BICHUK

KMIBCbKOIo HALIIOHAJIbHOIO YHIBEPCUTETY IMEHI TAPACA LUEBYEHKA

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

reonoris 2(109)/2025

3acHoBaHo 1958 poky

YOK 504+550+551+552+624

DOI: http://doi.org/10.17721/1728-2713.109
HaBegeHo pe3ynbTaTM reosioriyHMx, crpaTturpacgiyHMX, NasIeOHTONIONYHUX, FiAPOreosioriyHnx, reogisnuyHmnx

i reoinpopmauiiHMX gocnigKeHb.

[ns Buknagavis, HayKOBMX cNiBPO6iTHMKIB, acnipaHTIB i CTyAEHTIB.

roJI0BHWUI PEAAKTOP
PEAAKLUIAHA KOJIETIS

Appeca peakonerii

3aTBepaXEHO

3apeecTpoBaHO

ATecToBaHO
IHAEeKCcyBaHHA

3aCHOBHUK
Ta BuaaBseub

Appeca Bupasus

BwxBa Cepriii, a-p reon. Hayk, npodd. (YkpaiHa)

An6aHi A6aep Enb, a-p dinocodii, npod. (PpaHuis); BaxmyTtoB Bonoaumup, a-p
reon. Hayk, CT. Hayk. cniBpo6. (YkpaiHa); Bonpaap KceHis, a-p reon. Hayk (Monbla);
BecHaBep Anbpo, a-p pinocodii, npod. (Itanis); Bxea 301, A-p di3.-MaT. Hayk, npod.
(Ykpaita); Ainaaporny Typraii, ao-p ¢inocodii, npod. (TypeuunHa); Ae [oHaTic Maypo,
A-p dinocodii, pou. (Itanis); AyébuHa 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 Ksinrni, a-p dinocodii (Kutait); IBaHik OneHa,
A-p reon. Hayk, npod. (YkpaiHa); IBaxHeHkO OnekcaHap, A-p dinocodii, npod.
(KaszaxcrtaH); KapneHko Onekciii, a-p reos. Hayk, npod. (YkpaiHa); KopoHeoc AHTOHIC,
A-p dinocodii, npod. (Mpeuis); KownsikoB Onekciii, 4-p reon. Hayk, npod. (YkpaiHa);
Kypuno Mapis, a-p reon. Hayk, gou. (YkpaiHa); Jli LlmHweH, a-p cdinocodii, npod.
(Kutait); Jlichmi Teopriii, 4-p reon. Hayk, aou. (YkpaiHa); JisweHko AMuTpo, A-p.
reorp. Hayk, gou. (YkpaiHa); Macnos bopuc, a-p dis.-maT. Hayk, npod. (YkpaiHa);
MeHblioB OnekcaHap, A-p reon. Hayk, cT. gocnigHuk (Bign. pep.) (YkpaiHa);
MutpoxuH OnekcaHap, A-p reon. Hayk, npod. (YkpaiHa); Muxaiinos Bonoaumup, a-p
reosn. Hayk, npod. (YkpaiHa); MipoHuyk TeTsiHa, kaHA. inon. Hayk, gou. (YkpaiHa);
HecTtepoBcbkuii Biktop, A-p reon. Hayk, npod. (YkpaiHa); HukuTiok OnekcaHap,
B-p C.-T. HayK, npod., un.-kop. HAAH Ykpainu (YkpaiHa); Orap Biktop, a-p reon.
Hayk, npod. (YkpaiHa); OniBia Mapk, a-p dinocodii, npod. (Mopryranis); Opntok
Muxaiino, a-p reon. Hayk, npod. (YkpaiHa); MactyweHko TersiHa, kaHA. dinon.
Hayk, pou.(YkpaiHa); Mepeinpa Mayno, a-p ¢inocodii, npod. (J/intsa); MopTHOB
Bacunb, a-p dinocodii, npod. (KasaxctaH); PomaweHko Muxaiino, A-p TexXH. HayK,
npod., akaa. HAAH YkpaiHm (YkpaiHa); CnaccoB Cimo, A-p dinocodii, npodp.
(Benbris); Crapoay6 HOpin, a-p ois.-mart. Hayk, npod. (YkpaiHa); LUab6artypa
OnekcaHap, A-p reon. Hayk, Aaou. (3acr. ronoB.. pea.) (YkpaiHa); LLleBueHKO Onekcii,
A-p reon. Hayk, CT. HayK. cniBpob6. (Ykpaita); LLimiaT BonbkMap, A-p dinocodii, npod.
(HimeuunHa); LLiHrokoB Cepriii, A-p reon. Hayk, Aaou. (YkpaiHa)

HHI "IHcTuTyT 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

BueHoto pagoto HHI "IHcTuTyT reonorii”
23.04.25 (npotokon N2 13)

HauioHanbHoO pagoro YKpaiHM 3 nuTaHb Tenie6aueHHs i pagioMOB/IEHHSA
PiwueHHs N2 1089 Big 28.03.24
InenTndikaTop apykosaHoro menia: R30-03800

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

Scopus (kBapTunb 3, SIR 0.238), Web of Science (kBapTunb 4, imnakr daxrop 0.3),
EBSCO, Academic Resource Index ResearchBib, Google Scholar

KuiBCbkMi HalioHanbHUA yHiBepcuTeT iMeHi Tapaca LlleBueHka
BupaBHuuo-nonirpadiuHmii ueHTp "Kniscbkuit yHiBepcuret”
CBigouUTBO NPoO BHECEHHSA A0 [lep)XaBHOro peecrpy

AK N2 1103 Bip 31.10.02

BIL| "KviBcbkuit yHiBepcuTteT"
6-p Tapaca LlleBueHka, 14, M. Knis, 01601
= (38044) 239 32 22, 239 31 58, 239 31 28
e-mail: vpc@knu.ua
© KwuiBcbkuii HauioHanbHUI yHIBepcuTeT iMeHi Tapaca LlleBueHka,
BIL, "KuniBcbkuii yHiBepcutet”, 2025



