63
"aHHiBCbKE 5810,0 930 281 37,21-37,64 | 27,32-28,75
MisgeHHun 3K CkentoBaTcbke-MarHetutose 28 413,9 1740 166 | 30,13-37,25 | 28,14-29,42
Bcboro nignpuemcreamu "MeTiHBecT" 93 565,4 (61,0 %) | 8 828 329 | 18,96-52,29 | 16,60-40,63
MNAT "AMKP" Mone waxtu im. Aptema 757,0 H/3B H/3B H/3B
HoBokpurBOpi3bke 9854,0 1080 952 31,0 21,32
BansBKkuHcbke 13 423,0 1635983 36,85 28,70
Bcboro nignpuemctBamu "AMKP" 24 034,0 (15,6 %) | 2716935 | 31,0-36,85 | 21,32-28,70
F'pyna "Ferrexpo™
MPAT "MonTtaBcbkui I3K" | MopuwHbonnaBHiBCbKe-J1aBpMKIBCbKe 12 841,0 1490713 | 28,21-33,34 | 19,69-26,46
[MPAT "€pucriBcbkun K" | €pucTiBcbke 11 521,0 1383142 | 27,07-34,52 | 17,81-28,15
Bcboro nignpuemcreamu "Ferrexpo” 24 362,0 (15,9 %) | 2873 855 | 27,07-34,52 | 17,81-28,15
MNAT "KpuBopisbkun 3a- LLlaxTa "TepHiBcbka" 11573 149 860 57,4 H/3B
nisopyaHui komGiHat" LllaxTa "IBapainicebka” (Kosaubka) 1221,2 134 116 59,6 H/3B
LllaxTa "OkTabpcbka" (MokpoBcbka) 706,4 253 834 63,3 H/3B
LLlaxTa "batbkiBwmHa" (KpuBopisbka) 1539,9 59 500 59,5 H/3B
Bcboro MNAT "KpuBopi3bkuit 3anizopyaHuin komGiHat" 4 624,8 (3,0 %) 597 310 57,4-63,3 H/3B
MAT "Cyxa banka" LllaxTa "KOBinenHa" 1667,0 H/3B H/3B H/3B
LaxTa im. PpyH3e 992,0 450 61,88 H/3B
Bcboro nignpuemcrtBamum MNAT "Cyxa Banka" 2 659,0 (1,7 %) 75 000 58,0-62,0 H/3B
3anopisbkuit 3anisopya- | [liBgeHHOGINosepcbke 3996,0 H/3B H/3B H/3B
HWUWA KOMGiHaT MepeBepsiBcbke 381,0 386 044 24,5 H/3B
Bcboro 3anopi3bkui 3anisopyaHun kombiHat 4 377 (2,8 %) 619 630 H/3B H/3B
BCbOlro 153 622,2 15711 059 | 18,96-63,30 H/3B

3anacu — 3aranbHi 3anacu pogosuia kateropin B+C4+C,, aki BknovaTb 3anacu 6anaHcosi, yMOBHO 6anaHcoBi, no3abanaHcosi, 3

HeBU3Ha4YeHUM NPOMUCITIOBUM 3HAYEHHAM

IHayneubkuli 3K — HanbGinbwWni B YKpaiHi BUPOOHUK
3ani3opygHOro KOHLEHTpaTy, po3pobnse IHrynewpske pogo-
BULLe 3ani3ncTux kBapumuTie. banaHcosi 3anacu pyau cara-
toTb 1,2 mnpg 1. Po3pobka popoBuuia  34iNCHIOETLCA
Kap'epoM 3 BMPOOHMYOK MOTYXKHICTIO TiPHMYOI  Macu
70 MnH T Ha pik. 3BiATV pyaa noTpannse Ha ApobunbHy da-
Opuky 3 BMPOBHWYOK MOTYXHICTIO nepepobkn noHaa
36 MnH T pyamn Ha pik. 36araveHHs BiobyBaeTbCa Ha OBOX
36aravyBanbHux abpukax 3 BUPOOHNYOK MOTYXHICTIO MO-
Hag 14,5 MIH T KOHUEHTpAaTy Ha piK i3 BMiCTOM 3ani3a 63,7—
67,0 %. TexHonoriyHa cxema 36aravyBanbHUXx abpuk ne-
peabayae YoTvpw cTagii nigpobneHHs, Tpu cTagii noapio-
HEHHS | 4YOTMPW-N'ATb CTafi MarHiTHoOi cenapadii. Y
pesynbTaTi MOBHOro LMKy 36arayeHHs i3 pyayM 3 MacoBoOk
YacTKoK 3aranbHoro 3anisa 32,6—-36,7 % OTpMMYKTb KOH-
LEeHTpaT 3 MacOBOK YacCTKOKW 3arasfibHoro 3anisa 63,8—
63,9 %, BonoricTto 6nun3bko 10 %. Pyav HanexaTb 4o karte-
ropii Baxko 3b6aravyBanbHux. [loganblue 36araqeHHs
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30JNCHIOETLCSA B LIEXY MarHiTHO-gonoTauinHoro 3barayeHHs,
[e BinbyBaeTbCa BUPOOHULITBO KOHLIEHTPATY 3 MacoBOHO Ya-
CTKOIO 3ani3a noHag 67,0 %. Y cepegHboMy KOMGIHAT BUMNY-
ckae 6nm3bko 12,4 MIH T KOHUeHTpaTy Ha pik. ¥ 2010-
2020 pp. NAT "IHI'3K" peanidyBaB 3ani3opyAHWIN KOHLIEHT-
part i3 BMicToM 3anisa Big 63,7 ao 67,0 %. PiuHun obear pe-
anisauii npnénuaHo caras 10—14 MfH T KOHLEHTPATY.
MieHiyHul '3K dyHKLiOHYE Ha 6asi NepLloTpaBHEBOrO i
["aHHIBCLKOro poaoBULL, 3ani3VCTUX KBAPLUTIB i3 3aranbHUMK
3anacamu noHag 3,1 Mnpg T pyaum, siki po3pobnsaoTees Kap'-
epamu. NMepBoMancbkmi kKap'ep — OAWH 3 HAWBINbLUNX B YKpa-
THi, oro JoBxXuHa carae 3 TUC. M, WKMpuHa — 2,5 TUC. M,
rmmbuHa — 470 M (npoekTHa rmmbuHa 650 M) (puc. 3). MaHHIB-
Cbkunii kap'ep (goexuHa 5250 M, wmpuHa 1200 M, rmnbuHa
275 M) Ma€e NPOeKTHY NPOAYKTUBHICTL 10 MIH T pyAu Ha pik.
3K 34ilCHIOE NOBHMI TEXHOMONYHMIA LIMKN Big BUOODOYTKY 3a-
Ni3HOI pyan A0 BWUIOTOBMEHHS 3ani30pyAHOro KOHLEHTpaTy
(BmicT 3anisa 66 %) i koTyHiB (BMicT 3anisa 60,3-63,5 %).
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MepepobHuin KOMNMEKC BKIOYae Tpu ApobunbHi dabpukm,
ABi 36aravyBanbHi habpvku, ABa Lexu BUPOOGHMLTBA KOTYHIB
i psg oonoMixHKX uexie. Ha 36aravyBanbHux dhabpukax gpo-
6reHa pyaa npoxoauTb Tpu cTafii noapibHeHHs, 30ara4yeHHs
Ha MarHiTHMX cenapaTopax, Aelunamauiio i ginbTpauiio, B

pesynbTaTi Yoro OTPUMYHOTb 3ani3opyaHUIN KOHLEHTpaT i3
BMICTOM 3ani3a 66 % (puc. 4). Y uexax BMpoBGHMLITBA KOTYHIB
OTPUMYIOTb KOTYHM i3 BMiCTOM 3ani3a 60,3—-63,5 %. Y 2020 p.
BMpo6neHo 12650 TMc. T 3anisopygHOro  KOHUEHTpaty

i 6 500 TUC. T KOTYHIB.
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Puc. 4. NIBHI3K. TexHonoriyHa cxema 36aravyBanbHoi pabpuku P3d-1 (ny6n||<ye1'bc5| 3a po3ssonowm MPAT MNIBHI3K)

Miedennut 3K 3pilicHioe BUOOBYTOK pyau BigKpUTUM
crnocobom Ha CkentoBaTCbkOMY poAoBULLi 3 6anaHcoBUMM
3anacamMy MarHeTMTOBMX KBapuuTiB 962,2 MIH T, OKUCHe-
HWX kBapuuTiB — 53,6 MnH T. Pyga notpannse Ha pobunbHi
abpuku, a gani — Ha 36aradyBanbHi nignpuemcTea. Bupo-
OHWYa CTpyKTypa nignpveMcTBa BKMoYae 2 ApobunbHi da-
6puikn, obnawToBaHi 4 gpobapkammn KPYNnHOro Apo6neHHs i
no 17 ppo6apok cepeaHbOro i ApibHOro ApobneHHs 3aranb-
HOK NMPOEKTHOI MOTYXHICTHO 35 MIH T/piK; arnomepawiiHy
abpuky (3 2019 p. BUpoOHMUTBO arnomepary 3ynuHEHO);
2 3baravyBanbHi dabpuku, ski cknagatTbca 3 20 cekuin
NPOEKTHOK MOTYXHICTIO 17,1 MNH T/pik KOHUEeHTpaTy. Tex-
HomoriyHa cxema 36arayeHHsi BKroYae Tpu cTagil noapio-
HEHHA | 4OTMpU-N'ATb CTafih  MarHiTHOI  cenapauil.
OCHOBHUM MeToAOM 36arayeHHst € MarHiTHUiA y cnabkomy
noni. Y pesynbTaTi 3 pyau 3 MacoBOK YaCTKOK 3araribHoro
3aniza 35,01 %, 3anisa marHitHoro 27,33 % OTpuMMyOTb
KOHLIEHTpAaT 3 MacOBOK YaCTKO 3ararnbHOro 3anisa 64,77—
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65,31 %. Y 2019p. Ha kombiHaTi 6yno BupobneHo
12,343 MNH T KOHUEHTpaTy i3 BMIiCTOM 3anida 64,77—
65,31 % i 0,946 mnH T arnomepartiB i3 BMICTOM 3ani3a
53,31-54,13 %.

TAT "Apcenopmimman Kpueut Pi2" ("AMKP") Bigk-
puTUM cnocobom BMOobyBae 3anisHi pyau Ha pogoBuLLax
BansiBkuHcbke i HoBOKpuBOpI3bKe, 3aranbHi 3anacu fkux
caraloTb 2,7 Mnpa T pyav. BugobyTok pyaun y 2019 p. cra-
HoBuB: HoBokpusopisbke — 9 854 Tuc. T, BansaBkuHCcbke —
13 423 1uc. 1. MipHU4yo-3baravyBanbHUM KOMMNNEKC Nignpw-
€MCTBa ckragaetbcs 3 fobyBHOro, ApobunbHoro i 3daravy-
BanbHOro BMpobHUUTB. [ipobneHHs pyan BiobyBaeTbca Ha
npobunbHnx abpukax Ne 1i 2, ne BuxigHa pyaa po3mMipom
no 1200 mm nocnigoBHO ApobuTbCS A0 PO3Mipy LUMaTKIB,
wo He nepesuwytoTs 350 mm, 90 MM, 20 MM i He GinbLui
12,5 % knacy +20 mMm. 36aradeHHs pyau 34iINCHIOETLCS Ha
pygosbaradyBanbHux chabpukax Ne 1 i 2 Takumu TexHonori-
YHMMU onepawisgMu, 9K TpU CTagii NoApIOHEHHS (MeneHHs) i
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Knacudikauii, Tpyu ctagii MOKpoi MarHiTHOI cenapadii, ge-
wnamakdii, 3HeBogHeHHs. [0TOBMM NPOAYKTOM micnsa cragii
30ara4yeHHsi MarHeTUTOBOI PYAM € KOHLEHTpAT MarHeTuTo-
BMIA, B AKOMY MacoBa 4YacTka 3ani3a 3aranbHOro MoBMHHA
cdaratm 65,3 %.

lMonmaeckkuti '3K 3 NPOEKTHOI MOTYXHICTIO 34 MNH T
pyau WopiyHO npautoe Ha 6a3i pogoswuL, J1TaBpUKIBCHKOTO i
lopiwHbonnaeHiBebKoro, Ae y 2019 p. BuaobyTok 3ani3Hoi
pyon ctaHosmB 12 841 Tuc. T. 3aranbHi 3anacu pogosuLy,
caratotb 1 010 333 Tuc. T pyam. MignpMemcTBO Mae NOBHUNA
TEXHOJTOTMYHWI LMK — Bid BMOODYTKY 3ani3nCTX KBapLMTIB
i3 BMicTOM 3ani3a 3aranbHoro B mexax Big 32 no 35 % no
BMpOOHMLTBA 3ani3opyaHMX KOTYHIB i3 BMICTOM 3ani3a 3ara-
nbHOrO B Mexax Big 62 go 65 %. MNepepobka pyan, Bupob-
HALUTBO KOHUEHTpaTy W KOTYHIB  3AiNCHIOETLCA  Ha
nepepobHOMY KOMMMEKCI, WO BKMoYae apobunsHy Ta 36a-
ravysanbHy abpuku, a Takox Lex BUPOOHMLTBA KOTYHIB.
Pyon npoxogstb Taki cragii nepepoOku: marHiTHe 36ara-
YeHHs i dnoTauiiHa goBogka KOHUeHTpaTy. B pesynbrtari
OTPUMYIOTb (PrOTAUINHUA KOHLEHTpaT 3 MacoBO YaCTKO
3anisa 3aranbHoro 67,2 %.

Kpim TOro, Ha nianpneMcTBi 3a AaBanbHULBKOK CXEMOIO
30iNCHI0ETLCS Nepepobka 3ani3Hoi pya, BugobyToi Ha Epu-
ctiBcbkomy 3K.

€Epucmiecbkuti 3K po3pobnioe E€pucTiBCcbke poao-
BULLE, 3anacu Akoro nepesulytoTs 600 MAH T pyau, a pe-
cypcu — noHag 1mnpaTt. [MepepGavyBanuii  06'em
BUOOOYTKY csrae Oo 27-28 MiH T pyau Ha pik. BugobyTtok
pyou 30iNCHI0ETLCS BigKpUTUM cnocobom. Y 2019 p. Tyt
oyno BnpobyTto 11 521 Tuc. T 3anisHoi pyaun.

IHwi nignpuemcta (MAT "Kpuopisbkuii 3anisopygHui
kombiHaT", TAT "Cyxa banka", 3anopisbkuii 3anizopygHui
KOMOGiHaT) BigirpaloTb HEBEMNWKY Porb Yy BUAODBYTKY 3ani3HuX
pyA4 i CyKynHo ctaHoBnATbL nuwe 7,5 % [o6yBHOro cekTopy.

Ouckycisi i BACHOBKKU

3anisHi pyan € TpaguuiiHuM BUOOM TiPHUYOPYOHOI CK-
pPOBUHM YKpaiHu, iHBECTULiiHA NPpMBabnUBICTb SAKOrO I'pyH-
TYETbCA Ha 3HA4yHWX 3anacax, 6GaraTopiyHOMy [ocCBiAi
po3pobKK, PO3BUMHEHIN iHpPaCTPYKTYpi. YKpaiHa HanexaTb
00 NPOBIAHUX KpaiH CBIiTy 3 BUAOOYTKY 3anisHux pya, i, BO-
YeBuAb, i B noganbLiomMy dyae 36epiratu ceoi noauuii. B Yk-
paiHi icHye po3BuMHeHa iHdpacTpykTypa BMAOOGYBHOI
NPOMWCIOBOCTI, NPeACTaBneHa NOTYXHUMU TipHU4o-30ara-
YyyBaribHUMKU KOMOIHaTamu, SiKi Ha JOBri poku 3abeanedyeHi
3Ha4YHUMU 3anacamu 3anisHux pya. besyMoBHo, nicns 3akiH-
YeHHS BiICbKOBWX il 06carv BUOobyTKy 3anisHux pyn i Bu-
poOHULITBA MarHeTUTOBMX KOHLEHTpaTiB OyayTb 3Ha4YHO
36inbLuyBaTUCS.

Ak ceigunTb aHanis MCB 3anisHux pyg Ykpainv, nogans-
LM PO3BUTOK ripHMY00006yBHOI NPOMUCIIOBOCTI Byae nos'asa-
HWIA HacaMnepes 3 iCHyYMM NIgNPUMEMCTBAMM, XO4a B KpaiHi
BiJOMO 0araTo iHWMX NEepCrnekTUBHUX OiNSHOK. BpaxoByroun
3HaYHi TepMiHM 3a6e3nNe4eHOCTi iICHYHYNX TiPHUYOPYAHWX Nia-
NPUEMCTB, HE3BaXalouM Ha MEBHI Npobremu, siKi iCHyloTb, 3a-
NyYeHHs1 HOBUX O0'eKTiB BUrMSiAae HedoLUinbH1M, 0cobnmBo 3
nornsigy Ha 3HauHy KoHKypeHLito 3 6oky 3K, ki HUHi dpyHKLjio-
HytoTb. Lle ycknagHioe iHBECTyBaHHSI HOBMX MPOEKTIB, SiKi
BUIMSAATUMYTb  HEKOHKYPEHTOCNPOMOXHVMU  MOPIBHAHO 3
iCHytouMMKM mignpuemcTBamun. Tomy ManbyTHIM NOTEHUHUM
iHBECTOpPaM MOXHa pPEeKOMeHAyBaTU BKMaAEHHSI KOLUTIB HE B
HOBI MPOEKTW, a B Ti, sIKi AaBHO PO3POOBIOTECSA PI3HMMU NPO-
MUCMOBO-(hiHAHCOBMMW  0B'€AHaHHAMM, Tpynamu, TipHUYO0-3
GarayyBanbHMMK KOMGiHaTaMu LUNSIXOM aKUioHyBaHHS. Haii-
npviBabnueiwmmMn y ubomy ceHci € I'3K rpynu "MeTiHBecT".

Onsa ycniwHoro dyHkuioHyBaHHa 3K ranysi HeobxigHo
BUPILLEHHS psifly MUTaHb, FONTOBHUMMU 3 SIKMX € MOLLYKU HOBMX
noknagis 6aratux 3anisHux pya, YA0CKOHaNeHHs NpoLecis ix
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36arayeHHs, po3B'a3aHHA eKonoriYHMX npobnem, ski cynpo-
BODKYIOTb Npouec BUA0OYTKy 3anisHUX pya, reonoro-ekoHo-
MiYHa NepeoLiiHKa iCHyH4YMX 3anaciB, 3aryyYeHHs iHBECTULLIN.

MepcnekTnBKM NOAANbLIOrO PO3BUTKY Y LIbOMY HaNpsiMKy
nonsararTb y NPOrHo3yBaHHi po3suTtky MCBE 3anisHux pya
YKpaiHu 3 ypaxyBaHHAM KOH'FOHKTYPUY CBITOBOIO PUHKY i Npo-
FHO3HOI OUiHKM MOro noTpeb, a TakoX y YacTWHI: pU3UKiB
pyWHYBaHHS | LOCTYNHOCTI 3anaciB 3ani3HuX pya Ans Git4mx
niagnpUeEMCTB; HOBUX BUMOr A0 TOBapHOI NpoayKuil 3aniso-
pyaHuUX NignpueMcTB B YacTuHi "gekapboHisauii”, ocobnmeo
TUX, WO eKCnopTyTb NPOAYKLil0; HEAOCTYMHOCTI 3eMenb-
HUX OiNSHOK A8 NPMPOCTY pPO3BigaHUX 3anacie s Biakpu-
TOro cnoco®y BMaobyBaHHSA Ta BifBanoyTBOPEHHS.
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IRON ORE MINING INDUSTRY OF UKRAINE IN A GLOBAL CONTEXT

The structure of the iron ore mining industry of Ukraine, its role and significance in the world production of iron ores is considered. It is shown
that the mining plants are one of the main budget-forming enterprises of Ukraine. An assessment of the state and forecasting of the development of
the mineral and raw material base of iron ores of Ukraine was carried out, taking into account the state of the world market and a forecast assessment
of its needs. The global trends in the development of the iron ore mining industry were considered, and it was shown that the general global trend
over the last pre-war 5 years (2017-2021) was a gradual increase in iron ore production. A brief description of the iron ore basins of Ukraine is given.
The most important mining enterprises of Ukraine are characterized. It is shown that iron ore is a traditional type of mining raw material of Ukraine,
the investment attractiveness of which is based on significant reserves, many years of development experience, and developed infrastructure.

Keywords: mineral and raw material base, deposit, iron ore, mining and beneficiation plant, investments
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NAPAMETPU KOHAULIX ANA NIAPAXYHKY 3AMNACIB POOOBMLLY
BYAIBEJNIbHOIO KAMEHIO B PEFIOHAX NMOWMWPEHHA NbOAOBUKOBUX BIAKNAAIB

(lMpedcmaeneHo YneHom pedakyiliHoi kosezii 0-pom 2eon. Hayk, npog. B.A. Muxalinosum)

06'ekmamu docnidxeHHs € podoguwia KpucmaniyHux nopio, siki po3pobnssromscs 051 supobHUymMea kameHro 6ydieesibHO20
ma wjebeHeaoi cupo8UHU i /I0Kani3oeaHi 8 Mexax NowupeHHs ansAyianbHUX ma ¢giroeioensiyianbHux eidknadis.

Y po6omi cucmemamu3oeaHo napamempu KOHOUYil Ons nidpaxyHKy 3anacie dnsi podoeuuy 6ydieesibHO20 kameHo. BusHa-
4eHO eunadKu OUiHKU OCHOBHOI, CyrnymHbOi ma cnifnbHoO 3assi2aro4oi KopucHoi konanuHu. TpaduyiliHo napamempu KoHAuUilt Ansi
makux podoeuuw;, epaxoeyroms 8uMo2u 00 sIKOCMi OCHOBHOI KOPUCHOT KonasluHu, 2i1ubuHU eidnpayroeaHHs 3anacie ma moeuwuHu
Ppo3KpueHuUx nopid. BcmaHoeneHo, ujo Ans 6inbwocmi 06'ckmie sukopucmosyroms maki napamempu 0ns1 niOpaxyHKy 3anacie:
1) cmpamuepadpiyHe rnos10XxeHHs1 KOPUCHOI KoNanuHu; 2) NnapaMmempu sIkocmi KOPUCHOI KonauHu, de 2071086HUMU € hi3uKo-Mexa-
HiYHi ennacmueocmi, w0 eu3Ha4yaromp MpudamHicme CUPOBUHU Onisi eUpobHuUYymea webeHro 6ydisennbHo20 abo KkameHro 6ymo-
8020; 3) MakcumMasibHa mMosujuHa PO3KPUBHUX Mnopid cmaHosumb 8i0 1 do 28,5 M; 4) ecmaHOB/IeHHSI OXOPOHHUX Uinukis,
subyxoHebe3ne4Hux 30H mouwo; 5) MakcumanbHa enubuHa po3pobku i 2opu3oHm niopaxyHky 3anacie. MakcumanbHa cymapHa
numoma akmueHicmsb npupodHux padioHyknidie y npobax KOPUCHOI KonasuHU He NO8UHHA rnepesuulyeamu 3Ha4yeHHs1 @ 370 Bk/ka.
OyiHorombcsi makox npodykmu OpobrieHHs 2paHimy Ha ¢hpakyiliHul webiHb, siki npedcmaesneHi eidcieom i Martomb gidnosidamu
sumozam cmaHdapmy "llicok i3 eidcieie OpobrIeHHs sugepXXeHUX 2ipcbKux nopid ons 6ydieenbHux pobim. TexHiyHi ymoeu"”. Ans
makux podoeuu, KOpucHa KornajluHa euKopucmoeyemsbcsl OJis1 8U20MmMoeJIeHHs1 ujebeHro ¢ppakuyii noHad 5 do 10 mm, noHad 10 do
20 mm, noHaod 20 Ao 40 mm, noHad 40 do 70 Mm ma cymiw ¢hpakyiii noHad 5 do 20 mm, noHad 0 o 40 Mmm, noHad 0 do 70 mm.

Po3znsHymo douinbHicmb KOMIJIEKCHO20 O0CB80€EHHSI podosuuy 6ydieesibHO20 KaMeHI0 ma wiebeHeeol cuposuHuU. 30Kkpema,
3anpornoHoeaHo po3asisdamu pPo3KpueHi nopodu, npedcmassieHi eidkradamu Jib0008UKOB020 MOXOOKEHHS, SIK CYMyMmHi KOPUCHI
KonasnuHu, siKi Maromb HanpsiMu 8 UKOPUCMaHHsI CUPOBUHU y 6ydieenbHill iHdycmpii ma naHowagpmHomy du3aliHi. Po3paxoeaHo
2paHu4Hull KoegiyieHm po3kpusy 01 podosul, siKi 8U84aroMbCs.

Bu3HayeHo 3anexHicmb 2paHU4HO20 KoegbiyieHma po3kpusy 8id 3miHU cobieapmocmi eudo6ymKy KOPUCHOI KonanuHu ma
PO3KpusHUX pobim.

Knw4yoBi cnoBa: napamempu koHOuUil, nidpaxyHOK 3anacise, 3anacu 6ydieesIbHO20 KaMeH0, JIb0O08UKO8I eidK1adu.

Beryn

AkmyanbHicmb po6omu noB'A3aHa 3 MOXIMBICTIO
eheKTMBHOrO KOMMJIEKCHOTO BiANpaLloBaHHS pOAOBUILL rpa-
HIiTiB, SIKi pO3TaLLOBaHi B MeXax NonpeHHs NbOL0BUKOBMX
Bigknagis. EeKTMBHICTL KOMMIIEKCHOrO OCBOEHHS CTOCY-
€TbCH BUKOPUCTaHHSI pO3pOo0KMN PO3KPMBHMX Mopig Sk 6yai-
BenbHOI CUMPOBMHM Ta MaTepiany Ang naHawadgTHoro
ansanny (Bumorn oo komnnekcHoro..., 1997). douinbHictb
Takoro OCBOEHHHA Ma€ BM3Ha4yaTUCH B pesynbTaTi reornoro-
€KOHOMIYHOI OLiHKM, ie OKpeMuM BapiaHTom byae nepeada-
YeHO BpaxyBaHHS PO3KPUBY Sk CynyTHLOI abo cninbHO 3a-
NAraro4oi KOPUCHOT KONanuHW.

AHani3 ocmaHHix docnioxeHb i ny6nikayil. 3aranbHi
3acagun reosioro-ekOHOMIYHOI OUHKM Ta nigpaxyHKy 3anacis
Ons poaoByLL LLeOeHEeBOT CUPOBUHN PO3IMSiAA0TLCS Y BiTUYM3-
HSHUX HOPMaTUBHUX OOKYMEHTax, 3okpema Knacuaikauii 3a-
nacie i pecypcie [epxasHoro doHgy Hagp (Mpo
3arBepakeHHs Knacudikadii...,1997) Ta IHCTpyKuUii i3 3acTocy-
BaHHA Kracudikauii 3anaciB i pecypciB KOPUCHUX KonaruH
OepXxaBHOro hoHAy Haap OO poaoBuLL ByaiBensHOro 1 obnu-
LtoBansHoro kameHto (Mpo 3aTBepokeHHst IHCTpyKLii. ..., 2003).
KinbkicHa ouiHKa 3anaciB pogosuLy, LWebGeHeBoi CUPOBUHN Ne-
pioAMYHO NOAAETLCA Y AOBIAKOBMX BUAAHHSX [epxaBHoi cry-
6u reonorii Ta Hagp Ykpainu (MiHepanbHi pecypew..., 2020).

TpaguuiiHo of'ekTaMun OLHIOBaHHsSI € 3amacu i pecypcu
KpuUcTanivyHmx nopig, ki 3a ¢ismko-mexaHiYHUMK BnacTUBOC-
TAMM BiANOBIAATL BUMOraM byaiBenbsHoi iHayCTpii 40 BUpO6-
HMUTBa LeGeHeBOi TOBApPHOI NPOAYKLi. TakoX OLHIOKTLCS i
BiIXOAM TaKoro BUPOOHMLUTBA, SIKi 3a3BMYal KnacudikytoTeCcs
AK CyNyTHi KOPUCHI KOManuH1 Ta KOMMOHEHTU (puc. 1).

30ebinbLuoro Ans BiTYN3HAHUX POAOBULL LLieGeHEeBOT Ch-
POBUHM OLHIOETLCS CaMme OCHOBHA KOPWUCHA KonanuHa, sika
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BM3HaAYaE He NnyLie NPOMUCIIOBE 3HAYEHHS, ane i BCTaHOB-
ntoe 6a30BMIN HaNPSIM BMKOPUCTAHHS CUPOBUHW. Y MEHLUIN
KiNbKOCTiI BMMNAAKIB OLHIOKTbL i CyNyTHI KOPUCHI KonanuHuy,
AKMMU 3a3BMYaN € BUBITPEHI Pi3HOBUAW KpUCTaniyHUX nopig,
a TakoX Bigxoaun nepepobKn OCHOBHOI KOPMCHOI KOMarnuHu.
CninbHO 3ansarawyi KOPUCHI KonanuHM OLHIOITLCSA B OyXe
pigkicHMX Bunagkax, i HanyacrTiwe nputamaHHumm MEO k-
LLUMX TMNIB POAOBMULL.

BudineHHs1 Hepo3e'si3aHUX paHiwe YacmuH 3a2alib-
HOi npo6niemu. Y faHin poboTi JocnioXKyTbCA poaoBMLLa
LwebeHeBOI CUPOBUHU, ANst SIKUX MOXIMBE i AOLiINbHE KOM-
NrnekcHe BUKOPUCTAHHS KOPUCHMX KOoMNarnuH, To6To Buaoby-
TOK YCiX KOPUCHUX KomanuH podosuLia Ta ix npomMucnose
BMKOPUCTaHHS, @ TaKOX BUMKOPWCTaHHS BiAXOAiB, WO YTBO-
ptotoTbCs Y npoueci BuaobyTky i nepepobkn MiHepanbHoi
cvpoBMHM BignosigHo 0o Knacudikadii 3anacie i pecypcis
nepxasHoro doHay Hagp. KomnnekcHe BMKOPUCTaHHS
06'eKTiB MOXITMBE 3@ PaxyHOK BUKOPUCTAHHSA came CriflbHO
3ansratymnx KOPUCHUX KOMarnuH, siKi 3ocepekeHi B Mexax
PO3KPUBHUX Mopig — rnsuianbHUX Ta dntoBiornsyianbHMX
BiAKnagiB. 3a HOpMaTMBHUM BU3HAYEHHSIM LIe KOPUCHI Kona-
NHK, LWLO YTBOPIOKTL Y PO3KPUBHMX i BMICHUX Nopoaax ca-
MOCTIiViHI MOKMagun, CEeneKkTUBHUI BUOOOYTOK i BUIYYEHHSI
SAKUX TEXHOMOrYHO MOXIMBI Ta EKOHOMIYHO AOLiMbHI Y Npo-
ueci BUaobyTKy OCHOBHUMX KOpUCHWX konanuH (Mpo 3aTBep-
keHHs Knacuaikadii..., 1997).

@PopmynroeaHHs1 yineli cmammi. 3aBoaHHAM [aHOMoO
OOCNioKEHHS € y3aranbHEeHHs | cucteMmaTusadis napameTpis
KOHOMUIM AN poOoBULL FPaHTIB, AKi pO3TalloBaHi B MeXax
NOLUMPEHHS NbOOOBUKOBMX BidknagiB, Ans skvx nepenbda-
YEHO KOMMMEKCHE BUKOPUCTaHHS KOPUCHUX KOMaruH.

© Nykomcbkun Bnagucnas, Kypuno Mapis, 2024
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3anacu KopucHuUx KonasuH - obesiru,
BUSIBMEHI Ta NigpaxoBaHi Ha Micuj

OcHo8HI KOpUCHI KonanuHu i KOMNOHEHTU - KOPUCHI KoManuHn
i KOMMOHEHTMW, LLO BU3HAYalOTb MPOMMWCIIOBE 3HAYEHHS
poposuLa

3anaraHHs 3a 4aHUMU reosioriYHoro
BMBYEHHS BiAKPUTUX POOOBULL
KOPUCHUX KonanwuH

Pecypcu KoOpucHUX KornarnuH - o6csrun
KOPUCHMX KOMarsuH i KOMNOHEHTIB
HEBIOKPMTUX POAOBMULL, OLHEHI SIK

MOXNWBI A1 BUAOBYTKY i nepepobku

Npu Cy4aCcHOMY TEXHIKO-€KOHOMIYHOMY

piBHi pO3pObKM POAOBMLL

O6'extn T'EO Ta nigpaxyHky 3anacis
B MeXax pogoBuLL LLieGeHeBOi CMPOBUHU

CynyTHi KOPUCHI KONamnuHW i KOMMOHEHTM - KOPUCHI KONanuHu
i KOMMOHEHTH, BUOOBYTOK SIKUX, BUIYYEHHS
i BUKOPUCTAHHA TEXHOMOTYHO MOXITUBI TA EKOHOMIYHO
OoUinbHi y npoueci nepepobkn OCHOBHOT CUPOBUHM

CninbHo3ansrato4i KOPUCHI KonanuHu

Puc. 1. Cucrtemarusauisa o6'ektie 'EO gna poaoBuLy webeHeBOi CUPOBUHM BiANOBIAHO A0 HOPMATUBHUX AOKYMEHTIB

Pesynbtatun

O6'exTaMun JaHOro AOCNIMKEHHS € poAoBMLLEA KpucTani-
YHMX nopig (byaiBenbHOro KaMeHto), siKi po3TalloBaHi B Me-
Xax MOLMPEHHSA INbOOOBUKOBMX BigknagiB, 3okpema
CocHiBcbke, borycnascbke Ta KowwliiBcbke pogoBuLLa rpaHi-
TiB, a TakoX pogosule nabpagoputy "CuHin KamiHb". 3a
KifbKIiCTIO 3anaciB Ha3BaHi pogoBMLLA NPUPOAHOrO KaMeHHo
Hanexarb [0 CepeaHiX, Ans SKux 3anacy karteropii A + B + C1
ouiHeHi y kinbkocTi 10 000-30 000 Trc. M3, a Takox 40 ma-
NX poJoBULL, ONS SKMX 3anacy NPOMMCIIOBMX KaTeropin
ouiHooThea A0 10 000 Trc. M3.

[nsa ysaranbHeHHs i cuctemaTtumaadii napameTpiB KOHOK-
Ui ANa po4oBMLL, FPaHITIB, SIKi pO3TalLOBaHi B MeXax NnoLum-
PEHHS1 NbOOOBUKOBMX BiAKNadiB, BUKOPUCTAHO BUBIpKY
poOoBMLL, siKi MalOTb OOCTATHIA CTyMiHb reonoriYHoro Bu-
BYEHHSI i MPOMMCIIOBOro OCBOEHHS. Bci 06'ekT matoTb nia-
paxoBaHi nNpomMucrioBi 3anacu (GanaHcoBi) OCHOBHOI Ta
CYNYTHIX KOPUCHWX KonanuH (6e3 OUuiHKM NPOMMCIIOBOrO
3HAYEHHsI PO3KPUBHUX MOpia).

BpaxyBaHHSA pO3KpMBHUX MOpig sIK CYMYTHLOI KOPUCHOT
KonanuHu nepeabayae po3pobky BiANOBIAHMX KOHAMLIA Ha
MiHeparnbHy CUPOBUHY, siKi BU3HAYEHI SIK "CyKYMHICTb rpaHny-
HWX BUMOT [0 SIKOCTi Ta KinbKOCTi MiHEpanbHOI CUPOBUHK B
Haapax, ripHU4O-reonoriYHNX YMOB 3ansraHHs, ripHU4oTex-
HIYHMX Ta iHWKMX YMOB pPO3pOoOKM MPOOYKTUBHUX MOKMaAiB,
OOTPYMaHHA SkuX nig 4Yac nigpaxyHKy 3abesnedye Hau-
BinbLLU NOBHUA N EKOHOMIYHO ehEeKTUBHUIN BUOOOYTOK i BUW-
KOPUCTaHHS1 HasiBHMX 3anaciB Ta pPecypciB  KOPUCHMX
konanuH" (Mpo 3aTBepmkeHHs IHCTpykuii..., 2003).

BnacHe Ans OKOHTYpeHHS NMPOMMUCMOBMX 3anacie BCTa-
HOBMIOKTb NapamMeTpy KOHAMUUIA, siKi € rpaHnyYHUMKn abco-
NIOTHAMU  (MiHIManNbHYMK, MaKCUManbHUMK) 3HAYEHHAMMN
NMOKa3HMKIB KOHOMLIiN, SIKi BCTAHOBMIOKOTLCS Ans Npobu, iH-
TepBany, po3BigayBanbHOro nepeTuHy, BugobyBHOro ycTymny
4Yn NigpaxyHKoOBOro GoKy MPOAYKTMBHOIO Moknagy Ha nig
CTaBi TEXHIKO-EKOHOMIYHMX PO3PaxyHKiB, YNHHUX CTaHdap-
TiB | TEXHIYHMX YMOB, TEXHIYHMX 3aBOaHb KOPUCTyBayiB
Haap, 4OCBigy reonoropo3sigyBanbHMX pobiT Ta ekcnnyara-
uii pogoeuwy (Mpo 3aTBepaxeHHs IHCTpyKLUi..., 2003).

Ons nigppaxyHky 3anacis y 90 % Bunagkie BUKOPUCTaHO
Taki napameTpu:

1. CtpaturpadivyHa NpuypoYeHiCTb KOPUCHOI KonanuHu
— HWKHBbOMPOTEPO30MCLKI HE3MIHEHI IPaHiTU Ta MOpPYLUEHI
BVBITPIOBAHHSIM FPaHITV YMaHCBKOIO KOMMIEKCY.

2. MNapameTpu SKOCTi KOPUCHOT KONanuHu:

¢ (hi3nKo-MexaHiyHi BMacTMBOCTI, O BM3HAYaloTb npu-
OaTHICTb CMPOBUHY;
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e ns BUpobHMUTBA WebeHto ByaiBensHOro BiaNoBiaHO
no sumor ACTY B.B.2.7-75-98 "LLe6GiHb i rpaBin WinbHMiA
npupoaHin onsi 6yaisensHUx matepianis, BUpobiB, KOHCTPYK-
Lin Ta pobiT. TexHiyHi ymosn";

e Ns BMPOOHUUTBA KameHio OyTOBOro BigmnoBigHO [0
sumor OCTY B.B.2.7-241:2010. "KamiHb 6yTOBUIA. TEXHIYHI
ymoBu";

e NPOAYKTY OPOBNEHHSs rpaHiTy Ha ppakLiiHMiA LWebiHb,
SKi NpeacTaeneHi Biagcisom, BignosigaoTb Bumoram OCTY
B.B.2.7-210:2010 "Micok i3 BiaciBiB APO6GNEHHS BUBEPXKEHUX
ripcbkmnx nopig anst 6yaisenbHUX pobiT. TexHiuHi ymoBu", i
MOXYTb BUKOPUCTOBYBATUCh SIK TOBapHa NpoayKLis;

e [nsi BUpOOHMLTBA 06nuLitoBanbHMX BUPOOIB i3 Gr1okiB npu-
poaHoro kameHto BignosigHo o sumor ACTY b.B.2.7-59-97
"Broku i3 NPUPOJHOro KameHto Arst BUPOOHMLITBa 0bnuLtoBars-
HKX BUPOGIB";

e KOpMCHa KonanvHa, npyaaTHa Anst BArOTOBMEHHS Lue-
OeHto wWinbHoro: dpakuii noHag 5 go 10 Mm BkM., NoHaa
10 go 20 mm BKn., noHag 20 go 40 mm Bkn., noHag 40 go
70 MM BKI. Ta cymil dopakuivi noHag 5 go 20 mm BKr., NoHaz
0 go 40 mm BKn., noHan 0 go 70 mm BKN.;

e KOpMCHA KoManuHa npuaatHa Ons BUTOTOBIIEHHS Ka-
MeHo GyTOBOrO;

e MakcuMarbHa CymapHa NuTomMa akTUBHICTb NMpUpoAa-
HWUX pagioHyKMiaiB y npobax KOPUCHOI KoManmHU He MOBUHHA
nepeBuLLyBaTn 3HadeHHst B 370 Bk/kr BignosigHo o [OBH
B.1.4-1.01-97 "Cuctema HOPM i MpaBwi 3HWKEHHS PIiBHS
iOHi3yI0UNX BUNPOMIHIOBaHb NPUPOAHNX padioHykniAais B Oy-
AiBHMUTBI. PernameHToBaHi pagiauinHi napametpu. Jonyc-
TUMI piBHI".

3. 'paHn4YHi BUMOrK A0 TiPHUYO-TeonoriYHUX YMOB PO3-
po6KM:

e BiAHECEHHA A0 PO3KPMBHUX NOPIO OKPEMMUX NiTONoriy-
HUX Pi3HOBMAIB — 'PYHTOBO-POCIIMHHUIA AP, MiCOK, XXOpPCTBa
Ta BUBITPEHI rpaHiTy;

® MaKCMMarnbHa TOBLLMHA PO3KPUBHUX MOPi4 CTAHOBUTb
Bia 1 go 28,5 m.

4. BCTaHOBMNEHHSA OXOPOHHUX LinukiB, BMOyxoHebe3ney-
HWX 30H Ta iH.

5. MakcumanbHa rmmbuHa po3po6Ky | FOPU3OHT MigpaxyHKy
3anacis.

Ha puc. 2-5 HaBegeHo npuknagn napaMmeTpiB KOHAULRA
ONns TUNOBUX PpofoBMLY LieGeHeBOT cMpOoBUHM KWIBCLKOT
obnacri.
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CocHiecbke podoeuuje 2paHimie

« 1. KopucHa konanuHa - He3MiHeHi Ta nopyLUeHi BUBITPIOBaHHAM rpaHiToian ¢acTiBCbKOro KOMMMEKCY HUXHBbOMO
npoTepo301o;

* 2. ®i3nko-mMexaHiuHi BNacTUBOCTI KOPUCHOI KoNanuHu, Ski BU3Ha4aloTb NPUAATHICTb AnNA BUPOOHMUTBA LebeHio
GyaiBenbHOro, Ans BUpOGHMLTBa KameHo ByTOBOro Ta NpoAyKTiB ApobneHHs rpaHiTy Ha dpakuinHuii WwebiHb, Ski npea-
CTaBreHi BiaciBoM;

» 3. l'opun3oHT nigpaxyHKy 3anaciB +76,0 M, y KOHTYpi kap'epy, 06r'pyHTOBaHOro po6o4rM NpoeKToM.

* 4. 3a piBHeM NpupOAHOI pafioakTUBHOCTI rpaHiT NOBWHHI Bignosigath sumoram HPBY 76.

Puc. 2. MapameTpu AnsA niapaxyHKy 3anaciB CocHiBCbKkoro pogosuilua

Bozycnaecbke podoeuuje 2paHimie

» 1. KopucHa konanuHa — HWKHbOMPOTEPO3OWMCbKi HE3MIHEHI FPaHITV Ta MOPYLUEHi BUBITPIOBAHHAM rpaHiTh y
MaHCbLKOro KOMMIEKCy;

* 2. ®disnko-mexaHiuHi BNacTUBOCTI KOPUCHOI KOManuHu, siki BU3HA4alOTb NpuAaTtHiCTb Ansi BUPOOHMUTBA
LwebeHo OyaiBenbHOro, AnNA BUPOOHMLTBA KameHo GyTOBOro Ta MPOAYKTIB APOOMEHHs rpaHiTy Ha dpakuinHWi
webiHb, sIKi NnpeacTaBneHi BiaciBowm;

» 3. KopuvcHa konanvHa npugatHa Ansi BATOTOBIEHHS! LeBHH0 LWinbHoro: dpakuii noHag 5 Ao 10 MM BkI., NoHag,
10 po 20 mm Bk1., noHag 20 go 40 mm Bkn., noHag 40 o 70 MM BKI. Ta cyMilw dopakuivi noHaa 5 oo 20 MM BKI1., NOHaz
0 no 40 mm Bkn., noHan 0 oo 70 mm BKn.;

+ 4. KopuvcHa konanvHa npugatHa Ans BUroTOBIIEHHSI kaMeHio ByToBoOro;

+ 5. [lo po3Kp1BHUX MOPiA Ha POAOBULL BiAHECTM I'PYHTOBO-POCIIMHHWIA LIAp, MICOK, XXOPCTBY Ta BUBITPEHI rpaHiTy;

* 6. MakcumanbHa NoTYXHICTb PO3KPUBHMX MOpPiA CTaHOBUTL A0 28,5 M;

» 7. lMigpaxyHok 3anacis BUKOHaTW B KOHTYpi MPOEKTHOro kap'epy BigMNoBiAHO A0 NPOEKTY po3pobku poaoBuLLa,
0o BigmiTkn +33,0 m;

» 8. MakcumanbHa cymapHa nuToma akTUBHICTb MPUPOAHUX padioHyknigis BianosigHo ao ABH B.1.4-1.01-97;

* 9. OXOPOHHI LinNuKN HABKOSO TPAHCMOPTHYUX LLUNSXIB;

* 10. OxopoHHui uinvk 100,0 m p. Pocs;

* 11. BubyxobeaneyHa 3oHy B 300,0 m Big Hanbnmx4mx 3abyaisens.

Puc. 3. MapameTpu ansa nippaxyHKy 3anaciB BorycnaBcbkoro pogosuiia

Kouwjiiecbke podoesuuje epaHimie

+ 1. KopucHa konanuHa - HWKHbOMPOTEPO30WChKI HE3MIHEHI IPaHITW Ta NOPYLUEHi BUBITPIOBAHHAM rPaHiTy;

* 2. Pi3anKo-MexaHivHi BMacTUBOCTI KOPUCHOI KONanuHW, SiKi BU3Ha4aoTb NPUAATHICTL ANA BUPOOHMLTBA LiebeHio
6yaiBenbHoro, Anst BUpobHULTBA KamMeHo ByTOBOro Ta NPoAyKTiB APO6NEeHHs rpaHiTy Ha dpakuiHuii WwebiHb, Ski
npeacTaBreHi BiAciBoM;

« 3. NigpaxyHok 3anaciB BUKOHATK B KOHTYpi kap'epa 0O rOPU3OHTY 3 aBCONIOTHO BigMiTKO +45,0 M.

* 4. 3a piBHeM NpupoaHOI padioakTUBHOCTI rpaHiT NOBUHHI BignosigaTn sumoram HPBY 76.

Puc. 4. MapameTpu ansa nigpaxyHky 3anaciB KowiiBcbkoro pogosuiya
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Podoeuuye nabpodapumy "CuHil Kamivb"

BanbHWX BUPOGIB.

» 1. KopvicHa konanuHa - HWXHbONPOTEPO30MChKi HE3MIHEHI rPaHiTU Ta NOPYLUEHI BUBITPIOBAHHAM rpaHiTy;

» 2. ®isnko-mexaHivHi BNaCTUBOCTI KOPUCHOT KOManuHu, siki BU3Ha4yatTb NPpUMAATHICTb Anst BUPOOHULTBA 6r1ovHOro
OCTY BB.2.7-59-97 "Bnoku i3 NpUMPOAHOro KamMeHio Ans BUPOOHUUTBA oGnuutoBanbHUX BMPOGiB. 3aranbHi TEXHIYHI
ymoBun". ®isvko-MexaHiuHi BractmeocTi kameHwo: O6'emHa Bara: 2660-2740 kr/mM® , BOOOMOrMMHAHHA Martepiasny:
0,02-0,06 %, Mexa MiLHOCTi Ha cTuck: 125-168 MPa cTilkicTb 0 cTupaHHs: 0,09-0,16 r/cm?;

» 3. KopucHa konanuHa npugatHa Ansi BATOTOBIIEHHS GrOKIB i3 NpMpOAHOro kaMmeHo Ans BUpobHuuTBa obnuuto-

* 4. 1o po3KpUBHWMX MOpiA Ha POAOBULLI BiAHECTU I'DYHTOBO-POCIVMHHWIA LWap, NiCOK, )XOPCTBY Ta BMBITPEHI rpaHiTh
\ « 5. 3a piBHEM NpupoaHoOi padioakTMBHOCTI rpaHiTK BignoeigaoTb BuMoram HPBY 76. J

~

Puc. 5. MapameTpu gnsa nigpaxyHky 3anaciB pogoBuiia "CuHin KamiHb"

Ak 6a4mmo, y nepeniky napameTpiB BiACYTHI NMOKa3HUKU,
AIKi XapaKTepU3ytoTb MOXITUBICTb BUKOPUCTAHHS FMsiLianbHUX
Ta pniosiornsauanbHMX Nopig, Wo cknagakTb iCTOTHY 4vac-
TUHY PO3KPUBY OaHWX PodOBMLL. [Nnsi OUiHKM BMKOPUCTaHHS
LUMX nopig SK CynyTHbOI KOPWUCHOI KOManuHW MPOMOHYETLCS
BpaxyBaTW X reonoriyHi 0COBMMBOCTI, OCKINMbKN Y MiBHIYHMX
perioHax YkpaiHu BUAINAIOTL SK NbOAOBUKOBI, TaK i ¢ontoBio-
rnauianbHi Bigknagu. JlbogoBukoBi Bigknagw, abo Tinnwu,
CKNafeHi 3 HeCOPTOBaHMX BanyHIB Ta ranbku pisHOro cknagy
Ta BiKy B ApPiOHO3EPHUCTI MMUHUCTIA MyroBI maTpuLi. ToB-
wuHa Bigknagis — Big 0,5 m go noHag 18 m. Li Bigknaaw, siki
cknagarTb iCTOTHY YacTMHY PO3KPUBHMX MOpid, MOXYTb
TakoX po3rnagaTncb SK CynyTHi abo cninbHO 3ansratodi Ko-
PWCHI KoManuHW, siki MOXyTb abo BXe BUKOPUCTOBYHOTLCS B
OyaiBenbHin iHAyCTpil Ta B NaHAwWadTHOMY OU3alHI.

Ockinbku (Mpo 3aTBepmxeHHs1 MonoxeHHs..., 2006)
BMKOPUCTaHHSI PO3KPUBY 3MiHIOE e(EKTUBHICTb PO3POOKM
OCHOBHOI KOPUCHOI KOManvHu, To B JAHOMY BMMNaaKy Aopey-
HUM € 3aCTOCYyBaHHSI FPaHWYHOrO KoediljieHTa pO3KpuBY
(krp), SIKMIN XapakTepu3ye NMTOMUNA (HA OAMHMWLIKD KOPWUCHOI
KOnanuHu) makcumarnbHuii 06'eM PO3KPUBHMX Mopid, LUO
nepemillytoTecs, 3a skoro Butpatn (Ce') Ha BUOOOYTOK
OAMHULI KOPUCHOI KOManuvHW BiOKPUTUM CNOCOOOM He

'paHn4HM KoedilieHT po3kpuBy
6,0
® 53

50 ° 48

® 43
4,0

3,0
2,0
1,0

0,0
0% 10% 20%

nepeBuLLytoTb aHamnoriyHux sutpaT (Cp) npu nig3emMHomy
cnocobi, To6To Ce < Cn. BenuumHa Cs' BU3Ha4YaeTbCca 3a
dopmynoto:
CB’=CB+kT-Cp ,

ne: Ce — BUTpPaTK Ha BUOBYTOK 1 T KOPUCHOI KonanuHy 6e3 ypa-
XyBaHHS1 BUTPAT Ha PO3KpWBHiI poboTw, rpH; Cp — BUTpaTK Ha
po3pobKky 1 M3 PO3KPUBHUX MOPI4, MPH; Km — NOTOYHUI Koe-
cilieHT poskpuBy, M3/T.

3Ha4YeHHs KoedilieHTIB PO3KPUBY € BaXXMBMMM NOKa3-
HUKaMy BigkpuTuX po3pobok. BoHu cnyxaTb Anst BU3Ha-
YEHHs EeKOHOMIYHO e(dEeKTUBHMX rpaHuulb  BiOKPUTKX
ripHWUYMX POGIT i rpaHNYHOT rMMBKMHKU Kap'epis Npu po3pobui
NOXMIKX | KPYTUX NOKNagAis, WO 3ansranTb Ha 3HAYHINA K-
OVHi, a TakoX A4na NraHyBaHHSA NPOAYKTUBHOCTI Kap'epy i co-
GiBapTOCTi KOPUCHOT KOMANMHM.

Onsa nepeniyeHux ob'ekTiB Oyno BCTAHOBMEHO pO3paxyH-
KOBE 3HaYEHHS1 IPaHWYHOrO KoediLlieHTa pO3KpuBY, sike re-
XWTb y Mexax 3-5 m%m3 i sanexuTs Big cobiBapTocTi pobir,
rmmbrHM po3pobku Ta iHWKX dakTopis. Ha puc. 6. HaBegeHo
3anexHiCTb rpaHNYHOro KoediLieHTa PO3KpuBY Bif 3MiHN CObi-
BapTOCTi BUOOOYTKY KOPUCHOI KOManuHM Ta PO3KPUBHUX PODIT.

® 39
® 32

30% 40% 50% 60%

[OuHamika 3ameHLweHHA cobiBapTocTi BUAOOYTKY i pO3KpUBHUXPOGIT

Puc. 6. 3anexHicTb rpaHM4YHOro KoediuieHTa po3KpuBy
Bif, 3MiHM coGiBapTOCTi BUAOOYTKY KOPUCHOI KOManvHU Ta PO3KPUBHUX PoGiT
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Iunckycis i BUCHOBKM

Omxe, Npy KOMMIEKCHOMY OCBOEHHI POAOBWLL, TPaHITIB,
po3TalloBaHUX y Mexax NoLMpeHHS NbOOOBUKOBKX Bigkna-
4iB, Mae NPOBOAMTUCH re0rioro-eKOHOMIYHA OLiHKa, sika ne-
penbavae xoya 6 oOguH BapiaHT anbTepPHATMBHOMO
BMKOPUCTaHHSI PO3KPUBHUX MOPIA sIK CynyTHBOT abo chinbHO
3ansarat4doi kopucHoi konanuhu (Mpo 3aTBepakeHHst Kna-
cudpikauii..., 1997). NapameTpamun KOHAWLIN, SKi AOAATKOBO
00 TpaguuinHuX napamMeTpiB SKOCTI Ta KinbKOCTi 3anacis pe-
KOMEHAYIOTLCA 4O BUKOPUCTAHHS, € TPAHNYHUIA KOediLlieHT
PO3KPUBY Ta MiHIManbHi/MakcMMarbHi pO3Mipy BasnyHiB i
ynamkiB y nopogax rnsuiansHoro i ortosiornsauiansHoro no-
XO[IKEHHS, L0 MOXYTb BMKOPUCTOBYBATUCh K ByaiBenbHa
CUpOBMHa Ta MaTtepian Ans naHawadTHOro An3anHy.

BHecok aBTOpiB: Bnagucnas Jlykomcbkuin — meToaonoris, 36ip
Ta aHani3 gaHux, NiarotToBka intocTpauii HanucaHHsa (opuriHanbHa
yepHeTka); Mapia Kypuno - koHuenTyanisauis, meTogonoris,
hopmanbHWiA aHani3 NigroToBKa intCTpaLiin, HanucaHHs (nepernsg
Ta pearyBaHHsi).

Cnuncok BUKOPUCTaHUX axepen

BuMorn Ao KOMNEKCHOro BUBYEHHS POAOBMULL, i MiAPaxyHKy 3anacis cymy-
THIX KOPUCHWUX KONanwH i KOMMOHEHTIB Ta BiAXOAIB FipHUYOro BUPOBHMLTBA.
(1997). fepxaBHa koMicis YkpaiHu no 3anacax KOpUCHUX KonanuH, cT. 17.

MinepanbHi pecypcn Ykpainn. (2020). [epxaBHe HaykoBO-BUPOGHWYE
nianpnemcTeo "[epxxaBHni iHpopMaLiiHWiA reonoriYHmi doHa Ykpainn".
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CUT-OFF PARAMETRES FOR RESERVES CALCULATION OF CONSTRUCTION STONE
DEPOSITS WITHIN THE DISTRIBUTION OF GLACIAL SEDIMENTS

The study objects are crystalline rocks deposits, which are developed for the production of construction and crushed stone, and are localized
within the distribution of glacial and fluvioglacial deposits. Traditionally, the cut-off parameters for such deposits mainly take into account the
requirements for the quality of the main mineral, the mining depth and the overburden thickness.

The study systematizes the cut-off parameters for reserves calculating for deposits of construction and crushed stone. The cases of assessment
of the main mineral, co-occurring and by-product minerals have been determined. Traditionally, the cut-off parameters for such deposits mainly take
into account the requirements for the quality of the main mineral, mining depth and the overburden thickness. It was defined that the following
parameters are used for the reserves calculation for most objects: 1) stratigraphic definitions of the mineral — mineral — Lower Proterozoic unaltered
granites and weathered granites of the Uman complex or other crystalline rocks; 2) mineral quality parameters, where the main physical and
mechanical properties determine the suitability of raw materials for the production of crush stone and for the production of rubble stone; 3) the
maximum thickness of overburden is from 1 to 28.5 m; 4) defining security cells, explosive zones, etc.; 5) the maximum mining depth and horizon of
reserve calculation. The maximum total specific activity of natural radionuclides in mineral samples should not exceed the value of 370 Bq/kg. The
products of crushing granite into fractional crushed stone, which are represented by screening, are also evaluated and must meet the requirements
of the standard "Sand from screenings of crushing igneous rocks for construction works. Specifications".

This study examines the effectiveness of comprehensive development of construction and crushed stone deposits. In particular, it is proposed
to consider overburden rocks, which are represented by deposits of glacial origin, as accompanying minerals, which have the directions of using raw
materials in the construction industry and landscape design. The limit coefficient of overburden for the studied deposits is calculated.

The dependence of the limit coefficient of overburden on the change in the cost of mineral extraction and overburden work is determined.

Keywords: cut-off parameters, reserves calculation, reserves of construction and crush stones, glacial deposits.
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FEPMAHIN K ENEMEHT KPUTUYHOI CUPOBUHM.
BYPOBYIriJibHI POOOBMLIA 3AKAPNATTA
AK IDKEPENO OANA OTPUMAHHSA FEPMAHIIO B YKPAIHI

(lMMpedcmaeneHo YyreHoM pedakyiliHoi kosezii 0-pom e2eon. Hayk, npog. C.A. Buxeoro)

Bu3Ha4yeHO MOHAMMSI KPUMUYHOI CUPOBUHU, 3 8paxy8aHHsIM 8U3Ha4yeHb, W0 3acmocosyomscsi y CLIA ma €eponelicbkomy
Coro3i. Ha0aHo ocHoeHi emanu cmaHoeieHHs1 HopMamueHoi 6a3u ma eumoau CLUA, €C w000 kpumuyHoi cupoeuHu. Po3a2nsHymo
XPOHOJI02i0 uy000 3MIHU KiflbKOCMi KOPUCHUX KONaJluH, sIKi € CKJ1a0080H YaCMUHOK KPUMUYHOI MiHepasibHOI CUPOBUHU.

YkpaiHa € Oepxagoro 3 MOMyKHOK MiHepaslbHO-CUPO8UHHOI 6a3oto, 6a2amcmea Hadp sikoi 3ymoerieHi ocobnueocmsiMu 2eosoaiy-
Hoi 6ydoeu i mepumopii. YkpaiHa eosiodie nomyHuUM pecypcHUM MomeHyiasom i Moxe cmamu oGHUM i3 npoeidHuUX ceimoeux eupob-
Hukie desikux sudie KOPUCHUX KOMasluH, y moMy YUcCJli makoi eaxJsiueol cuposuHU, sik 6epuili, 2epmaHiti ma 2paghim. Y Hawili Oepxaei
HasieHi 6/1u3bKO 22 efleMeHMie KOPUCHUX KONasluH, sIKi Haslexamb G0 KpumuYyHUX i Micmsimbcsi @ neperiky KpumuyHux 0nsi €C.

lMpoeedeHo aHani3 ma nepcrneKmueu 8UKOPUCMAaHHSA Pi3HUX Memodie ma cyYyacHUX MeXHOJI02ill 8UsTyYEeHHSI 2epMaHito sIK
00HO20 3 efleMeHmMie KpUMUYHOI cuposuHuU. Po32nsiHymo mMoxnueicme w000 8UKOPUCMAaHHSI Cy4YacHUX Memodie eusly4yeHHsl 8
YkpaiHi, 30kpema Ha npuknadi 6ypoeyeinbHux podosuw; 3akapnammsi.

B YkpaiHi came 6ypoeyeinbHi podoeuwa 3akapnamms Malomb rnomeHyian cmamu eaxnueum OxxepesioM Os1s1 auGo6ymky pi-
OkKicHux (pidko3emenibHUX) erleMeHmis, y momMy yucii i 2epmaHito. Onpaybo08aHO MOXJIUgICMb 3aJly4YeHHsI Cy4acHUX ceimosux
mexHousoeil, siki 6 cnpusinu eudobymky 6ypozo 8yzinns e 3akapnammi 3 ompuMaHHSAM ycCiX iCHyr04YUX eKoslo2i4HUX ma couyia-

JIbHO-€K0JI02i4HUX 8UMO2 YUHHO20 3aKoHoOaecmaea.

Acouiayia cepmaHito 3 pidkicHUMu (piOKo3emenlbHUMU) efleMeHmaMu y yux podoeuliax Moxe nideuuwyumu eKOHOMIiYHY UiH-
Hicmb iX KOMMJIEKCHO20 8UKOPUCMAaHHSI, OCKiJlbKU iCHyIOmMb 3aKOpOOHHI mexHosozil, o 0aromb 3M0o2y 0OHOYacHO euslydamu

KiflbKa KpUMUYHUX eJleMeHmie 3 00Ho20 Oxeperna.

lMponoHyembcs enpoeadxxeHHs MexHo02ill suny2o8yeaHHsi ma gpriomauyii ns nidsuuweHHs1 epekmueHocmi sudobymky. Lle
crnpusimumMe eKOHOMIYHOMY 3POCMaHHI0 pe2ioHy ma eidnogidamume ceimosum sumMo2am W,000 KPUMUYHOI CUPOBUHU.

BkazaHo Ha HeobxiOHicmb 3anpoeadxeHHs e YkpaiHi Cmpamezii eudob6ymky pidko3zemesnibHUX ma piokicHUX MemaJiie OJis rno-
KpawieHHs1 eKOHOMi4HOI cumyauii 8 2ipHU40006yeHili npomucsiogocmi. A came, Heo6xiOHOCMi KOMMJIeKCHO20 eidnpauroeaHHs
podosuuy 6ypoeo 8yeinns, 3 io2o 8UKOPUCMAaHHAM SIK nanuea, mak sik d)xepesa pioko3emeslbHUX Memariie, Heo6xiOHuUx Ons cy-

4acHUX mexHorsoz2il y npomMucriogocmi.

Knw4yoBi cnoBa: kpumu4yHa MiHepanbHa CUPOBUHa, 2epMaHili, 6yposyzinbHi podosuwa, pidkozemensHi ma piokicHi Memanu,

eusty4eHHs1 2epMaHiro.

BeTtyn

OcTaHHIM YacoMm akTyanbHOro 3Ha4yeHHs y CBiTi HabyBa-
10Tb NPOBNeMM CTanoro EKOHOMIYHOTro po3BUTKY, SiKi 6esrno-
cepefHbO MOB'A3aHi 3 Pi3HUMKU NpUYMHaMu. He ocTaHHi
porb y po3B'si3aHHi Liei npobnemu Bigirpae MOXnNMBICTb AO-
CTyny KpaiH A0 MiHepanbHOI CMPOBUHW, NepeayciM A0 Tiel,
sika Ma€ cTpaTeriyHe 3Ha4YeHHs.

Y 2024 p. HabpaB 4MHHOCTI 3akoH €C npo KpUTUYHY
MiHeparnbHy cupoBuHy (gani — KMC), cnpsmoBaHui Ha 3a-
6e3neveHHs amBepcudikoBaHoro, 6e3neyHoro Ta cranoro
nocTayaHHsi BaXXNMBUX CUPOBUHHWX Marepianis aong npo-
mucnosocTi €C.

apaHTOBaHUIA [OCTYN OO HUX € HEOOXiAHMM ANsi cTpaTe-
riYHMX CEKTOpIB, BKMHOYAKOYM 3eneHi TexHonorii, uudposisa-
Lijito, 0OOOPOHHY 11 aepoKOCMiYHY ranysi. 3a3HaveHun 3akoH
3MILHIOE BHYTPILLUHI MOTY>KHOCTI Ta NaHLIOXKN NOCTa4yaHHs
KPUTUYHO BaXKINMBUX CUPOBMHHUX MaTepianiB y €C, npogos-
XYHUM Npy LboMy 3ycunns 3 ix gusepcudikadlii.

Y KOXHil 3 kpaiH NoHATTS KMC BM3Ha4aloTbCcs BUXOOAYM
3 BUMOT HaLioHanbHOro 3aKOHO4ABCTBA, YMOB KOH'HOHKTYpU
PUWHKY, rany3eBoi METOANKU OLIHKM, MOXIMBOCTI 3aMiHU Ha
niacTaBi iAEHTUYHOCTI iX BNAcTMBOCTEN, BiAMOBIAHICTIO TEX-
HOMOriAM YUCTOI eHeprii i T. iH.

MeToponoria Bu3HayeHHs noHaTTs KMC novanu po3spo-
6nsatn we y 2008 p. y CLUA. BoHa noGyaoBaHa Ha Tpbox
0o3Hakax: 1) MOXNMBICTb 3aMILLEHHS iHWWM BWOOM CUPO-
BVHU; 2) hyHKLiOHaNbHa HE3aMiHHICTb; 3) pM3UK NMOCTaBOK.

ISSN 1728-2713 (Print), ISSN 2079-9063 (Online)

Lle dpakTyHO Ti Mapkepu, siki 4ak0Tb 3MOTY TY Y iHLLY KOpu-
CHy konanuHy BigHocutu o nepeniky KMC (Bapsiubka, 2020).

Ba3soBi noHATTs Ta nepeniku KMC 3MiHioBanucs y yaci Ta
Oynu NoB'si3aHi 3 iICTOTHUMK 3MiHAMW reoMNONITUYHUX | TEXHO-
noriyHMx obcTaBuH. Po3BMHEHI KpaiHn MatoTb pidHi nigxoam
wono copmysaHHs nepeniky KMC, ane no BCbOMYy CBiTY ro-
noBHUM i "crnoxuBadyeM" € "3eneHi" eHepreTuyHi TexHomnoril
(aTomHa, coHsYHa, BiTpPOBa Ta BOAHA eHepreTvka) Ta 3pocra-
to4e BUPOOHMLITBO ENEKTPUYHMX TPAHCMOPTHUX 3acobiB.

Tak, MiHictepcTBo eHepreTukm CLUA B nunHi 2023 p. BK-
pano 3BiT 3 ouiHkm KMC (Critical Materials Assessment,
2023). Y 3BiTi 3a3Ha4aeTbCA, WO NPOTAroM MoHag AecAaTu
pokiB MiHicTepcTBO hiHaHCyBano pyHaaMeHTanbHi Ta npu-
KnagHi OoCnigKeHHs Ta po3poOKU HayKOBO-AOCAIOHUX PO-
OiT, NOB'A3AHMX 3 KPUTUYHO BaXXNMBUMU MaTepianamu, Lwob
BUPILLNTW HAYKOBO-TEXHIYHI Mpobnemu, siki nexxatb B OCHOBI
BPa3nMBOCTI NaHLtora noctavanns. Lli inBectuuii ctanu mo-
XNMBMMU 3aBAsiKM nepLuin ctparerii woao KMC y 2010 p.

OuiHka kpuTnyHUX matepianis 2023 p. gana amory MiHi-
ctepctBy eHepreTukn CLUA BU3HaunTK npioputety ons iH-
BECTULLIN Yepe3 JOCNISKEHHS, pO3pO0OKy Ta BNPOBaAKEHHS
ONSA KPUTUYHUX MaTepianis, NPOAOBXYHOYN MPOrpec y Hay-
KOBO-TEXHIYHUX [HHOBALiAX Y MOEAHAHHI 3 PO3LUMPEHUM
(HOKYCOM Ha 3HWXKEHHI PU3MKIB | PO3LUMPEHHI TEXHOMOTIN KO-
Mepuianisauii Ans CTBOPEHHS Ta TpaHcdopmalii BHYTpiL-
HiX NaHUtoriB MocTavyaHHs.

© bypnyubkuit Mukona, JlutBuHiok CtaHicnas, 2024
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Y €C nutaHHa KMC, 3okpema repmaHito, Takox po3rns-
[AETbCS B KOHTEKCTi nepexoay A0 3ereHoi eKOHOMiku, Ae
Lievi eneMeHT Bifirpae BaXxnuBy porib Y BUPOOHNULITBI COHAY-
HUX MaHenen Ta iHWKX TexHonorin. €sponencbka Komicis
noymHatodi 3 2011 p. cknagae Ta cuMctemMaTUYHO neperns-
Aae caiit nepenik CRM (Mykhailov et al., 2023).

Y 2017 p. 6yno po3pobneHo OUPEKTUBHUIA OOKYMEHT,
AKAN MICTUTb KepiBHI NMPUHUMNW BU3HAYE€HHS Ta METOOUKY
ouiHkn KMC gns €C. BignoigHo 40 LibOro MeToan4Horo ao-
KyMeHTy y 2023 p. po3pobrieHuii Ta onybnikoBaHui cpiHanb-
Hun 3BiT 3 gocnigpkeHHsa KMC ansa €C (Guidelines, 2017).
Toro > PpoOKy BWWLLIOB [OOKyMEHT €Bponericbkoi Komicii
(Methodology..., 2017). Llen goKymMeHT Bkntoyae KpuTepii,
nigxoam i metogornorii AN BU3HAYEHHS! KPUTUYHUX MaTepi-
anie, SIKi MalOTb XXUTTEBE BaXIVBE 3HAYEHHS ANS iHAYCTPIn
€C, 3 ypaxyBaHHAM €KOHOMIYHOI 3HAYYLLIOCTi Ta PU3MKY Mo-
cTayaHHs. [JokyMeHT NigKpecroe BaXMBICTb CTINKOro noc-
TaYaHHA repMaHito Ta (HWKUX KPUTUYHUX EeSIEMEHTIB,
OCKiNbKM iX BiACYTHICTb MOXe 3aranbmyBaTh po3po0bKy cTpa-
TeriYHUX TEXHOMOTIN i UMdPOBOro ManbyTHLOro €Bponu.

Ha ocHosi gaHnx €C npo nepeniku KMC noHag 10 pokis
36epiraeTbCs CTika TeHAeHUis 4o po3sLumpeHHs nepeniky KMC
€sponeiicbkoro Cotosy, skvii 3a Le Yac 36inblumeca 3 16 go
34. 3aranom nepenikn KMC € gocutb nokasoBummn 3 nornsgy
po3BUTKY (260 CTUMYMIOBaHHSA) MEBHUX HANPAMIB EKOHOMIKU Ta
NPOMMCIOBOCTI Ana aaHoro periony (Grohol et al., 2023).

YKkpaiHa € 4ep)KaBoto 3 NOTYXXHOK MiHeparnbHO-CUPOBUH-
Hoto Gasoto, GaraTtcTBa Hagp sIKOI 3yMOBIEHI 0cobnmBoc-
TAMKM reonoriyHoi OygoBu i TepuTopii. BogHovac Hawa
KpaiHa € OOHMM i3 NPOBIAHMX CBITOBMX BUPOOHUKIB AESKMX
BUAiB KOPUCHUX KONamnwuH, y TOMY YUCHi Takoi BaXnMBOI Cu-
POBUHM, SIK MapraHeLb, TUTaH i rpadit. Xo4a nepenikn KMC
CUWA, €C i YkpaiHm matoTb gocutb H6arato cninbHUX BUAIB
CUPOBWHM, YKPAIHCbKMI Nepenik mMae CyTTEBi BiAMIHHOCTI
(Hanpuknag, mae 8 BrnacHux BMAIB). HWHI Hawi cTpaTeriyHi
KOPUCHI konanuHu 6inbw nogibHi o nepeniky KMC CLUA,
Hix €C, Wo € gocutb HenoriyHuM. Lie moxxe 6yt nos'aAsaHe
He nuLle 3 pi3HM PO3BUTKOM EKOHOMIKM Ta MPOMMUCIOBOCTI,
ane 1 3 MeToavkamMy BU3HAYEHHS KPUTUYHOCTI (JIUTBUHIOK,
& bapsiubka, 2024).

Y HaLwin fepxasi HasBHi GNIN3bKO 22 KPUTUYHUX KOPUCHUX
KonarvH, o MiCTATbCH, 30Kpema, B Nnepeniky KpUTUYHUX Ana
€C (MopTtdponio..., 2023). Y nunHi 2021 p. YkpaiHa Ta €Bpo-
nericbkuin Coto3s ykrnanu MemopaHaym npo crtpaTteriyHe nap-
THEPCTBO LWOAO CUPOBUHHMX pecypciB. Kpim Toro, y 2024 p.
YkpaiHa ctana 4neHom Minerals Security Partnership (MSP)
Forum. 3aBoaHHsIM LibOro YNIEHCTBA € HanaromKeHHs napT-
HepcTBa 3 kpaiHamu, 6araTumum Ha pecypcy, i kpaiHamu 3 Bu-
COKMM  MOMMTOM Ha Ui pecypcu, Ans  BUBYEHHS
B3a€MOBMrigHMX NPOeKTiB. NpoTe B YKpaiHi NOHATTS "KpUTu-
YHa MiHepanbHa cupoBuHA" abo "KPUTWMYHI KOPUCHI Kona-
NHU" 0O UbOro Yacy 3aKOHOAABCTBOM HE BM3HAYEHO.

Memoro po6omu € aHani3 Ta NEPCNEKTUBYU BUKOPUCTaHHS
Pi3HUX METOAIB i Cy4acHUX TEXHOMOTNIN ANns BUNYyYEHHs1 repma-
Hito SIK OJHOrO 3 €flEMEHTIB KPUTUYHOI CUPOBUHM.

B YkpaiHi came 6ypoByrinbHi pogosuLla 3akapnattsa ma-
I0Tb PECYPCHUIN NOTEHLian cTaTn BaXMBUM JXepenom Ans
BUOOBYTKY PigKiCHUX (piOKO3eMenbHUX) eneMeHTiB, 30K-
pema i repmaHito. Acoujauia repmatito 3 pigkicHumm (pigko-
3eMenbHMMKN) enemMeHTaMu y podoBuLLax Takoro reonoro-
NPOMUCIIOBOIO TUMY MOXe MiABULLUTU X €KOHOMIYHY LiH-
HICTb Ta KOMMMEKCHICTb BMKOPWUCTaHHS i3 3aCTOCYBaHHAM
Cy4acHUX TEXHOMOTIN.

KomnnekcHa po3pobka 3a3HavyeHuX podOBWLY BKIOHYAE
OBa HanpsiMu: BUKOPUCTaHHsI Oyporo Byrinns sk nanvea Ta
BUIMYYEHHS LiHHUX KOMMOHEHTIB (repmaHini Ta iH.) SK 3 Byri-
NbHOI Macu, Tak i 3 BYrinbHOi 3011 Ta NeTI4YUX 305T0BUHOCIB.
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MpONOHYETLCS BNPOBaMKEHHSA TEXHOSOTIN BUIMYroBYBaHHS
Ta dnoTauii Ana nigBULLEHHS edeKTUBHOCTI B1OobyTky. Lle
CNpUATUME EKOHOMIYHOMY 3POCTaHHIO PErioHy Ta BiaMoBiaa-
TUME CBiTOBVM BYMOram LLIOJ0 KPUTUYHOI CUPOBUHM.

Oan1510 ocmaHHix docnidxeHb i nybnikayil. MNoHATTA
KMC, meToamkm Ta MeToaonorii BU3Ha4eHHs il KpUTUYHOCTI,
akTyanbHi nepenikv Ta crpaterii wopno KMC pi3Hux kpaiH,
30KpeMa i repMaHito, BU3HayeHa pisHMMU METOANYHUMU Ta
HopmaTuMBHUMKM fdokymeHTamu CLUA, €sponencebkoro Co-
to3y, KaHagn, Aectpanii (Australia's..., 2023; Canada and
U.S..., 2020; Carrara et al., 2023; Hund et al., 2020).

My6nikauii octaHHix pokiB i3 CLUA Ta iHWMX KpaiH npo
BUITyYEHHSI repMaHilo 3 Byporo Byrinmns NokasyloTb aKTUBHI
pocnigkeHHs B Ui ranysi (Shpirt et al., 2023; Vogel, Mieke,
& Bertau, 2023; Rafique, & Chang, 2022). IHwi ny6nikauii
aKUEeHTYIOTb yBary Ha reoximiyHoMy aHanisi po3noainy rep-
MaHilo B Pi3HMX podoBULLAX BYFiNNA, a TakoX Ha HOBUX TEX-
HOMorisiX BUy4YeHHst uboro enemeHTa (Luo et al., 2023; An
et al., 2022; The Extraction..., 2024).

Y pocnifXeHHsX OCTaHHIX POKiB BUKOPUCTOBYIOTb Me-
TOAM rpasiTauiHOro noAiny, HWU3bKoTeMnepaTypHOro crii-
KaHHS1, XMNOpUAHOrO AUCTUIIOBAHHA Ta iHWI cyyacHi
TEXHOIOril ANA MakcUMi3aLii BUny4YeHHs repmaHito Ta iHWnx
PiOKICHUX €eneMeHTiB i3 3anuLKiB BYriMbHOTO 3ropsHHSA i
3onu. Ui pgocnigxeHHa gonomaralTb ONTUMI3yBaTu Mpo-
Lecun nepepodkun 1 BUIYYEHHST PiOKICHUX €NleMEHTIB 3 BY-
rnns, Wo crae Aedarni BaXMMBILLMM 4epe3 3POCTaHHS
NOMUTY Ha KPUTWUYHI MiHepanu ans Cy4acHUX TEXHOMOTiN.
JocnigXeHHs Wwoao BUNy4YeHHS piakicCHoO3eMenbHUX eneme-
HTiB (P3E) Ta repmanito 3 Byporo Byrinns (nirHity) 3ocepe-
[KEHI Ha TakMx Temax, K BUKOPUCTaHHS 3aruvLLIKOBUX
NpPOAYKTIiB BYriNbHOI NPOMMUCIIOBOCTI AN BUOOOYTKY KpUTU-
YHMX MiHepanis.