BULLETIN

TARAS SHEVCHENKO NATIONAL UNIVERSITY OF KYIV

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

GEOLOGY 2(109)/2025
Established in 1958

UDC 504+550+551+552+624

DOI: http://doi.org/10.17721/1728-2713.109
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

ddress

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); Koroneos Antonis, PhD, Prof. (Greece); Koshliakov Oleksiy, DSc (Geol.),
Prof. (Ukraine); Kurylo Mariia, DSc (Geol.), Assoc. Prof. (Ukraine); Liashenko
Dmytro, DSc (Geog.), Assoc. Prof. (Ukraine); Lisny Georhii, DSc (Geol.), Assoc. Prof.
(Ukraine); Liu Qingsheng, PhD, Prof. (China); Maslov Borys, DSc (Phys. & Math.),
Prof. (Ukraine); Menshov Oleksandr, DSc (Geol.), Senior Researcher (Executive
Editor) (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); Nykytiuk
Oleksandr, DSc (Agricultural Sciences), Prof., Corresponding Member of the NAAS
of Ukraine (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); Romashchenko Myhailo, DSc (Engin.),
Prof., Active Member of the NAAS of Ukraine (Ukraine); Schmidt Volkmar, PhD,
Prof. (Germany); Shabatura Oleksandr, DSc (Geol.), Assoc. Prof. (Deputy Editor-
in-Chief) (Ukraine); Shevchenko Oleksiy, DSc (Geol.), Senior Researcher (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

2 (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"
23.04.25 (protocol N2 13)

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 (Quartile 3, SJR 0.238), Web of Science (Quartile 4, Impact Factor 0.3),
EBSCO, Academic Resource Index ResearchBib, Google Scholar

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", 2025



3MICT

3ArAllbHA TA ICTOPUYHA TrEONOTIA

OEPHOB Bitanin
Hoga 3Haxigka dinokapuau (Crustacea: Phyllocarida) B cepnyxoBcbkux Bigknagax (miccicinin)

[ OHELBEKOTO BACEMHY (YKDPATHA) . ....eeeeieeeeeeaitieeeeaeeeeesateeee e sttt e e sameeeeeamaeeeeaseeeeeamneeeesmneeeeeanteeeeamseeeesanneeeeansseeeannseeeeanneeassneennnes 5
FHIQELUb Bonogumup, FIPUFOPYYK KoctaHTtuH, PEBEP AHacTtacisn, KOXAH OkcaHa
JlitonoriyHa 6ynoBa Ta dhauianbHi 0cobnMBOCTI KepneyTcbkux Biaknagie NpMYopHOMOPCHKOro MeranporuHy................ 10
FEO®I3NKA

BWXBA Ceprinn, BEHTPOBUY OAmutpo, OHULLYK Biktop, OHULLYK IBaH, DALLEHKO AHHa
disnyHe MmogentoBaHHS NpoLecy NpoTikaHHSA HadTK Yepes Nopoay-KorekTop y NacToBUX YMOBaX

(Ha npuknagi nickoBmkiB PO3yMiBCbKOrO ra30KOHAEHCATHOTO POLOBULLLA) «..eeeiuverreeauerreeaneeeeeaneeeeeaaneeeesaneeeesasneeesansneeesnnees 22
NETPOKYLWUWUH Oner, BE3POOHA IpuHa

IMNYNbCHWUIA HENTPOHHWIA KapoTaX y CBITi Ta B YKpaiHi: BUTOKM, CTAHOBIEHHS!, CYHACHICTb. ..cceeeiiuiiiiieeeeeeaeiiiieeeeaeeeeanens 31
B'A30BCbKA €BreHis, MUXAJNIEBUM Irop, KAPIMWH Bacunb, YYYK CtenaH

[ocToBipHICTb NPOrHO3yBaHHS ra30HOCHOCTI KonekTopiB Y binb4e-Bonuubkin 30Hi 3a gaHumu ctaHuii M'TO...............c.... 40
CEIQlOB Baric Mipramsa, ATAEBA Maneika Ara Ani

BusHayeHHs onTumanbHOro Metoay BNAvBY ANs NiABULLEHHS] €PEKTUBHOCTI PO3BIAKN POAOBULLL......cceeereeiierieeeeaeeaanees 45

MEHBLLUOB Onekcangp, FOPOLLKOBA Jligisa, FTOPOLUKOB Cranicnas, QIHAAPOINY Typran
KomnnekcHa mofesnb BMICTY BaXKKMX MeTaniB Ta MarHiTHUX BNacTUBOCTEN I'PYHTIB

Ta [JOHHUX BiAKNaAiB 03ep 3aMOBIAHMKA "XOPTULA" ...cevveieeeieeiieeeieieeeeeeeeeeeeeeeeeeeeeeeeeseeeseeeeeeeseeeeesessesennnes TR 51
MAINUUBbKWUUN OmuTtpo, ACTALLUKIHA Onekcanpgpa, MAK Pycnan, THUAMN Axapin, QOBYLLOBCBLKUW MapkisiH
BusHayeHHs1 napameTpiB BOrHuLLa 3eMNeTpycy 3a AaHUMM OOMEXEHOT KiNbKOCTi CEACMIYHUX CTAHLIM. ... ..eeeveeeeeeeeneen. 59

MIHEPARNOTIA, FTEOXIMIA TA METPOIPA®IA
MEKTI 3oxip, BYTEMEOOXET Acis, TAXPI Typkia, BEHCEJIIbI'YB Awncca,
COJlIMAH A6pgenbmoxceH M., BENJYY4l CtecaHo
MeTporpadivyHa xapakTepucTunka ypaHooi pyan TaxarrapT (Enb-Xorrap, MiBAEHHUA ATDKMP) ....uvvvieeeeeeieeiieeeeeeeeeeiee 64

FEONorid pogoBuLL KOPUCHUX KOMATNUH

BYPNYLIbKUN Mukona, TIMTBUHIOK CtaHicnas
eHesic Ta reoximMiyHi 0COOGNMBOCTI piAKiCHOMETaNIYHOro 3pyAeHiHHSA y Bypomy BYTinmi 3aKapnaTTS......cccveeeerveeeerveennns 73

riaPoOreonorisa, IHKEHEPHA TA EKONOI4YHA reonoris

LUAPIKOB Ceprinn, HOMKO [AmuTtpo

MepcnekTuBm 36iNbLLIEHHA PECYPCHOro NoTeHuiany MiHepanbHUX PagoHOBNX BOA Y BiHHMLBKIM 0BNacCTi .......ceeeevrveeee. 82
MIXAINKOBA Hina, YOAIOB Irop
AHani3 YMHHKKIB ekonoriyHoi Hebeanekun ansa HakonuvyBada TOB "Py6GiKaHCHKMA KPACUTENb" ......ccceeeveiirieeeee e e 88

EKOHOMIYHA NEONOrIA

3YP'AH Onekcin, TOJIKYHOB AHnpgpin, OMEJIbMEHKO TeTsiHa
BpaxyBaHHs1 pu3nKy Npu 4oCnigKeHHi iHBeCTULiNHOT NpuBabnmBocTi 06'eKTiB reoTepMarnbHOT EHEPreTUKM .............c...... 97

FrEOIHPOPMATUKA

CTAXIB Ipuna, 3ALLEPKOBHWW/ Bitaniu, AE JOHATIC Maypo,
MACTYLLEHKO TetaHa, FOPAINYYK Codisi, MATIK TeTsina
[MpocTopoBui aHani3 NnoLy NigTonneHnx 3eMenb NPUPOAHO-3anoBigHOro MoHaY
XepCcoHCbKOi 0bnacTi 3a AaHUMUN OUCTAHLINHOTO 30HAYBAHHST BEMITi......uviiieiieeeeeciiieie e e e e e et e e e e e s eeiaaaeee e e e e e e snnsraeeas 104



CONTENTS

GENERAL AND HISTORICAL GEOLOGY

DERNOV Vitaly

A new record of the phyllocarid crustacean (crustacea: phyllocarida) in the serpukhovian (mississippian)

OF the DONELS DASIN, UKIAINE........ .o oo e ettt e e e et e e e e e e e e e e e e e e et eeeeeeea e aeeeaeeeens 5
HNIDETS Volodymyr, HRYHORCHUK Kostiantyn, REVER Anastasiia, KOKHAN Oksana

Lithological structure and facies features of the kerleutian sediments of the Black sea megadepression ........................ 10

GEOPHYSICS

VYZHVA Serhii, VENGROVICH Dmytro, ONYSHCHUK Viktor, ONYSHCHUK Ivan, DATSENKO Anna
Physical modeling of the process of oil flow through the reservoir sandstone rock samples in the reservoir conditions

(Rozumivske gas CONAENSALE fIEIA) .......c..uiiieeiiee ettt et e et e e et e e e s et e e st e e e enee e e e enseeeeenneeeennneen 22
PETROKUSHYN Oleh, BEZRODNA Iryna

Pulsed neutron logging in the world and in Ukraine: beggining, establishment, present ... 31
VIAZOVSKA Yevheniia, MYKHALEVYCH lhor, KARPYN Vasyl, DUCHUK Stepan

Reliability of prediction of gas saturated reservoirs in Bilche-Volytsya zone using the mudloging station data ................ 40
SEIDOV Vagif, AGHAYEVA Maleyka

Determination of the optimal method of influence to increase the efficiency of reservoir exploration ............ccccccceineene 45

MENSHOV Oleksandr, HOROSHKOVA Lidiia, HOROSHKOV Stanislav, DINDAROGLU Turgay
Comprehensive model of heavy metals content and magnetic properties of soil and sediments

Of [aKES Of KNOMYSYA FESEIVE. ......eiiiiieee ettt e et e e e ettt e e st e e e s e e e e amseeeeaneeeeeantaeeeaaneeeesanneeaneeeeannes 51
MALYTSKYY Dmytro, ASTASHKINA Oleksandra, PAK Ruslan, GNYP Andriy, DOBUSHOVSKYY Markiyan
Determination of earthquake source parameters based on data from a limited number of seismic stations .................... 59

MINERALOGY, GEOCHEMISTRY AND PETROGRAPHY
MEKTI Zohir, BOUTEMEDJET Assia, TAHRI Tourkia, BENSELHOUB Aissa,
SOLIMAN Abdelmohsen M., BELLUCCI Stefano
Petrographic characterization of the uranium ore of Tahaggart (El-Hoggar, Se Algeria)...........cccooevivieiieiiiiiiiiieiee e 64

MINERAL RESOURCES

BURLUTSKYY Mykola, LYTVYNIUK Stanislav
Genesis and geochemical features of rare metal mineralization in the brown coal of Transcarpathia.............................. 73

HYDROGEOLOGY, ENGINEERING AND ENVIRONMENTAL GEOLOGY

SHARIKOV Sergii, CHOMKO Dmitro

Prospects for increasing the resource potential of mineral radon waters in the Vinnytska region..............cccccociiiiininis 82
MIKHALKOVA Nina, UDALOV Igor
Analysis of factors of environmental hazard for the waste storage unit LLC "Rubizhanskyy krasytel"...............c.ccccuvueee... 88

ECONOMIC GEOLOGY

ZURIAN Oleksii, TOLKUNOV Andriy, OMELCHENKO Tetiana
Risk considerations in the study of investment attractiveness of geothermal energy objects ... 97

GEOINFORMATICS
STAKHIV Iryna, ZATSERKOVNY!] Vitalii, DE DONATIS Mauro,

PASTUSHENKO Tetiana, HORDIICHUK Sofiya, MALIK Tetiana
Spatial analysis of the flooded land area of the Kherson region nature reserve using remote sensing data .................. 104



BUMYCK 2(109)
3ATAIIbHA TA ICTOPUYHA TEONOTrI4

UDC 564.58(477.75)
DOI: http://doi.org/10.17721/1728-2713.109.01

Vitaly DERNOV, PhD in Natural Sciences

ORCID ID: 0000-0002-5873-394X

e-mail: vitalydernov@gmail.com

Institute of Geological Sciences of the NAS of Ukraine, Kyiv, Ukraine,
National Museum of Natural History of the NAS of Ukraine, Kyiv, Ukraine

A NEW RECORD OF THE PHYLLOCARID CRUSTACEAN (CRUSTACEA: PHYLLOCARIDA)
IN THE SERPUKHOVIAN (MISSISSIPPIAN) OF THE DONETS BASIN, UKRAINE

(MpedcmaeneHo YyneHoMm pedakyiliHoi konezii 3-pom 2eon. Hayk, npogh. B.B. Ozapem)

Background. The Carboniferous phyllocarid crustaceans of the Donets Basin are not well studied and are represented by the
genus Dithyrocaris and undefined remains referred to Phyllocarida indet. The study of fossil phyllocarids is of great palaeobiogeographical
importance, at least for the Carboniferous marine palaeobasins of the northern hemisphere.

Methods. Two specimens of carapace valves of the phyllocarid Ceratiocaris sp. are examined in this study. The fossils originate
from the Serpukhovian of the western Donets Basin, eastern Ukraine. The Serpukhovian deposits in the Donets Basin are represented by the
Samara Formation and most of the Kalmis Formation, but it is impossible to determine which formation the studied material comes from.

Results. The described Ceratiocaris sp. is very similar to Ceratiocaris truncatus Woodward, 1871 in terms of the outline of the
valve. However, there are some differences, namely: the described valve is somewhat wider compared to the Ceratiocaris truncatus, the
line of the greatest width of the studied valve is between its centre and the anterior part, while in Ceratiocaris truncatus the ventral and
anterior margins form a semi-elliptical line. The posterior margin of Ceratiocaris sp. is wider and more concave than that of Ceratiocaris
truncatus, while the rostral notch is narrower and shallower. Ceratiocaris sp. differs from Ceratiocaris oretonensis Woodward, 1871, in the
outline of the valve: in C. oretonensis it gradually narrows anteriorly, while in C. sp. it widens rapidly to about 33 % of the valve length and
then sharply narrows. In addition, the posterior margin of Ceratiocaris oretonensis is much more concave and narrower.