Mpobnemam BUMyYeHHs1 (OTPUMAHHS) T8 BUKOPUCTaHHSA
KPUTUYHOT CMPOBMHU OOCHIOKYBanMca y npausx BiTYM3HSA-
Hux ¢axisuiB (LLexyHoBa, 2023; ByuuHcbka Ta iH., 2023;
Bnanpa Ta iH., 2011; bynat, & BapaHos, 2021).

PesynbTaTtn

epmaHit sik eleMeHm Kpumu4Hoi cuposuHu. OoHUM i3
MeTanis, LWo € kpuTndHuM stk ana CLUA, Tak i €Bponeiicbkoro
Cotoay, € repmaHin. Cepea iHLIXX HaMiBNPOBIOHNKOBMX MaTe-
pianiB repMaHin 3a CBOIMW €neKTPUYHUMW BRaCTUBOCTAMMU
NMOCTYNAETLCA NULLE MOHOKPUCTANIYHOMY KpeMHit0. OHak sik-
iCTb (4MCTOTA) KPEMHItO NMOBMHHA OyTK BULLOK (MPUGNN3HO B
10 pasiB), HiXX JOMNYCKAETLCA NSt FepMaHito.

IMNopT mMeTaneBoro repmadito Ta giokcuay repmatito
(i3 BmicTom repmanito) y 2023 p. 3pic npnbnusHo Ha 20 %
nopieHsaHo 3 2022 p.

KuTtan npogosxye 3anuwiatucsa NnpoBiaHUM CBITOBUM BU-
pPOBHUKOM i ekcrnopTepoM repmaHito. Y cepnHi ypag Kutato
3anpoBaaMB Nporpamy fileH3yBaHHsSI eKCropTY repmaHito.
EkcnopTepu noBuHHI Bynn nogaty 3asBKy Ha €KCNOPTHY fi-
LieHsito AN KOXHOI napTil repMaHito, HagasLwu ypagy iHdo-
pmaLilo  nNpo  3aKOPAOHHOTO  MOKynuA Ta  KiHUeBe
BMKOPUCTaHHs. EkcnopT MeTaneBoro repmaHito (kogu exc-
nopty Knrtato 8112.92.10 i 8112.99.10) 3a pik 40 BepecHs
2023 p. 3pic Ha 34 % po 34 600 «kinorpamie MOPIBHAHO 3
aHanoriyHum nepiogom 2022 p.

Hanbinbwe uen ekcrnopt 6yB crnpaAmoBaHui o Pocii
(21 %), HimeuwunHu (19 %), MoHkoHry (18 %), CLUA (17 %),
Benbrii (9 %) Ta AnoHii (8 %).

Llinm Ha meTaneBui repmMaHin i giokcua repmadito (€B-
pona, MiHiManeHui BMicT 99,999 %) 3a3Bmyal 3poctanu
MiX CiYHEM i )KOBTHeM: LiiHa Ha MeTaneBuii repMaHin 3pocna
3 1150 po 1550 gonapis 3a kinorpam, a uUiHa Ha giokeua re-
pmaHito — 3 725 no 940 gonapis 3a kinorpam.
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3Haxo0)eHHs1 2epMaHito 8 npupodi. Cnig po3rnsgaTtu
NUTaHHSA KOMMMEKCHOT pO3pOo0KM BYTiNbHUX pPOLOBUILL (30K-
pema, 6ypoByrinbHUX poAoBuLy, 3akapnaTtTs), 3Baxaroumn Ha
HasABHICTb Y BYTiNNi KpimM, repMaHito, Lie Linoro KoMnrekcy
XiMiYHMX eneMeHTIB (acoLiaLii XiMiYHMX enemMeHTiIB), Lo Ha-
nexatb OO0 piAKo3eMernbHUX Ta pigkicHux metanis, Ginb-
LWICTb 3 AKMX € HA Len Yac KPUTUYHOK CUPOBUHOIO.

epmaHii YacTo TpannaeTbCs y BYriNbHUX POOOBULLAX
pa3oM 3 iHLIMMU pigKo3eMEeNbHUMY Ta MeTanesMu eneme-
HTaMW, TaKMMU K raniin, BaHadin, CkaHain i piako3emenbHi
enemeHTV (NaHTaHoign). Ui enemeHTn MoxyTb ByTH npucy-
THIMW Y BYTiNbHUX NNacTtax — y BUrMsAi AOMILLOK Y MiHepa-
nax abo y CTPyKTypi opraHiyHoi pedosuHu. Ix acouiaujis
MOSICHIOETLCH CXOXMMMW FE€OXiMIYHMMUN YMOBaMW YTBOPEHHS
Ta KOHLeHTpaLii B ocagoBux b6aceliHax:

1. lanit Mmae TicHUiA 3B'A30K i3 repMaHiem | TpannaeTbes y
BYTiNni Ta BYrinbHUX 30Max sik AoMillka. BukopuctoByeTbCs B
HaniBNPOBIAHMKaX i COHAYHUX BaTapesx, SK i repmaHin.

2. BaHaOili 4acTo TpannsaeTbecs pa3om 3 repmaHieM y By-
riNbHUX POAOBULLAX | BUKOPUCTOBYETLCH Y BUMPOOHULITBI
cneuianbHUX cTaneu i katanisaTopis.

3. CkaHOili Ta iHWIi pigko3emMernbHi eneMeHTn 3asBuyan
TpannsAwTbLCA Y BYTinfi Yepe3 Moro 34aTHICTb KOHLEHTPY-
BaTW Pi3Hi MeTanu B 0CafoBMX Nopoaax.

Y Byrinni 4acto NPUCYTHI MIKpOENeMeHTU, SKi MOXYTb
dopmyBaTK KOMMMEKcHM abo B3aEMOAIATM 3 iHLIMMK eneme-
HTamu Ta MiHepanamu. OCHOBHI eneMeHTH, siKi YacTo Tparn-
NSTECA B PiI3HUX BYTiNbHUX POAOBMLLAX:

1. l'epmanit (Ge). Ymeoptoe crionyku 3 cipkoro abo npu-
cymHil y suensdi okcudie y syainni. epmaHil makox mMoxe
6ymu nos'sasaHull 3 op2aHi4HOH PeYOB8UHOH.

2. Cipka (S). 3ycmpivaemsbcs 8 nipumax (FeS;), 0e makox
MOXymb 6ymu 8KITIOHEHI MIKpoerieMeHmU, maki siKk 2epMaHill.

3. ApceH (As), cauHeub (Pb), yuHk (Zn). Moxyms acouito-
eamucs 3 nipumamu abo iHWUMU CyrbIOHUMU MiHepanamu.

4. PidkicHi enemeHmu (Hanpuknad, 2acbHill, maHmar,
iHOIt): Tpannstombcs y 8yeinbHili 3011i ik domiuwku abo 8 op-
2aHIiyHit ¢hasi.

Acoujauis XiMiYHNX eNeMeHTIB 3 repmaHieM y 6ypomy By-
rinni Moxe BapiloBaTUCS 3anexHo Big reonoriyHux yMoB i
perioHy. 3a3Buyan repMaHii acouiloeTbCs 3 TaKUMK erneme-
HTamu, sK:

1. HQuHk (Zn) — repmaHi 4acto BUSIBNSIETLCS PasoM i3
LIMHKOM, OCKIifIbKM MOro BUMYyYEHHs1 3a3BuUYait BigOyBaeTbCs
SK NOBIYHMIA NPOAYKT Y NpoLeci Nepepodkn LMHKOBUX PYA.

2. Cmubiti (Sb) Ta ApceH (As) — Lii eneMeHTN TakoX Mo-
XyTb OYTV NpUCYTHIMK Yy BYrinMi 3 repmaHieM, 3okpema. B
yMOBaX, A& BYTiNns Mae BUCOKUIN BMICT BaXKKUX MeTaniB.

3. KpemHil (Si) — repmaHin TpannseTbes y Byrinni 'y o-
pmi cunikaTiB. KpeMmHin Moxxe OyTy BaXKITMBUM KOMMOHEHTOM
Ons acouiauii repmatito y Byrinni.

4. CsuHeuyn (Pb), Kadmit (Cd) Ta Midb (Cu) — BOHU MO-
XyTb BYTN NPUCYTHIMW B HM3bKMUX KOHLEHTpaLisx pa3oMm i3
repmaHiemM y BYTiNIbHUX POAOBULLAX.

[eski gocnigpkeHHa BKasyloTb, WO repMaHin yTBOpHoe
KOMIMIIEKCU 3 KPEMHE3EMOM Ta iHWUMW MeTanamu y cop-
Max, TakuX SK repmaHaTu, Lo BNAMBAE Ha TEXHOMOTrii MOro
BUIMYYEHHS 3 BYTiNbHOI 30N,

KoeH i3 LiMx eneMeHTiB CTaHOBUTb BMCOKUIA KOMEPLil-
HWIA iHTEpeC, OCKINMbKN BOHU BUKOPUCTOBYIOTLCSI B CyYaCHMX
TEXHOMOTISAX, 30KpeMa y BUPOOHMUTBI €NEKTPOHIKM, COHSIY-
HUX NaHernen i MarHiTiB.

HasBHi pecypcu repmanito 3a3Buyan nos'a3aHi 3 ge-
AKUMWN LMHKOBUMMM | CBUHLEBO-LMHKOBO-MIAHUMM CYNbdia-
HUMUK pygamu i pogosuamy 6yporo Byrinnsi.

Acoujauis repmaHito i3 LMMU eneMeHTaMu y BYTifbHUX
poaoBuLlax 3akapnaTtts MOXe NiABULLMTA EKOHOMIYHY LjiH-
HICTb KOMMIEKCHOr0 BUKOPUCTaHHS LMX POOOBULL,, OCKiMNbKM
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iCHYIOTb TEXHOMOTIi, L0 AakTb 3MOry OAHOYACHO BUITyYaTh
Kifibka KpUTUYHMX eNIEMEHTIB 3 OHOro AXepena.

Ceimoee supobHUUmMeEo 2epmatiro. Bigomo, Lo rep-
MaHin BnpobnsBcst abo KOMepLiHO nepepobnsiBcsa nuile B
Kinbkox kpaiHax, Bkntovaroun CLUA, Benerito, Kanagy, Ku-
Tan, HimewunHy ta Pocito.

Kutan € nigepom 3 BugobyTky repmaniio (pogosuiia y
BynaHTysi Ta JliHuaHi). JaHi wono BnaobyTky 3a OCTaHHI
POKM MoOKa3ykoTb, WO KnTanm npoOoBXye yTpuMyBaTU Mpo-
BiAHI NO3MLiT 3aBAAKM 3HAYHMM 3anacamM repMaHito y ByTinb-
HUX nnacrax.

Ockinbku GinbLUiCTb BUPOBHMKIB HE NOBIAOMNATL Ny6ni-
YHO MPO BUPOBHMLITBO repMaHito, rnobanbHi AaHi Npo BMPOO-
HULTBO Gynu obmexeHumu. barati Ha repmaHii pogoBuLLa,
BKITHOYAI0YM XBOCTOCXOBULLA, SKi Aisin abo akTMBHO po3po6-
nanucs, 6ynu y CLUA, Kutai, KoHro (KiHwaca) ta Pocii. Oa-
HaK JaHuX Mpo 3anacu Lux poaoBULL, 3arariom He Gyno.

[aHi npo 3anacu repMaHilo He HaaXoAWnn B LUMPOKMX
3BiTax Ha piBHi LUAXT 41 KpaiHW, TOMY iX Byro BaXKO KiMnbki-
CHO BU3HAYUTMW.

HasaBHi pecypcu repmaHito NoB'A3aHi 3 AeAKUMU LUHKO-
BUMW i CBMHLUEBO-LIMHKOBO-MIOHUMMW CyIbiaHUMK pyaamum i
poaosuLLaMm Byporo Byrinns.

HewonaBHi 3BiTM BkMoYaoTb rpadiki Ta tabnuui, ski
nokasyloTb CBITOBY AMHaMiKy BUOOOYTKy repmaHito. Hanpu-
knag, y gonosigi MeonoriyHoi cnyx6ou CLUA MoxHa 3HanTH
Jiarpamy WoAo BUPOOHULTBA Ta CMOXMBAHHSA repMaHilo B
Pi3HMX CeKTopax, TakmX SIK OMNTOENEeKTPOHiKa Ta COHsYHAa
€HepreTuka, LWo € BaXNMBUMM CNOXMBa4aMm LbOro enemMe-
HTa (Mineral Commodity..., 2024).

Memodu eunyyeHHs1 2epMaHito 3 ayzinnsa. OCHOBHI Me-
TOOW BUITYYEHHSI repMaHito 3 BYrinns i ByrinbHOI 30ru BKItoYa-
I0Tb PI3HOMaHITHI XiMiYHi Ta TepMidHi npouecu. Hanpuknag,
BYFiNMs 3 BUCOKMM BMICTOM repmMaHito (K y Kutai) npoxoamnts
06pOOKyY 3 BUKOPUCTaHHSIM KUCITOTHOMO BUITYrOBYBaHHS Ta Mo-
[AanbLUOro OCamkKeHHs 3 PO34MHIB. Y AeAKMX BUMaKax BUKOPU-
CTOBYHOTb KOMGiHaLLito dorioTaLii Ta rpasiTauiiHoro 3d6aravyeHHs
ANs NigBULLIEHHS KOHLIEHTpaLii repMaHito.

Bucoki koHUeHTpaUii Lboro enemeHTa 4acto 3ycTpiva-
I0TbCs y 36aradeHomy BYyTinsi, TAKOMy sIK Ha BYTifIbHOMY po-
posuwi BynaHTyra B Kutai.

"epmaHiii NnpucyTHIN y Bypomy Ta Kam'asHOMy BYyrinni B
He3Ha4yHMX KOHLIeHTpaUisix, ane Yyepes Noro LiHHICTb po3po-
©neHo Kinbka MeToAIB AN BUMYYEHHS LbOro eneMeHTa.

OCHOBHI MeTOOM BUITYyYEHHS repmaHito 3 6yporo Ta kam'-
SIHOrO BYTINIISA BKITHOYaIOTh:

1. FpasimauiliHe 36acaveHHs. Llen meTon nonsrae y
disu4HOMY po3aineHHi MiHepaniB Ha OCHOBI Pi3HUL B iX ry-
CTUHI. [insa 36araveHHs Byrinns Ta BUINyYeHHs repMaHito iHoAi
BMKOPVCTOBYIOTb METOAN BaXKKOCEPEAOBULLHOMO abo Biaca-
[pKyBanbHoro 36araveHHs. [NpoTte Len metoq moxe byTn He-
[0CTaTHBO e(PeKTUBHUM Yepes Te, Lo repmaHii 3aebinbLuoro
NPUCYTHIN Yy DOPMi PO3CIIHMX CNonyk abo AOMILLIOK.

2. ®riomauyjis. dnoTauia nonsrae y BiAAINEHHI YacToK By-
rinns 3 4oOMiLLKaM1 repMaHito Ha OCHOBI iX rigpodoBHOCTI abo
rigpodoinbHOCTI. [ns BUAINEHHS repmaHito JoaarTbes oroTa-
LifiHi peareHTu, siki BUGIPKOBO 3aXOMIOKTh Or0 CMOMYKW.

3. ldpomemanypeia. TippomeTanyprinHi MeToan BKIO-
YalTb BUITYroBYBaHHSI repMaHito 3 Byrinnst abo 3ony nicns
cnantoBaHHA. OCHOBHI nigxoau:

® KNUCIOTHE BWITYrOBYBaHHS: AN BUMYYEHHS repmaHito
BMKOPUCTOBYIOTb Pi3Hi KUCINOTHU, Taki Sk cipyaHa abo consiHa.
Lle nae 3mory po3ymMHUTM repmaHiin, nepeTsopoYmn Noro B
PO34YMH ANSA NoganbLIOro OYMLLEHHS;

e NIy)XHE BWNYroBYBaHHS: 3aCTOCOBYETbCS AN BuAa-
NEHHSI OpraHiYHNX KOMMOHEHTIB Ta BWUIYroBYyBaHHA repma-
Hit0 i3 30MK BYrinnsg 3a [AOMOMOrOK IYXHUX peareHTiB,
Hanpuknag NaOH.
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4. lMipomemarnypeis. Llen meTon BkIOYae cnantoBaHHS
BYrifns, MiCNs 4Yoro repMaHii KOHUEHTPYETLCHA B 30JIbHUX
3anuwkax. fani repMmaHin BUny4atoTs i3 3011 3a 4JONOMOro
noganblUMX XiMIYHUX onepauif, TakMx K XropyBaHHA abo
cynbdigmsauis.

5. bioziOpomemarypeais. HoBui nioxig 40 BUNYYeHHS re-
pMaHito, Lo BKMOYAE BUKOPUCTaAHHS MIKPOOpPraHiamis Ansi
posknagaHHs BYrneLeBnx i Cipy4aHux Cnonyk, Lo MICTATb re-
pmaHin. Lle nepcnekTnBHWI MeTOA, ane BiH MOKM WO He Mae
LLIMPOKOro MPOMMCIIOBOrO 3aCTOCYBaHHS.

6. Cybnimauis. Lle BucokoTemnepaTypHuUii meTon, 3a
SIKOrO repmaHiii, HassBHUI Y BYTinni, cybnimyeTtscs (nepeTso-
ptoETLCHA B MApONoAibHUIA CTaH) Npu BUCOKMX TeMnepaTtypax
i MOTIM KOHAEHCyeTbCA 3 napw. Micnsa uboro BiH Moxe OyTH
OYNLLEHNIA.

KoxeH i3 uMx meToAiB Mae CBOi nepeBarn Ta HeJoniku
(tabn. 1), i BMGip meTondy 3anexutb Big KOHLEHTpaLii rep-
MaHito y BYrifnmi, eKOHOMIYHOI AOUINBHOCTI Ta €KONOriYHMX
BVIMOT.

Lli meToam ocHoBaHi Ha pi3HUX pi3nyHKMX npouecax, a
cawme:

1. Miponis. TepmiyHa 0OpobKa BYrinms Npy BUCOKUX Te-
mMnepaTtypax 6e3 goctyny kucHtw. Lien npouec aae amory Bu-
OinuTY repmaHii y BUrNagi napu, sika noTiM moxe OyTu
KOHOEeHCOoBaHa.

2. Masndikauisa. Byrinna niggaetbca 4acTKOBOMY OKMC-
NEHHI0 3 yTBOpeHHAM cuHTes-rady (CO ta H;). lepmaHin
npu LbOMY BUITYHAETHCS 3 NETKUX NPOAYKTIB Ta 305U.

3. lNppomeTanypriiHi MemodOu. Bkno4aloTb BUIYroOBY-
BaHHS repMaHito 3 BYrifibHOr0 noneny kucnotamu (Hamyac-
Tilwe cipyaHoo abo congHol  KUCoTow). OTpumaHi
pPO34MHN 0OPOBMNATLCS ONA OCa[XKEHHSI rEPMaHilo y BU-
rnagi rigpokengy abo cynbdiay.

4. CopbuitiHi Memodu. 'epMaHin Moxe ByTu BUNy4YeHUIn
3 pigkux a3 3a JOMOMOrow cneuianbHux copbeHTiB. Llen
MeTOA Aae 3MOry BiJOKPEMUTU repMaHin 3 BigHOCHO HU3b-
KMMUW eHEPreTUYHUMUN BUTpaTamu.

5. lNna3avose 36acayeHHs. na3moBi TEXHONOrI Takox
MOXYTb OyTV BUKOPUCTAHI ANt BUNyYEHHSA repMaHito 3 neT-
KMX NpoayKTiB cnantoBaHHsA abo rasudikadii Byrinns.

3a3HayeHi MeToaM akTUBHO 3acTOCOBYKTbCs B KuTali,
HimeuunHi Ta Pocii, ockinbku Ui KpaiHM MaloTb 3HaYHi
3arnacu repmaHito, SKui MiCTUTbCH Y BYTiNbHUX podoBuLLa.

Ta6bnuuys 1

OCHOBHi MeTOAMN BUINYy4YeHHs repmaHilo: nepeBarum Ta Heaonikn

MeToau

. Onuc TexHonorii
BUITy4eHHs repmaHito

MepeBarun Heponiku

L BukopucTaHHs kucnot abo nyrie
XiMiyHe BUNYyYeEHHS! P Y

Bucoka edpekTuBHICTB ButpaTu Ha ximikaTn

01151 PO34YMHEHHSI repMaHito BUITYYEHHS! Ta YTBOPEHHS BiAXOAiB
- HarpiBaHHsi 6yporo Byrinns MoXnuBICTb OTPUMAHHS Bucoka eHeproeMHicTb
TepMoxiMiyHe 06pobeHHs P ypCe Y . P P
3 po6aBkamMu Ansi BUAINEHHS repmaHito KOHLeHTpaTy npouecy

BukopuncTaHHa MikpoopraHiamis
ans 6ioposknagaHHsa Byrinns
Ta BUIYYEHHS repMaHito

BioximiuHe BUMyYEeHHsI

EkonoriyHo ynctun npouec Hu3bka WwBNakicTb npouecy

diznyHe copTyBaHHSA 3a 0NOMOrOK MeXaHiYHMX

abo isnyHNX MeTosiB

BugineHHs repmaHieBux miHepanis

[MpocTtoTa i HU3bKa BapTiCTb Husbka edhekTUBHICTb

CtaHom Ha 2023 p. OCHOBHUMMW KpaiHamu, WO 3arMa-
HOTbCS BUNMYYEHHSIM repMaHito, BKItoYaruy BuaobyTok 3 by-
poro Byrinnga, € Kutam, Pocia Ta HimeduuHa. Ak Bxe
3a3Havarnoch BuLLe, AaHi Npo 3anacu baratbox baraTmx Ha
repMaHin pofoBuLL (BKMHOYAKYM XBOCTOCXOBULLA), SIKi pa-
Hilwe akTuBHO po3pobnsanuca y CLIA, Kutai, KoHro (KiH-
waca) Ta Pocii, BiacyTHi.

HimeyunHa mae baratuin 4OCBIA BUMYYEHHS repMaHito 3
Oyporo Byrinnsi. FepmaHin B OCHOBHOMY BUJTy4Ya€eTbCS 3 BY-
rinbHOI 30K Mg Yac cnantoBaHHA Gyporo Byrinnsa. Hanpu-
Knaz, NpoLiecu ekcTpakLii repmatito B JTyxuupkoMy GaceriHi
(Lusatian Basin) € ogHMMK 3 HanbinbWw BMBYeHUX. 3a Oa-
HUMW OAHOrO 3 AOCNIMXEHb, BMICT repMaHito y BYrinni Lboro
perioHy moxe gocsirat 100 r/T.

KuTal TakoX akTMBHO AOCHIOXKYE BUNYYEHHSA repmaHito
Ta € CBITOBMUM NigepoM 3 1Moro BUpOOHULITBA 3 Pi3HMX OXe-
pen, BknoYatoum Bype BYrinns, 30Kpema 3 BYrinbHUX Bigxo-
4iB Ta Bigknagie y nposiHuii KOHbHaHb.

CLLA Takox focnigKyoTb MOXITMBOCTI BUIMYYEeHHS repMa-
Hit0 3 BYriMNbHWX BIiOXOAiB, 30KpemMa 3 noreny nicns cnanto-
BaHHs Byrinns. Hanpvknag, y wrati MoHTaHa 6ynu 3HanaeHi
3HaYHi KiNbKOCTi FepMaHito y BYTiflbHUX pOAOBULLAX.

Lli peaynbTaTu nigkpecntooTb NoTeHuian 6yporo Byrinms
SK CUPOBUHW OS] BUNYYEHHS KpUTUYHUX MeTaniB, Takux siK
repMaHin, Ta ix BaXnuBiCTb ANs NPOMMUCIIOBOCTI.

Mpotarom 2023 p. BMOoGYTOK repMaHito 3 BYrinns 3ginc-
HIOBaBCSA B KiflbKOX KpalHax, cepepq SKnx HanakTuBHiLLe ue
pobunu Kutaii, Pocis Ta CLUA. BinbLicTe repmaHito goby-
BaETbCS AK NOBIYHUIA NPOAYKT N Yac nepepobKu LIMHKY Ta
Byrinng. MNpoTte getanbHi umMdpK BiACOTKOBOro BUAOBYTKY
repmatito 3 Byrinnsa 3a 2023 p. y BigKpuUTUX JKepernax He

ISSN 1728-3817

nyo6niKytoTbCS LUMPOKO, OCKINbKN Ui AaHi € YaCTKOBO KOMep-
LinHoto iHbopMaLieto.

IMnopT MeTaneBoro repmatito Ta giokeuay repmadito (i3
BMICTOM repmaHito), 3a oujiHkamu, 3pic npubnunsHo Ha 20 %
y 2023 p. nopiHaHO 3 2022 p. — go 38 000 kr. ImnopT
TeTpaxnopvay repMaHito HEMOXIMBO BU3HAYUTU KifbKiCHO
3a HagABHUMW AaHMMuK Toprieni. [nobanbHi AaHi Npo BUPOG-
HULUTBO Ta NepepobKy repmatito 6ynu obmexeHumu, a ooc-
TYNHi ouiHKK Byno BaXXKo NepesipnTu.

AHaniz zepmaHieHocHocmi 6ypoeyzinbHux podo-
euuw, ma nposigie 3akaprnamms 30iNCHIOBaBCA 3a pe3yrb-
TaTamMu  MpPOBEAEHUX  MOLUYKOBO-PO3BiAyBanbHUX  Ta
BUNpobyBanbHMx pobit npotsrom 50—-80-x pokiB XX CT.

Tak, 3okpema, 3a pesynbraTtamu pobiT, NpoBeAeHUX Y
1960 p. KniBCbkM reonoropossigyBanbH1M TpecTtom, 6yno
CknageHo 3BiT NPo pe3ynbTaTi NoLyKOBO-BUNPOOYBanbHUX
pob6iT Ha repmaHii, BUKOHaHMX 3akaprnaTCbKO reosioropo-
3BigyBanbHOKW ekcneauuieto Ha TepuTopii CTaHicnaBcbKoi
Ta 3akapnatcbkoi obnacten CPCP npotdrom 1958—
1959 pp. Ta HagaHo xapaktepuctuky no 10 ginaHkax Ta
ByrnenposBax 3akapnatcbkoi obnacti (Jlesuukuii, 1960).

Y 3BiTi HaBeaeHi pe3ynbtati no 2300 npobax cnekTparnb-
Horo aHanisy Ta 100 npobax Byrinns Ta nopig, LWo BMiLLyoTb
Byrinnsi. BogHouac HagaloTbCs BiZOMOCTI NPO cnekTporpadi-
YHE BM3HAYEHHS IHLMX PIOKICHNX Ta PO3CIAHMX eNeMEHTIB,
O TPanmnsoTbCs B 3051 BYrinns Ta BMICHMX MOPOAAX, 30K-
pema 6epwunito, ranito, ckaHgito, iTpito, iTepbito, NaHTaHy.

3a pesynbTatamum CrnekTpansHoro aHanisy nogaHo aetarni-
3auito woao 25 xiMmiyHux enemeHTiB. Taka KinbkicTb Oyna Bub-
paHa He BMMaKoBO, afyKe BiAMoBiAHO OO0 YMHHUX Ha TOW Yac
"TumyacoBMx BKa3iBOK LLOAO BUNPOOYBaHHS i niapaxyHKy 3a-
naciB repMaHito Ta iHWKX PigKICHUX eneMeHTIB Y poaoBuLLax
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Byrinna" BCi Npobu HeobXigHO nigmaBaTV HaMiBKINbKICHOMY
crnekTpansHoMy aHanisy 3 oboB'a3koBoto Aetanisauieto no 30
XiMiYHMX enemeHTax. OcKinbkn N'ATb eNeEMEHTIB HEe BUSIBIIEHO
B KOAHIM 3 Mpo6, [0 >XypHaniB CrneKTpanbHOro aHanisy He
BKITHOYEHI iHAjW, Kagmin, TTaH, py6igiv Ta Lesii.

OcHOBHi HanpsiMu pobBIT 3 NUTaHb BUMYYEHHS repMaHito
3 BYrifbHUX podoBuLy YkpaiHu, 30kpema pogosuly, Byporo
BYrinnsa 3akapnarTs, Taki:

1. lposedeHHsi nodanbwux 2e0/1020p038i0y8arnbHUX
pobim Ha BypoByrinbHWUX pogosuwax 3akapnartta Ans no-
LYKy HanbinbLL NEpCNeKTUBHUX HA repMaHii OinsiHOK Haap.
BuBYeHHs yMOB 1X 3ansiraHHsA Ta MOXITMBOCTI KOMMIEKCHOMO
X OCBOEHHS.

2. Bubip cuposuHu. 'epMaHii B OCHOBHOMY BUITy4a€ETbCS
3 BYTiNbHOI 3011 Mig Yac cnantoBaHHs 6yporo Byrinns. [ocni-
D>KeHi HimeLbki 6ypi Byrinns, sk nepcnekTMBHa CMpoBUHA Ansi
BUYYEHHS repMaHito, OCKINIbKM BOHW MICTSITb 3HAYHI KOHLIEH-
Tpauii uboro ernemeHTa (BMICT repmaHito y Byrinni Jlyxuub-
koro 6acenHy moxe gocsaratu 100 r/T). NpoTe Gype Byrinna
BakapnatTs Mictutb o 250-300 r/T ByrinbHOI Macw, 3okpema
oKpemi ainsaHkn biraHcbkoro pogosuwa. BogHoyac BmiCT re-
pMaHito B 3011 ocTaHHboro, gocsrae 1000 r/T.

3. MNpouecu suny4eHHsi. PO3rnsaHyTi BULLE Pi3Hi TEXHO-
NOriyHi Npouecu, 3oKpema Taki, sk rasudikadis i niponia, Mo-
XyTb OyTV BUKOPUCTaHI ANsi BUIYyYEHHsI repManito 3 6yporo
Byrinns 3akapnarrs.

4. ExonoeiyHi acnekmu. TMoBUHHI ByTn pO3rnsHyTi eko-
NOriYHi HacnigKkM BUMYyYeHHs repmaHito, 3o0kpema Heobxia-
HICTb 3MEHLUEHHs1 BUMKWUAIB i ONTUMI3auii npoueciB ana
MiHiMi3auil BNAIMBY Ha HABKOSULLHE CEPEnOBULLE.

5. Mepcnekmusu docnidxeHs. MNMopganbLui AOCHioKEHHS
HeoOXigHI ANsi MOKpaLLEeHHA TeXHOMorin Ta 36inblUeHHS
e(eKTMBHOCTI BUNy4YEHHS repmatito 3 0yporo Byrinnsi.

Ouckycisi i BACHOBKKU

Komnnekc npoBegeHunx nonepefHix AocnigkeHb Ta BU-
BYEHHHA METOZIB BUITy4YEHHS repMaHito 3 OypoBYTiNnbHUX po-
[OOBWLL, 3 BUKOPUCTAHHSIM Cy4aCHUX TEXHOIOri, 30KpemMa B
Jlyxuubkomy GacenHi (HimewumHa) Ta iHWMX, Ha nigcra.i
OaHuUX LLoJ0 BMICTY Ta YMOB MOLUMPEHHS PiAKO3eMeNbHUX
Ta piaKicHUX meTaniB, y TOMy YnCri | repmaHito, y noknagax
BYFiNns Ta BYriNbHi 301, 4OBOAUTL MOXIUBICTb Ta AOLiMb-
HICTb BUIYYEHHA LUMX MeTaniB Nif 4ac KOMMIIEKCHOTO BUKO-
PUCTaHHSA repMaHieHOCHMX NirHiTiB 3akapnaTTs.

BpaxoBytouun 3a3HayeHe, Ans eOeKkTUBHOIo Ta paLjioHa-
NbHOrO0 OCBOEHHSA Ta KOMMMEKCHOTO BignpaLuloBaHHS poao-
BuL, Byporo Byrinnst 3akapnaTtTs, 3anponoHOBaHO:

1. Po3pobutu gepxxaBHy CTpaTerito LLOAO BUMNYYEHHS pi-
OKICHO3eMernbHMX Ta pigKICHUX enemMeHTiB, 30KpeMa i repma-
Hito B YKpaiHi.

2. Bu3HaunTy OCHOBHI nepeBarv nepepobku 6yporo By-
rinna Ans eHepreTMyHoi 6e3nekn Ta TEXHONOrYHOro Po3Bu-
TKy YKpaiHu.

3. Po3pobutn pekoMeHaauii LLoao nojanbLlumMx HayKoBMX
OOCNiMKEHb Ta iIHBECTUL y BUOOBYTOK repmaHito B YkpaiHi.

4. BctaHOBMTW NogaTKoBi MiNbru Ans 3anyyeHHs Hagpo-
KOpUCTYBa4YaMm HOBUX Cy4aCHMUX EKOSOTMYHO YNCTUX TEXHO-
TOri 3 BUNYyYEeHHA repmanito 3 Oyporo Byrinnsi.

BHecok aBTopiB: Mukona Bypnyubkuin — KoHuenTyanisauis,
opMyIOBaHHS ifel i BU3HAYEHHs1 HACTYMHMX 3aBAaHb AOCHIKEHD,
MEeTOAONOriA, HanucaHHsi (opwriHanbHa uJepHeTka, nepernsig i
pegaryBaHHsl); CtaHicnaB JIMTBMHIOK — Banigauisi AaHuX, KiHUeBa
obpobka MaTepianis, HanucaHHs (Nepernsag i peaaryBaHHs).
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GERMANIUM AS AN ELEMENT OF CRITICAL RAW MATERIALS.
COAL DEPOSITS OF TRANSCARPATTIA — A SOURCE OF GERMANY IN UKRAINE

The concept of critical raw materials as it is interpreted in the USA, the European Union and other countries is defined. The main stages of the
formation of the regulatory framework and the requirements of the USA and the EU regarding critical raw materials are provided. The chronology of
changes in the amount of minerals, which are a component of critical mineral raw materials, is considered.

Ukraine is a country with a powerful mineral and raw material base, the riches of its subsoil are determined by the peculiarities of the geological
structure of its territory. At the same time, our country is one of the world’s leading producers of some types of minerals, including such important
raw materials as manganese, titanium and graphite. There are about 22 critical minerals in our country, which are included, in particular, in the list of

critical for the EU.

The analysis and prospects of using various methods and modern technologies with the aim of extracting germanium as one of the elements of
critical raw materials were carried out. The possibility of using modern extraction methods in Ukraine, in particular for the lignite deposits of

Transcarpathia, was considered.

At the same time, in Ukraine, it is the lignite deposits of Zakarpattia that have the potential to become an important source for the extraction of
rare (rare earth) elements, particularly germanium. The reasons for the involvement of modern world technologies, which would contribute to the
production of lignite in Zakarpattia in compliance with all existing ecological and socio-ecological requirements of the current legislation, have been

determined.

The association of germanium with rare (rare earth) elements in these deposits can increase the economic value of their complex use, since there
are foreign technologies that allow simultaneous extraction of several critical elements from one source.
The economic expediency of complex coal processing is indicated, taking into account the possibility of obtaining energy and critical elements,

in particular germanium.

The introduction of leaching and flotation technologies is proposed to increase the efficiency of extraction. This will contribute to the economic

growth of the region and meet global requirements for critical raw materials.

It is pointed out the need to introduce a Strategy for the extraction of rare earth and rare metals in Ukraine to improve the economic situation in
the mining industry, in particular, the need for comprehensive development of lignite deposits, in particular Zakarpattia, with the use of lignite as fuel

and rare earth metals as a source of modern technologies in industry.

Keywords: critical mineral raw materials, germanium, lignite deposits, rare earth and rare metals, extraction of germanium.
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'KuiBcbkui HauioHanbHUM yHiBepcuTeT imeHi Tapaca LLleByeHka, Knis, YkpaiHna

2YKpaiHCbKuit rigpomeTeopornoriyHui iHcTuTyT, Knie, Ykpaina

METOAUYHI ACNEKTU TA PE3YNNIbTATU BUBHAYEHHA
TEXHIYHO MOXXNMBOI o raAPOEHEPFETUYHOIO NOTEHLIARNY PIYOK YKPAIHM
(HA NPUKNALI PAMOHY BACEWHY PIYKU OHIMNPO)

(MpedcmaeneHo 4neHoM pedakyiliHoi Konezii 0-pom 2eos. Hayk, npogh. O.€. Kownskosum)

B c Ty n. Jueepcudbikauis dxepen eupobHUymea ennekmpoeHepzii Habyeae 3Ha4HOI yeaz2u e nepiod cb0200eHHs1 8 YkpaiHi. Ocob-
Jlueo ye akmyanizyemscsi eugedeHHsIM 3 /1ady PocilicbKUMU azpecopamu esieKmpozeHepyroyux nomyxHocmel TEC ma eenukux 'EC.
Y ybomMy KoHmekcmi cmae saxnueum 3adisiHHS allbmepHamMueHux (8iGHoero8aIbHUX) eHep2emuYHUX dxepeJsl, 30Kkpema Masioi 2idpoe-
Hepzemuku. Came momy akmyasnbHUM € O0C/TiOKeHH MeXHiYHO MOXJIU8020 2i0poeHepaemu4HO20 rnomeHuyjany pivyok.

Me Toawun. O6rpyHmyeaHHs1 ma eesluduHy MexHi4YHO MOXJIUB020 2i0poeHep2emu4YHo020 MomeHuyiasy PiyoK MOXKHa eusHayumu i3
3arnporoHoeaHoi HaMu 3a2allbHOi CxeMu ecmaHOBJIEHHs1 MomeHyiany ons piyok YkpaiHu. [ns ybo020 npoeedeHo eKcrnepmHy OUiHKY
OCHOBHUX PU3UKi8, SIKi MOXXymb CIPUYUHUMU 3HUXEHHS1 3a2allbHo20 8UPO6HUYMea 2idpoesiekmpoeHepail.

Pe3ynbTaTtu. BecmaHoeneHo, wjo Halibinbwuli 8idcomok empam MmexHi4HO MOXJ/1U8020 rnomeHyiasy, 8iOHOCHO 3a2a/lbHO20
2i0poeHepeemuYHO20 MomeHuyiasy, npumamaHHul 6aceliHam piyok lMpun’ami, Cmoxody ma Camapu i konueaembcsi 8 Mexax 48-58,5 %.
Tym npoeioHy ponb eidicpatoms noxusnu pycen pi4ok ma 3abosioyeHicms ix 8000360pie. HaliMeHwi MokasHUKU yux empam xapaKkmepHi
9Ons makux pivok, sik Cynit, Ipkniti, Cmeuea ma Yx, i 3miHrorombcs 8id 23 do 25 %. lMpiopumemHumMu mym € empamu, 3ymMosJsieHi 3a6o-

Jlo4eHicmio ma merniopayiero mepumopii 3ansas.