Conclusions. In the Carboniferous succession of the Donets Basin, phyllocarids are predominantly distributed in the
Bashkirian interval. Only two taxa, Dithyrocaris granulata doneziana Riabin, 1921 and D. tricornis aisenvergi Krestovnikov, 1961, occur
from outside the Bashkirian interval, namely the Serpukhovian and Upper Pennsylvanian, respectively. Thus, today, Carboniferous
phyllocarids in the Donets Basin are represented by only two genera, Dithyrocaris Scouler in Portlock, 1843 and Ceratiocaris M'Coy, 1849.

Keywords: Phyllocarida, Mississippian, Serpukhovian, Donets Basin, Ukraine.

Background

Phyllocarids (Phyllocarida Packard, 1879) constitute a
relatively diverse group of crustaceans that are distributed
nearly globally (Rolfe, 1969; Rode, & Lieberman, 2002;
Briggs et al., 2011; Liu et al., 2023). The first appearance of
Phyllocarida was during the Late Cambrian, and the group
includes the extinct order Archaeostraca Claus, 1888, as
well as the extant order Leptostraca Claus, 1880 (Collette, &
Hagadorn, 2010).

The Carboniferous phyllocarid crustaceans of the
Donets Basin are not well studied. Riabinin (1921) provided
a description of Dithyrocaris granulata var. doneziana
Riabin, 1921 from the D1 limestone bed in the Serpukhovian
part of the Kalmius Formation. Krestovnikov (1961) recorded
three species of the genus Dithyrocaris Scouler in Portlock,
1843 across three distinct stratigraphic levels: D. colei
Portlock, 1843 from the upper Bashkirian rocks recovered by
the borehole No. 816 (depth interval 335.65-339.40 m)
drilled near the town of Petropavlivka (Synel'nykove Rayon,
Dnipropetrovs'k  Oblast), D. tricornis  var. aisenvergi
Krestovnikov, 1961 from the Upper Pennsylvanian strata
recovered in the depth interval of 396.0-398.2 m by the
borehole No. 9 drilled near the village of Oskil in Kharkiv
Oblast, and Chaenocaris tenuistriata (M'Coy, 1844)
(=Dithyrocaris tenuistriata M'Coy, 1844) from the lower
Bashkirian Amvrosiyivka Formation in the borehole
No. 2295 (depth interval 213.35-214.0 m), Pokrovs'k
Rayon, Donetsk Oblast (Krestovnikov, 1961).

Dernov & Udovychenko (2019, fig. 2.5, 2.9) and Dernov
(2023, fig. 3) figured specimens of Dithyrocaris sp. from the
late Bashkirian-aged Mospyne Formation, which are
exposed in the southern part of Luhansk Oblast. The poorly
preserved specimens Phyllocarida indet. co-occured with
probable phyllocarid resting traces belonging to
Hankoichnus bandersnatchi Dernov, 2023 were described

from black shales of the lower Bashkirian part of the
Dyakove Group in the southern part of Luhansk Oblast
(Dernov, 2023; Dernov, & Poletaev, 2024).

The present paper presents the results of a study of
newly discovered specimens of the phyllocarids
Ceratiocaris sp. from the Serpukhovian coal-bearing paralic
succession of the western Donets Basin (eastern Ukraine).
The data obtained clarify the systematic diversity of
Mississippian phyllocarid crustaceans of the Donets Basin.
The study of fossil phyllocarids is of great
palaeobiogeographical importance, at least for the
Carboniferous palaeobasins of the northern hemisphere.

Methods

Two moderately-well and poorly preserved specimens of
carapace valves of the phyllocarid Ceratiocaris sp. preserved in
black shale are examined in this study. The black shales were
recovered at a depth interval of 875.0-876.3 m by the borehole
No. 9240 drilled near the town of Kurakhove (Donetsk Oblast,
eastern Ukraine) (Fig. 1A, B, D). According to the original field
label, the strata recovered at the depth interval are of the
Serpukhovian age (Fig. 1C).

The collector of the studied material is not known, but it
is likely to be one of the local Donetsk geologists. In the
1980s, this material was transferred for study to the
Department of Statigraphy and Palaeontology of Palaeozoic
Sediments, Institute of Geological Sciences of the Academy
of Sciences of the Ukrainian SSR (now: Institute of
Geological Sciences of the National Academy of Sciences
of Ukraine, Kyiv). The late Dr David Aisenverg classified
these fossils as phyllocarids, but was unable to define their
genus or species. Presently, the studied phyllocarids are
part of a small collection of Serpukhovian—early Bashkirian
fauna (NMNH-G 8637) stored in the Department of Geology,
National Museum of Natural History of the National
Academy of Sciences of Ukraine, Kyiv.

© Dernov Vitaly, 2025
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Geological setting. The Serpukhovian deposits in the
Donets Basin are represented by the Samara Formation and
most of the Kalmius Formation (stratigraphic interval
bounded by the D1 and Ds®ower limestone beds) (see
Fig. 1C), but it is impossible to determine which formation
the studied material comes from.

The Samara Formation is composed of a paralic
succession of mudstones, cross-bedded siltstones, and fine-
grained sandstones. Coarse-grained sandstones and
conglomerates are rare. The formation contains 30 to 75
coal beds and up to 10 thin beds of argillaceous, often sandy
or crinoidal limestones. Fossils are few and represented by
foraminiferans, bryozoans, brachiopods, and bivalves. The
thickness of the formation varies from 390 m in the western
part of the Donets Basin to 530 m in the area of the city of
Donetsk (central part of the basin). The formation is of early
Serpukhovian age; the conventionally Visean—Serpukhovian
boundary in the Donets Basin is located at the base of the
C1 limestone bed, the basal layer of the Samara Formation
(Aisenverg etal., 1963; Feofilova, & Levenshtein, 1963;
Levenshtein, & Shirokov, 1963; Dunaeva, 1969; Shulga,
1972; Poletaev, & Vdovenko, 2013).

The Kalmius Formation is represented by a paralic
succession of sandstones, siltstones, mudstones, coals (7—
11 beds), and limestones (up to 35 beds). The characteristic
sandstone beds of the Kalmius Formation have their own
names (e.g., the Feninian sandstone bed) and are used for
local section correlation. The thickness of the formation
ranges from 530 to 800m (Aisenverg etal. 1963;
Levenshtein, & Shirokov 1963; Feofilova, & Levenshtein
1963; Dunaeva, 1969; Poletaev, & Vdovenko, 2013). The
limestones of the lower part of the formation, in the interval
from the D1 to Ds limestone bed inclusive, are characterised
by the abundance of corals (especially in the D3, D4, and Ds
limestone beds). Among the diverse limestones of the upper
part of the Kalmius Formation, in the interval Ds to Eq, it is
worth noting the wide development of oolitic ones (especially
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in the group of the D7 limestone bed) (Feofilova, &
Levenshtein, 1963).

The Serpukhovian paralic deposits of the Donets Basin
were accumulated mainly in a large alluvial-deltaic plain,
which was flooded periodically by warm epicontinental seas
(Logvinenko, 1953). Only the central part of the Donets
Basin was characterized by a continuous regime of marine
sedimentation in the Serpukhovian and Bashkirian
(Reznikov, 1993; Dernov, & Poletaev, 2024). This area was
located in a humid tropical and/or subtropical climate (Novik,
1952, 1974; Logvinenko, 1953; Fissunenko, 2000). This
palaeobasin, surrounded on the south and west by land on
the site of the Ukrainian Shield, was located on the
southeastern periphery of Laurussia and freely connected
with Palaeotethys and the east and had intermittent
connections with basins located to the west.

Systematic palaeontology
Phylum Arthropoda Gravenhorst, 1843
Class Malacostraca Latreille, 1806
Subclass Phyllocarida Packard, 1879
Order Achaeostraca Claus, 1888
Family Ceratiocarididae Salter, 1863
Genus Ceratiocaris M'Coy, 1849
Type species. Ceratiocaris solenoides M'Coy, 1849; by original
designation.
Diagnosis. See Collette, & Rudkin (2010: p. 119) and Collette,
& Hagadorn (2010: p. 802).
Stratigraphic range. Upper Ordovician—Permian.

Ceratiocaris sp.

Material. One complete valve of the carapace (specimen
NMNH-G 8637/87) and one small fragment of a valve
(specimen NMNH-G 8637/88).

Description. The better-preserved specimen (NMNH-
G 8637/87) is represented by a left valve of a supposedly sub-
triangular carapace, which has a straight dorsal hinge line with
a very slightly concave wide rostral notch. Anterior and ventral
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margins are broadly rounded, postero-lateral angles are blunt,
posterior margin is straight, extends obliquely (at an angle close
to 50°) to the axis of symmetry of the carapace. A narrow
border, which gradually thickens (from 0.3 mm to 0.7 mm) from
the posterior to the anterior margin, is present along the ventral
margin of the valve. Valve surface is smooth (Fig. 2B). The
valve is 20 mm in length and 10 mm in maximum width (the
length to width ratio is 2.0).

A
Fig. 2. Ceratiocaris sp. from the Serpukhovian of the Donets
Basin, specimen NMNH-G 8637/87
A — general view of the valve,
B — enlarged part of the valve. Scale bars=5 mm

Remarks. Ceratiocaris sp. is morphologically very
similar to Ceratiocaris truncatus Woodward, 1871 in terms
of the outline of the valve. However, there are some
differences, namely: (1) the described valve is somewhat
wider compared to the specimen of Ceratiocaris truncatus,
figured by Jones, & Woodward (1888, pl. 10, fig. 10); (2) the
line of the maximum width of the valve in the specimen
NMNH-G 8637/87 is located between the valve centre and
the valve anterior part, while in Ceratiocaris truncatus the
ventral and anterior margins form a semi-elliptical line. The
posterior margin of the specimen NMNH-G 8637/87 is wider
and more concave than that of Ceratiocaris truncatus, while
the rostral notch is narrower and shallower.

Ceratiocaris sp. differs from the other Carboniferous
species, Ceratiocaris oretonensis Woodward, 1871, in the
outline of the valve: in C. oretonensis it gradually narrows
anteriorly, while in C. sp. described above it widens rapidly
to about 33 % of the valve length and then sharply narrows.
In addition, the posterior margin in Ceratiocaris oretonensis
is much more concave and narrower.

Distribution. Ceratiocaris M'Coy, 1849 occurs in the
Upper Ordovician—Permian of Europe and North America.
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Fig. 3. Stratigraphic distribution of the phyllocarid taxa in the Carboniferous of the Donets Basin
A — Dithyrocaris tricornis aisenvergi Krestovnikov, 1961 (after Krestovnikov, 1961: pl. 3, fig. 7); B, E — Dithyrocaris colei Portlock, 1843
(after Krestovnikov, 1961: pl. 3, fig. 6 (Fig. 3B) and the specimen GM LNU-45/02 in the Geological Museum of the Luhansk
Taras Shevchenko National University, Poltava (Fig. 3E)); C — Dithyrocaris tenuistriata M'Coy, 1844 (after Krestovnikov, 1961: pl. 3, fig. 5);
D — Dithyrocaris cf. granulata Woodward & Etheridge, 1873 (specimen IGS NASU-41/01 in the Institute of Geological Sciences
of the NAS of Ukraine, Kyiv); F — Phyllocarida indet. (after Dernov and Poletaev, 2024: Fig. 6l). Abbreviation: D. — Dithyrocaris
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Discussion and conclusions

In the Carboniferous succession of the Donets Basin,
phyllocarids are predominantly distributed in the Bashkirian
interval, where Dithyrocaris tenuistriata M'Coy, 1844
(Krestovnikov, 1961), D. colei Portlock, 1843 (Krestovnikov,
1961 and author's unpublished data), D. cf. granulata
Woodward, & Etheridge, 1873 (author's unpublished data),
and Phyllocarida indet. (Dernov, 2023; Dernov, & Poletaev,
2024) recorded (Fig. 3). Only three taxa, Dithyrocaris
granulata doneziana Riabin, 1921 and Ceratiocaris sp., as
well as Dithyrocaris tricornis aisenvergi Krestovnikov, 1961,
occur from outside the Bashkirian interval, namely the
Serpukhovian and Upper Pennsylvanian, respectively
(Riabin, 1921; Krestovnikov, 1961; this study). Thus,
Carboniferous phyllocarids of the Donets Basin are
represented by only two genera, Dithyrocaris Scouler in
Portlock, 1843 and Ceratiocaris M'Coy, 1849.