BucHoBku. [MpudamHumu OG0 UKOPUCMaHHS, 3 ypaxyeaHHSIM 6CiX NMomeHYillHUX empam i pu3ukie, MOXHa eeaxamu
226087 kBm (39 %) 8id 3a2anbHo20 2i0poeHep2emu4H020 NomeHyiany 0ocnioxyeaHuX PivyoK.

Kno4yoBi cnoBa: mexHi4yHo Moxnueul 2idpoeHepeemuy4Hull momeHyias, eHepeaisi piqok, palioH 6aceliHy pidku [JHinpo, oyiHka

pu3ukis, kapma.

Betyn

BukopucTaHHs pisHUX mxepen BUpOOHMUTBA enekTpoe-
Heprii HabyBa€ 3Ha4HOI yBaru B nNepios CborogeHHs B YKpa-
iHi. OcobnuBo Ue akTyanisyeTbCs BUBEAEHHSM 3 nagy
POCICbKMMMN arpecopamy eneKkTPoreHepyymnx NoTyXHOC-
Ten TEC 1a Benuknx MEC. Y UbOMYy KOHTEKCTi CTae Baxnu-
BM  3afiiHHA  anbTepHaTMBHUX  (BiZHOBMIOBANBHUX)
€HepreTUYHUX [Kepen, 30Kpema Marnoi rigpoeHepreTuku.
HaTomicTb BapTO 3BEpHYTU yBary Ha eHepreTudHi MoXnu-
BOCTi Manux Ta cepegHix pidyok. Pasom 3 Tum nocrtae nu-
Ta@HHSA: Y/ MOXHA BWKOPUCTOBYBaTW BCK EHEpPril0 LKWX
BOLOTOKIB? Y LIbOMY CEHCI iCHY€E HU3Ka CyQ)KeHb Ta 06r'pyH-
TyBaHb, SIKi pernameHTyoTb po3noin rigpoeHepreTU4Horo
noTeHLiany pivok Sk iXHbOro BaXXNMBOro pecypcy, Tak i CTBO-
pPEeHHs HeobXiaHMX, NepenyciM, eKoNoriYHMX yMoB MOro Bu-
KOpPUCTaHHS. Y Kracu4yHin nitepaTypi po3rnsafaroTbcs Taki
BUAOW rigpoeHepreTU4HOro noTeHUiany pivyok: TeopeTUdHU
(npvpogHwi/BanoBuii), 3aranbHuUiA rigpoeHepreTUYHUA No-
TeHLjian — NoBHa TeopeTnYHa Cyma eHeprii piuykoBOro CTOKY,
TEXHIYHO MOXITMBUIA FiOPOEHEPreTUYHUIA NOTEHLian Ta eko-
HOMiYHO OBI'pYHTOBaHUN rigpoeHepreTMYHUA NnoTeHuian. o

L€l cxeMn My BBENW NOHATTHA €KOMOrivYHOro rigpoeHepreTu-
YHoro noteHuiany (O6oaoBcbkMIA Ta iH., 2016).

Y paHomy gocnigkeHHi 6yno 3pobneHo cnpoby pocni-
OUTK caMe TeXHIYHO MOXIMBWUA FiApOeHepreTUYHUN NoTeH-
Lian pivyok gk MoTeHuian, siKMM € TeXHIYHO MOXIMBUM ONA
BMKOPUCTaHHS. Y LIbOMYy Mnosisirania OCHOBHa Mema po6omu.

O6'ekmom JdocnideHHs1 0bpaHO pivkn parioHy 6a-
CelnHy pidkun [Hinpo (3a BuHATKOM camoro [Hinpa) 3a rigpo-
rpadiyHMM  paioHyBaHHAM  YKpaiHu (Xinb4YyeBCbkUA, &
[pebiHb, 2017). Yci gocnigxeHHa BUKOHAHO B Nepioa Ao Bin-
CcbkoBOro ctaHny no 2020 p. BKIHOYHO 3 BpaxyBaHHSAM OCTaH-
HiX KNiMaTUYHUX 3MiH.

MeTtoau

OO6r'pyHTYBaHHSA Ta BEMUYMHY TEXHIYHO MOXNMBOIO ria-
poeHepreTuyHoro noteHuiany (TMITT) pi4yok MOXHa BU3Ha-
YUTK i3  3anpPoMOHOBaHOI HaMW  3araflbHOl  CXemu
BCTaAHOBIEHHS NoTeHUiany ans pidok Ykpainn (O6onoBchb-
kun, daHbko, & Movaeseub, 2017; Hydropower Potentional,
2021). Lis cxema moxe 6yTn npeactaBneHa y Burnagi anro-
putmy (puc. 1).
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B 1 C H U K KuiBcbkoro HauioHanbHoro yHieepcurety imeHi Tapaca LleBueHka
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Puc. 1. AnropuTm BCTaHOBMNEHHSA riApoeHepreTMYHOro NnoTeHuUiany Ans pivyok YkpaiHu
(O6opoBcbLKMM, faHbko, & Movaeseub, 2017; Hydropower Potentional, 2021)

BusHauyeHHss TMITT] pivyok € ogHMM i3 KiHLUEBUX GrokiB
BCT@HOBJIEHHS BENUYMHM MOTEHUINHMX rigpoeHepropecyp-
ciB. 3aranbHa cxemMa BU3HaYeHHs [aHOI XapakTepucTuKu
(puc. 1) nepenbayae po3paxyHOK EHEPreTUYHOro NoTeHUiany,
3 BpaxyBaHHSAM €KOMOriYHMX BTpAT i BTPAT Ha PU3WKN Npu-
POAHUX Ta aHTPOMOreHHMUX YNHHUKIB.

Mig TEXHIYHO MOXIMBUM FigpPOEHEePreTMYHUM NoTeEHLia-
IOM MOXXHa pPO3yMiTK Ty YacTWHY 3aranbHOro rigpoeHepre-
TUYHOrO MOTeHUiany, sika € TEeXHIYHO MOXIMBOK Anis
BMKopucTaHHs. 3a (LleneHaa, 2009), noro Bu3Ha4atoTb BU-
XOAA4M 3 NOTEHLany BOAHUX PECYPCiB, AKi BapTO 3MEHLLNTY
SIK PU3KNKK Bif, BTpaT, NOB'A3aHuUX i3 cpinbTpadieto Ta Bunapo-
BYBaHHAM MpU CTBOPEHHI 3HA4YHUX 3a MOLLE BOAOCXO-
BYLL, HEMOXIMBICTIO MOBHOIO BMKOPWCTaHHA CTOKY BOAM
piykn (cnabke noro 3aperynioBaHHSA, MOXNMBI BigGopu
BOAM, BiACYTHICTb KOMyHikauin Ta JIEI Towo). WMoro Benu-
YMHa 3anexuTb TaKoX Bif: a) reosioriYHMX yMoB (cepepno-
BULLA) — TEKTOHIYHI pO3IIOMM, TEKTOHIYHI pyXu, 3eMNETPYCH,
KapcT, 3cyBu Ta ceni; 6) rigporeonoriYyHnx yMoB — piBeHb 3a-
nsaraHHA nig3emMHux Bog; B) oporpadii 6acenHy — kpyTusHa
CXUNIB Ta NOXWUMN PivOK, Pi3NYHNX BNACTUBOCTEN I'PYHTIB —
cydosis, npocigaHHs, HabpsikaHHs Towo (Llenenga, 2009;
Pyabko, & KoHceBud, 1998).

LLlogo BCTAHOBMEHHSI TEXHIYHOTO MOXIMBOrO MOTEHLi-
any B pobotax (O6ogoBcbkuid, JaHbko, & MovaeBeub, 2017;
Obodovskiy et al., 2020; Hydropower Potentional, 2021), 3a-
3HAYaEeTbCH, WO BEMMYUHW, NOB'A3aHi i3 BTpaTaMy BOOHUX
pecypciB (BTpaTu Hamnopy i BTpaTu CTOKY), 3a3BMyat MOXYTb
3miHoBaTuca B mexax Big 3 o 10 %. MNMpuyomy makcmma-
NbHi 3HA4YeHHs1 xapakTepHi ans aepusadiiiux MEC. Kpim
TOr0, MEXaHiyHi BTpaTU Mpu NEepeTBOPEHHI rigpaBnidHOi
eHeprii B enekTpuyHy moxyTb caratn 11-13 %. Pasom Be-
NYMHA UUX BTPAT CTAHOBUTb Makcumym 22—24 %. 3a cra-
pux koHcTpykuin TEC Ta ix Typ6iH BOHM HeMuHydi. OTxe,
pearnbHe BUKOPWUCTAHHS 3aranbHOro rigpoeHepreTUM4HoOro
noteHuiany (3IT1), nos'a3aHe i3 BTpaTamn BOAHWNX pecypcis,
CTaHOBUTb OPiEHTOBHO 87 %, a B OKpeMux Bunagkax Moxe
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pocsaratn 75 %. HatomicTb Ans pivyok 3aranom Li BTpatu Mo-
XyTb CTaHOBWUTU HaBiTb noHag 40 % (Mani piuku, 1991).

[0 YMHHUKIB, ik, 6E3YMOBHO, CYTTEBO 3HIDKYHOTb TEXHIYHO
MOXIMBUIA NOTeHLUian, Tpeba BigHECTUN A eKONOriYHWI NOTEH-
uian pivok (Kryvets, Obodovskyi, & Pochaievets, 2022;
Bpwvnb, Backko, & Mopo3s, 2019; lNgpoeHepreTUYHUI NOTEH-
uian, 2018). BennuunHy eHeprii TEXHIYHO MOXINNBOTO rigpoe-
HepreTM4yHOro mnoTeHujany pivYOK MOXHa BU3HAYUTU i3
3anponoHOBaHOI HAaMW 3aranbHOi CXeMU BCTaHOBMEHHS MO-
TeHujany Ans pivok YKpaiHu 3a Takum BUPa3oM:

Etvrn = E exrn — EsTraT, (1
Ae Etvrn — eHepris TEXHIYHO MOXIMBOTO TiApOeHepreTMYHOro
noTeHujany; Eekrn— eHeprisi eKororiYHoro rigpoeHepreTYHoro
noTeHujany; EstpaT— eHepria pu3uKiB, NOB'A3aHKX i3 BTpaTamu
BOJHWX PECYpCiB, HEGE3MNEYHNMM reONOriYHMMI Ta rigporeono-
riYHUMK NpouecaMmu, Hebe3neyHoK EK30reHHOK OisSNbHICTO,
aHTPOMOreHHUM BMAIMBOM TOLLO. AKLO 3aranbHUN eHepreTny-
HWI NOTeHLjan Moxe OyTn BCTaHOBMNEHWI 3 MonepeaHix 4ocri-
keHb (ObopoBcekuii Ta iH., 2017; Obodovskiy et al., 2020;
Hydropower Potentional, 2021), To BenMunHn Eexrn BU3HaYa-
IOTbCA  ANA  NPUMPOOOOXOPOHHMX  TepuTopin  (Kryvets,
Obodovskyi, & Pochaievets, 2022). HeBigoMoto Benu4uHo B
npasili YaCTuHi piBHSAHHS (1), SKa, BracHe, i Bigobpaxae Etvrmn,
3anvwaeTbest EBTPAT.

Y cBOiX po3paxyHkax Etmrn MU KOPUCTyeMOCs eKcrepT-
HOHO OLIIHKOKO OCHOBHWX PU3WKIB, SIKi MOXYTb 3HWDKyBaTK 3ara-
nbHe BMpPOobHMUTBO rigpoenekTpoeHeprii (Obodovskiy et al.,
2020; O6ogoBcbkui Ta iH., 2016; Mpobnemu rigponorii, 2019;
Hydropower Potentional, 2021). Cepef nokasHuWKIB LibOro no-
TeHUiany (K NPUPOAHMX, TaK i aHTPONOreHHMX), ki BKa3yloTb
Ha Ui pU3UKM Ons PIBHUHHUX PiYOK, 3aNpPOMNOHOBAHO Taki
(Obodovskiy et al., 2020; O6onoBchkui Ta iH., 2016; Mpobnemn
rigponorii, 2019):

e HasIBHICTb po3rany>eHux Tvnis pycen pivok (Epycn);

e MOXUNKM PIYOK i WMpKHa 3annaem (Esan);

e €po3ia I'pyHTIB, 3a60N0OYEHICTb (€K30reHHi npouecw),
(EEek30);

e kapcTt (Exapct);
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e 3aperynbLoBaHICTb CTOKY Ta MeniopaLlis TepuTtopili (Eawv);

e BifCYTHICTb KOMYHikaLin Ta JNIEMN (Exnen);

e cenuTebHe HaBaHTaXeHHA Ta iHWa rocnogapcbka
AianbHICTb (EcHrp).

MepLui YOTMPKU NMOKA3HUKM MOXHa BiOHECTU OO NpUpoa-
HWUX, HACTYMHi TPU € aHTpoNoreHHMK. "TnToma Bara" pusuky
Ha 3MEHLLEHHSI 3ararnbHOro rigpoeHepreTM4YHOro nNoTeHujiany

KOXXHOTO i3 LMX NOKa3HWKIB ANSA PiYOK, SKi NpoTikaloTb y pi3-
HUX NPUPOLHUX YMOBAX, € pisHoto (Apxunosa, 2011; Atnac
eHepreTu4Horo noteHuiany, 2020). Tomy ons HUX yBeLEHO
BiJCOTKOBI BENMUYMHM 3MEHLLEHHSI 3aranbHoro rigpoeHepre-
TMYHOrO MOTEHUiany, fki MOXHa BMKOPUCTOBYBATW SIK OIS
6aceriHoBoro 3IT1, Tak i A4nsa BiANOBIAHUX AiNAHOK pivok. Lli
nokasHuku (y %) MoxHa npeacTaBuTy y BUMMSAI BigNoBigHOI
OujiHoYHOI Tabnuui (Tabn. 1).

Ta6bnuuys 1
3MeHwWweHHs (pu3sukun Bnnusy) 3 gnsa piBHUHHUX pivok YKpaiHu (Ha npuknagi panoHy 6aceriHy piukm [Hinpo)
BupaxeHo y %
. CenuteGHe
Eposin 3aperynboBaHicTb | BiacyTHicTb | HaBaHTaXeHHA
Ne Lia PosranyxeHi| Moxunu pivyok I'PYHTIB, K Lo .
f ! apcTt CTOKY KOMYHiKaLin Ta iHwa
nmn | Ha 3IM | Tunm pycen i WwMpuHa 3abonoyeHicTb . .
. t (Exapct) Ta meniopauis Ta NNIEN rocnogapcbKa
pivok 3annaswm (Ezan) (ek3oreHHi TepuTOpiit (Eam) (Exnen) RISNBHICTD
npOLl.eCVI) (EEK3O) 3M KNEn
(ECHFIJ,)
. (Bsan/Bp<3‘
1 BigcyTHs 0 | >0,0005) 0 0 0 0 0
_ (Bsan/Bp<5, _ _ _ _ _

2 Cnabka 0,1-1 0,005>1 >0,003) 1-10 0,1-7,5 0,01-5 0,1-5 0,1-5

. _ (Baan/Bp<10, _ - _ _ —
3 MomipHa 1-5 0,003>1 >0,0015) 10-20 7,5-15 5-10 5-10 5-10

(Bsan/Bp<15,

4 CunbHa >5 | <0,0015) >20 >15 >10 >10 >10

lMpumimku.*Bsan — WMpUHa 3annasm (M), B, — wnpuHa pycna (m).

Mepwwnii i3 NpMPOOHMX MOKA3HMKIB CTOCYETLCSH 3MiHU
YMOB pycrnocpopMyBaHHS i, Ik HacnigokK, HassBHOCTi po3rany-
XEeHWUX TMNiB pycen pivok (Epycn) (Tabn. 1). MNpu nepexogi i3
Bpi3aHOro meaHgpyto4doro pycna (abo 3 pycrna 3 po3BuHY-
TUMK anioBianbHMMKU oopmamm) 40 po3ranyXeHoro pycra
(pycnoBa abo 3annaBHa GaraTopyKaBHICTb) 3MEHLLYHTLCS
MOXMIK PivOK | Magae ix TpaHcnopTyBanbHa (eHepreTuyHa)
3paTtHicTb (O6ogoBebkuii, 2001; O6oaoBCbkUiA, XinbyeBCh-
ki, & Obogoscbkun, 2018). A 3 iHWOro 6oKy, Ha OinsHKax
3 BaraTopykaBHMM PYCITIOM BWHMKAOTb MEBHi CKMagHoLi 3
npoekTyBaHHAM Ta OyaiBHuuTBOM MEC. Ane Taki OinsHKK
pycrna pi4ok MaloTb He3Ha4yHe MoLunpeHHs (He Binbwe 6 %
NPOTSPKHOCTI BCiX pivoK) Ha TepuTopii AocnigxysaHoro 6a-
ceriHy (O6ogoBcbkui, 2001).

HactynHum "npupogHuUM" €K30reHHUM YMHHUKOM, KU
noTeHLUiiHo 3MeHwwye 3IT1 pivok, € BiANOBIgHI NOXMIKN PivOK
Ta WwupwuHa ix 3annaem (Esan). YacTka HaBegeHUX NOKasHuW-
KiB 3aranoM CTaHOBWUTb CYTTEBI PU3MKM LLOOO 3MEHLLEHHSI
3aranbHoro rigpoeHepreTMYHOro NoTeHLjiany i € pisHow Ans
pi4OK perioHy. YpaxoByloun Te, L0 TepuTopist panoHy Ga-
ceriHy [Hinpa € AoBoni CTPOKaTow 3 ornsaay Ha penbedoyT-
BOPEHHS, BKasaHi B Tabn. 1 MoKasHWKU MOXYTb CYTTEBO
3meHwyBaTu BukopuctaHHsa 3IT1. Hacamnepen ineTtscsa npo
noxun pidkn. 3a mManmx NoxmniB MOMiCbKNX pivoK y cybba-
cenHax MNpun'ati Ta [lecHun i BogHoYac 3a HasiBHOCTI LUMPO-
KX, nogekyan 3abonodeHux 3anna,, BUMKOpUCTaHHS 3IT1
cTae [oBofi npobnemaTuyHMM i Mae CyTTeEBI OOMEXEHHS,
AKi HaBegeHi y nokasHukax Ttabn. 1 (O6ogmosBcbkuin, 2001;
Obodovskiy et al., 2020).

HacTynHui NOKa3HMK CTOCYETLCS €K30TE€HHMX MPOLIECIB,
TOGTO pU3MKiB Bif, epo3ii I'pyHTIB i 3abonoveHocTi TepuTopil
(Eex3o) (Tabn. 1). "BHecok" nokasHUKIB epoa3ii I'pyHTIB i 3a60-
JNOYEHOCTi Ha Hin Ha 31 moxe 6yTn HaBiTb AeLo BinbLnm,
HiXX y nonepefHbOMY BUMNAAKY, ane BOHU JOCUTb B3aEMONMO-
B'A3aHi. Tak, eposia I'pyHTIB MOXe BUpaxaTtucs yepes no-
XWAM pidkK, a BiAHOCHa LWMpWHa 3annaBu Moxe 6yTu
3yMOBIieHa il BUCOTOI i BpeLUTi-pewT 3abono4yeHicTio. Taki
OiNAHKM Ha TepuTopii AocnigXyBaHoro 6acenHy npuTamaHHi
BepxiB'aM [Mpun'ati, HWXHIM Tedigm pivok Cnydi, FopuHi,
Y6opti, Cynu. Ha Takux ginsHkax pidok BenuumHu 3ITI
MOXYTb ByTV A0BOMi 3MEHLLEHI.
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MolmnpeHHs kapcTy Ha TepuTopii gocnigxyBaHoro 6a-
CENHy TakoX NOTEHLIAHO MOXe 3MeHLLyBaTV BenuyuuHy 311
(ExapcT) (Tabn. 1). Bnnue kapcTty Moxe NposBAsSTUCH Y MMO-
BIPHOCTiI NpoCiAaHHs TepuTopii, a TakoX iHXEeHepHUX crno-
py4, PO3TallOBaHWX Ha Hil, Mepepos3noifii CTOKY PiYoK,
aKkTMBi3auii HebGe3aneyHnx ek3oreHHux npouecis. Ha gocni-
[PKyBaHi Teputopii kKapcT nowmpeHun y 6acenHax Bukiskuy,
Typii, Ctoxoga, Ctupi, MopwuHi, 3HobiBkM Ta IHrynbus. 3ara-
nom pu3ukuy Big BNnuBYy kapcty Ha 3IT1 Ha TepuTopii gocni-
OKyBaHoro 6aceviHy HesHauHi (Mpobnemu rigponorii, 2019).

Cepen YMHHKMKIB, SKi 3yMOBIEHI aHTPOMOreHHUM BMnu-
BOM LLOA0 3MeHLeHHs 3IT1, MmoxHa BMAINuTK 3aperynboBa-
HiCTb CTOKYy Ta Meniopadito 3emenb (E3m) (tabn.1). B
YMOBaxX 3aperyritoBaHHs CTOKY W 0COBNMMBO 3a HASABHOCTI
MerniopaTMBHUX TEPUTOPIN y Mexax BOAO3BIpHMX noLLy
pi4YOK, MOXNMBE A0OCUTb CyTTeBe 3MeHweHHa 3IT1. BoHo
noB'a3aHe nepegycim i3 NopyLleHHAMU rigpaBniyHUX napa-
METPIB NMOTOKY PI4OK, X NOXWMiB (HANopiB) Ta yMOB (PYyHKLIIOHY-
BaHHA cucTeMu "MOTiK-pycrio”, CNpUYMHEHMX nepeposno-
Ainom Butpat Bogn. Ha TepuTopii gocnigxysaHoro 6acenHy
3aperynboBaHuX AinsHOK piyok HebaraTo, a MeniopoBaHi
nnowi 3anmarTb [O0BOMiI 3Ha4yHy Teputopito. Ocobnmeo
Lle CTOCYETbCA MOJIICbKUX PiYOK, HVXKHBOI Tedil Poci, Binb-
WwaHku, TacMmmHy Ta KoHku.

HacTynHum aHTPONOreHHUM YYHHUKOM, SKUIA MOXE 3MEH-
wwutn 3IT], € BiACYTHICTb KOMYHIiKaLi Ta NiHin enekTponepe-
[ad 'y Mexax Bogo3bipHnx 6aceiHiB Ta B3OOBX pivok (Exknen)
(Tabn. 1). BupobHuuTBO enekTpoeHeprii, 0cobnmMBo Ha Manmx
EC, € gouinbHMM 3a yMOB 6113bKOi BiACTaHi O eHeprocno-
*wmBayva (0,5-2,5 km) (Pygpko, & KoHcesuy, 1998).

BopHouac matoTb 6yTK obnawToBaHi pi3Hi KOMYyHikaLii
(Boporu, MocTw, iHLWI iHXeHepHi cnopyaun), a TakoX po3mi-
weHi B 6e3nocepefHii 6NM3bKOCTI HacemneHi NyHKTU Ta
iHWIi eHeprocnoxuBadi (NigNpMeEMCTBa, TYPUCTUYHI Gasu,
iHWa iHpacTpykTypa). Baxxnmea Takox HasiBHICTb iCHYtO-
4YUX MNiHIN enekTpoMepex, A0 SKUX MOXyTb OyTu nig'egHaHi
HOBI NOTY>XHOCTi. Pazom 3 Tum onTumisauia micub cnopy-
xeHHsA TEC mae BpaxoByBaTu 3HaUYHY OOMEXEHICTb CTBO-
PEHHS BENUKMX 3a MIolWel BOAOCXOBULL, | BUCOKMX
rpebens (Bpunb, Bacbko, & Mopos, 2019), ski cyTTeBo
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NOPYLUYKTb E€KOMOriYHi YMOBU (PYHKUIOHYBaHHSI PiYKOBOI
cMcTEeMM Ta MPUPOOHOro cepeaoBuLa.

[0 iHWNX aHTPONOreHHNX YNHHMKIB, SIKi NOTEHLIMHO 3Me-
HwytoTb 3IT1, MoXyTb ByTK BigHECEHI: LWinNbHICTL cennteb-
HOro HaBaHTaXeHHA (ocobnuBo B  pycro-3annaBHOMY
KOMMIEKCI PivOK), 3HEMICHEHHS TEepUTOpIA, BUOOBYTOK KOopu-
CHUX KoManwH y pycro-3ansiaBHOMY KOMMMeEKCi i Ha Bodo-
36opi Ta iH. (Echrp) (Tabn. 1). HaceneHri nyHkT B 6aratbox
BMNajKax posTalloBaHi B3A0OBX AONWH (pycen) pivyok, npu-
YOMY X MPOTSKHICTL MOXE CArath KifibkoxX KinometpiB. Y
CBOI Yepry, HagMipHa OpaHKa TepuTopii MOXe NPU3BECTU
SIK 10 3pOCTaHHSA KifbKOCTi HAHOCIB, WO HAaAXoOATb Y PiyKy
(p. Camapa, p. Boua) i 3miHIOOTb rigpaBnivyHy CTPYKTypy
NoTOKY, Tak i 40 36iNblUEeHHs1 aKTUBHOCTI €pO3iNHOI Oisinb-
HOCTi Ha cxunax (ek3oreHHi npouecu). Ha ameHweHHs 31
MOXe TaKoX BMMMHYTN BUAobyBaHHS byaiBensHUX maTepi-
anis, LWaxTHe i BigKkpuTe po3pobneHHs KOPUCHUX KoNanwH,
po3pobrieHHsA HagpToBMX Ta rasoBux poposuly (p. Cyna),
O MOXe NPU3BECTM A0 aKTUBI3aLii Pi3HNUX EK30reHHNX Ta
€HOOoreHHUx npoueciB. Takox 0O LbOro neperniky BapTo
Jony4nTn 3abip pycrioBoro Ta 3annaBHOro antoBito Ha Ji-
nsHKax pivyok Ta ix pycnax (p. QecHa). Llei YmHHUK Moxe
3yMOBUTY "NpocigaHHs piBHIB BOAN", 3MiHW NOXMMIB BOAHOT
NOBEPXHi Ta 3MEHLUEHHS BENUYMHKU Hanopy, Lo MOXe
36iNbLUMTN PU3NKM Ha CKOPOYEHHS riapaBnivyHKUX pecypcis
piykM abo i aingHku.

Bci nepeniyeHi pu3nku BCTaHOBMOKTLCS AN NEBHUX Oi-
NSAHOK PIiYOK, a 3a HUMKU — ans pidkK y dinomy (Obodovskiy
et al., 2020; NMpo6nemu rigponorii, 2019).

MpoBiBLLX ekcrnepTHO-KpUTEpianbHUA aHania MOXNMBOro
pY3Ky BiZ BNMMBY Pi3HWUX NPUPOOHUX Ta aHTPOMOrEHHMX YWH-
HUKIB Ha 3MEHLLEHHS BEMWUYUHW 3aranbHOro rigpoeHepreTny-
HOro MoTeHLUiany, BCTAHOBMEHO 3ararnbHy CyMapHy KifnbKiCTb
BTPaT MOr0 BENWYMHM Ta PU3NKIB 1X BNMMBY HA 3MEHLLEHHS
3Tl gna piBHMHHMX PiYOK (Ha npuknagi pamoHy 6aceinHy
pidkm [Hinpo) (Obodovskiy et al., 2020):

> Esteat = Epycn + Esan+ Eexso +
+ Exapct + Eam + Exnen+ EcHra. (2)

MakcumanbHi TeopeTuyHi (rinoTeTuyHi) BTpaTn 3a dop-
Mynoto (2) y pasi cunbHoi ix aii (abo nepeBaxHOMy BU3Ha-
YeHOMY BMIMBOBI OQHOIO i3 HUX) MOXYTb B3ararsi CTaHOBUTH
100 % 3IT1, a BUKOPUCTaHHSA rigpoeHeprii Ha NeBHiN AinaHUi
PiYKM € HEMOXMBUM. Are NPakTUYHO BKa3aHi BTpaTu y pasi
3HayHoro BnnmBy oro Ha 3IT1 3a Bcima BKkasaHUMU pusn-
KaMu MoXxyTb focdaratv 60—-85 % BTpat aAns pivok gocniaxy-
BaHoro 6acenHy.

[na BuABNEHHs UMx BTpaT Oyno NpoBeAeHO eKcrnepTHI
ouiHKK nposBy pycnosux npouecis (O6ogoscbkuii, 2001) Ta
BMKOPUCTAHO KapTorpadidHi MaTepianu enekTpoHHOI Bepcii
(ue 4ano 3Mory TO4Hile OUiHUTY NPUMPOAHI 0COBNMBOCTI B
MacwTabi perioHy) "HaujioHanbHoro atnacy Ykpainn" (Hauio-
HanbHU atnac Ykpaiimn, 2007). Takox Ons BCTAHOBIIEHHA
a@HTPOMOreHHMX pusukiB Byno 3anyyeHo Aedki niTepaTtypHi
kepena Ta TonorpadiyHi kaptu macwTabis 1:50 000 Ta
1:100 000, 3a AKvMK NPOBOAMBCS aHari3 3aperynsLoBaHoCTi
pivoK gocnigKyBaHOro perioHy, cTyniHb MeniopaTUBHOMO Ta
cennTebHOro OCBOEHHSI TEPUTOPII Ta OLUiIHKA HasiBHOCTI KO-
MYHiKaLin y perioHi.

PesynbtaTtun

PavioH piykoBoro G6acenHy [Hinpa Mae nnolly BOAO3-
Bopy 296,3 T1c. km? (Xinb4YeBcbkuit, & MpebiHb, 2017). 3ara-
NbHa KinbKiCTb SINAHOK AocnimkeHHs — 1704, aki po3MmiLLeHi
Ha 788 piukax. Kputepismu Bigbopy AinsgHok 6ynv 3aMiHu no-
Xuny pidku Ta Ti BogHOCTI (BnagiHHA nputoku). Ons pidok
nnoti Bogos6opy 6yno o6paHo He MeHwwmm 100 kM2, 3 BU-
Tpatamu Boau noHag 0,3 m3c (Obodovskiy et al., 2020;
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Mpobnemu rigponorii, 2019). Hanbinbla KinbkicTe pivYok Ta
[OiNsTHOK Ha HUX 30cepepkeHa B Mexax cybbacenHy Cepea-
Hboro [Hinpa — BignoeigHO 620 AOinsHOK Ha 296 pidkax.
HanmeHwa — B cybb6aceiiHi [ecHn B mexax YkpaiHn —
211 pinsHok Ha 75 pidkax. Piuku panoHy pivkoBoro 6aceiHy
[Hinpa HanexaTb A0 KaTeropii PiBHUHHMX, XapakTepusy-
H0TbCS HE3HAYHMMU Nepenagammn BUCOT Ta NOMIPHOIO MyCTo-
TOW pivkoBOI Mepexi. Mogynb cToky 3miHoeTbes Big 0,2 Ao
1 n/c km? y cy6bacenHi HukHboro OHinpa, sig 1 o 2,5 n/c
km? y mexax CepeaHboro [JHinpa Ta Big 2,5 no 4 n/c km? y
cybbacenHax [pun'ati Ta OecHn (River Runoff, 2020;
Jlyk'aHeub Ta iH., 2021).

3aBasikv geTtanbHOMY aHanidy po3noginy rigpoeHepre-
TUYHUX MOTY>XHOCTEW AOCHiAKyBaHUX PIYOK MOXHa BuUAi-
NUTU HaNBINbLL Ta HANMEHLL AOLiNbHI AN BUKOPUCTaHHSA Ta
BMpPOGHULTBA enekTpoeHeprii  AinsaHku. 3anponoHosaHa
cxema fae 3Mory 4oCTaTHbO 06'EKTUBHO OLHUTU ManbyTHIO
eEeKTUBHICTb NOTEHLIAHOI AiNsiHKM Anga 6yaiBHALTBA PidHNX
Bugie MEC, Bkntovaro4m i BUCOKOEKONOriYHi Mani rigpoenek-
TpocTaHuii (BEFEC) (OHumwyk, & O6oposcekun, 2017; Obo-
poBcbkuin, Onnwyk, & [Mouaeseup, 2019). Bpaxoyrouu
abConOTHI NOKa3HWKN TEXHIYHO MOXIMBOrO MOTEHUjany, a
TakoX BigNoBiAHI Bi4COTKMN XapakTepHUX Ta NepeBaxHUX pu-
3UKIiB (xapakTep MposiBy eK30reHHnx abo eHOOoreHHUX npo-
LeciB, aHTPOMOreHHy AiSnbHICTb), MOXHa BU3HAYUTU
HaMMNEepPCNEKTUBHILLI AiNAHKMA PIYOK ANS €HepreTU4Horo ix
OCBOEHHS.

3a 3anpornoHoBaHMMK nigxogammn Gyno po3paxoBaHO
BEIMUYMHM TEXHIYHO MOXIMBOTO TipOEHEPreTM4YHOro noTe-
Huiany pidok panoHy 6aceviHy pidykn [Hinpo (Tabn. 2,
puc. 2).

Ons o6uncnenHss TMIT1 6yno npoaHanisoBaHo BKa3aHi
pu3sunkm (Tabn. 1), Aki 4any 3aMory CTBOPUTKM KapTy po3noginy
TEXHIYHO MOXJIMBOIO MiApOEeHepPreTMYHOro noTeHuiany pawm-
OHy GacewHy piukn [Hinpo (puc. 2). BignoeigHi xapakrepuc-
Tkn  TMIT]  OCHOBHMX PpiYOK HaBegeHo B Tabn. 2
(nepeBaxHO NMPUTOKM NEPLLOro — TPETLOro MopsaKiB), a 3a
cybbaceiHamn — B Tabn. 3.

BpaxoBytoun Te, Lo Teputopis 6acevHy [OHinpa (y me-
Xax YKpaiHu) Hag3BUYaMHO Pi3HOMaHITHa SIK 3a Npupoa-
HAMKM YMOBaMM, Tak i 3a CTyneHem rocnoaapcbKoro
OCBOEHHS, BMNMAMB NPUPOAHO-aHTPOMNOreHHUX AEeCKpUNTopiB
Ha nokasHuk TMIT] cyTTeBO Pi3HUTBLCS B MPOCTOPOBOMY Bi-
[OHOLEHHI (Tabn. 2).

Tak, HanGInNbLWWA BIACOTOK BTPAT TEXHIYHO MOXITMBOIO
noteHuiany wozao 3 nputamanHui MNpun'aTi, Ctoxoay Ta
Camapi i konuBaeTbcs B Mexax 48-58,5 %. TyT nposigHy
ponb BigirpaloTb NOXWMW pycen pivYok Ta 3abono4veHicTb X
BOA0360piB. HalMeHLWi NoKasHWKN UMX BTpaT XapakTepHi
ansa Takux pidok, ak Cynin, Ipknin, CtBura ta YxX, i 3MiHto-
toTbed Big 23 0o 25 %. MNpioputeTHMK TyT € BTpaTh, 3ymo-
BIeHi 3a000Y4EHICTIO Ta Meniopauieto TepuTopii 3annas.

CTOCOBHO OL|iHOK YacTK/ BTpaT Ta TEXHIYHO MOXIMBOrO
rigpoeHepreTMYHOro noteHuiany (Eexkrn) PiYOK OCHOBHMX
cybbaceiiHiB pivkm [IHiNpo, To B Mexax cybbaceliHy Cepep-
Hboro [IHinpa noro 3aranbHi BTpatTu B cepeaHboMY KonvBa-
10TbCH B Mexax 23—45 %. [lo Teputopii, ski 6ynun BUKMIOYEHI
e Ha eTani BpaxyBaHHA €KOMNOriYyHWX BTpaT noTeHujiany
(Eexrn) (Kryvets, Obodovskyi, & Pochaievets, 2022)
(puc. 1), popanuck we 6acennun pp. MNcen, Bopckna, Kpa-
cHa, Pocb Ta TACMUH, TEXHIYHO MOXIMBUN MOTEHLian SKNX
ctaHoBuUTb O KBT, ockinbkun BiH BECb NOKPUBAETLCA EKOJIOTi-
YHUM rigpoeHepreTMYHMM noTeHuianom. OTxe cymapHui
TEXHIYHO MOXNMBWIA NoTeHuian pivok cybbaceinHy Cepepn-
Hboro [Hinpa ctaHoBuTb 30647 kBT, WO AOpiBHIOE nuLle
20 % Bia Moro 3aranbHOro rigpoeHepreTUYHOro NoTeHLiany.
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Tabnuys 2
YacTtka BTpaT Ta OLiHEHU TeXHIYHO MOXNUBUW rigpoeHepreTuyHM noteHuian (E turn)
pPiYOK OCHOBHMUX cyb66acenHiB pidku [JHinpo
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Cy66aceiH CepegHboro [IHinpa
1 | Tpy6ix 1 5 5 1 4 5 5 26 483 1183
2 | Cynin 3 4 5 2 3 1 5 23 224 693
3 | 3onoToHoluka 1 5 5 1 4 5 5 26 82 142
4 | Ipknin 3 4 5 2 3 1 5 23 29 0
5 | Cyna 3 12 13 2 4 2 5 41 7401 786
6 | Mcen 0 13 15 1 3 3 4 39 13531 0
7 | Bopckna 0 12 12 2 3 2 7 38 7712 0
8 | TetepeB 1 3 0 1 15 1 5 26 10446 | 27305
9 | IpniHb 1 5 0 1 15 1 5 28 1168 0
10 | CryrHa 1 5 10 0 15 1 5 37 281 228
11 | KpacHa 1 5 10 0 15 1 5 37 135 0
12 | Pocb 1 3 15 0 20 1 5 45 12172 0
13 | BinblaHka 1 5 5 0 15 1 5 32 229 310
14 | TacMuH 5 4 15 0 15 1 5 45 1818 0
15 | LUmbynbHuk 1 2 15 0 15 1 5 39 99 0
16 | OmenbHuK 1 2 15 0 15 1 5 39 165 0
Pasom no cy66aceiHy 30647
Cy66acenH HmxHboro Hinpa
1 | Openb 0 12 11 2 4 2 10 41 2742 0
2 | Camapa 0 15 15 2 6 2 8 48 6582 3379
3 | BopoHa 0 3 15 1 5 5 3 32 16 0
4 | Mnocbka OcokopiBka 0 3 15 0 5 3 5 31 29 0
5 | KoHka (KiHcbka) 0 5 10 0 3 1 9 28 417 339
6 Mani nputoku OHinpa 1 2 15 0 15 1 5 39 43 66
7 | Mokpa Cypa 1 2 15 0 15 1 5 39 371 0
8 | TomakiBka 1 2 15 0 15 1 5 39 129 0
9 | basaBnyk 1 1 10 5 15 1 5 38 1400 0
10 | IHryneup 1 2 10 7.5 20 1 5 46.5 5192 0
Pa3om no cy66aceiHy 3783
Cy66acenH p. MNpun'atb
1 | Npun'atb 1 20 15 5 7,5 5 5 58,5 | 58169 0
2 | BuxiBka 0 1 12 10 7,5 2 2 34,5 236 0
3 | Typ's 0 1 12 10 12 2 2 39 887 0
4 | KopocTsiHka 0 1 12 10 12 2 2 39 55 85
5 | Croxig 5 12 12 75 12 2 2 52,5 1445 0
6 | Becenyxa 0 5 7,5 10 10 2 2 36,5 162 0
7 | Ctp 0 5 7,5 7,5 10 3 2 35 10088 943
8 | MopuHb 0 5 7,5 7,5 10 1 4 35 27442 | 12719
9 | Creura 0 5 5 0 10 3 2 25 670 1315
10 | Y6opTb 1 5 5 0 10 3 2 26 1898 1192
11 | CnoBeyHa 0 10 10 0 10 3 2 35 356 460
12 | XenoHb 0 5 5 0 15 3 2 30 65 7
13 | ¥x 0 5 5 0 10 2 3 25 4346 1217
Pa3om no cy66aceiHy 17938
Cy66aceltH p. ecHa

1 | CHoB 0 10 6 2 6 8 3 35 3014 4150
2 | PorisHa 0 10 3 6 2 6 3 30 32 0
3 | 3HobiBka 0 10 3 8 8 6 3 38 353 0
4 | Csura 0 10 3 7 8 7 3 38 280 387
5 | Cmsiy 0 12 3 7 6 5 3 36 59 79
6 | Poma 0 10 3 7 2 5 5 32 31 60
7 | IBoTka 0 12 3 6 8 5 3 37 531 524
8 | Lloctka 0 10 3 5 8 3 6 35 160 0
9 | Manoteuka 0 10 3 2 2 4 6 27 31 0
10 | Jlacka 0 10 3 2 5 4 4 28 38 0
11 | Ocota 0 12 3 2 3 2 7 29 46 0
12 | EcmaHb 0 12 3 2 8 8 2 35 330 331
13 | CtpwxeHb 0 15 3 2 6 4 5 35 37 0
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14 | Y6igb 0 15 3 2 8 5 4 37 611 352
15 | Cenm 0 15 12 5 7 2 6 47 3887 2337
16 | MeHa 0 15 3 2 8 1 7 36 113 153
17 | Bepesa 0 15 3 2 4 6 1 31 295 641
18 | CmonsiHka 0 15 3 2 6 8 3 37 30 32
19 | Samrnan 0 15 3 2 8 8 3 39 83 131
20 | CtpwxeHb 0 10 3 2 3 2 9 29 25 0
21 | Binoyc 0 10 3 2 2 5 3 25 121 311
22 | BagBux 0 12 3 2 5 4 4 30 33 77
23 | Crapyxa 0 12 3 2 4 5 4 30 30 70
24 | Meta 0 12 3 2 4 5 4 30 10 24
25 | Ocrep 0 13 7 2 8 5 5 40 613 858
26 | OecHa 0 12 4 3 6 5 4 34 37557 | 40697
Pa3om no cy66acenHy 51214
Pa3om no 6aceiHy 103582
' -'_-m@mﬁnm AT
YMOBHI MO3HAYEHHA
Auxinpo
— |pEKOMEHAO0BAHO [0 BUKOPUCTaHHSI
= Baceitn Aninpa
TMITI, MBT, Gaceiin [JHinpa
[13.80
1180
[ 31.0
Il 51.0
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- T
Puc. 2. KapTa po3noginy TexHiYyHO MOXNUBOroO rigpoeHepreTU4YHOro noTeHuiany pivyok 6acenHy [Hinpa
Ta6nuuysa 3
Po3noain TexHiYHO MOXIIMBOrO rigpoeHepreTMYHOro NoTeHuiany 3a cy66aceiHaMu paoHy 6aceinHy piuku [Hinpo
Ne HasBa cyGGaceﬁHy E3r|'|, kBT EEKFI‘I, kBT % Biﬂ E3Ar, kBT E'rmrn, kBT % ETmrnBi,q E3r|'|, kBT
1 Cy66acenH CepegHboro [Hinpa 154271 64762 42 30647 20
2 | Cy66aceiH HuxHboro JHinpa 38269 16038 42 3783 10
3 | CybbaceiH piyku Mpun'atb 241557 63334 26 17938 7
4 | Cy6baceiiH pivku lecHa 138803 99097 71 51214 37
Pa3om no pairioHy 6aceiHy pidku [Hinpo 572900 243231 43 103582 18
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Y wMmexax cybbaceriHy HwxHboro [Hinpa 3aranbHi
BTpaTK NoTeHUiany B cepefHbOMY KOMMBAKTBCA B MeXax
28-48 %. [Jo 6aceriHis, Aki Oynu BMKMIOYEHI 3 PO3pPaxyHKY
lle Ha eTani BpaxyBaHHHA €KOJOMYHMX BTpaT MoTeHLiany,
popanuck e 6acenHu Takux pivok, sik Openb, Mokpa Cypa,
Basaenyk Ta IHryneub (Obodovskiy et al., 2020) (tabn. 3).
TakuM YMHOM, CyMapHUA TEXHIYHO MOXIMBUI NoTeHUian pi-
Yok cybbaceiiHy HuwxHboro [Hinpa ctaHoBuTe 3783 KBT, Wwo
popisHioe nuwe 10 % Big 3aranbHOro rigpoeHepreTMYHOro
noTeHLiany cybbacerHy.

oo cy66aceiHy p. MNpun'aTtb, TO NOTY>XHOCTi TEXHIYHO
MOXITMBOIO TiAPOEHEPreTUYHOro MoTEHLany pivyok npaso-
bepexcka GacerHy [MNpun'ati (B mexax YKkpaiHu) Hag3su-
YaHO CUNbHO BIApPI3HAIOTECA Big nokasHukiB 3IT1. 3a
AaHumun Tabn. 3 BogoToku b6aceriHy lMpun'ati maTe 3paT-
HiCTb 3abe3neunTu nuwe 7,4 % Big cymapHOi 3arasnbHoi ri-
ApoeHepreTnYHoi noTeHuianbHoi NoTy>xHocTi 17938 kBT.
Hanbinbwimx BTpaT rigpoeHepreTM4YHnX MOTYXXHOCTEN 3a-
3HalTb BogoToku BaceinHiB pivok Typ'i, KopocTtsaiHku, Cto-
xony Ta Becenyxu. Ha umx TepuTopisix NOLWMPEHHS
KapCTOBUX NpoLeciB, 3a60no4eHOCTi Ta LUiNbHOI Mepexi me-
niopaTMBHMX KaHaniB CTBOPHOKOTb HECTIPUSATIIUBI YMOBU A1S
PO3BUTKY rigpoeHepreTnyYHoI ranysi.

Llogo cy66aceiiHy p. [lecHa, TO NMOTY>XHOCTi TEXHIYHO
MOXITMBOIO APOEHEPreTUYHOro MoTeHLiany pivok mMawTb
3gaTHicTb 3abe3neuntun 37 % Big cymapHOi 3aranbHoi rigpo-
eHepreTUYHoI noTeHujiansHoi noTyxHocti 51214 kBTt. Han-
OinblIMX BTpaT, OKPIM TWX, siKi OynM BXe BUWKIOYEHi 3
po3paxyHKiB Mpu BpaxyBaHHi eKonoriyHo o6rpyHTOBaHMX
BTpaT, 3a3Hal0Tb BOAOTOKM BacenHiB pivok PorisHa, 3HoGi-
Bka, WocTka, OcoTta (Tabn. 3). Hanbinbwui BiACOTOK LMX
BTpaT Ha BKa3aHux pivykax npunagae Ha BTpaTu noTeHuiany
Yepes NoXWnu pycen Ta LWMPUHY 3annasu.

BapTo 3asHaunTK, Wwo 3aranom 3a cybbacenHamun paw-
OHy GacerHy pidku [HINPO eHepris TEXHIYHO MOXIMBOrO ri-
OpOeHepreTUYHOro noTeHuiany ctaHoBuTb nuwe 18 % Big
Esrn. A 3aranbHi BTpaTu rigpoeHepreTMYHoro noTeHuiany pi-
Yok panoHy 6aceviHy pidku [HiNpo, i3 BpaxyBaHHAM BTpaT
Ha eHeprito eKonoriYHoro rigpoeHepreTMYHOro noTeHuiany,
craHoBunn 346813 kBT, wo Bignosigae 61 % Big 3IT1. IH-
aKwe Kaxkyyu, npyaaTHUMKU OO BUKOPUCTaHHS, 3 ypaxyBaH-
HAM BCiX MOTEHUINHMX BTpaT i pU3MKIB, MOXHa BBaXaTu
226087 kBT (39 % Big 3I).

TakMM YMHOM, HanbinbLUi BTpaTK 3aranbHOro rigpoeHe-
PreTMYHOro MOoTEeHUiany nputamaHHi pidykam cyb6acenHis
Mpun'ati Ta HwkHboro OHinpa i ctaHoBnsaTte 7 Ta 10 % Big-
NOBIAHO Bif NOro BENWYMHMW, @ HAMMEHLLI XapaKTepHi Ans pi-
yok cybbacenHy [Hechn — 37 % Big 3ITl. Otpumani
pesynbTaTh MOXyTb CTaTW B HaroAi nig 4ac NpOEKTYBaHHS
HOBUX TiAPOEHEPreTYHMX Cnopyn Ha BKa3aHMX pivkax sk
IPKepern anbTepHaTUBHOI eHeprii.

Ouckycisi i BACHOBKKU

OBr'pyHTOBAHO MOHATTS TEXHIYHO MOXITMBOTO TigpOeHep-
reTM4HOro NoTeHLjiany pivyoK, KA MOXHa BU3HAYUTH i3 3ara-
TNbHOI CXeMW BCTaHOBIEHHS rigpoeHepreTU4HOro noTeHujany
Ons pivok YkpaiHu. MNpeacraBneHo Bupas 415 BCTAHOBIEHHS
TEXHIYHO MOXITMBOTO rigpOeHepreTUYHOro noTeHuiany sk pis-
HULIO MK eHeprieto eKOmnOoriYHOro rgpoeHepreTMYyHoro no-
TeHujany Ta eHeprielo pu3mnkiB, NOB'A3aHUX i3 BTpaTaMu BOA-
HMX pecypciB, He6e3neYHNMM reonoriYHNMMK Ta rigporeonori-
YHUMUK MpoLiecamu, HeOe3NeYHo EK30TEHHOK OiSNbHICTIO,
@HTPOMOreHHMM BMNMBOM TOLLO. BukopucTaHo ekcnepTHy
OLJiHKy OCHOBHWX PU3VKIB, cepen SIKUX BUOKPEMIIEHO CiM OcC-
HOBHUX, SIKi MOXXHa 3acToCyBaTW A PiIBHUHHUX PIYOK YKpa-
THKM i, 30Kpema, Onsi piYoK pavioHy 6aceiHy pidku [OHinpo:
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HasiBHICTb pO3ranyeHux Tunie pycen pivok (Epycn); Noxunm
pivoK i WnpnHa 3annasn (Esan); eposia rpyHTiB, 3abonoye-
HiCTb (ex3oreHHi npouecu), (Eexkso); kapcT (Ekapct); 3apery-
NbOBaHICTb CTOKY Ta Merniopauist Teputopili (Eawv); BiOCYTHICTb
komyHikauin Ta JNIEM (Exnen); cenutebHe HaBaHTaXeHHs Ta
iHLWa rocrnogapcbka QisnbHIcTb (Echra). BusHaveHo puavku gii
Ha 3MeHLIeHHSA 3IT1 KOKHOro 3 HUX Ta iXHil CyMapHUIA BNMB.
Lli KpuTepii BCTAHOBMIOKTLCS 4118 KOXKHOT SINAHKN PiYKKM | Ans
piYKkM B LNOMY.

[Onsi panoHy pivkoBoro 6acenHy [Hinpa 3aranbHa Kinb-
KiCTb OiNsIHOK OOCHIOKEeHHS, po3TalloBaHUX Ha 788 piykax,
ctaHoBuna 1704. Kputepiamn Bigbopy pidok 6ynu nnowyi
Boao36opy, obpaHi He meHwwKUMK 3a 100 KM?, 3 BUTpaTamm
Boau noHag 0,3 m%/c.

3a 3anponoHoBaHMMK migxogdamu Oyno pospaxoBaHO
BEMUYMHN TEXHIYHO MOXITMBOTO FQPOEHEPreTUYHOro MOTeH-
uiany pivok panoHy 6acevHy piukv [IHINpo 3a okpeMmumu pid-
Kamu (nepeBa)XHO MPUTOKU MepLUOro Ta ApYroro nopsiakis)
Ta cybbacenHamu. [Ins pivyok ykasaHoro panoHy 6acenHy
6yno cTBOpEHO KapTy po3noginy TEXHIYHO MOXIMBOTO rigpo-
eHepreTMyHoro noteHuiany. OTpumaHi pe3ynbTaTi 3acBig-
YMMK, WO HaWBINbLUMIA BiACOTOK BTPAT TEXHIYHO MOXIMBOIO
noTeHuiany nputamanHuii MNpun'ati, Ctoxoay Ta Camapi i Ko-
nuBaeTbes B Mexax 48-58,5 %. TyT npoBigHy porb BigirpatoTb
noxunu Ta 3abonoYeHiCTb. HalMeHLUi NoKa3HUKKM umx BTpaTt
XapakTepHi ans pidok Cynin, Ipkniid, CTBura 1a YX i 3miHto-
toTbes Big 23 A0 25 %. MNpiopuTteTHUMK TYT € BTpaTy, 3yMOB-
neHi 3abonoYeHicTio Ta Meniopauieto TepuTopii 3annas.

3aranom 3a cybbaceiiHamn pidOK panoHy BacemnHy piyku
[HINpo eHepris TEXHIYHO MOXIMBOTO FApPOEHepPreTUYHOro no-
TeHuiany crtaHoBuTb nunwe 18 % Big Esm. A 3aranbHi BTpatu
riagpoeHepreTM4HOro NoTeHUiany pidoK panoHy 6acerHy pidku
[Hinpo, i3 BpaxyBaHHsIM BTpaT Ha EHEPrito eKONOri4YHOro rigpo-
eHepreTM4Horo noteHuiany, craHosunu 346813 kBT, wo Bia-
nosigae 61 % Big 3ITI. IHakwe kaxyyn, npuaaTHUMKU OO
BMKOPUCTaHHS, 3 ypaxyBaHHSIM BCiX MOTEHLINHUX BTpaT i pyU3u-
KiB, MOXxHa BBaxxaTy 226087 kBT (39 %) Big 3IT1.

BHecok aBTOpiB: OnekcaHgp O6040BCbKMI — KOHLENTYani3aLis
OocnifXeHb CTOCOBHO TAPOEHEPreTUYHOro noTeHLiany, anroputMy
BCTAHOBIIEHHS FAPOEHEePreTMYHOro NoTeHLjiany pivok, po3pobneHHs
MeToAMKM BCTAHOBMEHHSI Ta CTBOPEHHSI EKCNEPTHMX OLHOK AOCHi-
[PKEHHS TEXHIYHO MOXIMBOTO TiAPOEHePreTUYHOro NoTeHLjarny, aHa-
ni3 OTpUMaHUX pesynbTaTiB, HaMUCaHHs Ta pedaryBaHHS cCTaTTi;
KocTsHTVH [JaHbKo — y4acTb y po3pobreHHi MeTOAMKN BCTaHOBMEHHS
TEXHIYHO MOXIIMBOIO FipPOEHEPreTUYHOro MoTeHLiany, po3paxyHKu
UbOro MoTeHuiany Ans pidok npaBobepexcks [Hinpa; OneHa
MoyaeseLb — y4acTb y po3pobreHHi anroputMy BCTaHOBIIEHHS Tiapo-
€eHepreTU4HOro NoTeHLiany pivok, Banigauis 4aHuX, po3paxyHku note-
HuUiany ans pivok 6acenHy [Hinpa, 3actocyBaHHs [IC-TexHonorin ans
CTBOPEHHS KapTu Po3noAiny TEXHIYHO MOXIMBOTO riApOeHepreTny-
HOro noTeHujany pivyok GacenHy [Hinpa, nepernsg Ta TexHiYHe
odpopmneHHs ctatTi; Hatanis Koporoga — po3paxyHku TEXHIYHO MO-
XKMMBOTO FAPOEHEPreTUYHOTO MOTEeHUiany Ans piyYok niBobepexcks
[Hinpa, Banigauis gaHux, TexHidHe odopMreHHs cTaTTi; Bacunb
['pebiHb — 3acTocyBaHHS1 6aceHOBOrO MPUHUMMY Yy BU3HAYEHHI Tex-
HIYHO MOXIIMBOTO riApOEHEePreTMYHOro NoTEeHLiany pivyoK, HanMcaHHs
(nepernsag i pegaryBaHHsi) CTaTTi.

Cnm1coK BUKOPUCTaHUX axepen

Apxunosa, J1. M. (2011). lpupodHo-mexHoeeHHa be3rneka 2idpoekocmuc-
mem. IOHTYHT.

Bpunb, A. O., Bacbko, M. ®., & Mopos, A.B. (2019). TexHi4HuIn noTeHujian
riApoOeHepreTM4HNX pecypciB Manux pivok YKpaiHu 3 ypaxyBaHHAM nNpupoao-
OXOPOHHUX 0OMexeHb. [iOpoeHepeemuka YkpaiHu, 3—4, 47-51.

[aBpuniok, P. B., & Bepeminuuk, I'. K. Ta iH. (2018). [idpoeHepeemuyHul
romeHuiarn pidok YkpaiHu: po3giH4aHHs michig. DeHikc.

Kyapsi, C. O. (Peg.). (2020). Amnac eHepeemu4Ho20 nomeHujasny 8iOHO8-
IogaHuUx Oxepesn eHepeil YkpaiHu. IHCTUTYT BigHOBMIOBAHOI €HepreTuku
HAH Ykpainu.



~102 ~

B 1 C H U K KuiBcbkoro HauioHanbHoro yHieepcurety imeHi Tapaca LleBueHka

Nyk'sHeup, O. I., O6ogoscekuin, O. T., MpebiHb, B. B., Movaeseus, O. O.,
& KopHieHko, B. O. (2021). MNMpocTopoBi 3aKOHOMIPHOCTi 3MiHW CepeAHbOro
PiYHOrO CTOKY BOAW PiHOK YKpaiHW. YkpaiHcbKul 2eoepagbidHull xypHan,1, 6-14.
https://doi.org/10.15407/ugz2021.01

O6oposcbkuid, O. I. (2001). [idponoeo-ekonoziyHa ouyiHKa pycrnosux npo-
uecie (Ha npuknadi pivok Ykpaiu). Hika-LleHTp.

O6oposcbkuid, O. I'., AaHbko, K. 0., & Movaeseub, O. O. (2017). 3aranb-
HWI eHepreTUYHNIN NoTeHLian piYoK YkpaiHcbkux Kapnat. BicHuk Kuigcbko20
yHieepcumemy imeHi Tapaca LllesueHka. [eoepacgpis, 1(66), 15-29.
http://doi.org/10.17721/1728-2721.2017.66.2

O6oposcbkuid, O. ., OaHbko, K. HO., CHixko, C. I., & OHuwyk, B. B. (2019).
ligpoekonoriyHa ouiHka Ta NPOrHo3 rigpoeHepreTMYHOro MoTeHLiany pivok
MpaBobepexoka OaceiHy [Hinpa (B Mexax Ykpainuu). Y B.l. Ocagumii,
J1.0. Nopbayosa, O.I. ObonoBchkuii Ta iH. (Pea.), [Mpobnemu eidponoeil, 2i0-
poximii, eidpoexonoeil, c. 39-57. Hika-LieHTp.

O6oposcekuid, O. I'., OHMwyk, B. B., & Movaeseup, O. O. (2019). MNepcne-
KTUBM BUKOPWCTaHHS riApOEHepreTMYHOro noTeHujiany Ha piykax GacemnHy
[OHinpa (Ha npuknagi p. Pocb). BicHuk Kuiscbkoeo yHigepcumemy imMeHi
Tapaca Llles4eHka. [eonoezisi, 1(84), 56—62.

O6oposcbkuid, O., faHbko, K., Movaeseup, O., & O6ogosckkui, HO. (2016).
MeToaunka BCTAHOBMEHHSA TAPOEHepreTUYHOro NoTeHLUiany pidYoK (Ha npuk-
napi pidok YkpaiHcbkux Kapnat). BicHuk Kuiecbko20 HaujioHanbHO20 yHigep-
cumemy imeHi Tapaca LLlea4eHka, 1(64), 5—12. http://doi.org/10.17721/1728-
2721.2016.64.1

O6oposcbkuit, FO. O., Xinbyescbkui, B. K., & Obogoscekui, O. . (2018).
lidpomopgpoekornozidHa ouyiHKa pycrio8uX MPOYEcie PiYoK 8epXHbOI YacCmMUHU
6aceliHy Tucu (8 mexax YkpaiHu). MpiHT-cepBic.

Onuwyk, B. B., & O6ogoscbkuin, O. . (11.12.2017). BucokoekonoriyHa
rigpoenekTpocTaHuisi. [TameHm YkpaiHu Ha kopucHy modesis Ne 121730.
Ony6n. bron. Ne 23, 2017.

Pynenko, . T. (Pen.). (2007). HauioHanbHuli amnac YkpaiHu. JHBIM "Ka-
pTorpadis”.

Pyabko, I. |., & KoHcesuy, J1. M. (1998). Haykosi 3acadu ekornoaiyHoi oui-
HKU ma onmumaribHO20 8uKopucmaHHs eidpopecypcie Kapnamcbkoeo peai-
OHY. 3HaHHS.

XinbyeBcbkuid, B. K., & MpebiHb, B. B. (2017). MNaporpadivHe Ta Bogorocno-
Aapcbke parioHyBaHHS TepuTopii YkpaiHu, 3aTBepmkere y 2016 p. — peanisauis
nonoxeHb BPA €C. MNdporoais, 2idpoximis i 2sidpoekonoais, 1(44), 8—20.

LleneHaa, M. M. (2009). MeToan4Hi 0cobnmBoCTi eKkOHOMIKO-reorpacivHoi
OLiHKM rigpoeHepreTnyHoro noteHuiany CepeaHboro MNpuaHicTpos'a. Hayk.
3anucku BiHHuybko2o Oepx. ned. yH-my im. M. KoyrobuHcbkozo. Cepis
leoepagpisi, 18, 211-219.

Aumk, A. B., buwoseub, 1. b., & Boratos, €. O. (1991). Mani piuku Ykpa-
THU. Ypoxan.

Kryvets, O., Obodovskyi, O., & Pochaievets, O. (2022). Determination of
the ecological hydropower potential of Ukrainian rivers. XVII International
Scientific conference "Monitoring of Geological Processes and Ecological
Condition of the Environment" 7-10 November, 2022, Kyiv, p.1-
5. https://doi.org/10.3997/2214-4609.2023520043

Obodovskiy, O. G., Danko, K. Yu., Pochayevets, O. O., Onyshchuk, V. V.,
Snizhko, S. I., & Lukyanets, O. |. (2020). Methodic Aspects of Hydroecological
Assessment of Hydropower Potential of the Plain Rivers' (by Example of
Dnieper Right-Bank Rivers). Hydrobiological Journal, 56(4), 84-102.
https://doi.org/10.1615/HydrobJ.v56. i4.70.

Obodovskyi, O. (Ed.). (2020). River Runoff in Ukraine Under Climate
Change Conditions. LAP Lambert Academik Publishing.

Obodovskyi, O. (Ed.). (2021). Hydropower Potentional Assessement:
mountain rivers of Ukrainian Carpathians. LAP Lambert Academik Publishing.

References

Arkhypova, L. M. (2011). Natural and technological safety of hydroelectric
systems. IFNTUOG [in Ukrainian].

Bryl, A. O., Vasko, P. F., & Moroz, A. V. (2019). The technical potential of
hydropower resources of small rivers of Ukraine, taking into account
environmental restrictions. Hydropower of Ukraine, 3—4, 47-51 [in Ukrainian].

Cependa, M. M. (2009). Methodological features of the economic and
geophysical assessment of the hydropower potential of the Middle

ISSN 1728-3817

Transnistria. Scientific Notes of Vinnytsia State Pedagogical University
named after M. Kotsiubynskyi. Geography Series, 18, 211-219 [in Ukrainian].

Havryliuk, R. B., & Veremiychyk, G. K. et al. (2018). Hydropower potential
of Ukrainian rivers: debunking myths. Phoenix [in Ukrainian].

Khilchevskyi, V. K., & Grebin, V. V. (2017). Hydrographic and water
management zoning of the territory of Ukraine, approved in 2016 —
implementation of the provisions of the EU WFD. Hydrology, hydrochemistry
and hydroecology, 1(44), 8-20 [in Ukrainian].

Kryvets, O., Obodovskyi, O., & Pochaievets, O. (2022). Determination of
the ecological hydropower potential of Ukrainian rivers. XVII International
Scientific conference "Monitoring of Geological Processes and Ecological
Condition of the Environment" 7-10 November, 2022, Kyiv, p.1-5.
https://doi.org/10.3997/2214-4609.2023520043

Kudria, S. O. (Ed.). (2020). Atlas of energy potential of renewable energy
sources of Ukraine. Institute of Renewable Energy of the National Academy
of Sciences of Ukraine [in Ukrainian].

Lukianets, O. I., Obodovskyi, O. G., Grebin, V. V., Pochaievets, O. O., &
Korniienko, V. O. (2021). Spatial regularities of change in average annual
water flow of rivers of Ukraine. Ukrainian Geographical Journal, 1, 6—14.
https://doi.org/10.15407/ugz2021.01 [in Ukrainian].

Obodovskiy, O. G., Danko, K. Yu., Pochayevets, O. O., Onyshchuk, V. V.,
Snizhko, S. I., & Lukyanets, O. |. (2020). Methodic Aspects of Hydroecological
Assessment of Hydropower Potential of the Plain Rivers' (by Example of
Dnieper Right-Bank Rivers). Hydrobiological Journal, 56(4), 84-102.
http://doi.org/10.1615/HydrobJ.v56. i4.70

Obodovskiy, O., Onischuk, V., & Pochaievets, O. (2019). Perspectives of
the usage of hydropower potential of the rivers of the Dnipro river basin (on
the example of the Ros river). Visnyk of Taras Shevchenko National
University of Kyiv. Geology, 1(84), 56—62 [in Ukrainian].

Obodovsky, O. G. (2001). Hydrological and ecological assessment of
riverbed processes (on the example of Ukrainian rivers). Nika-Centre
[in Ukrainian].

Obodovskyi, O. G., Danko, K. Y., Snizhko, S. I., & Onyshchuk, V. V. (2019).
Hydroecological assessment and forecast of the hydropower potential of the
rivers of the Right Bank of the Dnipro Basin (within Ukraine). In V.I. Osadchiy,
L.O. Gorbacheva, O.G. Obodovsky et al. (Eds.). Problems of hydrology,
hydrochemistry, hydroecology, pp. 39-57. Nika-Centre [in Ukrainian].

Obodovskyi, O., Danko, K., Pochaievets, O., & Obodovskyi, Yu. (2016).
Methods of assessment hydropower potential of the rivers (the example of
Ukrainian Carpathians rivers). Visnyk of Taras Shevchenko National
University of Kyiv, Geography, 1(64), 5-12. http://doi.org/10.17721/1728-
2721.2016.64.1 [in Ukrainian].

Obodovskyi, Yu. O., Khilchevskyi, V. K., & Obodovskyi, O. G. (2018).
Hydromorphological and ecological assessment of riverbed processes in the
upper part of the Tisza basin (within Ukraine). Print service [in Ukrainian].

Obodovskyi, O., Danko, K., & Pochaievets, O. (2017). The total
hydropower potential of the Ukrainian Carpathians Rivers. Visnyk of Taras
Shevchenko National University of Kyiv, Geography, 1-2(66-67), 15-29.
http://doi.org/10.17721/1728-2721.2017.66.2 [in Ukrainian].

Obodovskyi, O. (Ed.). (2020). River Runoff in Ukraine Under Climate
Change Conditions. LAP Lambert Academik Publishing.

Obodovskyi, O. (Ed.). (2021). Hydropower Potentional Assessement:
mountain rivers of Ukrainian Carpathians. LAP Lambert Academik Publishing.

Onyshchuk, V..V., & Obodovsky, O. G. (11.12.2017). Highly environmentally
friendly hydroelectric power station. Patent of Ukraine for utility model No.
121730. Publication Bulletin No. 23, 2017 [in Ukrainian].

Rudenko, L. G. (Ed.). (2007). National atlas of Ukraine. Kartografiya
[in Ukrainian].

Rudko, G. I., & Konsevych, L. M. (1998). Scientific principles of ecological
assessment and optimal use of hydro resources in the Carpathian region.
Znannya [in Ukrainian].

Yatsyk, A. V., Byshovets, L. B., & Bogatov, E. O. (1991). Small rivers of
Ukraine. Urozhay [in Ukrainian].

OTpumaHo pepakuieto xypHany /| Received: 21.09.24
NMpopeueHsoBaHo /| Revised: 20.11.24
CxBaneHo po Apyky / Accepted: 20.12.24



FEOJOrISl. 4(107)/2024 ~103 ~

Oleksandr OBODOVSKIY', DSc (Geogr.), Prof.
ORCID ID: 0000-0002-5472-3222
e-mail: obodovskiy58@gmail.com

Kostiantyn DANKO?, PhD (Geogr.)
ORCID ID: 0000-0002-6060-9657
e-mail: kostiantyn.danko@gmail.com

Olena POCHAIEVETS', PhD (Geogr.)
ORCID ID: 0000-0003-4521-9922
e-mail: olena.pochaievets@knu.ua

Nataliia KOROHODA', PhD (Geogr.), Assoc. Prof.
ORCID ID: 0000-0003-1518-2997
e-mail: nkorogoda@knu.ua

Vasyl GREBIN', DSc (Geogr.), Prof.
ORCID ID: 0000-0001-8197-607X
e-mail: grebin1964@gmail.com

'Taras Shevchenko National University of Kyiv, Kyiv, Ukraine
2Ukrainian Hydrometeorological Institute, Kyiv, Ukraine

METHODOLOGICAL ASPECTS AND RESULTS OF DETERMINING THE TECHNICALLY POSSIBLE HYDROPOWER POTENTIAL
OF UKRAINIAN RIVERS (ON THE EXAMPLE OF THE DNIPRO RIVER BASIN)

Background. Diversification of electricity generation sources is gaining considerable attention in Ukraine today. This is especially true
when the russian aggressors put out of commission the power generating capacities of thermal power plants and large hydroelectric power plants.
In this context, the use of alternative (renewable) energy sources, in particular small hydropower, becomes important. That is why it is important to
study the technically possible hydropower potential of rivers.

Meth ods. Therationale for and the size of the technically feasible hydropower potential of rivers can be determined from the general scheme
for determining the potential for rivers in Ukraine that we have proposed. For this purpose, an expert assessment of the main risks that may reduce
the overall hydropower production was carried out.

Results. It has been established that the largest percentage of losses of technically possible potential, relative to the total hydropower
potential (THP), is inherent in the basins of the Pripyat, Stokhid and Samara rivers and ranges from 48-58.5 %. The slopes of river channels and
waterlogging of their catchments play a key role here. The lowest rates of these losses are typical of such rivers as the Supiy, Irkliy, Stvyha and Uzh,
and vary from 23 to 25 %. The priority here is losses caused by waterlogging and reclamation of floodplains.

Conclusions. Taking into account all potential losses and risks, 226087 kW (39 %) of the total hydropower potential of the studied rivers
can be considered suitable for use.

Keywords: technically possible hydropower potential, river energy, Dnipro River basin region, risk assessment, map.

ABTOpM 3a8BNSAIOTb NPO BiACYTHICTb KOHAMIKTY iHTepeciB. CnoHcopy He Gpanu y4acTi B po3po6neHHi AoCnimKeHHs; y 36opi, aHanisi un
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EXPLORING THE MICROPLASTICS DISTRIBUTION
IN THE BOTTOM SEDIMENTS OF THE WESTERN BLACK SEA

(MpedcmaesneHo 4reHoM pedakyiliHoi Koseaii 0-poM 2eos1. HayK, cm. Hayk. cniepob. O.J1. LlleeyeHkom)

Background. The spread and accumulation of plastic waste in the environment is now a recognized global problem. The
development of an effective strategy for managing plastic waste and minimizing its impact on the marine environment is not possible
without conducting field studies in bottom sediments. Determination of their content in the upper layer of precipitation and study of
qualitative and quantitative characteristics will allow to outline the patterns of their entry into the water area, distribution and accumulation,
risks of impact on marine organisms.

Methods. Visual determination of microplastic particles was carried out under the monocular of SIGETA MB-12 LCD optical
microscope. An alternative method of identification, the hot needle test, was also used to determine plastic under the microscope. Raman
spectroscopy was used to perform structural identification. Laboratory studies were performed using a single-stage MDR-23 spectrometer
equipped with a cooled CCD detector and a Micromed microscope.

Results. The analysis of each sample and subsequent generalization showed the presence of plastic particles at all points of the
sampling area, in different quantities and composition. The results of our studies confirm that microplastic particles in the surface
sediments are quite abundant throughout the entire research area, and they are represented by different types everywhere, with fibers
dominating in terms of morphological characteristics and polyethylene and polypropylene in terms of chemical types. There is no stable
dependence of redistribution of microplastics of different densities on distance from the shore. The only thing that can be confirmed is
uneven lateral distribution within the shelf zone, which is quite possibly related to the impact of the anthropogenic plane load on the
surface bottom sediments.

Conclusions. Studies have shown that microplastic particles in the surface sediments are quite abundant throughout the
survey area, and they are represented by different types everywhere, with fibers dominating in terms of morphological characteristics. As
for the distribution of microplastics in surface sediments depending on natural conditions, we can document the fact that the amount of
polymers, in terms of dry weight of soil matrix samples, increases in the direction of the mainland slope. An important result of the work
was the identification of a number of topical issues, shortcomings and uncertainties in laboratory research methods, sample preparation
and identifying microplastics, which should be addressed in the future.

Keywords: microplastics, bottom sediments, research methods, ecology, spectroscopy, visual examinations.

Background

The spread and accumulation of plastic waste in the
environment is now a recognized global problem
(PlasticEurope, 2018; Geyer, Jambeck, & Law, 2017;
Hoornweg, & Bhada-Tata, 2012). As with many other types
of pollutants, the final link in their accumulation is the water
layer, and subsequently the bottom sediments of water
areas, including the seas. At the same time, the patterns of
distribution of artificial polymers in water areas are mostly
natural, and are determined by hydrochemical, hydrological
and, in part, hydrobiological conditions. The main factors of
anthropogenic impact are the nature and intensity of the

sources of pollutants and their chemical composition (in
particular, the density indicators and the propensity of
polymers to decompose under certain conditions).

For ecosystems of water areas, microplastics (MP) are
considered the most dangerous in terms of dimension — the
degradation products of plastic waste (Wright, & Kelly, 2017;
Kershaw, Turra, & Galgani, 2019; Andredy, 2017; Lambert, &
Wagner, 2016). Contamination of surface bottom sediments
with microplastics is a potential natural hazard, and their
distribution in the geological component of marine
environments is the subject of important scientific research
(Hidalgo-Ruz et al., 2012; Andrady, 2011; Kershaw, Turra, &
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Galgani, 2019; Guidance on Monitoring..., 2013). The
development of an effective strategy for managing plastic
waste and minimizing its impact on the marine environment is
not possible without conducting field studies in areas of their
final accumulation, i.e. bottom sediments. Determination of
their content in the upper layer of precipitation and study of
qualitative and quantitative characteristics will allow to outline
the patterns of their entry into the water area, distribution and
accumulation, risks of impact on marine organisms.

Research location, station network and sampling
methods

The State Scientific Institution "MorGeoEcoCenter of the
National Academy of Sciences of Ukraine" within the
framework of the international DOORS project carried out a
study of microplastics in the bottom sediments of the water
area within the Romanian shelf and part of the mainland
slope of the Black Sea (Fig. 1), with the possibility of going
to sea and sampling bottom sediments in 2023 due to the
international DOORS research project ("Developing Optimal
and Open Research Support for the Black Sea". The
expedition was carried out on board the research vessel
Mare Nigrum of the Romanian National Institute of Marine
Geology and Geoecology (GeoEcoMar). Below is a diagram
of location of the stations on the shelf and mainland slope of
the study area (Fig. 1)

It is known that the Black Sea is the most vulnerable and
exposed to various pollution, given its status as an inland
semi-enclosed sea body with a strong influence of runoff
from rivers with large catchment areas — the Danube,
Dnipro, Southern Bug, as well as desalinated water from the

Romania

Julgaria

Precautions were also taken during the sampling process
to avoid background plastic contamination through the air.
Since the weight of the samples fluctuated significantly
depending on their water content, the analysis results were
subsequently recalculated using the dry weight of sediment.
The methodology of the analytical studies carried out at the SSI
"MorGeoEcoCenter of the National Academy of Sciences of
Ukraine" was as close as possible to the relevant guidelines, in
particular (Guidance on the Monitoring..., 2023; Kershaw,
Turra, & Galgani, 2019; Hanke et al., 2013; Guide to
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Ukraine

Fig. 1. Map of the study area with bottom surface relief elements and sampling points indicated

Azov Sea through the Kerch Strait. The western part of the
Black Sea is mainly influenced by the Danube River runoff,
a powerful source of anthropogenic substances, including
plastic waste from drained land areas. The study area is
hydrologically determined by the influence of these water
massifs, and the mineral, organic and anthropogenic
suspended solids brought by them partially reach the study
area and participate in sedimentation processes. It should
be noted that the volume and intensity of MT, according to
publications by foreign experts, are also largely regulated by
the contribution of rivers, as the main source of microplastics
for marine ecosystems, and at the same time the most
saturated way of transporting plastic to the seas (Duis, &
Coors, 2016; Lebreton et al., 2017; Faure et al., 2015;
Schmidt et al., 2018).

The layout of the stations within the specified area
allowed testing various elements of the underwater terrain:
shelf and continental slope (including the sides of the
Mangali submarine-canyon system). Sampling from the
vessel was carried out in the water depth range from 25 to
1080 m along a defined network of profiles using a Multi
Corer (Mark 11) sampler into 4 core tubes (10 cm diameter),
25 % of the samples for further comparison of sampling
methods were collected using a Van-Veen Grab (Hydro-
Bios KIEL, 35x40cm opening). For the analysis of
microplastics, the surface and near-surface layer of bottom
sediments having a thickness of 5 cm was selected.
Samples were taken into aluminum containers, stored and
transported to the laboratory at the temperature of —18°C. A
total of 19 samples were collected for laboratory testing.

N

A

Russia

Georgiy

microplastic identification, 2012; Masura et al., 2015), but had
certain adjustments related to the nature of mechanical and
mineral composition of the samples, the technical capabilities
of laboratory equipment and practical skills regarding the
effectiveness of certain sequences of separation of MPs from
sediment samples.