All records of phyllocarids in the Carboniferous of the
Donets Basin are confined to black shales formed in
dysaerobic marine conditions (Krestovnikov, 1961; Dernov,
& Poletaev, 2024; this study). The palaeoenvironmental
context of occurrence of Dithyrocaris granulata doneziana
Riabin, 1921 is somewhat unclear. The D1 limestone bed in
the Kalmius Formation (the D1° limestone bed in the modern
Carboniferous lithostratigraphic scheme of the Donets
Basin) from which this subspecies originated, contains rich
marine biota consisting of calcareous algae, foraminifers,
corals, bryozoans, brachiopods, bivalves, gastropods,
cephalopods, crinoids, echinoids etc., and forming a small
bioherm (Aisenverg et al. 1987; Poletaev et al. 1988). It is
possible that Dithyrocaris granulata doneziana comes from
the shale bed separating the limestone beds of the D+
limestone group consisting of five beds, from the D1 bed to
the D+® bed (Poletaev, & Vdovenko, 2013).
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HOBA 3HAXIAOKA ®INOKAPUAU (CRUSTACEA: PHYLLOCARIDA) B CEPIYXOBCbKUX BIAKITAQAX (MICCICINIn)
OOHELbKOIO BACEWNHY (YKPAIHA)

BcTyn. Kam'sHoeyzinbHi ¢hinokapudu [JoHeybkoz2o 6aceliHy HeAocmamHbo eue4qeHi i 00 ocmaHHbO20 4acy 6ynu npedcmaesieHi pooom
Dithyrocaris ma Heeu3Ha4eHuUMu pewmkamu, sioHeceHumu do Phyllocarida indet. Bug4eHHsi aukonHux ¢binokapud mae sesuke naneobiozeozpagpiyHe
3HayeHHsl, NPUHalMHi Onsl KaM i Ho8Y2iNIbHUX MOPChLKUX naneobaceliHie nieHi4HOI nieKyi.

MeTonawn. PosansHymo dea 3pa3ku cmynok naHyupa ¢inokapud Ceratiocaris sp. Ckam'stHinocmi noxodsimb 3 eidknadie cepnyxoecbKo20
sApycy 3axidnoi yacmuHu [Jon6acy. Cepnyxoechki eioknadu Ha [JoH6aci npedcmaesieHi caMapcbKor ceimoro ma 6i/lbwor YacmuHOK KasbMiyCcbKol
ceimu, ane HeMOXJ1U80 8u3Ha4yumu, 3 sikoi came ceimu noxodums AocnidxeHuli mamepiarn.

Pe3ynbTaTtu. OnucaHul Ceratiocaris sp. 3a o6pucamu cmynku Oyxe cxoxuii Ha Ceratiocaris truncatus Woodward, 1871. [[pome € desiki
8idmiHHocmi, a came: onucaHa cmynka deuw,o0 wupwa nopieHsiHo 3 Ceratiocaris truncatus, niHiss Hali6inbwoi wupuHu AocnidxeHoi cmynku po3ma-
woeaHa Mix it yeHmpom i nepedHbolo0 YyacmuHoro, modi sik y Ceratiocaris truncatus eenmpanbHull i nepedHili kpai ymeoproroms HaniseninmuyHy
niHiro. 3adHil kpal y Ceratiocaris sp. wupwulii i 6inbw yeizcHymul, Hix y Ceratiocaris truncatus, modi sik pocmpanbHa euimMKka 8yx4a i Opi6bHiwa.
Ceratiocaris sp. 8iopi3Hsiembcsi 8id Ceratiocaris oretonensis Woodward, 1871 o6pucamu cmynku: y C. oretonensis 80oHa nocmynogo 38yXyembcsi 0o
nepedHLO20 Kpato, modi sik y C. sp. 60Ha WeUAKO po3wWupPEMbLCS NPU6U3Ho 0o 33 % Aoe)UHU cmyJKU, @ momim pisko 38yxxyemsbcs. Kpim mozo,
3adHil kpat Ceratiocaris oretonensis Habazamo 6inbw ysizHymut i 8yx4ud.

BucHoBKkU. Y kam'aHoeyzinbHux eidknadax [JoHeuybko2o 6aceliHy ¢hinokapudu nowupeHi nepesaxHo y eidknadax 6awKupcbLKo20 sipycy.
Jluwe dsa makconu, Dithyrocaris granulata doneziana Riabin, 1921 ma D. tricornis aisenvergi Krestovnikov, 1961, noxodsms 3-no3a mex 6awkup-
CbKO20 iHmepeaisy, a caMe i3 CepryxoecbKo20 spycy ma eepxHbO20 MeHCcUsIb8aHito, 8idnoeioHo. Omxe, Ha Cb0200HI KaM'stHO8Y2inbHI ¢hinokapudu
HoHb6acy npedcmaeneHi nuwe dsoma podamu: Dithyrocaris Scouler in Portlock, 1843 ma Ceratiocaris M'Coy, 1849.

KnwuyoBi cnoBa: Phyllocarida, micciciniii, cepnyxoecbkuli sipyc, [JoHeybkuli 6aceliH, YkpaiHa.
ABTOpM 3aABNSAIOTb NPO BiACYTHICTb KOHMNIKTY iHTepeciB. CnoHcopu He Gpanu yyacTi B po3pobneHHi gocniaxeHHst; y 36opi, aHanisi un
iHTepnpeTauii AaHWX; Y HanMCaHHI pyKonucy; B pilleHHi Npo nybnikauito pe3ynbTaris.

The authors declare no conflicts of interest. The funders had no role in the design of the study; in the collection, analyses or interpretation
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'lHcTUTYT reonorii i reoximii roprounx konanui HAH YkpaiHu, JlbBiB, YkpaiHa

JITONOI4YHA BYOOBA TA ®ALIAIIbHI OCOBJIMBOCTI KEPJIEYTCbKUX BIOKNAAIB
NMPUYOPHOMOPCBKOIO MEFAMPOIrnHy

(MpedcmaeneHo 4neHoM pedakyiliHoi Koneaii 0-poM 2eos. Hayk, npog. B.A. Muxatinosum)