The sample preparation procedure included: drying
without preliminary sifting through sieves, flotation in a zinc
chloride solution and selection of the lightest component,
repeated precipitation and division in a separation funnel,



~ 106 ~

B 1 C H U K KuiBcbkoro HauioHanbHoro yHieepcurety imeHi Tapaca LleBueHka

aging in hydrogen peroxide, and treatment with isopropyl
alcohol. Each of the stages of sample preparation required
certain conditions, the time range of sample exposure. At
the end of each procedure, samples were washed in distilled
water and dried (McDermid, & McMullen, 2004). Given the
density of the most used categories of plastic polymers
(ranging from 0.8 to 1.4 g/cm?) and the precipitation matrix
(more than 2.5 g/cm?3®), our studies used a solution to
separate the mineral component and microplastic particles
using zinc chloride (at the density of 1.8 g/cm?). Minimization
of the natural organic component of the suspended matter
was achieved by settling in a concentrated solution of
hydrogen peroxide 35 % (Liebezeit, & Dubaish, 2012; Imhof
et al., 2012; Nuelle et al., 2014).

Filtration processes at each stage of sample preparation
were carried out, due to certain technical capabilities and
technological limitations, through a filter polyamide cloth
with a cell diameter of 26 ym. This is in line with the
microplastics recommended for measurement provided in
Guidance on the Monitoring of Marine Litter in European
Seas, 2023. Also, due to the use of a polyamide fiber filter
during laboratory work, transparent linear objects that
corresponded to the parameters of the filter fibers were not
included in the results of microplastics counting. The direct
process of determining pollutants was based on two stages:

1) visual characteristics using optical devices
(microscope, magnifying glass, etc.),

2) physicochemical characteristics using hardware
complexes for probable fragments of MP that need to be
confirmed.

Visual determination of microplastic particles was carried
out under the monocular of SIGETA MB-12 LCD optical
microscope, which is designed to work in wide or mixed light
with magnification of 40x—640x with 4x, 10x, 40x lens objectives
and interchangeable attachments. Evaluation under the
microscope was carried out according to a number of methods
presented in the literature (Kershaw, Turra, & Galgani, 2019;
Hanke et al., 2013; Blair et al., 2019; Vermeiren et al., 2020;

Mariano et al., 2021). The main indicators-identifiers were color,
linear size ratio and particle morphology. Color was also one of
the main characteristics during the visual identification of
plastics. An alternative method of identification, the hot needle
test, was also used to determine plastic under the microscope
(De Witte et al., 2014).

Raman spectroscopy was used to perform structural
identification (in fact, to verify the results of optical studies).
Laboratory studies were performed using a single-stage
MDR-23 spectrometer equipped with a cooled CCD detector
(Andor iDus 420, Great Britain) and a Micromed microscope.
Raman spectra were excited by radiation from solid-state
lasers with wavelengths of 457 nm, 532 nm, 671 nm, and
785 nm. In order to prevent thermally induced modification
of the samples during their examination, the laser power
density on the samples was less than 103 W/cm?. Spectral
resolution of the spectrometer was determined by the width
of the phonon band from the silicon monocrystalline
substrate and was 3 cm™ when the spectra were excited by
laser radiation with A=457 nm and 1.5 cm™' when the spectra
were excited by radiation with A=785 nm. The frequency
position of the phonon band from Si (521.0 cm™') was used
as a reference to determine the frequency position of the
other Raman bands.

Methods

On average, the fixed total number of solid matter
fragments of mineral, organic, and anthropogenic origin with
dimensions from 1000 to 26 ym in the processed samples
exceeded 200 pieces on average, and the selection of
potential MP fragments less than 300 um from the total
particle array was difficult. Among other things, this is due to
the fact that at density of the separation solution of 1.8 g/cm?
they float to the surface, in addition to plant/animal particles
and artificial polymers, some organic and mineral

aggregates, coal fragments, and even loose carbonate
formations of varying degrees of decomposition, probably of
organic origin (Fig. 2).

. - =

. -
Fig. 2. Particles separated by the flotation process together with the microflake,

but visually detected as organogenic and mineral components of the samples

The procedure of visual counting and hardware
confirmation was based on a number of methodological
guidelines, one of the most up-to-date of which was the
Guidance on the Monitoring of Marine Litter in European
Seas, 2023. For the study, control samples were selected
in groups from different specimens in order to reach the 20
units or 10 % of the total content specified by the
methodology. Accordingly, several representative groups
were formed, represented by a sample of different
morphological and color assemblages, which will be
described below, to verify them using Raman
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spectroscopy. This made it possible to statistically process
the data and determine the percentage of error for each
type of particles studied by color and morphological
category. If the identity of some of its components was not
confirmed, the percentage of the latter in the control group
was considered the error factor by which the recalculation
was performed. In general, the procedure for working with
samples can be described as follows (Fig. 3).

The comparative unit was 200 grams of dry sediment,
with a mandatory note on the weight ratio of dry and wet
samples.
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Fig. 3. Schematic view of the types, stages of detection and verification of MP particles in prepared samples

Results

Optical examinations under the microscope showed that
all particles visually identified as plastic can be grouped
according to morphological features. Visual assessment
under the microscope was carried out according to a number
of methods presented in the literature (Guide to microplastic
identification, 2012; Blair et al., 2019; Vermeiren et al., 2020;
Mariano et al., 2021); the main identifying indicators were
color, linear size ratio and particle morphology. Data on the
main morphological classes of particles recommended for
classification by the international methodology were used
(Guidance on the Monitoring..., 2023). At the same time,
these recommendations were adjusted and expanded in
accordance with the regional features of the sampling area
and the types and characteristics of particles that were
identified and verified on the Raman spectroscope. In
particular, the polymer component was divided into the
following groups according to the external features:

1. A group of linear objects in which the length was
significantly greater than the diameter (of fibers). The
following criteria were used to determine the elongated MP
particles, which are generally presented in all
methodological literature: absence of cellular or organic
structures in the fiber, uniform thickness, no tapering
towards the ends, and three-dimensional bending. The "hot
needle" method was also used for verification, for which it
was the most achievable category in terms of fragment size.
The approximate percentage of the polymer component,
which was confirmed by the methods of "hot needle" and
spectroscopy, was for colored fragments — 60 %, colorless
(transparent, white, matte) — less than 30 %. As a rule, a
group of linear objects is present in all the samples studied
and is represented by polyester, polypropylene, and
polyamide. In most cases, the length reaches 100-
2000 pm, in cross-section — 10-20 ym, less often — up to
40-70 ym. In some cases, spectroscopy did not give a
positive result due to intense luminescence, and the overall
ratio of the sample to the polymer group was confirmed by
the hot needle test (Fig. 4).

2. Colored objects of an atypical shape for natural
particles, visually captured as fragments of artificial entities.
The main indicator is a saturated unnatural color (pink, blue,
green) and morphological parameters that are non-typical
for natural particles. The size, as a rule, is from 20 uym to
300 ym, less often — up to 1.5mm. They are found
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infrequently, with an average of one to two fragments per
sample (in some samples, monotypic particles of several
units are found, which probably indicates the decomposition
of one larger object during the period of stay in the
sediments or mechanical impact during mixing). As studies
have shown, the particle color is of considerable importance,
same as during the determination of linear objects. In
particular, yellow, brown, pale red, and orange colors can
correspond to animal remains (root fragments, chitinous or
other particles of exoskeletons, shells, etc.) much more
often than particles of other colors. This color category was
not included in the MP count, although some particles turned
out to be polymer fragments. Approximate percentage of the
polymer component is 60 % for the first color group (green,
red, blue, pink fragments). MPs, as a rule, represent
polypropylene, polystyrene and polyethylene, two cases
each — polyurethane and polyethylene terephthalate.

3. Flat particles — matte or transparent particles that are
turned transparent by the lower illumination of the
microscope. Ranked second in their prevalence after fibers.
The particles have a significant range of dimensions — from
20 ym to 2-3 mm, on average — 20-400 ym. A fragment of
the largest dimension was captured in sample No. 15 — a
2.3 mm long transparent polypropylene film. The film, by the
way, was extremely non-resistant to mechanical stress,
dividing into a large number of fragments. As a rule, flat
particles can be subdivided into two types — the first is
shapeless thin and elastic film of varying degrees of
transparency with torn edges, the second is transparent or
matte scales with a certain structure and type of cracking. The
confirmed percentage of the polymer component is 40 %, the
highest flaw in the identification process on the Raman
spectrometer remains a high degree of luminescence. This
group is mainly represented by polyethylene, polypropylene,
some individual objects — by polychlorovinyl.

4. Bulk (volumetric) particles are represented by
fragments that are not visible under the lower illumination of
the microscope, or usually have comparable dimensions in
three projections. They — are available in transparent and
matte surfaces, with a wide range of sizes from 26 microns to
900 microns. This category is also characterized, as for
minerals, by different types of gloss — glass, greasy and
opaque. They have different structure and degree of surface
rusting and fracture, mainly shell-shaped and flat. The
percentage of particles verified in the sample for this
category also reaches 40 %.
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Fig. 4. Representative fragments visually fixed as representatives of different groups of synthetic polymers:
by rows - linear objects, colored fragments, flat particles, bulk particles, spherules, substance
with traces of high-temperature processes

5. Spherules, balls — a category that is commonly found
in samples, with dimensions ranging from 20 ym to 120 pm,
with an average of 70 um. Usually, objects of spherical
shape are subject to consideration and counting. Others, in
particular those that had an oval shape and were
represented in larger quantities, were not taken into account.
In terms of size, color, and insolubility in hydrogen peroxide,
they were similar to fragments of biological origin, in
particular, the shells of organisms at different stages of life.
The spheres usually had colors ranging from transparent to
dark brown, and varying degrees of rusting and shape
defects. The percentage of confidence is low — less than
30 %, and a big problem is the separation of spheres from
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samples for analysis on spectrometer. If the spherules
turned out to be cenospheres (hollow), then they were not
counted, as were the objects of light brown, yellow, and
white color. The approximate percentage of verified particles
from those sampled was not more than 30 %.

6. The allocation of such a category of MP as a
substance with traces of exposure to high-temperature
processes is associated with the detection of fragments that
are similar in shape and color to charred particles with
different shine and breakage, for which diagnostics at
different points sometimes gave different Raman spectra,
some of which correspond to synthetic polymers (Fig. 5).
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Fig. 5. A particle that looks like a burnt and melted fragment of a substance shows vibrational bands
in the Raman spectrum characteristic for polypropylene

These are likely fragments of so-called pyroplastics,
derivatives of synthetic polymers that have been subjected to
intense temperature exposure (melted or severely softened)
and subsequent mechanical destruction. This type of
microplastics has attracted the attention of researchers in
recent years in their publications (Ellrich et al., 2023). Partially
burnt or melted polymers, which could also be subjected to
erosion by waves and wind, are represented, according to the
literature, by polyethylene and polypropylene.

The analysis of each sample and subsequent
generalization showed the presence of plastic particles at all
points of the sampling area, in different quantities and
composition. The results of our studies confirm that
microplastic particles in the surface sediments are quite
abundant throughout the entire research area, and they are
represented by different types everywhere, with fibers
dominating in terms of morphological characteristics and
polyethylene and polypropylene in terms of chemical types.

The minimum defined number of MP particles in the
sample was 10 units per 200 grams of dry matter, and the
maximum was more than 100, respectively. It should be
noted that the high levels of artificial polymers for a number
of samples were obtained by recalculating the amount of
substance taken at different points to a single comparative
value (this will be described in the discussion section). The
size of the detected fragments was, on average, 100—
300 microns, with individual specimens reaching 1.5-3 mm.
Fibers dominated the defined categories, with pyroplastics
making up the smallest category by number of units. The
map and the consolidated diagram (Fig. 6, 7) present the
overall data on the presence of different categories of MP in
the collected samples according to the collection stations,
both in terms of actual distribution and percentage of the
defined categories in each sample.

There are currently few publications on the distribution,
species composition, and dynamics of microplastics within
the shelf and mainland slope of the western Black Sea.
Despite the content of these works (Pojar et al., 2021; D'-
Hont et al., 2021), in general, there is not enough information
to compare and correct the data we obtained. According to
the results of our research, there is no stable dependence of
redistribution of microplastics of different densities on
distance from the shore, similar to the distribution of the
material component of sediments. The only thing that can be
confirmed, based on the information received, is uneven
lateral distribution within the shelf zone, which is quite
possibly related to the impact of the anthropogenic plane
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load on the surface bottom sediments. In particular, we are
talking about the location and distribution of possible
dumping zones on the shelf, the impact of which caused the
concentration of pollutants within certain sufficiently large
areas of the shelf. This may be evidenced, in particular, by
the large amount of carbon-containing substances in certain
test points (stations 1, 3 — probably particles of natural coal,
burnt substances, etc.).

One of the peculiarities of the microplastics content in
the surface sediments of the survey area is the relative
stability of their concentration (quantitative and qualitative
indicators) in the sediments of the mainland slope (samples
7, 15, 16, 17, 18). It should also be noted that the low
concentrations of MP at point 10 are likely related to
technical problems while sampling from the vessel: during
lifting of the scoop, the sediment was washed with water due
to incomplete closure of the sampler flaps.

As for the planar distribution of different types of
polymers, the Raman spectrometer identification procedure
involved the creation of mixed control groups from different
samples, which makes it impossible to calculate the types of
MPs by composition at individual stations. This is due to the
small size of the samples and the corresponding difficulty in
sampling (particles smaller than a certain size cannot be
visually distinguished from other material or sorted because
they cannot be controlled due to their small size). At the
same time, the analysis of the sorted part of the fragments
using methods that facilitate proper plastic identification
(Hidalgo-Ruz et al., 2012; Dekiff et al., 2014), is a necessary
element of MPs verification and their subsequent counting.

It is worth noting certain problematic issues related to the
definition of MPs and their calculation, peculiarities of field
and laboratory work that could affect the quality of the results
calculation, and the identification and consideration of which
should improve the accuracy of the results and their
informational value. They are:

1) The number of MP particles per sample unit was
recalculated to dry sludge. The ratio of dry sample weight to wet
sample weight for samples collected in different areas of the
shelf averaged 1:2.5 and ranged from 1:1.6 (sample No. 2) to
1:10 (sample No. 18). The increase in the ratio is observed, as
a rule, for samples taken with a multicorer, and in terms of the
planar distribution — for samples taken at considerable depths.
Perhaps this is due to the peculiarities of sampling by different
types of devices (the possibility of sampling "silt" with a
multicorer, or with different material composition of sediments
and their saturation with water and shell/detritus material).
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2) The above-mentioned problem of different sample
weights creates another problem - determining the
methodology for proportional conversion of the number of
MP particles in samples of different volumes to one
reference mass. Given the solution of such problems in the
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literature (D'Hont et al., 2021), it was decided, in case of
different sample volumes, to reduce the number of identified
particles by a proportional increase or decrease to the
reference weight.
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Fig. 6. A map of the study area with sampling points and diagrams of the distribution of different categories
of MPs and their number. Captions under the diagrams indicate the types of samplers (multicorer, scoop)
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Fig. 7. Consolidated diagram of the distribution of different categories of MPs in station samples:
1) actual distribution, 2) percentage in each sample

For example, halving the amount of particles to 200 g for
sample No. 8 (with 400 g removed from it for analysis)
seems logical, and the feasibility of a proportional increase
in the amount of MP for sample No. 18 by almost 8 times
from the existing 0.026 g to 200 g remains questionable.
This is especially true for rarely encountered categories of
MPs — for example, 1 spherule, the probability of detection
of which is insignificant, should be proportionally
recalculated eight times.

3) Regarding bringing the density of zinc chloride
solution to 1.8 g/cm3, the following should be noted: with the
unconditional benefit of detecting certain types of high-
density MPs (polyurethane, polyesters, polyvinyl chloride), a
significant amount of mineral substance (loose carbonate
objects, a significant amount of carbonaceous substance,
organo-mineral aggregates, etc.) may emerge during the
flotation process, which introduces certain complications in
the procedure for calculating or selecting MPs. Studies have
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shown that the aggregation of sediment fragments of the
siltstone-pelite component, namely the presence of
accumulations of organic-mineral particles, can remain even
after liquid separation and retention in solutions to remove
organic matter (in particular, H202,). This refers to the
potential loss of counting artificial polymer particles
remaining in the mineral matrix with a density higher than
the flotation solution (Fig. 8).

Perhaps, in this case, attention should be paid to
systems for defragmenting the mineral base of samples and
qualitatively separating adherent particles. It should be
borne in mind that excessive mechanical separation
destroys fragile MP particles, and the use of concentrated
alkalis and acids to remove organic matter can lead to the
dissolution of certain types of polymers.

4) The previous paragraph outlines another important
issue that requires consideration and improvement in sample
preparation and particle identification processes. As practice
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has shown, when determining microplastics in the bottom
sediments of offshore areas, particles of several millimeters in
size are prone to defragmentation due to their relatively large
size, especially during a set of laboratory operations for their
isolation. This introduces some uncertainty into the system of
counting particles and their dimensions. For example, in one
of the samples collected within the mainland slope, a rather
large microplastic particle was found in zinc chloride during

density separation (station No. 15/Argo-Sirena, PP film
measuring 0.7x2.3 mm). In the process of subsequent
procedures — washing with distillate, settling in hydrogen
peroxide, processing in alcohol, the sample significantly
decreased in size, decomposing into a large number of small
fragments. At the final stage of quantification, all potential MP
fragments (25 units!) that looked similar to film fragments
were not included into the count (Fig. 9).
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1) microplastics (a blue particle), "ingrown" into the mineral-organic aggregate. The particle size is 20-25 microns;
2) a plastic line of an undefined type of black polymer, in an organo-mineral matrix formed, probably, by benthic biocenoses

b ]

Fig. 9. A microplastic (polypr:

opylene) fragment that resembles a strip in shape (1), its texture in the enlarged photo (2),

and sample fragments (3)

In general, in many samples, on the one hand, the
absence of MP samples of the upper dimensional limit of
0.3-0.5cm is noteworthy, and on the other hand, the
presence of the same type (single-color) MP fragments in
some samples (as can be seen in the station summaries
given above). This indicates either the decomposition of
relatively large particles of MP in the bottom sediments or
their destruction during sample processing. Nevertheless,
this is a significant issue that should be given further
attention and unambiguous interpretation.

5) The qualitative identification of MP particles in the
sediments, as well as determination of the types of selected
synthetic polymers, remains a problematic issue.
Verification procedures on Raman spectrometer also do not
always give unambiguous results. For example,
measurements at different points on the surface of a single
particle often give different readings due to its component
composition, coloring, degree of degradation/rusting, and
other factors.

Discussion and conclusions

The results, in general, confirm the data presented in the
literature on this topic (D'Hont et al., 2021, Pojar et al.,
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2021). Studies have shown that microplastic particles in the
surface sediments are represented by different types
everywhere, with fibers dominating in terms of
morphological characteristics. Size of the detected
fragments averaged 100-300 microns, with individual
specimens reaching 1.5-3 mm. In terms of percentage
redistribution among different types of polymers,
polyethylene and polypropylene dominated, with
polystyrene, polyester, and polyamide accounting for a
much smaller share. Single fragments were found of
polyvinyl chloride (1 object) and polyurethane (3 objects).
Given the density (in g/cm?3) of polyethylene terephthalate
(polyester) — 1.24-2.3, polyvinyl chloride — 1.16-1.58, and
polyurethane — 1.23 — all these objects were detected due
to high density of the zinc chloride solution

As for the distribution of MPs in surface sediments
depending on natural conditions (different facies zones,
depth distribution, currents, sediment types, and bottom
relief), we can document the fact that the amount of
polymers, in terms of dry weight of soil matrix samples,
increases in the direction of the mainland slope. This raises
certain questions about the intensity of dispersed matter
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accumulation on sloping bottom areas unstable to
accumulation, although the issue of MP concentration in
pradeltas has been raised in a number of literature sources
(Pellegrini et al., 2023)

It should be noted that since many unidentified particles
are overlooked due to their small size, the actual number of
MPs in the samples may be 50-70 % higher.

An important result of the work was the identification of
a number of topical issues, shortcomings and uncertainties
in laboratory research methods, sample preparation and
identifying MPs, which should be addressed in the future.
The development of non-destructive and at the same time
highly effective in terms of the amount of material recovered
and identified methods of sample processing and analysis
will have a significant impact on the quality of results
obtained in the future.

Finally, we would like to note the following: the research
currently being conducted by the scientists of
MorGeoEcoCenter of the National Academy of Sciences of
Ukraine under the DOORS project allows us to gain
important practical experience in identifying artificial
polymers in geological environment, establish information
bases, and define an arsenal of research methods in
accordance with the developed European standards. The
acquisition of practical experience and further integration
into the international system to study the distribution of
plastic waste, in particular, microplastics in the Black Sea
geo-ecosystems, in the future opens up wide opportunities
for Ukrainian geo-ecologists to participate in important
international environmental projects, including the
implementation of EU's Mission Starfish 2030: Restore our
Oceans and Waters.
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OOCHNIDKEHHSA PO3MOAINY MIKPOMMACTUKY B AOHHUX BIANAOAX 3AXIAHOI YACTUHM YOPHOIO MOPHA

B c Ty n. Po3noecrodxeHHs ma HaKOMUYeHHsI naacmukoeux eidxodie y HasKONUWHbLOMY cepedoeuli HUHI € 8U3HaHOIO 25106as1bHOMO npobiie-
moro. Po3pobka egpekmusHoOi cmpameeii ynpaeniHHsi nnacmukosumu eidxo0amu ma MiHiMi3ayii ix ennuey Ha Mopcbke cepedosuuje HeMoxsuea 6e3
npoeedeHHs1 MosIbo8UX OOCIiOKeHb y MiCUsiX ix HaKonu4eHHsl, 0cobueo y AoHHUX eidknadax. BusHayeHHs ix emicmy y eepxHbOMYy wapi ocadie ma
8UBYEHHS SIKICHUX i KiNbKiCHUX Xapakmepucmuk da€e 3Mo2y OKpec/iumu 3aKOHOMipHOCMI iX Ha0X0O)XeHHs1 8 aKeamopito, MOWUPEHHs1 ma HaKonu-
4YeHHsl, pU3UKU 8riuey Ha MOPChKi op2aHi3Mu.

MeToawn. BizyanbHe eusHa4yeHHs1 MiKpO4aCMUHOK Nacmuky npoeoousu nid MOHOKY/sIpOM onmu4Ho2o mikpockona SIGETA MB-12 LCD.
AnbmepHamueHuli MemoO ideHmudbikauii, mecm 2apsi40r0 20JIKOI0, MaKOX euKkopucmosyeaecs OJis eU3Ha4YeHHs nNacmuky nid mikpockornom. Pa-
MaHiecbKy criekmpocKonito 6ys10 eaukopucmaHo 0ssi npoeedeHHs1 cmpykmypHoi idenmudpikayii. JTabopamopHi docnidxeHHs npoeodusnu Ha 0OHOKa-
ckadHomy cnekmpomempi MDR-23 3 oxonodxyeaHum CCD-demekmopom i Mikpockornom Micromed.

Pe3ynbTaTu. AHanisz KoxHoz2o 3pa3ka ma nodanbue y3azanbHeHHs Noka3anu HasieHicmb YaCMUHOK M1acmuky 8 ycix mo4ykax 30Hu eio-
6opy, y pi3HUX Kinbkocmsx ma cknadi. Peaynomamu docnidxeHb niomeepoxyomb, W0 MiKpo4aCcmuHKU niacmuky e rnosepxHesux gidknadax Ao-
cumb nowupeHi Ha ecili mepumopii docnidxeHb i NoectoOHO 80HU NpedcmaesieHi pisHuMu munamu, de 3a MOpPEOJI02iYHUMU XapaKmepucmukamu
JdoMiHyromb 80JIOKHA, a 3a XiMiYHUMU munamu — noniemuJsieH i noninponineH. Cmab6inbHoi 3anexHocmi nepepo3nodiny Mikponaacmuky pi3Hor winb-
Hocmi eid eidcmaHi eid 6epeza Hemae. €AuHe, w0 MoxxHa Nidmeepdumu, ye HepieHOMipHicMb JamepasibHO20 Po3Modify 8 Mexax weslbgoeoi 30HU,
wo yinkom iMogipHoO noe'a3aHe 3 8MN/IUBOM aHMPOINO2eHHO20 MIIOUUHHO20 Ha8aHMa)KeHHs1 Ha nosepxHesi OOHHI 8idknadu.
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MODERN HYDROGEOLOGICAL CONDITIiONS OF THE ABSHERON PENINSULA

(lMMpedcmaeneHo YyrneHoM pedakyiliHoi kosezii 0-pom 2eon. Hayk, npog. O.€. Kownskosum)

Background. The Absheron Peninsula is the most densely populated and ecologically polluted area in the Republic of
Azerbaijan. The rapid development of the oil industry in this area has had a negative impact on both the sea and a significant part
of the peninsula. This article examines the physical and geographical conditions, geological and geomorphological structure, and the
physico-mechanical properties of rocks from a hydrogeological perspective. By summarizing data on the depth, flow rate, and
chemical composition of groundwater and evaluating factors that play a significant role in the formation of the area’s hydrogeological
conditions, reasons for the rise in groundwater levels have been established, and solutions for their elimination proposed. The aim of
the study is to investigate the causes of ecological imbalance, identify factors affecting the modern hydrogeological conditions of the
Absheron Peninsula, and suggest preventive measures against potential geological events. The peninsula’s hydrographic network
consists of the Caspian Sea, streams, numerous saline lakes fed by atmospheric precipitation and oil-containing waters, with lakes
having a significant impact on the climate and ecological situation in this densely populated area.

Methods. Research methods involve studying the physico-mechanical properties of soil and rock samples collected from
hand-dug wells and boreholes in terms of engineering hydrogeology, their lithological composition, and thickness.

Results. The charachteristics of the artificial lakes, reservoirs, villages, and settlements of the Absheron Peninsula, as well
as its unconfined and confined aquifers are studied in the article.

Conclusions. The results have revealed the modern hydrogeological conditions across the entire area of the Absheron
Peninsula, as well as natural and anthropogenic factors influencing its formation. Based on these factors, it is possible to predict
endogenous and exogenous geological events and take appropriate preventive protective measures. Based on the results of
preliminary assessment and earlier hydrogeological zoning, 12 promising areas were identified in 3 hydrogeological areas.

Keywords: Absheron Peninsula, hydrogeological conditions, ecologically polluted area, groundwater, artesian aquifers,

physico-chemical composition.

Background

Located on the eastern edge of the Greater Caucasus
and on the western coast of the Caspian Sea within the
Republic of Azerbaijan, the large Absheron Peninsula
borders Gobustan. Its length is about 60 km, with the widest
part reaching 30 km. The surface of the Absheron Peninsula
comprises broad plains, ridges, and hills, separated by
valleys and depressions. The western part of the peninsula
is situated at higher elevations, while the coastal area lies
28.0-28.5 m below sea level (Alekseev, 2020; Geology of
Azerbaijan, 2008; Imanov, & Alekbarov, 2017; Karimov,
Sharifov, & Mammadli, 2021).

Research on the hydrogeological conditions of the
Absheron Peninsula and the factors affecting its formation is
of current importance and represents scientific and practical
interest. Such studies are crucial for urban planning and
construction, selecting territories for water dams, bridges,
rail, and roads construction, considering the durability of
engineering  structures, normal economic activities,
predicting endogenous and exogenous geological events
(swamps, salinization, landslides, etc.), and developing
protective measures against them.

The study also examines temperature indicators, annual
precipitation norms, seasonal changes in groundwater
levels, as well as their physico-chemical composition,
conditions of formation, replenishment, and the potential for
use in drinking water and for economic needs.

The hydrogeological conditions and influencing factors,
physical-geographical conditions, geological and
geomorphological structures, and physico-mechanical
properties of rocks, along with endogenous and exogenous
phenomena, must be evaluated from a hydrogeological
perspective. The Absheron Peninsula mainly hosts the cities
of Baku, Sumgayit, Khirdalan, and 32 other settlements, with
its orography represented by low mountains in the northwest
and southwest, and plains in the central and eastern parts.

The geological structure includes several tectonic
structures. The West-Absheron anticlinorium, the
Absheron-Jeyrankechmez tectonic zone, the East-
Absheron synclinorium, and the Absheron Archipelago
anticlinorium, each characterized by its unique geological
and geomorphological features. From a geomorphological
viewpoint, the peninsula's relief was mainly formed under
the influence of dynamic young tectonic movements and
abrasion, including exogenous geological factors.

The peninsula's hydrographic network consists of the
Caspian Sea, streams, numerous saline lakes fed by
atmospheric precipitation and oil-containing waters, with
lakes having a significant impact on the climate and
ecological situation in this densely populated area. Due to
evaporation exceeding annual precipitation three to four
times, these lakes tend to dry up and accumulate salt
deposits during summer (Amalfitano et al., 2014; Barthel,
2014; Bondarenko et al., 2018; Bravo, 2019; Gadzhiev, &
Namazov, 2014).
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The rapid industrial development in Absheron has led to
population growth and construction of many residential
areas without a unified sewage system, worsening the
ecological condition of nearby lakes and territories, with
lakes such as Boyukshor, Bulbula, Kirmizygol, Khodjasan,
and Chukhurdara being the most polluted ones, hindering
the expansion of Baku city.

The East-Absheron synclinorium is characterized by
deposits from the Quaternary and Agchagyl ages and a
productive layer, marked by complex geological structures
and consists of various anticlinal uplifts like Sumgayit, Jorat,
Novkhani, Fatmai, Garachukhur, Zigh, and the Sandy Island
in the Caspian Sea, uniquely stretching in the northeast and
southeast directions. The Absheron Archipelago
anticlinorium, following a general Caucasian direction,
features a series of anticlinal uplifts: Oil Rocks, Yylag,
Pirallahi, and the Absheron Bank, extending along the
northeastern coast of the peninsula and separated by
synclinal depressions. Geomorphologically, the peninsula's
relief was primarily shaped by dynamic young tectonic
movements and abrasion, including exogenous geological
factors. Western Absheron is known for its fragmented relief,
predominantly consisting of mountainous areas reaching
370 m in height, connecting with exposures of the Greater
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Caucasus. Eastern Absheron, east of the Mastaga-
Surakhani meridian, presents as a rounded hilly plain. The
southwestern part of the peninsula features elevations of
120-130 m. The northwest consists of plains facing the
Caspian Sea, represented by coastal terraces, while the
area east of the Sumgayit River is a saline depression. The
southwest is characterized by saline, dune, and barchan
plains of Turkhan and Zira. Hills along the Caspian Sea are
shaped by temporary watercourses due to rain and
snowmelt. The hydrographic network includes the Caspian
Sea, streams like Jeyranchel and Sumgayit, and numerous
saline lakes fed by atmospheric precipitation and oil-
containing waters, with mineralization levels of 10-100 g/l
and a chlorinated, chloro-sulfate-sodium-magnesium
chemical composition. Out of the 222,000 hectares of the
peninsula's total area, 30,000 hectares have lost their
natural potential due to topsoil erosion and are unsuitable
for use, though not all are polluted. The oil-polluted part
accounts for about 10,600 hectares, with the most polluted
areas being in the Garadagh, Binagadi, Sabunchi,
Surakhani, Khazar, and Sabail districts (Gadzhiev et al.,
2011; Selvaggi et al.,, 2020; Gruza, & Rankova, 2004,
Gyulmamedov, 2021) (Fig. 1).
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Fig. 1. Lakes of the Absheron Peninsula

Lakes, formed and polluted by industrial and domestic
waters, pose significant ecological problems, influencing
the climate and environmental situation in this densely
populated area (Klige, & Khlystova, 2012; Lee, & Son,
2017; Maksarov, 2023; Montcoudiol, Molson, & Lemieux,
2014; Panteleenko et al., 2023, Smith, & Reynolds, 2003).
About 800 lakes cover 3,325 hectares, with 200 being
relatively large. Annually, over 40 million cubic meters of
wastewater and formation water are discharged into them,
exacerbating the lakes' ecological situation due to pollution
from oil, industrial and domestic wastewater, and water
from many newly built residential and public buildings
without proper sewage systems (Wang, Zuo, & Caers,
2017; Wang, Lee, & Son, 2017). With evaporation
exceeding annual precipitation by three to four times, these

ISSN 1728-2713 (Print), ISSN 2079-9063 (Online)

lakes tend to dry up and accumulate salt deposits during
summer. Most artificial lakes and ponds were created by
long-term discharge of untreated formation water during oil
and gas exploration and production. Rapid industrial
development led to population growth and the construction
of many residential areas. Due to the lack of a unified
sewage system, domestic wastewater in residential areas
is dumped into nearby lakes and adjacent territories,
turning these bodies of water into stressed ecological
zones. Lakes like Boyukshor, Bulbula, Kirmizygol,
Khodjasan, and Chukhurdara are among the most
polluted, limiting the expansion of Baku. Boyukshor Lake,
located in the center of the Absheron Peninsula within the
Binagadi, Sabunchi, and Narimanov districts, has
observed depths of 3.40-3.95 m in open areas, with a



~116 ~

B 1 C H U K KuiBcbkoro HauioHanbHoro yHieepcurety imeHi Tapaca LleBueHka

maximum depth of 4.20 m. Near the shores, depths vary
from 0.50 to 1.70 m. The lake has an oval shape,
extending from northwest to southeast, with a length of
10 km and a maximum width of 1.5-2.0 km, surrounded
by an ancient Caspian terrace to the north and a
rectangular slope to the south. Currently, Boyukshor Lake
is a closed basin, receiving groundwater flows from all
surrounding territories.

Methods

During the research period, the authors sampled and
determined the degree of mineralisation and chemical

composition of the waters of some lakes of the Absheron
peninsula (Tab. 1).

The Absheron Peninsula features the artificial Jeyranbatan
Reservoir and the Absheron Canal. Settlements and industrial
areas on the peninsula are supplied with water from the first
and second Shollar aqueducts, the first and second Kura, the
Oguz-Gabala-Baku, Jeyranbatan and Takhtakorpu reservoirs,
and the waters of the Absheron Canal (Gladilshchikova, &
Semenov, 2017; Ismailova et al., 2022; Israfilov et al., 2016;
Jungmeister, Gasymov, & Isaev, 2022).

Table 1

Hydrochemical characteristics of the Absheron Peninsula lakes

Name of the lake Chemical composition of waters according to Kurlov's formula
At high water level At low water level
- CI51,150,35,8HCO, 13,1 C144,250,40,4HCO,15,4
Haji-Hasan 28 (Na + K)78,6Mg12,3Ca9,1 " (Na + K)89,7Ca6,9Mg3,4
S0,49,5CI37,3HCO,13,2 S0,46,7CI37,0HCO,16,3
Ganly gol ®(Na + K)74,9Mg18,0Ca7,1 ' (Na + K)69,9Mg20,8Ca9,3
Alataval ", S0,71,5CI16,5 _S0,70,1G/181HC0,10,6
% (Na + K)72,6Ca17,1Mg10,3 2 (Na + K)71,9Mg16,3Cal11,7
Alatava I ", 50,71,9CI16,5 80,66,7CI26,4HC0,6.9
7(Na + K)67,6Mg17,7Cal4,7 “Mg58,7Ca24,9(Na + K)6,4
C142,150,30,1HCO, 27,8 S0,49,4HCO,28,4CI22,2
Bulbula 20 Na + K)49,3Mg28,8Ca21,9 "5 (Na + K)73,0Mg15,2Ca11,8
Beyuk-Shor  CI76950,115HC0;5,9 CI51850,33,0HCO,116
(Na + K)79,1Mg11,8Ca9,1 7 (Na + K)87,8Mg6,4Ca5,8
Mirzaladi  CI88,150,10,6HCO,1.3 M, C192,250,6,4
(Na + K)92,1Ca1,9Mg6,0 (Na + K)91,9Mg6,3Cal,8
Gyrmyzy gol . €194,0S0,5,0 _C193,650,5,9HC0,0,5
(Na + K)92,6Mg7,1Ca0,3 (Na + K)93,6Mg6,0Ca0,4
C197,250,2,8 C192,0S0,7,2
Masazyr M.os (Na + K)96.4Mg3.2Ca0.4 Mo N+ K)93,0Mg;4,0Ca2,0
Jeiranbatan 50,47,9C132,8HC0,19,3 C145,150,42,6HCO,12,3
Reservoir % Mg47,7(Na + K)39,1Ca13,2 2 (Na + K)53,9Ca18,7Mg17,4

Its geological structure includes Cretaceous, Paleogene,
Neogene, and Quaternary deposits. Geomorphologically,
the peninsula's relief has primarily formed under the
influence of dynamic young tectonic movements, abrasion,
including exogenous geological factors. Hydrogeologically,
the Absheron Peninsula is divided into Western and Eastern
Absheron districts, with groundwater being widespread in
the western part, in Baku, and along the northern coast. In
the eastern part, groundwaters have formed in various
stratigraphic and genetic deposits (Fig. 2).

During 2010-2023, studies, cadastre and report were
carried out by Hydrogeological and Amelioration Service and
Water Use and Protection Control Department of "Azerbaijan
Land Reclamation and Water Management" JSC. The
purpose of these researches, which were carried out under
the methodological guidance of the authors of the article, is to
determine the peculiarities of groundwater formation within
the Absheron peninsula, search and assessment of
groundwater reserves suitable for drinking and technical
purposes, allocation of promising areas for more precise
works. In this connection, complex geophysical and
hydrogeological studies were carried out in the Absheron
territory during the above-mentioned period. The results of
previously conducted geological, hydrogeological and
geophysical works, as well as data from wells drilled by
individuals and legal entities were studied (Fig. 1).

Taking into account these data and preliminary
geophysical surveys on the scale of 1:50000, geological and
lithological sections of the area, reservoir characteristics of
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rocks, etc. were identified and promising areas of
underground pressure water distribution were identified. By
drilling boreholes in promising areas to depths of 10, 50,
100.0 meters, the conditions of water horizons occurrence
were studied by area and depth and corresponding maps
were drawn up (Fig. 2).

Based on the results of well logging, hydrogeological
permeability tests, ground geophysical and laboratory
studies, the effective capacity, hydrodynamic and
hydrochemical parameters of water horizons were studied.
At the same time, by studying the results of previously dug
wells, the flow rate and chemical composition of water of the
existing water intakes in the territory were studied
(Gadzhiev, & Namazov, 2014; Selvaggi et al., 2020;
Geology of Azerbaijan, 2008; Gladilshchikova, & Semenov,
2017; Gruza, & Rankova, 2004; Gyulmamedov, 2021;
Imanov, & Alekbarov, 2017; Ismailova et al., 2022).

Groundwater is widespread in the Novocaspian deposits
of continental origin (alluvial, deluvial, aeolian, etc.),
nourished by the waters of the Khvalynsk deposits, mainly
flowing horizontally. Wells dug in these deposits yield 0.02—
0.2 I/sec, often too saline for water supply use. The
Novocaspian aquifer on the Absheron Peninsula appears as
a strip along the coast, 60—-400 m wide. 70 % of these
deposits are sandy shell rocks, 1.0-15.0m thick,
transitioning to clays with depth. Groundwater is uncovered
at various depths, sweet to brackish in quality.

The Khvalynsk deposits, mainly found on Western
Absheron and water-bearing along the eastern coast,
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consist of limestones, sands, and gravels in places, with
groundwater levels 2.0 to 16-17 m deep, yielding 0.2—
0.7 I/sec. In the Baku fold area, groundwater is mostly
brackish to saline. Caspian deposits, prevalent in Sumgayit
and Baku, vary in depth, often saline, with mineralization
levels of 0.9-2.1g/l, indicating diverse hydrogeological
conditions across the peninsula.

“Masazir .

=

Jeyranbatan reservoir

1 3

During investigations for the construction of a metro line
from "Kara Karaev" station towards Bina airport, groundwater
was observed at depths of 35.0-65.0 meters. Near the new
Baku Oil Refinery, groundwater is found at depths of 12.0—
30.0 meters, primarily in Caspian age deposits consisting of
sands, limestones, and clays.

Depth of occurrence: 1. 0—1 m; 2. 1—3 m; 3. 3-5 m; 4. 510 m;5. 10—20 m; 6. More than 20 m; 7. Areas of sporadic distribution of groundwater
Fig. 2. Map of the groundwater depth in the Absheron Peninsula

In Bina and the Govsan fold, Caspian deposits'
groundwater is accessed by wells at 5.7-23.0 meters, with
some yielding 7.01l/sec. Mineralization increases
significantly in the Govsan fold area, mixing with oily waters,
reaching up to 100 g/l in outer parts of waste channels.
Groundwater associated with the Baku stratum varies in
depth around Baku, Sumgayit, Mardakan, and Bina.

Beyond Shuvalan, in an area known as the "Northern
TPP" gardens, groundwater is found in sands, limestones,
and weakly cemented sandstones at depths mainly between
10.0-18 meters, with a mineralization level of 1.2-2.0 g/I
and a sulfate-calcium chemical composition. Groundwater in
Baku is found at various depths in sands, limestones, and
weakly cemented sandstones, with well yields reaching up
to 9.0l/sec and mineralization levels of 0.7-2.5 g/,
increasing to 67.6 g/l in some areas.

The Upper Absheron water-bearing layer is identified in
Bilgah, Gala railway station, Sahil, and Baku fold areas, exhibiting
high water yield in some places and serving local sanatoriums.
Groundwater in Baku, associated with upper Absheron deposits,
is accessed at various depths, generally fresh and low
mineralized, with mineralization of fresh spring waters ranging
from 0.5-1.2 g/l (Yungmeister et.al., 2022; Tagiev & Karimov,
2021; Tagiev & Babaev, 2016; Tagiev, 2001).

Groundwaters related to the Middle Absheron deposits
are identified through wells in various areas, showing
different levels of mineralization and water Yyield.
Pressurized freshwater aquifers, widely spread in Eastern
Absheron and associated with Quaternary deposits, have
been more thoroughly studied in certain areas, with well
yields of 0.5-2.0 I/sec and mineralization levels varying.
Fresh, slightly mineralised pressure waters are widespread
in East Absheron and are confined to Quaternary sediments.
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During 2022-2023 years of research the authors sampled
and determined the degree of mineralisation and chemical
composition of the Absheron Peninsula pressure waters.

Results

The pressure water horizons of Lower Quaternary
sediments have been studied in comparatively more detail in
the areas of the Baku, Bina-Govsan and Ziryan mulds. The
flow rate of wells drilled into these deposits is 0.5-2.0 I/sec,
and the degree of mineralisation varies within 12—16 g/l.

In the Bina-Govsan fold, two water-bearing horizons were
discovered at depths of 28.5-43.9 m and 47—75 m with yields
of 4.0-5.0 I/sec, mostly saline. Due to the pinching out of the
Absheron layer deposits, artesian waters emerge as several
springs and are accessed by wells with a flow rate of 1.7 I/sec.
In the Guzdek fold, artesian waters of the upper Absheron
deposits surface through springs and wells, yielding up to
1.7 I/sec (maximum 7.7 |/sec). Artesian waters from the upper
and middle Absheron deposits within the Baku fold are
accessed at depths of 27—77 m, with mineralization reaching
12—17 g/l. The hydrogeological conditions of the Absheron
Peninsula were defined by various factors, including physical-
geographic conditions, geological structure, geomorphology,
hydrogeological conditions (groundwater depth, flow,
composition, mineralization), and the physical and
mechanical properties of rocks (Tagiev, 2001; Tagiev et al.,
1996; Tagiev, & Babaev, 2017; Tagiev, Kerimov, & Sharifov,
2021; Tagiyev et al., 2022).

These studies identify the modern hydrogeological
conditions and both natural and anthropogenic factors
influencing the peninsula's formation, aiding in identifying
conditions for potential geological events and necessary
preventive measures.
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Table 2
Hydrogeological parameters for assessment of drinking groundwater reserves (for 2010-2023)
Parameters of water horizons
g z
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g0 5 S £ 2 g | 2 g |27 |EE|ES|E 5
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1] 1| 18,7 | 60 Qiap 29-38 23 28-38 | 22,1 | 35,26 | 13,16 1,0 | 0,076 | 0,55 | 12,65 | M1 SO456xHCO328,4xCl 15,5
46-60 46-56 (Na+K)53,7xCa27,8xMg18,5
2 | 2| 228 | 60 Qiap 70-95 17 70-85 | 12,0 | 25,0 13,0 0,5 (0,077 | 0,41 6,97 M1.84 SO447,5xCI37,5HCO315,0
(Na+K)50,8xMg27,2Ca22
3|13 [ 73 100 | Qiap 40-65 25 42-62 | 4,87 | 4,46 13,0 1,0 0,77 | 0,82 | 20,5 M2,1 Cl40x3S04 34,8 HCO324.9
(Na+K)60,5xCa19,8xMg19,7
4 | 4<] -03 70 Qiap 4,9-66,0 24 40-65 4,9 9,47 4,57 1,6 0,35 | 0,51 | 12,24 | Mo74S0455,2xHCO340,7xCl4,1
(Na+K)47,9xCa34,7xMg17,4
5| 5<| 07 70 Qiap 5,7-60 25,0 | 40-60 57 10,3 4,6 1,8 | 0,39 | 0,51 | 12,75 | Moss SO443,9xHCO343,1xCI2,2
(Na+K) 45,8xMg33,2xCa221
6 | 6| -1,0 70 Qiap 6,28-63 21,0 | 43-63 | 6,28 | 10,02 | 4,62 1,8 | 0,37 | 1,21 | 25,41 | M216 S0444,2xCI37,1xHCO318,7
(Na+K)62Mg22,2xCa15,8
77|07 70 Qiap 4,1-63,0 22,0 | 43-63 4,1 | 13,58 | 9,48 1,1 0,1 0,39 | 8,58 Mz,18 S0442,7xCI37,1HCO320,2
(Na+K)67,6xMg17,5Ca14,9
8 |8 ] 08 70 Qiap 4,27-66 20,0 | 45-65 | 4,27 | 13,84 | 9,57 1,0 0,1 1,43 | 28,6 Mz,34 SO446xCI33,6xHCO3x20,4
(Na+K)66,2xMg19,3Ca 14,5
9 | 9% | 10,7 | 80 Qiap 2,0-80,0 25,0 | 53-78 7.9 15,5 7,6 0,6 0,08 | 0,26 6,5 M2,26S0471,7xHCO317,5xCI10,8
(Na+K)75,6xCa12,8xMg11,6
10 | 11%| 9,2 80 Qiap 2,0-74,0 28,56 | 35-50 |12,46| 22,38 | 9,92 0,4 | 0,05 | 0,43 | 12,26 Mo,sHCO339CI24S0417.0
60-64 Ca13,1(Na+K)79xMg8,2
70-74
11|12¢| 8,0 80 Qap | 12,46-76,0 | 40,5 | 25-55 |22,46| 31,43 | 8,97 2,24 | 0,28 | 1,14 | 46,17 | MoeCI39,6xHCO334,3xS0428,1
60-65 (Na+K)47Mg29,8Ca28,2
70-75
12 1 13%| 11,1 76 Qap | 18,0-30,0 | 24,0 | 41-51 |25/46| 37,53 | 12,07 | 3,01 | 0,25 | 0,78 | 18,72 M1,07S0441,1HCO333,1CI25,8
41-50 (Na+K)63,2Mg23,5xClI13,3
13| 14%| 20,3 | 70 Qiap 18-30,0 26,0 | 40-60 | 26,7 | 41,2 14,5 2,8 0,19 | 0,58 | 15,08 M3,0 SO459xCI23xHCO318
39-65,0 (Na+K)46,7Mg32,9xCa20,4
14| 15%| 12,5 | 70 Qiap 19-32,0 24,0 | 42-62 | 17,1 | 32,9 15,8 2,7 0,59 | 0,59 | 14,16 | M11S0446,9xCI27,.7xHCO323.4
41-64 Ca38,8xMg38,5x(Na+K)22,7
15| 16%| 10,8 | 70 Qiap 40-64,0 31,0 | 40-60 | 16,9 | 32,9 15,3 234 |1 0,14 | 0,21 6,51 M2,07S0457,9xCI30,2xHCO312,8
Ca42,4xMg35,3(Na+K)22,3
16 | 17%| 20,0 | 100 | Qiap 16-22,0 46,0 | 50-60 8,1 19,7 | 11,62 | 1,38 | 0,12 | 0,16 | 7,36 | Mogs HCO345,7 SO428,8xCI25,5
24-38 64-74 Ca38,8xMg38,5x(Na+K)
48-60 83-93
66-730
83-92
17 | 18%| 21,1 | 100 | Quap 18-41,0 17,0 | 43-50 |12,75| 34,55 | 21,80 0,8 |0,038| 1,0 17,0 Me 7C183,2xS0412,9xHCO33,9
43-50,0 68780 (Na+K)79,5xCa11,1Mg9,4
68-74,0
74-78,0
18 | 19¢| -1,1 | 100 | Quap 43-50,0 16,0 | 43-50,0| 53 | 21,3 16,0 1,4 | 0,09 | 1,24 | 19,84 | M27Cl43,5xS0433,4xHCO323,1
68-75,0 66-79,0 (Na+K)76,2Ca13xMg10,8
75-79,0
19| 20%| -21,1 | 100 | Qap | 21,0-42,0 | 24,0 | 45-53 0,7 15,8 15,1 1,9 0,13 | 0,75 18 M2,90CI67,9xS0423,2xHCO38,9
47-53,0 70-75 (Na+K)60,1Ca21,7xMg18,2
60-69,0 80-92
70-75,0
79-92
20 | 21| -21,3 | 100 | Qiap 0,0-23 27,0 | 4348 0,0 12,2 12,2 4,9 04 | 052 | 14,04 Ms6C170S0423,3HCO36.7
42-47 61-71 (Na+K)72,2Mg14Ca13,8
58-85 80-90
21| 22| -22,0| 100 | Qap 5,0-25,0 31 43-48 1,8 13,5 11,7 45 | 038 | 047 | 14,57 M17C176,8xHC0O316,3xS046,9
40-48,0 61-71 (Na+K)51,4xMg265xCa22,1
58-81 80-90,0
22 | 23| -12,5| 100 | Qap 21-37,0 34 50-60 | 6,38 | 12,76 | 6,38 1,2 0,31 0,7 23,8 M15780456,2xCI25xHCO318,8
50-83,0 75-85 (Na+K)54,2xCa28,9xMg22,9
90-99,0 89-99
23| 24| 6,3 | 100 | Qiap 12,5-38,0 29 30-36 | 12,5 | 37,0 245 1,25 0,1 0,39 | 11,31 Mo,s6 HCO361,7xS0435,7xClas
60-67,0 60-67 (Na+K)37,0xCa33,3xMg29,7
73-83 73-83
92-99,0
24 | 25| -75 | 100 | Qap | 21,2-38,0 40 50-60 | 21,2 | 32,98 | 11,78 | 1,67 | 0,14 | 0,58 | 23,2 | M16 SO445,6xCI30,0xHCO324.4
50-60,0 75-85 (Na+K)72,6xMg20,3xCa7, 1
62-67,0 6267
75-65,0 93-98,0
92-98,0
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Table 3

General hydrogeological characteristics of water horizons and complexes

Name of water | Maximum well flow | Special flow rate, | Water mineralisation Chemical composition of water
complexes rate, litres/sec litres/sec m degree, g/l
Khvalyn water 3,01 0,28 1,1-2,07 Sodium chloride, sodium chloride-magnesium-
complex calcium, sodium-sulphate-hydrocarbonate-
sulphate-sodium-calcium
Khazar water 4,9 0,4 1,07-4,5 sodium-magnesium chloride-sulphate
complex
Absheron 1,0 0,076 1,1-1,84 Sulphate-chlorine-sodium-magnesium-calcium
water complex
Discussion and conclusions results of hydrogeological investigations in these

The hydrogeological conditions of the Absheron
Peninsula and the factors influencing its formation were
determined based on the following local indicators:

e physical-geographic conditions, administrative location,
climate (long-term, average monthly temperatures, precipitation,
evaporation, humidity), hydrographic works, vegetation, and soil
cover; geological structure (structural-graphic subdivisions,
lithological composition, forms, thicknesses, etc.);

e geomorphological structure (mountainous and plain
territories, their altimetric marks, etc.);

¢ hydrogeological conditions of the area (unconfined and
confined waters, depth, discharge, chemical composition,
mineralization, etc.);

o the thickness of the pressure and low-pressure water
horizon in the East Absheron area is 20-46.0 metres. Low-
pressure water is found in Nardaran-Zagulbinsky and
Mardakan-Shuvelan sites, and pressure water is
widespread in other sites, Gala-Dyubendinsky, Zira-Turkan,
Bina and Govsan sites (Tab. 3).

In these areas groundwater is suitable for technical
purposes:

e based on the results of preliminary assessment and
earlier hydrogeological zoning, 12 promising areas were
identified in 3 hydrogeological areas. Below are summarised

prospective areas (Tab. 4);

e it is proposed to continue hydrogeological studies
periodically at all sites where exploitable groundwater
reserves have been estimated (Yungmeister et al., 2023;
Yungmeister, & Gasimov, 2021; Zhukov et al., 2023);

¢ as a result of investigations in East Absheron carried
out by VES method, geoelectro-geophysical sections pt,
2 Pichugin diagrams, comparative plots of VES curves and
logging diagrams of 2 wells drilled by hydrogeologists were
constructed. As a result of geophysical research carried out
by VES method, geoelectro-geophysical sections of 20 pt on
the territory of Eastern Absheron, 2 graphs of determining
the directions of geophysical unconformities along the path
of the route by Pichukin method were obtained, a map on a
scale of 1:50000 of the results of geophysical research
works was made and suitable places for drilling of 31 wells
with a depth of 50—-100 m were determined;

¢ physical (granulometric composition, density, porosity,
plasticity limits, etc.) and mechanical indicators of rocks
(deformation regime, compression degree, resistance to
shear and compression, etc.). This comprehensive analysis
revealed the current hydrogeological conditions of the
Absheron Peninsula, as well as natural and anthropogenic
factors affecting its formation.

Table 4
Generalised results of hydrogeological studies of promising areas
W . Thickness Permissible Filtration s ial fl Exploitable W
Name of the area . at_er quality of water coefficient pecial Tlow reserves, . _ate_r
indicator, g/l L rate, I/sec m 3 utilisation
section, m drop, m value, m/day th. m*/day
1. Bilgah water intake 1-1,1 32,6 26,46 1,24 0,15 1,57 For domestic
technical
purposes
2. Zagulba water intake 1,1-1,5 36,4 21,84 0,81 0,1 0,8 —"—
3. Mashtaga water intake 1,0-2,1 20,62 12,37 1,1 0,07 0,6 "=
4. Mashtaga water intake 0,66-0.74 57,7 34,62 0,51 0,37 2,7 In all areas
5. Water intake in the 2,16-2,34 20,5 1,32 0,24 1,0 For domestic
north-west of Bina village technical
purposes
6. Water intake in the 2,18-2,28 23,5 0,33 0,09 1 —"—
village of Bina
7. Shuvalan-Gala water 0,9-1,07 34,5 0,79 0,17 1,4 In all areas
intake
8. Goshagovak water 2,3-3,0 43,2 25,92 0,54 0,14 21 For domestic
intake technical
purposes
9. Yeni-Gala Pirallahi 1,07-1,10 23,4 14,04 3,8 0,32 3,5 "
water intake
10. Turkan-Zira water 1,37-2,6 29,6 17,76 0,5 0,22 3,6 "
intake
11. Govsan water intake 1,7-3,0 35,83 2,06 0,27 6,6 ="
12. Govsan -2 water intake 2,0-2,9 30,33 0,69 0,12 7,5 "=
For domestic and 29,39
technical purposes
For drinking water 2,98
Total 32,37
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Studying these factors in the territory allows identifying
conditions for potential endogenous and exogenous
geological events and implementing necessary preventive
protective measures.

Authors' contribution: ligar Namazov — conceptualization,
formal analysis, methodology, writing (original draft); Vagif Karimov
— conceptualization, formal analysis, methodology, writing (original
draft); Jafar Sharifov — data validation, writing (review and editing);
Shafagat Pashayeva — writing (review and editing).
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AsepbanpxaHCbKui aepxaBHUNA yHiBepcuTeT HadTn Ta npomucnoBocTi, Baky, AsepbanaxaHcbka Pecny6nika
CYYACHI rgPOreonori4yHi YMoBu AMNWEPOHCBKOIO NIBOCTPOBA

BcTyn. AnwepoHcbkuli nieocmpie € Halbinbw 2ycmoHacesieHUM i eKoslo2iYyHo 3abpyOHeHUM palioHom A3sepbaiidxaHcbkoi Pecny6niku.
Bypxnueuti pozeumok Haghmoeoi npomucrioeocmi e YboMy palioHi HezcamueHo 8rnJIUHYye8 sk Ha Mope, makK i Ha 3Ha4Hy YacmuHy nieocmpoea. Y yiti
cmammi po3ansdarombcs (hizuko-2eozpaghiyHi ymosu, 2eosio2o0-2eomopghosnoziyHa 6ydoea i pisuko-mexaHidHi eracmueocmi 2ipcbkux nopiad 3 2io-
pozeosioziyHo20 noeasnsidy. Memoro docnidxeHHs1 € suB4YEHHS NPUYUH eKoJ102i4H020 ducbanaHcy, susiesieHHs1 ghakmopie, o enuearome Ha cCy4acHi
2idpozeosoziyHi ymoeu AnwepoHcbKko20 nieocmpoea. lidpozpaghiyHa Mepexa nieocmpoea cknadaecmscsi 3 Kacnilicbko2o Mopsi, cmpyMkKie, YucrieH-
HUX COJIOHUX 03€p, W0 XUesIsimbCsl ammMocghepHUMU onadaMu ma HaghmoeMicHUMU eodamu, MPUYOMY O3epa Maromb 3Ha4YHUlU ennaue Ha knimam i
eKoJ102i4Hy cumyauyito 8 yboMy 2yCmoHaces1IeHOMY PalioHi.

Me Toaun. Memodu docnidxeHHs1 nonsizatoms y eU84YeHHI hisuko-mexaHi4YHUX enacmueocmell 3pa3kie rpyHmie i 2ipcbkux nopio, eidibpaHux

Pe3ynbTarTtu. fJocnidxeHo xapakmepucmuKku wmy4HuUx o3ep, 0o0ocxoeuw, kosodssie i ceepdnoeuH AnuwepoHCcbKO20 nisocmpoea, a ma-
KOX Ui020 6e3HanipHux i HanipHUX 800OHOCHUX 20pPU30HMI8. ¥Y3az2anbHor4u 0aHi Npo anubuHy, de6im i ximiyHul cknad nid3emMHux 800 i oyiH YU
ghakmopu, ski idizparomb 3HaYyHy posib y ¢hopMyeaHHi 2i@poz2eosio2iyHUX YMO8 mepumopii, 6CMaHO08JIeHO MPUYUHU NiGHAMMSs pieHs1 Ni03eMHuUX
800 i 3anponoHoeaHo wWsiXu ixX yCyHeHHsI.

BucHoBKU. 3apesynsmamamu AocnidxeHb ymo4YHEeHO cy4acHi 2idpozeosioziyHi ymosu Ha ecili mepumopii AnwepoHcbKo20 nisocmpoea,
a makoxXx npupodHi ma aHmpomnoz2eHHi ghakmopu, wjo ennuearome Ha ix popmyeaHHsi. Ha ocHoei yux ¢hakmopie MoxHa npoaHo3yeamu eHOO2eHHI
ma ek302eHHi 2eonoziyHi Nodii ma exxueamu eidnoeiGHUX NPeeeHMUBHUX 3axucHuUx 3axodie. 3a pe3ynbmamamu nornepedHLOI OUiHKU ma paHiwe
npoeedeHo20 2i0po2eosi02i4HO20 palioHyeaHHs Ha 3 2idpozeonioziyHux naowax eudineHo 12 nepcnekmueHux OGiNsIHOK.

KnwuyoBi cnosBa: AnwepoHcbKuli nisocmpie, 2idpo2eosio2iyHi ymosu, ekosoz2ivHo 3abpydHeHa mepumopisi, nidzeMHi eodu, apme3siaH-
CbKi B000HOCHI 20pu3oHmMu, hizuKo-ximiyHul cknaod.

ABTOpM 3a8BNSAIOTL NPO BIACYTHICTb KOHAMIKTY iHTepeciB. CnoHcopy He 6panu yyacTi B po3pobneHHi AoCnimKeHHs; y 36opi, aHanisi un
iHTepnpeTaLii AaHKX; y HANUCaHHI pyKonucy; B pilleHHi nponybnikaLilo pe3ynbTarTis.
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SEA-LAND SEGMENTATION MODELS IN DEEP LEARNING FROM REMOTE SENSING DATA

(lMpedcmaeneHo yneHom pedakuiliHoi kosnezii 0-pom 2eos1. Hayk, cm. docsnidHukom O.l. MeHbwoeum)

Background. Coastline changes can have a significant impact on coastal landscape, ecosystems and communities.
Therefore, monitoring of such a highly dynamic system as sea-land is an urgent task that can be solved both by traditional methods
and by using depth learning techniques to improve the efficiency of processing such as class of tasks. The object of the authors’
research is the coastline along the coast of the western part of the Crimean Peninsula, the study of which by traditional methods
has become impossible due to the temporary occupation of the Crimean Peninsula since 2014. The paper considers the main
coastal indicators and methods of coastline digitization.

The main types of satellite images as well as their combinations are compared for effective utilization of the shoreline mapping
task. Many methods are used to recognize and extract shorelines in satellite images, which are generally divided into three groups:
indexing, edge detection and classification methods.

Methods. Authors compared the main depth learning models that can be used to efficiently recognize the coastline and its
boundaries in satellite images, which include ISODATA (Iterative Self-Organizing Data Analysis Technique), Maximum Likelihood
Estimation (MLE), Random Forest (RF), K-Nearest Neighbors (KNN), Support Vector Machine (SVM), U-Net, and Segment Anything
Model (SAM).

Results. The outlines of the Crimean Peninsula coastline were obtained on the basis of PlanetScope images using
ISODATA, MLE, RF, KNN, SVM, U-Net, SAM methods. The obtained images and their performance were compared. The study
included the development of a Python code to automatically generate reports including information on five evaluation metrics,
such as accuracy (98.96), recall (99.45), precision (97.27), F1-score (98.34), and loU (96.74), which facilitated the evaluation of
different approaches and methods.

Conclusions. The comparative analysis highlights the advantage of the U-Net model for shoreline extraction from
remotely sensed images. U-Net consistently provides the most accurate and detailed segmentation in different scenarios,

demonstrating robustness and accuracy.

Keywords: Coastline, Deep Learning Methods, Convolutional Neural Network, U-Net model, Crimean Peninsula.

Background

Coastal areas are highly dynamic environments,
constantly undergoing changes due to various natural
processes and human activities (Toimil et al., 2020). These
changes can have significant impacts on the coastal
landscape, ecosystems, and communities that rely on them
(Hawkins, 2012). It is crucial to have effective methods for
extracting coastline changes in order to monitor and
understand these dynamics (Ballinger, Smith, & Warren,
1994). There are multiple methodologies that can be used
to extract coastline changes, ranging from traditional
techniques to advanced computational approaches.
Traditional techniques for extracting coastline changes
include manual digitization from aerial photographs or satellite
images, as well as field surveys using GPS or total station
instruments. While these traditional methods have been
widely used, they can be time-consuming, labor-intensive,
and limited in their ability to capture large-scale changes over
time. For a more in-depth analysis, it may also be necessary
to monitor factors that may influence shoreline change. The
control of ground cover and its degradation may also be an
important factor influencing shoreline development, which can
also be monitored by geophysical surveys (Menshov, 2016).
However, in this study the authors used only satellite data for
analysis. In our effort to observe variations in the shoreline,
we conducted a thorough investigation into several methods
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for extraction. Our extensive research encompassed a wide
variety of techniques, including thresholding methods as well
as advanced machine learning algorithms and deep learning
approaches. Additionally, we presented a comprehensive
analysis of remote sensing datasets to highlight their potential
for addressing the specific objective. Moreover, the novel
deep learning solutions have progressed to support scalability
and broad applicability, enabling coastline detection models
to be used in diverse geographical areas and with various
satellite sensors with minimal human intervention. This
scalability is especially beneficial for extensive coastal
monitoring projects and global mapping endeavors.

Shoreline Indicators & types

Coastal indicators are visual characteristics used to
represent the position of the coast. These indicators are
determined by geomorphological features like coastal
dunes, cliffs, or the arrangement of vegetation along the
backshore. Comparing of these indicators with actual
shorelines is complex due to variations in beach profiles
which prevent one single indicator from fitting all coast types
uniformly (Toure et al.,, 2019). Fig. 1 shows the main
shoreline indicators. Identifying all the indicators shown in
Fig. 1 based on multispectral satellite images is challenging
due to their characteristics that may not always be
discernible in a two-dimensional image. Nevertheless, it is
still possible to use (A, B, C, D, E, J, K, M, and P), which are
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morphological reference boundaries between water and
land and can be recognized even at a less detailed
resolution than 10 meters (McAllister et al., 2022). In order
to accurately determine the position of the coast, it is
necessary to consider different shoreline indicators (Boak, &
Turner, 2005). Also, the type of coastline should be taken
into account when deciding which method to use for
shoreline delineation. A basic method for converting the
coastline into digital format involves manually tracing
vectors in QGIS or ArcGIS software, using visible features
as the previous high-water line or the wet/dry boundary.
Advanced approaches use classification and clustering
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Fig. 1. Shoreline indicators (Boak & Turner, 2005)

approaches to automate the process of deriving these lines.
Also, shorelines could be extracted using tidal datums. In
comparison to the actual shoreline position, these methods
rely on standard elevation determined by a tide level derived
from where the coastal profile intersects with a specific
vertical elevation. Proxies for these shorelines include mean
high waterline which is based on extracted waterline
contours and data related to tidal datums. This approach
was successfully used in combination with Landsat optical
imageries to map the coastline of Australia (Bishop-Taylor
et al., 2021) using Open Data Cube.

......
* . .

A — Bluff top/cliff top, B — Base of the bluff/cliff, C — Landward edge of a revetment structure, D — Seaward stable dune vegetation line,
E — Seaward dune vegetation line, F — Erosion scarp, G — Storm/debris line, H — An old high tide water level,
| — Previous high tide high water level, J — Mean high water, K — Wet/dry line or runup maxima, L — Groundwater exit point,
M — Instantaneous water line, N — Shorebreak maximum intensity, O — Mean lower low water line, P — Beach toe/Crest of beach step

Fig. 2 displays various types of coastline schematic
diagrams as outlined by Zheng et al. The artificial coast
comprises man-made coastal structures like border dikes,
wharves, breakwaters, revetments, and slopes. This type of
coastline aligns with these permanent structures and the
boundary line near the land is utilized in sea-closure
engineering. Rocky coastlines are characterized by rocky
outcrops with prominent headlands and bays that extend
further into the land, resulting in a twisting coastline defined
by the land-water interface of headlands and steep cliffs.

Developed silty muddy coasts feature shrimp ponds, salt
fields, and economic areas built on tidal flats along with
dams to prevent high seawater inflow. The breakwater
indicates the location of the coastline in this instance.

Undeveloped silty muddy coasts are shaped by tidal action
featuring a gentle beach-face slope several kilometers wide
where tidal creeks are generally found connecting to river
estuaries; this type uses changes in growth status of salt-
tolerant plants as its defining boundary for identifying it as a
coastline. Biological coastlines encompass mangrove, coral
reef, and reed areas, where the line between the sea and
land can be distinguished by features such as inner
mangrove boundaries or marked differences between reed
abundance and thinning. Sandy coasts form by the
accumulation of sand due to wave action. The boundary
between the grit and the non-sand features on the land is
regarded as the coastline.
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Fig. 2. Coastline Type Schematic Diagrams (Zheng et al., 2023)
1 — Artificial, 2 — Rocky, 3 — Developed Silty Muddy, 4 — Undeveloped Silty Muddy, 5 — Biological, 6 — Sandy
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Each schematic diagram highlights the unique
characteristics and features of these coastline types, such
as the high-water line, low water line, intertidal zones,
subtidal zones, supratidal zones, tidal flats, and associated
vegetation. Understanding these characteristics is crucial for
selecting the appropriate method for shoreline delineation,
as different techniques may be better suited for different
types of coastlines.

Remote Sensing data

When conducting sea-land segmentation, the choice of
the appropriate dataset plays a critical role in ensuring
accuracy and reliability in shoreline mapping. Remote
sensing data, with its diverse range of imaging techniques,
are based on the recording and subsequent interpretation of
reflected solar radiation (electromagnetic waves) from the
surfaces of soil, vegetation, water, and other objects, as well
as the thermal radiation emitted by the Earth (Zatserkovnyi,
et al., 2016). They can be divided into active and passive,
differentiated by their energy sources for data acquisition.
Active remote sensing utilizes synthetic electromagnetic
signals, notably radar, to interpret object characteristics
through reflected energy. Conversely, passive remote
sensing utilizes ambient solar radiation, quantifying energy
naturally reflected or emitted from terrestrial surfaces for
data collection. Radar and optical images, as well as their
fusion, can be effectively utilized for coastline mapping.

Optical satellite imagery is typically used for delineating
coastlines due to the capability of optical sensors to collect
data across a wide range of wavelengths in the
electromagnetic spectrum. By combining spectral channels,
it is possible to calculate spectral indices, such as the
normalized difference water index (NDWI), which allow for
better distinction between water and land classes. For
detailed shoreline mapping, channels within the Visible
(VIS) and Near Infrared (NIR) parts of the electromagnetic
spectrum are most suitable as they usually have higher
spatial resolution compared to Short-Wave Infrared (SWIR)
and Thermal Infrared (TIR) channels. The spatial and
temporal resolutions, data availability ranges, and providers
of commercial and publicly available optical satellite images
are shown in Fig. 4. In comparing commercial and public
available images, commercial ones are expensive to use in
large-scale and long-term research. Another major
drawback of commercial images is the lack of a worldwide
historical archive, as they are typically acquired for specific
areas and purposes. On the other hand, an important
advantage is that they are traditionally used for detailed
mapping as most of them have a very high resolution (VHR)
according to the categories defining spatial resolution in
Earth observation data (ESA, 2022).

As well as optical images, radar ones are also commonly
used for coastal mapping. Radar data is particularly useful
for this purpose because of its ability to penetrate cloud
cover and operate without dependence on sunlight,
providing reliable data in all weather conditions and time of
a day. As a result, radar data is less affected by atmospheric
conditions than optical data, which ensures consistent and
continuous monitoring.

Methods

This section provides a thorough overview of various
methods used for extracting coastlines from satellite
imagery. It clarifies the underlying theories and procedural
steps related to different methodologies, including methods
applied in the past for coastline extraction. In the present
day, a variety of techniques are employed for recognizing
and extracting coastlines from remote sensing (RS)
imagery, broadly categorized into three groups: indexing
methods, edge detection, and classification. Indexing
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methods concentrate on remote sensing indices and
thresholding. In the case of edge detection approaches, the
extraction of coastlines is treated as a problem of detecting
edges for water bodies or oceans in the proposed method.
Regarding image classification, these methods mainly
revolve around object-oriented and pixel-oriented
classification (Ge, Sun, & Liu, 2014). RS image classification
predominantly relies on the spectral attributes of features,
which constitute multi-band measurements of the
electromagnetic radiation of these features. These
measurements serve as the original feature variables for
remote sensing image classification. Furthermore, texture,
shape, and other topographical features are incorporated
alongside spectral characteristics in the analysis.

Utilizing Indices with Thresholding Methods

At the early stages, water bodies are segmented mainly
based on spectral thresholding (Nones, 2020). In the context
of remote sensing, thresholding is often applied to remote
sensing indices to classify different land cover or land use
types within an image. Sea-land segmentation thresholding
refers to the process of dividing an image into distinct
regions corresponding to sea and land areas based on a
predefined threshold. Sea-land segmentation thresholding
method involves selecting a threshold value that separates
the pixel intensities associated with sea and land. In
practice, the values of the remote sensing indices (e.g NDVI,
NDWI) or single-band reflectance are treated as objects to
be clustered (Zhou et al., 2023).

The thresholding in SLS (Sea-Land Segmentation)
process can be implemented using various techniques,
including simple intensity thresholding, adaptive
thresholding, or more sophisticated methods such as Otsu's
method, which automatically calculates an optimal threshold
based on the image histogram. Global Thresholding
involves applying a single threshold value to the entire
image due to separate different land cover classes. The
OTSU algorithm, are automated thresholding technique that
selects the threshold value by maximizing the between-
class variance in pixel intensities. It (style) adapts the
threshold determinations for optimal segmentation based on
least squares principles (Otsu, 1979).

Unlike global thresholding, adaptive thresholding
calculates threshold values for smaller, localized regions
within the image. Using a single global threshold for the
entire image to distinguish water/land boundaries can
overlook local coastline edges due to varying image
intensity, leading to fragmented coastline edges in low-
contrast areas (Karsli, 2011). In contrast, the local
thresholding method dynamically adjusts the threshold
based on neighboring pixel characteristics (Vukadinov,
Jovanovic, & Tuba, 2017). This capability enables the local
thresholding method to outperform global thresholding.

However, sea-land segmentation thresholding has its
limitations. It may not accurately distinguish between sea
and land areas in complex scenes with varying lighting
conditions, shadows, or overlapping textures. Additionally,
choosing an appropriate threshold value can be challenging
and may require manual adjustment with additional
information, such as contextual features or ancillary data, to
improve segmentation accuracy.

Edge Detection Methods

Edge detection stands out as a highly efficient
automated technique for coastline extraction, particularly in
contrast to the manual visual interpretation approach
(Chen et al., 2019). Landsat data, renowned for its moderate
spatial resolution, emerges as the predominant remote
sensing dataset utilized for this purpose (Roelfsema et al.,
2013). The most classical image-segmentation methods are
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edge-differential operators (such as Sobel operator, Canny
operator and Roberts operator). The Canny edge detection
method was used widely compared with the Sobel detector,
Laplacian detector, Robert detector, and Prewitt detector
because it can provide more precise results (Chen et al.,
2019). The Sobel Edge Detector exhibits sensitivity to both
image noise and edge orientations. Laplacian Edge
Detector remains a valuable tool in highlighting regions of
rapid intensity change, such as the land-water boundary. But
it may produce inconsistent edge widths, particularly
noticeable in regions where the coastline width varies,
thereby affecting the reliability of the detected coastline
features (Wei et al., 2021).

As a matter of fact, an approach that combines Canny
edge detection methods with Landsat data can efficiently
extract shoreline information from remotely sensed images.
The average error between the Google Earth image and the
extracted coastline falls below the theoretical maximum
allowable error, indicating the method's accuracy (Hu, &
Wang, 2022). Yet, in scenarios where the background of the
coastline image is intricate, traditional methods tend to be
susceptible to noise, leading to fragmented extraction
outcomes unsuitable for extensive coastline analysis. Manual
intervention is often necessary in edge detection, with
mathematical morphology employed to refine the results.
Enhancing accuracy entails integrating additional methods for
a more comprehensive approach (Zhou et al., 2023).

Active Contour Methods

The Active Contour Model, also known as snakes, is an
advanced technique for image segmentation. In recent years,
the Active Contour Model has been extensively utilized for
coastline extraction, owing to its methodology of evolving a
contour or curve to precisely align with the boundaries of
objects within an image (Klinger et al., 2011). This process
uses energy minimization, where internal forces maintain the
contour's smoothness, and external forces, derived from the
image data, guide the contour towards the edges or other
specific features (McAllister et al., 2022)

A researcher has proposed two enhanced level set-based
algorithms for extracting coastlines from SAR images (Ouyang,
Chong, & Wu, 2010). However, the adjustment of relevant
parameters poses a significant challenge and can directly
impact the extraction results. The Active Contour Model is
highly effective in fields requiring precise boundary detection,
but it has several limitations. It can struggle with images
containing noise, weak edges, or complex textures, which can
lead to inaccurate segmentation. To address these challenges
more sophisticated energy functions can be utilized or the
Active Contour Model can be combined with other
segmentation techniques like machine learning algorithms.

Machine Learning

The multidimensional nature of remote sensing imagery,
encompassing various spectral bands, temporal resolutions,
and spatial dimensions, has sparked considerable interest
in leveraging machine learning tools for automated coastline
identification. One advantage of ML-based approaches is
their ability to capture subtle and nuanced relationships
within the data that may be challenging to express using
traditional thresholding or rule-based methods. Generally,
machine learning methods can be broadly classified into two
primary categories: unsupervised and supervised learning
(Shirmard et al., 2022). Different classification algorithms
may excel in solving specific problems or datasets but might
not perform optimally for others. Therefore, before tackling
a problem, it's crucial to explore and compare various
classification algorithms tailored to the dataset at hand.

The support vector machine (SVM) is a supervised
machine learning method commonly employed for
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classification and regression tasks (Kalkan et al., 2013). ML
algorithms like random forests and support vector machines
(SVMs) are highly effective in deciphering intricate patterns
and characteristics within remote sensing data. By training
these algorithms on datasets labeled with examples of
coastal features, they can discern between sea and land
areas and accurately delineate coastline boundaries.
However, SVMs encountered challenges when applied to
large datasets and struggled to yield satisfactory outcomes
for perceptual tasks like image classification. Moreover, as
SVMs are shallow methods, they require manual extraction
of useful representations, termed feature engineering, which
can be complex and fragile (Chollet, 2017).

Random forests exhibit versatility across a broad
spectrum of problems and are often considered a reliable
choice, frequently ranking as the second-best algorithm for
shallow machine-learning tasks. Gradient boosting, a
technique used to enhance machine-learning models by
iteratively training subsequent models to address
weaknesses in previous iterations, is employed. It stands as
one of the most effective algorithms, particularly for handling
non-perceptual data in contemporary contexts (Chollet,
2017). Applying coastal research, the Random Forest
technique has been applied to near-infrared bands extracted
from LANDSAT-8 and GOKTURK-2 satellite imagery.
Manual digitization of each image was conducted, followed
by shoreline extraction to evaluate accuracy (Bayram et al.,
2017) The results of this accuracy assessment confirm the
efficiency of the Random Forest method for shoreline
extraction studies across both medium and high-resolution
satellite images.