B c Ty n. Y cknadi malikoncbko2o ocadoeozo kommiekcy lIpu4opHoOMoOpcbKo20 Me2anpo2uHy eidknadu cepedHb020 Malikony €
Halbinbw yikasumMu 8 eKOHOMiYHOMY acriekmi, uyo doeedeHo 8i0KpuUMMAM HU3KU podosuw, Haghmu ma 2a3y. CepedHbLOMaUKONChKi
gidknadu y cknadi HWKHLO20 ma eepxHbO20 Mi020PU30HMI8 Kep/ieymcbKOo20 peziosipycy 3a3euyall 32i0HO 3ansizalomb Ha HUXHbO-
MmalKorncbKux, a nepexkpusaromscsi 6e3 euduMoi nepepeu eepxHboMalikoricbkumu. [ToeHoma ix po3pi3y xapakmepu3yembcsi 3Ha4-
Humu npocmoposumMu eapiayismu. MakcumansHi moewjuHu (noHad 2000 M) cnocmepizarombcsi Ha mepeHax KepyeHcbko20
nieocmpoea ma e niedeHHo-cxiOHuUXx palioHax PieHuHHo20 Kpumy (1800 i 6inbwe mempie). Hamomicmb Ha nieHoy4i PieHuHHO20 Kpumy
y Mpucusawwi ma llieHiyHomy [Npu4OopPHOMOP'T PO3KPUMO CKOPOYEHi po3pi3u, mosujuHa sIKux Kosnueaemsbcsi 8id 200-300 m do
400-500 M. Y mexax akeamopii nieHiyHo-3axiOHo20 wenbgpy YopHozo Mopsi 80Ha He nepesuuiye 650 M. Y meKmMoHiYyHOMY 8iOHOWEHHI
lMpu4yopHOMoOpChLKULl Me2anpo2uH cknadaembCs 3 KillbKoX Kyniconodi6HO 345ieHo8aHuUX €i0'eMHUX CmpPYyKmypHUX efleMeHmie 6inbw
8ucokoz2o nopsioky: Kapkinimcbko-IlieHiYHokpumcbkutli, IHdono-KybaHcbkuli ma liedeHHokep4YeHcbKull npo2uHu. Memoro po6omu €
ecmaHoesieHHs1 ocobrnueocmeli slimosioz2iyHoi ma nimmorio2i4Hoi cmpykmypu cepedHboMallKorncbKoi (kepreymcbkoi) moswi [Mpuyop-
HOMOPCBLKO20 Me2arnpo2uHy, 6UEBYEHHSI CMPYKMYPHO-MEeKCMypHUX ma MiHepanozo-nempozpagidyHux ocobnueocmeli nopid
Yy KOHmMeKcmi peKkoHcmpYyKUii yMmoe ix ocadoHa2poMaoKeHHs.

M e T o A u . JlimonoziuHe po34neHyeaHHs1 po3pizie ceepdnoeuH npoeedeHo wWiisixoM iHmepnpemauii pesynsmamie IAC (padioak-
mueHi Memodu). Ocobiusocmi po3eumky ocadoeux misn pi3Ho20 ckiady 3'sicoeaHo Ha ocHoei sudineHHs1 limmimie 32iGHO 3 MemoAuKoro
(KapozoduH, 1980). faHuti nidxid anpoboeaHo rnpu eusyeHHi MallKONCcbKux HawapyeaHb llisHiYHokpuMcbKo20 ma IHAono-KybaHcbKko20
npoeunie (MHideyb ma iH., 2023). B pobomi 3acmocoeaHo po36ueku, po3pobrieHi ma npuliHAMi Onsi eUKOPUCMaHHSI 2eosl02amMu
KT "lMiedeHbekozeoyeHnmp”. lNempozpadgbiyHi docnidxeHHs1 (moHad 400 wnighie nopid, konekyisi 8iddiny cedumeHmortozii NposiHyit 2o-
proyux konanuH IFMTK HAH YkpaiHu) eukoHaHi asmopamu nid nonspu3sayitiHum mikpockoriom Carl Zeiss Jena.

Pe3ynbTaTu. 3'9coeaHo npocmopoeo-eikoei ocobnueocmi nimonozo-nimmornozidyHoi 6ydoeu kepreymcbKoi moeuwi matikony
lpuyopHoMopcbKko20 Me2anpoauHy. BudineHo Yomupu nimosoziyHi Komnnekcu: niwjaHo-aneeponimoesutll (kacmoeeHie noHad 60 %);
anesposnimosuti (50-60 %); apzinimo-anesposnimosuti (40-60 %) ma apzinimosut (meHwe 40 %), AKi xapakmepu3yrombCcsi 3aKOHOMIpPHi-
cmro 3amilieHHs1 8id kpatioeux YyacmuH 0o denoyeHmpie denpecitl. Po3pi3u cepedHboMalikoncbkoi moeuwi ckiiadeHi 20—-84 nimmimamu
pezioHaribHO20, 30HaJIbHO20 Ma JI0Ka/IbHO20 MowupeHHs, 3aesmosuwku 20—-200 m, arneeposiimoegozo (23 %), 3amiwaHoz20 (22 %) ma anuHu-
cmoezo (55 %) nonie. BUOKpeMsIeHO KifbKa pieHie po3eumky pisHopaHz2oeux asesposimo-niwaHux na4ok (K—K—~KK,), ecmaHoeneHo
ocobnueocmi ix MpPocmopoeo20 nowupeHHs1. BusieneHo cneyudgbiky nimmonoziyHoi 6ydoeu eidknadie lMpuyopHomopcbko-Kpumcbko20
(moewuHa nimonoziyHux min do 100 M) ma Azoeo-HYopHomMopcbko20 (mosuwjuHa min He 6inbwe 40 M) ocadoeo-ropodHUX baceliHis.

B ncHoBKwU. BcmaHosneHi ocobnugocmi rnpocmopoeo-8ikogoi MiHIueocmi J1imosio20-/1immosio2i4Hoi cmpyKmypu cepeoHbO-
MmaliKorncbKoi mosuwi crry2yeamumMymb OCHOBOIO CIM8OPeHHsT ModeJli yMos ix ceQumeHmauii 8 mexxax Kpumcbko2o ceameHmy cxioHo20
lMapamemicy, cnpusimume po3yMiHHIO XxapaKmepy MpPocmopo8o-8iKo8o20 MOWUPEHHS Mopid-kosiekmopie ma ¢hrroidompusie, eu3Ha-
YeHHI0 OCHOBHUX HarpsiMKie 2e0s51020p038idye8asibHUX pobim y pe2ioHi.

Knwo4yoBi cnoBa.lapamemic, l(pu4opHoMOpchLKUll Me2anpoauH, cepedHili MaliKor, KepsieymcbKull 20pU30HM, JliMo2eHe3.

Beryn

lMocmaHoeka npo6nemu. Y cknagi Makorncbkoro oca-
[oBoro komnnekcy MpMyopHOMOPCLKOro MeranpormHy Bifk-
nagn cepegHbOro Mamkony € Hambinblw UikaBumu B
€KOHOMIYHOMY acnekTi (Muxannos Ta iH., 2021). ix nepcne-
KTMBHICTb JOBEAEHa BiOKPUTTAM MOHaA AeCATM poAOBWLY,
HadT Ta rasy (IBaHtota, 1998) sk y Mexax niBHiYHO-3axia-
Horo wenbdy YopHoro mops (FonvumHebke, MNiBaeHHOronm-
uunHebke, LmiaTta, Apxadrenbcbke, KpvMcbke), Tak i Ha
TepeHax PiBHMHHOro Kpumy Ta KepueHcbkoro nisoctpoBa
(CtpinkoBe, MNiBoeHHocmBacbke, Bnagucnaeisceke, Kynbu-
wiBcbke, Mowkapiscbke, BanoyHe). Noknagyn npuypoyeHi
00 BEPXHbOI YaCTUHN BEPXHBbOKEPNEYTCbKOro NiAropusoHTy
i NoB'A3aHi 3 niLaHo-aneBpoNiTOBUMM Naykamm NOTYXHICTIO
3—-20 m. 3'scyBaHHs NiToNoriyHoi 6ya0BKM TOBLLi Ta NPOCTO-
POBO-BIKOBMX OCOGNMBOCTEN MOLUMPEHHS KNACTOTEHHUX ro-
PU3OHTIB CTaHe NiarpyHTsaM Ang 34iNCHEeHHNA pisHOpPaHroBUX

ceAMMeHTaLiNHNX PEKOHCTPYKLIR, L0 CTAaHOBUTUME iHTepec
SIK Y TEOPETUYHOMY, TaK i MPaKTUYHOMY MiaHi.