Still, with sufficiently large training sample sizes,
Random Forest's (RF) performance showed little disparity
between balanced and imbalanced training sets. Notably,
it's important to highlight that this observation was made
across various satellite imagery datasets (Colditz, 2015;
Mellor et al., 2015). This underscores the need to consider
the performance of the RF classifier across different satellite
imagery datasets when employing various training sample
strategies, such as balanced versus imbalanced (Thanh
Noi, & Kappas, 2018). Furthermore, it's imperative to
acknowledge that RF classifiers may encounter challenges
when applied to satellite image segmentation tasks,
particularly in scenarios with heterogeneous or complex
landscapes where accurate delineation of features may be
difficult to achieve.

Unsupervised learning involves identifying patterns
without relying on a target property. In this approach, all
available factors are treated as input sources. Two of the
most commonly used algorithms in remote sensing are the
K-means and ISODATA clustering algorithms. The K-means
algorithm is implemented through the k-means function,
which allows for specifying either the cluster centers'
locations or the number of clusters via the center parameter.
This function facilitates multiple random partitioning
attempts, ultimately returning the partition that minimizes the
sum of squared distances (Gentleman, & Carey, 2008). The
ISODATA (lterative Self-Organizing Data Analysis)
algorithm is similar to K-means but differs in that it allows for
a variable number of clusters, whereas K-means requires
the number of clusters to be known beforehand. K-means
adjusts clusters on a sample-by-sample basis, while
ISODATA statistically examines clusters after each iteration.
The ISODATA technique for multispectral WorldView-2
satellite imagery classification demonstrated high reliability
and compatibility by closely matching expert-identified
reference shorelines and effectively considering the
influence of various coastal features on shoreline extraction
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accuracy (Sekovski et al., 2014). However, a general
disadvantage of both the K-means and ISODATA algorithms
is that they work best for images with clusters that are
spherical and have the same variance. This condition is
often not met in remote sensing images, which can limit the
effectiveness of these algorithms. Practical implementation
of these both methods will be discussed further.

Deep Learning

The application of deep learning techniques to process
remote sensing data for coastline extraction is a burgeoning
area of research. While previous studies have not only
compared deep learning methods with traditional
approaches but also evaluated the performance of various
deep learning models, there is a compelling need for more
extensive exploration in this domain. Studies reveal that
machine learning-based algorithms for coastline detection
are progressively outperforming traditional statistical
methods (Liu et al., 2019). Deep convolutional neural
networks (convnets) possess the capability to automatically
adapt to the distinct characteristics of various coastal
environments, accommodating variations in shoreline types,
coastal morphology, and land cover. Another significant
factor is its ability to simplify problem-solving by automating
the crucial step of feature engineering. Traditional machine-
learning techniques, known as shallow learning, typically
involve transforming input data into one or two
representation spaces through simple methods like high-
dimensional non-linear projections (e.g., support vector
machines) or decision trees (Chollet, 2017). These
techniques often failed to produce the refined
representations necessary for complex problems, requiring
extensive manual effort to engineer suitable data
representations—a process known as feature engineering.
In contrast, deep learning automates this entire step,
enabling the learning of all features in a single pass. This
automation has significantly streamlined machine-learning
workflows, often replacing complex, multistage pipelines
with a single, end-to-end deep-learning model.

When developing a reliable, universal, and effective tool
for detecting changes in the coastline, it is essential to
analyze available algorithms that can perform shoreline
contour recognition. (Okhrimchuk et al., 2024) Convolutional
Neural Network (CNN) is a type of feedforward neural
network composed of artificial neurons. It includes a
convolutional layer, a pooling layer, and a fully connected
layer. CNNs are applied to remote sensing images for
feature detection, edge extraction, and pixel-based
classification. Convolutional Neural Networks (CNNs) are
highly effective for complex coastline extraction tasks,
especially when trained on large datasets of remote sensing
images (Okhrimchuk, Demidov, & Brudko, 2022).
Nevertheless, certain challenges must be addressed, such
as the blending of boundary pixels between water and land,
and the necessity for a substantial number of trainable
parameters and training samples (Tambe, Talbar, &
Chavan, 2021). To overcome drawbacks, researchers
proposed more robustness and generality modified models
based on CNN architecture (Miao et al., 2018).

The Segment Anything Model (SAM) offers clear
segmentation results and exhibits flexibility across various
types of coastlines. SAM utilizes multi-scale processing to
capture details at multiple levels, ensuring precise
identification of coastal boundaries. Attention mechanisms
within SAM enhance segmentation accuracy by focusing on
crucial features such as shoreline contours and coastal
structures (Kirillov et al., 2023). SAM offers a flexible and
powerful approach to image segmentation, but its general-
purpose nature may not match the task-specific
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performance of models like U-Net for coastline extraction.
Particularly, SAM struggles with extremely fine details and
complex regions within coastal landscapes.

Segmentation of satellite images is a distinct application
of convolutional neural networks. The semantic
segmentation approach using U-Net is particularly effective
for this task, as it can extract the most informative features
and generate interpretable results. Therefore, employing an
adaptive mechanism like U-Net for semantic segmentation
is recommended for extracting and interpreting key features
from input data (Okhrimchuk, Tishaiev, & Zatserkovnyi,
2020). Beyond just developing a robust model, the quality of
remote sensing CNN models hinges significantly on the
quality and size of the ground truth dataset. Equally crucial
is the thorough preprocessing of remote sensing data. The
effectiveness of a deep learning model is heavily influenced
by the size and diversity of its training samples,
underscoring the importance of data augmentation in
preparing a comprehensive training dataset (Brudko,
Okhrimchuk, & Demidov, 2022).

Results

The evolution of remote sensing sensors, coupled with
enhanced computational capabilities and the integration of
machine learning techniques, has revolutionized real-time
waterline identification, automated coastline extraction, and
continuous monitoring (Zhou et al., 2023). While traditional
statistical methods historically dominated coastline
extraction from remote sensing images, the introduction of
machine learning and deep learning models has markedly
improved both accuracy and efficiency.

A comparison of various data sources, including radar
imagery, has been conducted to assess their effectiveness
in sea-land segmentation. Radar data, specifically from C-
band SAR sensors, is best suited for global mapping and
change detection (Flores et al., 2019). However, the
complexity in processing and interpreting radar images
emerged as a key factor influencing the overall results. The
comparison highlights both the strengths and limitations of
radar data. Fig. 3 shows a timeline of available C-band
synthetic aperture radar missions between 1990 and 2024,
where the resolution corresponds to the maximum spatial
resolution that the sensor can achieve.

Optical satellite imageries were utilized in the research
due to its effectiveness in achieving high-precision coastline
delineation. Additionally, according to Fig. 4, it can be noted
that public images are a better option for historical
monitoring of coastal changes. In this regard, Landsat has
existed since 1982 and offers the opportunity to conduct
historical analysis. However, if the investigation focuses on
the last decade, Sentinel-2 is more appropriate due to its
higher spatial resolution and revisit time. Optical satellite
images are invaluable data for delineating coastlines,
especially when using spectral indices to make the land-
water boundary better defined.

The choice between commercial and public available
images depends on the specific needs of the project. While
commercial data have a very high resolution suitable for
detailed mapping, their essential disadvantages are high
cost and limited historical archives. Publicly available
images are a more cost-effective solution with a large
amount of historical data, making them ideal for global
spatial-temporal coastal monitoring. PlanetScope imagery
was selected for this research due to its high spatial
resolution and frequent revisit times enabling precise
shoreline segmentation (Shin et al., 2020). Additionally,
PlanetScope offers the advantage of near-daily global
coverage, which allows for consistent monitoring of rapidly
changing coastal environments.
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1990 1995 2000 2005 2010 2015 2020 2024

Publicly Available

ERS -1 /3 28 35
ERS -2 _—| 28 35
Envisat EE———— 28 35
Sentinel - 1A I — 5 12
Sentinel - 1B e 5 12
Commercial

RADARSAT -1 0| 9 24
RCM _— 1 12
RADARSAT - 2 =4 16 24

~ ESA (Europe) [ CSA (Canada) [l MDA (Canada)

Fig. 3. Timeline of C-band synthetic aperture radar missions between 1990 and 2024
and their main characteristics (ESA, 2021; Flores et al., 2019)

1980 1985 1990 1995 2000 2005 2010 2015

Publicly Available
Landsat 4-5 [E=———,— 30 16 (EROS Center, 1982)
Scan Line Corrector failure
Landsat 7 30 16 (EROS Center, 2018)
Landsat 8 | 2 30 16 (EROS Center, 2013)
Landsat 9 | — 30 16 (EROS Center, 2013)
ASTER —————/——————/———— 15 16 (Gomez et al., 2005)
Sentinel - 2A I 10 10 (Binet et al., 2022)
Sentinel - 2B | 4 10 10 (Binet et al., 2022)
Commercial
SPOT 1-3 I 20 26" (SPOT 1-5 ESA, 2020)
SPOT 4,5 I 10 2-3* (SPOT 1-5 ESA, 2020)
SPOT 6,7 | 2 6 1-3* (Vajsova et al., 2015)
Pleiades-HR L ——— 28 1-2* (Rouault et al., 2024)
Gaofen 2 _______4 4 5* (Wei et al., 2023)
Gaofen 6 = 8 2 (Shi et al., 2022)
SuperView 1 2 2* (Xin et al., 2022)
KOMPSAT 2 . 4 a 3> (KOMPSAT-2 ESA, 2017)
KOMPSAT 3 4 238 12+ (Vajsova et al., 2015)
KOMPSAT 3A 4 22 L (Seo et al., 2016)
TripleSat 1-3 3.2 1* (Yang, 2018)
Cartosat 2C, 2D | E—— 2 ar (Yang, 2018)
IKONOS 4 3= (Hochberg et al., 2003)
QuickBird 2.44 1-35* (QuickBird-2 ESA, 2021)
WorldView 2 1.84 1 (Maglione et al., 2014)
WorldView 3 1.24 <1* (Vajsova et al., 2015)
WorldView 4 1.24 <1* (JRC, 2017)
GeoEye 1 165 2-8* (Aguilar et al., 2012)
RapidEye 1-5 I 5 1+ (Tetteh & Schénert, 2015)
SkySat 1, 2 [E——— 2 <1* (Yang, 2018)
PlanetScope e 3 1" (Shin et al., 2020)
| NASA (USA) M ESA (Europe) | CNESJAIRBUS (France) I cNsa (China) Space View (China)
I KAR (Korea) SSTL (UK) 1 1SRO (india) Maxar/DigitalGlobe (USA) I Pranet (USA)

Fig. 4. Timeline of multispectral imaging satellite missions between 1980 and 2024 and their main characteristics
(Aguilar et al., 2013; Binet et al., 2022; EROS Center, 1982; EROS Center, 2013; EROS Center, 2018; Gomez et al., 2005;
Hochberg et al., 2003; JRC, 2017; KOMPSAT-2 ESA, 2017; Maglione et al., 2014; Rouault et al., 2024; QuickBird-2 ESA, 2021;
Seo et al., 2016; Shi et al., 2022; Shin et al., 2020; SPOT 1-5 ESA, 2020; Tetteh, & Schonert, 2015; Vajsova et al., 2015;
Wei et al., 2023; Xin et al., 2022, Yang, 2018)
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To evaluate the efficiency of various machine learning and
deep learning models for sea-land segmentation, a dataset
derived from PlanetScope imagery with a spatial resolution of 3
meters was utilized. Specifically, the performance of the
following models was evaluated: ISODATA (lterative Self-
Organizing Data Analysis Technique), Maximum Likelihood
Estimation (MLE), Random Forest (RF), K-Nearest Neighbors
(KNN), Support Vector Machine (SVM), U-Net, and the

Segment Anything Model (SAM). The comparative analysis is
e Ground Truth

Input Imag ISODATA

based on the segmentation results from these models applied
to high-resolution optical satellite images, as illustrated
in the Fig. 5.

To systematically compare the performance of these
models, we applied each technique to a set of multispectral
remote sensing images and evaluated the resulting
segmentations against ground truth data. The evaluation
criteria included accuracy, boundary delineation precision,
noise levels, and the ability to handle complex coastal features.

KNN SsvMm

a

-

I
-
»

Fig. 5. Results of different sea-land segmentation methods based on PlanetScope imagery

Mean Mean Mean Mean Mean
Method Accuracy Recall Precision Fl-score loU
(%) (%) (%) (%) (%)
ISODATA 84.5 65.99 99.87 77.32 65.97
MLE 78.56 55.74 99.94 66.71 55.73
RF 97.07 94.94 934 93.92 88.84
KNN 83.91 62.32 95.76 71.17 60.46
SVM 97.92 95.24 99.24 97.16 94.52
U-Net 98.96 99.45 97.27 98.34 96.74
SAM 97.91 91.45 95.7 93.5 88.53

Fig. 6. Quantitative comparison of sea-land segmentation methods based on 4 scenes.
The SAM model clustered the land class into subclasses, this division is illustrated by a white gradient.
Bold values indicate the best value

In evaluating methods for sea-land segmentation, it's
important to use a variety of metrics that capture different
aspects of performance, including accuracy, recall,
precision, F1-score (Dice coefficient), and loU (Jaccard
index), as shown in Fig. 6. These metrics provide a broad
picture of how each method does well in segmenting sea
and land areas. Accuracy shows a general measure of the
overall correctness of the predictions compared to the
ground truth. On the other hand, recall evaluates how
effectively a model identifies all relevant segments, ensuring
that sea or land areas are not incorrectly classified as the
opposite. Precision measures the model's ability to correctly
identify positive instances without including false positives.
The F1-score provides an overall sense of the balance
between false positives and false negatives. Intersection
over Union (loU) quantifies the overlap between predicted
and actual regions on a pixel-by-pixel basis, making it a vital
metric for assessing segmentation models' agreement with
the ground truth. The observed extremely high precision
values suggest that methods such as ISODATA, MLE and
SVM are employing overly stringent criteria for identifying
positive instances. While this strategy effectively reduces
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false positives, it also leads to the omission of many true
positives. Consequently, although this approach results in
high precision, it adversely affects recall and compromises
overall segmentation performance.

Discussion and conclusions

Through comparative analysis, these models reveal
distinct strengths and weaknesses, offering valuable
insights into their applicability for coastline extraction tasks.
While traditional statistical methods like ISODATA and MLE
provide solid theoretical foundations, their practical
applicability is limited by computational complexity, recall to
initialization limits and assumptions about data distributions.
Machine learning models such as RF, KNN, and SVM offer
improved performance and robustness, but can be hindered
by computational demands and recall to hyperparameters.

Among these models, the U-Net model stands out as the
most effective for sea-land segmentation. Its ability to
perform end-to-end learning and handle variations in coastal
environments make it superior to other methods. While other
models like RF, SVM, and SAM offer reasonable
performance, they fall short in handling fine details and
complex coastal features compared to U-Net. Despite
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requiring substantial computational resources and labeled
training data, the benefits of U-Net in terms of accuracy and
robustness make it the best choice for sea-land
segmentation. The SAM model also shows promise,
particularly for its versatilty and transfer learning
capabilities, though it may not yet surpass the task-specific
performance of U-Net.

The comparative analysis underscores the superiority of
the U-Net model for coastline extraction from remote
sensing images. This research reinforces the conclusion
that CNN-based models, specifically U-Net, are the best
choice for sea-land segmentation tasks. In future work, it is
recommended to further explore the integration of deep
learning models with other machine learning techniques to
enhance segmentation accuracy and efficiency.
Additionally, the application of these models to a broader
range of coastal environments and the incorporation of more
diverse datasets could provide valuable insights into their
generalizability and robustness.

Authors' contribution: Roman Okhrimchuk — methodology,
data validation; Vsevolod Demidov — conceptualization,
methodology, review and editing; Kateryna Sliusar — data treating,
formal analysis.

References

Aguilar, M A., Saldafa, M., & Aguilar, F J. (2012). GeoEye-1 and
WorldView-2 pan-sharpened imagery for object-based classification in urban
environments. Taylor & Francis, 34(7), 2583-2606. https://doi.org/10.1080
/01431161.2012.747018.

Ballinger, R., Smith, H. D., & Warren, L. M. (1994). The management of
the coastal zone of Europe. Elsevier BV, 22(1), 45-85. https://doi.org
/10.1016/0964-5691(94)90082-5.

Bayram, B., Erdem, F., Akpinar, B., Ince, A. K., Bozkurt, S., Catal Reis, H.,
& Seker, D. Z. (2017) THE EFFICIENCY OF RANDOM FOREST METHOD
FOR SHORELINE EXTRACTION FROM LANDSAT-8 AND GOKTURK-2
IMAGERIES. ISPRS Ann. Photogramm. Remote Sens. Spatial Inf. Sci.,
1V-4/W4, 141-145. https://doi.org/10.5194/isprs-annals-1V-4-W4-141-2017.

Binet, R., Bergsma, E W J., & Poulain, V. (2022). ACCURATE SENTINEL-
2 INTER-BAND TIME DELAYS. Copernicus Publications, V-1-2022, 57-66.
https://doi.org/10.5194/isprs-annals-v-1-2022-57-2022.

Bishop-Taylor, R., Nanson, R., Sagar, S. M., & Lymburner, L. (2021).
Mapping Australia's dynamic coastline at mean sea level using three decades
of Landsat imagery. Elsevier BV, 267, 112734-112734. https://doi.org
/10.1016/j.rse.2021.112734.

Boak, E. H., & Turner, I. L. (2005). Shoreline Definition and Detection: A
Review. Coastal Education and Research Foundation, 214, 688-703.
https://doi.org/10.2112/03-0071.1.

Brudko, K., Okhrimchuk, R., & Demidov, V. (2022). Automatic Recognition
and Damage Evaluation of Building Infrastructure in Seismic Active Zones
using Machine Learning. 16th International Conference Monitoring of
Geological Processes and Ecological Condition of the Environment, Nov.
2022, Volume 2022, p.1-5. https://doi.org/10.3997/2214-4609.2022580199.

Chen, C., Fu, J., Zhang, S., & Zhao, X. (2019). Coastline information
extraction based on the tasseled cap transformation of Landsat-8 OLI| images.
Elsevier BV, 217, 281-291. https://doi.org/10.1016/j.ecss.2018.10.021.

Chollet, F. (2017). Deep Learning with Python. Manning Publications.

Colditz, R. R. (2015) An evaluation of different training sample allocation
schemes for discrete and continuous land cover classification using decision
tree-based algorithms. Remote Sens, 7, 9655-9681.

Earth Resources Observation and Science (EROS) Center. (1982).
Collection-2 Landsat 4-5 thematic mapper (TM) level-1 data products [Data
set]. U.S. Geological Survey. https://doi.org/10.5066/F7N015TQ.

Earth Resources Observation and Science (EROS) Center. (2013).
Collection-2 Landsat 8-9 OLI (Operational Land Imager) and TIRS (Thermal
Infrared Sensor) Level-2 Science Products [Data set]. U.S. Geological
Survey. https://doi.org/10.5066/P9OGBGM6.

Earth Resources Observation and Science (EROS) Center. (2018). Collection-
1 Landsat 7 enhanced thematic mapper plus (ETM+) level-1 data products [Data
set]. U.S. Geological Survey. https:/doi.org/10.5066/F7WH2P8G.

ESA. (2021). eoPortal Directory — Satellite Missions Database.
https://www.eoportal.org/satellite-missions.

ESA. (2022). The website of the European Space Agency — Spatial
resolution categories of Earth observation data. https://earth.esa.int
/eogateway/news/esa-ensures-quality-of-very-high-resolution-data-from-new-
space-providers/spatial-resolution-categories-of-earth-observation-data.

Flores, A., Herndon, K., Thapa, R., & Cherrington, E. (2019). Synthetic
aperture radar (SAR) Handbook: Comprehensive methodologies for forest
monitoring and biomass estimation. https://doi.org/10.25966/NR2C-S697.

ISSN 1728-2713 (Print), ISSN 2079-9063 (Online)

Ge, X., Sun, X., & Liu, Z. (2014). Object-oriented coastline classification
and extraction from remote sensing imagery. SPIE. https://doi.org/10.1117
/12.2063845.

Gentleman, R., & Carey, V.J. (2008) Unsupervised Machine Learning. In
Bioconductor Case Studies; Hahne, F., Huber, W., Gentleman, R., Falcon, S.,
Eds., pp. 137—157. Springer. https://doi.org/10.1007/978-0-387-77240-0_10.

Gomez, C., Delacourt, C., Allemand, P., Ledru, P., & Wackerle, R. (2005).
Using ASTER remote sensing data set for geological mapping, in Namibia.
Elsevier BV, 30(1-3), 97-108. https://doi.org/10.1016/j.pce.2004.08.042.

Hawkins, S J. (2012). Marine conservation in a rapidly changing world.
Wiley-Blackwell, 22(3), 281-287. https://doi.org/10.1002/aqc.2239.

Hochberg, E J., Andréfouét, S., & Tyler, M. (2003). Sea surface correction
of high spatial resolution ikonos images to improve bottom mapping in near-
shore environments. Institute of Electrical and Electronics Engineers, 41(7),
1724-1729. https://doi.org/10.1109/tgrs.2003.815408.

Hu, X., & Wang, Y. (2022). Monitoring coastline variations in the Pearl
River Estuary from 1978 to 2018 by integrating Canny edge detection and
Otsu methods using long time series Landsat dataset. Elsevier BV, 209,
105840-105840. https://doi.org/10.1016/j.catena.2021.105840.

Joint Research Centre. (2017). New sensors benchmark report on WorldView-
4: geometric benchmarking over Maussane test site for CAP purposes.
Publications Office of the European Union. https://doi.org/10.2760/872158.

Kalkan, K., Bayram, B., Maktav, D., & Sunar, F. (2013). Comparison of support
vector machine and object based classification methods for coastline detection.
Copernicus  Publications, ~ XL-7/W2,  125-127.  https://doi.org/10.5194
[isprsarchives-xI-7-w2-125-2013

Karsli, F. (2011). Spatio-temporal shoreline changes along the southern Black
Sea coastal zone. SPIE, 5(1), 053545-053545. https://doi.org/10.1117/1.3624520.

Kirillov, A., Mintun, E., Ravi, N., Mao, H., Rolland, C., Gustafson, L., Xiao, T.,
Whitehead, S., Berg, A. C., Lo, W.-Y., Dollar, P., & Girshick, R. (2023).
Segment Anything. https://doi.org/10.48550/ARXIV.2304.02643.

Klinger, T., Ziems, M., Heipke, C., Schenke, HW., & Ott, N. (2011)
Antarctic Coastline Detection using Snakes Kustenliniendetektion in der
Antarktis mit Hilfe von Snakes. Photogramm. Fernerkund. Geoinf., 421—434.

KOMPSAT-2 ESA Archive. (2017). https://doi.org/10.5270/ko2-2ijzzay.

Macchiarulo, V., Milillo, P., Blenkinsopp, C., Reale, C., & Giardina, G.
(2023). Multi-temporal InSAR for transport infrastructure monitoring: recent
trends and challenges. Engineering Sustainability, 176(2), 92-117.
https://doi.org/10.1680/jbren.21.00039.

Maglione, P., Parente, C., & Vallario, A. (2014). Coastline extraction using
high-resolution WorldView-2 satellite imagery. Taylor & Francis, 47(1), 685—
699. https://doi.org/10.5721/eujrs20144739.

Liu, X. Y., Jia, R. S., Liu Q. M., Zhao C. Y., & Sun H. M., (2019) Coastline
Extraction Method Based on Convolutional Neural Networks — A Case Study
of Jiaozhou Bay in Qingdao, China. IEEE Access, 7, 180281-180291.
https://doi.org/10.1109/ACCESS.2019.2959662.

McAllister, E., Payo, A., Novellino, A., Dolphin, T., & Medina-Lépez, E.
(2022). Multispectral satellite imagery and machine learning for the extraction
of shoreline indicators.  Elsevier BV, 174, 104102—-104102.
https://doi.org/10.1016/j.coastaleng.2022.104102.

Mellor, A. Boukir, S. Haywood, A. Jones, S. (2015) Exploring issues of
training data imbalance and mislabelling on random forest performance for
large area land cover classification using the ensemble margin. ISPRS J.
Photogramm. Remote Sens., 105, 155-168.

Menshov, O. |. (2016). Magnetic method applying for the control of
productive land degradation. Geofizicheskiy Zhurnal, 38(4), 130-137.
https://doi.org/10.24028/gzh.0203-3100.v38i4.2016.107810.

Miao, Z., Fu, K., Sun, H., Sun, X., Yan, M. (2018). Automatic Water-Body
Segmentation from High-Resolution Satellite Images via Deep Networks.
IEEE Geosci. Remote Sens. Lett, 15, 602—60. https://doi.org/10.1109
/LGRS.2018.2794545.

Nones, M. (2020). Remote sensing and GIS techniques to monitor
morphological changes along the middle-lower Vistula river, Poland. Taylor &
Francis, 19(3), 345-357. https://doi.org/10.1080/15715124.2020.1742137.

Okhrimchuk, R., Demidov, V., & Brudko, K. (2022) Semantic segmentation
of Western Crimean coastline for high resolution satellite images using deep
learning based on U-Net architecture. 16th International Conference
Monitoring of Geological Processes and Ecological Condition of the
Environment, Nov. 2022, Volume 2022, p.1-5. https://doi.org/10.3997/2214-
4609.2022580213.

Okhrimchuk, R., Demidov, V., Sliusar, K., & Lukomskyi, V. (2024). Study
on exogenous processes along the western coast of the Crimean Peninsula
using deep learning methods. Visnyk of Taras Shevchenko National
University of Kyiv Geology, 1(104), 124—131. https://doi.org/10.17721/1728-
2713.104.15.

Okhrimchuk, R., Tishaiev, |, & Zatserkovnyi, V. (2020). Anticlines
Prediction Using Deep Learning. NSG2020 26th European Meeting of
Environmental and Engineering Geophysics, 1-5. https://doi.org/10.3997
/2214-4609.202020136

Otsu, N. (1979). A Threshold Selection Method from Gray-Level
Histograms. Institute of Electrical and Electronics Engineers, 9(1), 62—66.
https://doi.org/10.1109/tsmc.1979.4310076.

Ouyang, Y., Chong, J., & Wu, Y. (2010). Two coastline detection methods
in Synthetic Aperture Radar imagery based on Level Set Algorithm.
International Journal of Remote Sensing, 31(17-18), 4957-4968.
https://doi.org/10.1080/01431161.2010.485142.



~130 ~

B 1 C H U K KuiBcbkoro HauioHanbHoro yHieepcurety imeHi Tapaca LleBueHka

QuickBird-2 ESA archive. (2021). https://doi.org/10.5270/gb2-ftu9xmh.

Roelfsema, C., Kovacs, E., Saunders, M I., Phinn, S., Lyons, M., &
Maxwell, P. (2013). Challenges of remote sensing for quantifying changes in
large complex seagrass environments. Elsevier BV, 133, 161-171.
https://doi.org/10.1016/j.ecss.2013.08.026.

Rouault, P., Courault, D., Flamain, F., Pouget, G., Doussan, C., Lopez-Lozano,
R., McCabe, M., & Debolini, M. (2024). High-resolution satellite imagery to assess
orchard characteristics impacting water use. Agricultural Water Management,
295(108763), 108763. https://doi.org/10.1016/j.agwat.2024.108763.

Sekovski, ., Stecchi, F., Mancini, F., & Del Rio, L. (2014) Image
classification methods applied to shoreline extraction on very high-resolution
multispectral imagery. Int. J. Remote Sens., 35, 3556—3578.

Seo, D., Oh, J., Lee, C., Lee, D H., & Choi, H. (2016). Geometric Calibration
and Validation of Kompsat-3A AEISS-A Camera. Multidisciplinary Digital
Publishing Institute, 16(10), 1776-1776. https://doi.org/10.3390/s16101776.

Shi, J., Shen, Q,, Yao, Y., Li, J.,, Fu, C., Wang, R., Xu, W., Gao, Z., Wang,
L., & Zhou, Y. (2022). Estimation of Chlorophyll-a Concentrations in Small
Water Bodies: Comparison of Fused Gaofen-6 and Sentinel-2 Sensors.
Multidisciplinary ~ Digital ~ Publishing  Institute, 14(1), 229-229.
https://doi.org/10.3390/rs14010229.

Shin, C., Kim, S., & Kim, Y. (2020). From Planetscope To Worldview:
Micro-Satellite Image Super-Resolution with Optimal Transport Distance.
https://doi.org/10.1109/icip40778.2020.9190810.

Shirmard, H., Farahbakhsh, E., Miller, R D., & Chandra, R. (2022). A
review of machine learning in processing remote sensing data for mineral
exploration. Elsevier BV, 268, 112750-112750. https://doi.org/10.1016
/j.rse.2021.112750.

SPOT 1-5 ESA archive. (2020). https://doi.org/10.5270/esa-6mxo3sr.

Tambe, R.G., Talbar, S.N., & Chavan, S.S. (2021) Deep multi-feature
learning architecture for water body segmentation from satellite images.
J. Vis. Commun. Image Represent, 77, 103141. https://doi.org/10.1016
/j.jvcir.2021.103141.

Tetteh, G. O., & Schonert, M. (2015). Automatic Generation of Water
Masks from RapidEye Images. Scientific Research Publishing, 03(10), 17—
23. https://doi.org/10.4236/gep.2015.310003.

Thanh Noi, P., & Kappas, M. (2018) Comparison of Random Forest, k-Nearest
Neighbor, and Support Vector Machine Classifiers for Land Cover Classification
Using Sentinel-2 Imagery. Sensors, 18. https:/doi.org/10.3390/s18010018.

Toimil, A., Losada, i. J., Nicholls, R. J., Dalrymple, R. A., & Stive, M. (2020).
Addressing the challenges of climate change risks and adaptation in coastal
areas: A review. Elsevier BV, 156, 103611-103611. https://doi.org
/10.1016/j.coastaleng.2019.103611.

PomaHn OXPIMYYK, acn.
ORCID ID: 0009-0009-4910-412X
e-mail: romanokhrimchuk@gmail.com

Toure, S., Diop, O., Kpalma, K., & Maiga, A. S. (2019). Shoreline Detection
using Optical Remote Sensing: A Review. Multidisciplinary Digital Publishing
Institute, 8(2), 75-75. https://doi.org/10.3390/ijgi8020075.

Vajsova, B., Vincent, P., Faget, N., & Aastrand, P. (2015). New sensors
benchmark report on SPOT7. https://doi.org/10.2788/17914.

Vajsova, B., Walczynska, A., Aastrand, P., Samuel, B., & Hain, S. (2015). New
sensors benchmark report on WorldView-3. https://doi.org/10.2788/237561.

Vajsova, B., Walczynska, A., Samuel, B., Aastrand, P., & Hain, S. (2015). New
sensors benchmark report on Kompsat-3. https://doi.org/10.2788/240349.

Vukadinov, D., Jovanovic, R., & Tuba, M. (2017). WSEAS Transactions on
Computer Research. An Algorithm for Coastline Extraction from Satellite
Imagery, 5(35-41).

Wei, C., Wei, H., Crivellari, A., Liu, T., Wan, Y., Chen, W., & Yang, L.
(2023). Gaofen-2 satellite image-based characterization of urban villages
using multiple convolutional neural networks. Taylor & Francis, 44(24), 7808—
7826. https://doi.org/10.1080/01431161.2023.2288948.

Wei, X., Zheng, W., Xi, C., & Shang, S. (2021). Shoreline Extraction in SAR
Image Based on Advanced Geometric Active Contour Model. Multidisciplinary
Digital Publishing Institute, 13(4), 642—642. https://doi.org/10.3390/rs13040642.

Xin, L., Li, Z., & Wang, S. (2022). Super-resolution research on remote
sensing images in the megacity based on improved srgan. ISPRS Annals of
Photogrammetry Remote Sensing and Spatial Information Sciences, V-3—
2022, 603-609. https://doi.org/10.5194/isprs-annals-v-3-2022-603-2022.

Yang, C. (2018). High-resolution satellite imaging sensors for precision
agriculture. Higher Education Press, 5 (4), 393—405. https://doi.org/10.15302/j-
fase-2018226.

Zheng, H., Li, X., Wan, J., Xu, M., Liu, S., & Yasir, M. (2023). Automatic
Coastline Extraction Based on the Improved Instantaneous Waterline
Extraction Method and Correction Criteria Using SAR Imagery.
Multidisciplinary ~ Digital ~ Publishing  Institute,  15(9), 7199-7199.
https://doi.org/10.3390/su15097199.

Zhou, X., Wang, J., Zheng, F., Wang, H., & Yang, H. (2023). An Overview
of Coastline Extraction from Remote Sensing Data. Multidisciplinary Digital
Publishing Institute, 15(19), 4865-4865. https://doi.org/10.3390/rs15194865.

Zatserkovnyi, V., Tishaiev, I., Virshylo, V., & Demydov, V. (2016).
Geoinformation systems in Earth sciences. NDU im. M. Hoholia [in Ukrainian].
[3auepkoBHuid, B., Tiwaes, I., Bipwuno, B., & Jemunaos, B. (2016). MeoiHdpo-
pmauiiHi  cuctemn B Haykax npo 3emmto. HAY im. M. Torons).
http://er.nau.edu.ua/handle/NAU/28040

OTpumaHo pepakuieto xypHany / Received: 10.09.24
NMpopeueH3zoBaHo / Revised: 13.10.24
CxBaneHo go Apyky / Accepted: 20.12.24

KviBcbkui HalioHanbHUI yHiBepcuTeT imeHi Tapaca LLleByeHka, KuiB, YkpaiHa

Bcesonon OEMUOOB, kaHA. ¢i3.-maT. Hayk, Ao,
ORCID ID: 0009-0003-9472-6530
e-mail: demidov@knu.ua

KviBcbkui HalioHanbHUI yHiBepcuTeT imeHi Tapaca LUleByeHka, KuiB, YkpaiHa

KarepuHa CIIIOCAP, marictp
ORCID ID: 0009-0001-2151-6562
e-mail: katyabru31@gmail.com

KviBcbkui HalioHanbHUI yHiBepcuTeT imeHi Tapaca LLleByeHka, KuiB, YkpaiHa

MOAE MWBUHHOIO HABYAHHS AnNA CEMMEHTALLIT MOPE-CYLLA
HA OCHOBI JAHUX OUCTAHUIMHOIO 30HAYBAHHSA 3EMII

B cTyn. 3miHu 6epezoeoi niHii MOXymb 3Ha4yHO ennueamu Ha npubepexHull naHowagm, ekocucmemu ma crninbHomu. ToMy MOHImopuHa
makoi eucokoAuHaMiyHOI cucmemu, sik MOpe-cywa, € akmyasibHUM 3ae0aHHsIM, SIKe MOXXHa eupiwyeamu sik mpaduyiliHumu memodamu, mak i 3 eu-
KopucmaHHsIM Memodie 2n1u6UHHO20 Hag4aHHS Ons1 nideuujeHHs1 egpekmuesHocmi 06pobku makozo knacy 3aedaHb. 06'ckmom docnidxeHHsi € 6epe-
208a JliHis1 83008 y36epexks 3axiOHoi yacmuHu KpumMcbko20 nieocmpoea, sue4eHHs sikoi mpaduyiliHuMu MemodamMu cmasio HeMOXXJ/TUGUM Yepe3
mumyacoey okynauito Kpumcbkoz2o nieocmpoea 3 2014 poky. Y po6omi po325siHymo oCHO8Hi npubepexHi iHdukamopu ma memoou nepeeedeHHs
6epez20eoi niHii' y yugpoeuli popmam. lpoeedeHo NopieHsIHHA OCHOBHUX Murlie cyrnymHUKoeux 306paxeHb, a maKkox ix koM6iHayil dnsa egpekmus-
HO20 sUKopucmaHHs1 3ae0aHHs1 KapmogzpaghyeaHHs1 6epezoeoi niHii. [na po3nisHasaHHsi ma eudineHHs1 6epe208uXx NiHili Ha cynymHUKoeuXx 3HiMKax
sukopucmosyemscsi 6e3sniy memodis, siki @ yinnomy nodinsgromscs Ha mpu 2pynu: Memodu iHOeKcyeaHHsI, UsIBJ/TIEHHSI Kpaie ma knacudikauyil.

Me Toaun. Aemopu nopieHrosanu ocHO8Hi Modesti 2/TU6UHHO20 HagYaHHS, sIKi MOXXHa euKopucmoeyeamu 0151 e¢heKmueHo20 po3nizHasaHHs 6epe-
20807 NiHil ma il KopdoHie Ha cyrmymHukosux 3HiMKax, ceped sikux — ISODATA (lterative Self-Organizing Data Analysis Technique), Maximum Likelihood
Estimation (MLE), Random Forest (RF), K— Nearest Neighbors (KNN), Support Vector Machine (SVM), U-Net, i Segment Anything Model (SAM).

Pe3ynbTaTtun. HaocHosi3HiMmkie PlanetScope 6yno ompumaHo koHmypu 6epezoeoi niHii Kpumcbko2o nisocmposa memodamu ISODATA,
MLE, RF, KNN, SVM, U-Net, SAM. lpoeedeHo nopieHsAHHs1 ompuMaHux 306paxxeHb ma egpekmueHocmi ix po6omu. [JocnidxeHHs1 8KI1H04ano po3po6Ky
kody Python dnss aemomamu4Ho20 cmeopeHHs1 38imis, w0 Micmsame iHghopmayiro NPo n'smb oYiHL8aILHUX MEMPUK, MaKux sik moYyHicmb (98,96),
noeHoma (99,45), enyunicms (97,27), koegpiyieHm Hatica (98,34) ma iHOekc Xakkapa (96.74), wo none2wusio oyiHKy pisHux nidxodie i memodie.

B v c Ho Bk wu. lNopieHsinbHUl aHani3 Hazonmowye Ha nepeeaasi modesii U-Net dnsi eudineHHs 6epe2060i niHii Ha 3HiMKax AucmaHyiliHo2o 30HOy8aHHsI.
U-Net nocmitiHo 3a6e3neyye Halibinbw mo4Hy ma GemasibHy ceaMeHmauiro y pisHUX cyeHapisix, eMoHcmpyroYu cmilikicms ma moy4yHicms.

Knwo4yoBi cnoBa: 6epezosa niHiss, Memodu enubuUHHO20 Hag4YaHHsI, 320pmkKoea HelipoHHa Mepexa, modesnb U-Net, Kpumcbkuii nisocmpie.
ABTOpM 3aABNSAIOTb NPO BiACYTHICTb KOHAMIKTY iHTepeciB. CnoHcopy He 6panu yyacTi B po3pobneHHi AoCnimpKeHHs; y 36opi, aHanisi un
iHTepnpeTaLii AaHKX; y HANUCaHHI pyKonucy; B pilleHHi Npo nybnikaLito pesynbTaris.
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