AHani3 nonepedHix docnidxeHs i ny6nikayit. Meono-
rig mavikoncbkux Bigknagis MNprnyopHOMOPCLKOro Meranpo-
rMHY BUBYEHa BKpan HepiBHOMIpHO. HampgeTtanbHiwe BoOHa
pocnigxeHa Ha TepeHax PiBHWHHOro Kpumy, lMiBHiYHOro Tta
3axigHoro [Mpu4yopHoMop'si, KepyeHcbkoro niBoCTpoBa.
HanmeHwe — B mexax aksaTopii YopHoro ta A30BCbKOroO
MOpIB. Y BUPOGHMYMX i HAayKOBO-BMPOOHNYMX 3BiTax (Anoc-
Tonosa u ap., 1982; bongapeHko u ap., 1978; MNonyxToBu4
Ta iH., 1994; NykiH Ta iH. 2008) 6ynu po3rnsHyTi IMTaHHs Ni-
Tonorii Ta cTpaTurpadii MankoncbkUX BiAKnagis no OKpeMmx
CcBepAsioBMHaxX Ta po3BigyBanbHUX nnowax. B ysaranbHio-
BanbHUX poboTax (MnaxoTHein 1 gp., 1971; Linxoupka Ta iH.
1986; Okynosckuii, 1987; KapneHnko Ta iH. 2005; CtoBba
Ta iH., 2005; Moxuk Ta iH. 2006; Cknap TaiH. 2007; Knto-
wurHa, 2009; HaymeHko Ta iH, 2010; lazapyk, 2010; Buxsa
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Ta iH., 2017; BepnuropoBa, PsbokoHb, 2018; Mwuxaiinos
Ta iH., 2021; MHigeupb Ta iH. 2023) cxapaKkTepu3oBaHi Xxapak-
Tep NOLUIMPEHHS MANKOMNCbKMX Bigknagie, ix MiHepanoro-ne-
TporpaddiyHi ocobnueocTi, Aesiki acnekTn nitodauianbHoi
30HanbHOCTI Ta 0OCTAHOBOK OCaJoHarpoMaXXeHHs1 OKpe-
MUX CTPYKTYPHUX 30H perioHy, rokanisoBaHi nepcrneKkTuBHi B
HapTOra3onoLLyKoBOMY BiAHOLLUEHHI AiNSHKN.

BudineHHs1 Hepo3e'si3aHUX paHiwe YacmuH 3a2alib-
Hoi npo6niemu. Y focnifxeHHsIX nonepeaHix pokis 6yrno po-
3rMAHYTO HU3KY MNWTaHb 3 reonorii Bigknagis Mmarikony
3aranom. 3okpema, Le CTOCyBanocs xapakTepy ix noLuu-
peHHs1, niTonoro-gadianbHUX ocobnMBOCTEN, YMOB 0Cajo-
HarpoMa/pKeHHsl, AesKNX acnekTiB PO3BUTKY 0CaJ0BUX Tin —
NOTEHUIMHUX NPUPOAHMX KONEKTOpIB. [leTanbHe X BUBYEHHS
niTonoriyHoi 6yg0BM Hall NEPCNEKTUBHILLMX YTBOPEHb Cepe-
OHbOro Mawnkony, nepegycim IHoono-Kyb6aHceKoro nporutHy,
NPakTUYHO HEe NPOBOAWIOCH, 3@ BUHATKOM poboTtu (Hayme-
HKO Ta iH, 2010). BnacHe ua npobnema i po3rnagaerbes y
OaHOMY AOCTIOKEHHI.

dopmynroeaHHs yineli cmammi. MeTa cTaTTi — BU3Ha-
YEeHHs1 XxapaKTepy MOLIMPEHHS MO natepani Ta B po3pisi ce-
peoHbOMaMKONCLKUX — BidgkNadiB ocagoBux Tinl pi3HOro
CKnagy B KOHTEKCTi BiATBOPEHHs1 Yy MoAarnbLUOMy YMOB iX
ocafoHarpomMagXeHHs.

3acanbHa 2eonoeiyHa xapakmepucmuka. CepeaHbo-
MaMKONCbKi BigKNaan y ckrai HWKHbLOrO Ta BEPXHbOro Mig-
rOPU30OHTIB KeprieyTCbKOro periosipycy 3asBuyan 3rigHo
3angaralTb Ha HWKHbOMAWMKOMCLKMX YTBOPEHHSAX, @ Mepek-
puBatoTbcs 6€3 BUAMMOI NepepBy BEPXHHOMANKONCHKUMMU.

Bio Hwkuyesanernmx KepreyTcbKi Bigknagu BiOpi3HSATLCS
MEHLLOK KapBoHaTHICTI0. [NA HUX XapakTepHe 3pOCTaHHs
BMICTY GiOreHHMX peLuToK Bif HXKHLOrO 4O BEPXHBLOrO Mid-
rOPU3OHTIB. Y MnepLlioMy BuNagKy CrocTepirarnTbCs TinMbKu
dparmeHTn pub, pagionspii, cnikynu rybok, a B Apyromy —
KpimM TOro, gikCyloTbCA YNCNEHHI Yepenaluku dopamiHicpep
(ActaxoB Ta iH., 1984, lNoxwuk Ta iH., 2006, BepHuroposa,
Psa6okoHb, 2018).

MoBHOTa po3pidy cepenHbOMAaMKONChKMX BigkNaaiB Xxa-
paKTepusyeTbCa 3Ha4YHUMKU NPOCTOPOBMMM  BapiauisiMu
(AneHkuH Ta iH., 1985, 3ocnmosuy, LLeByeHko, 2015). Mak-
cumanbHi noTyxHocTi (noHag 2000 M) cnocTepiraoTbcs Ha
TepeHax Kep4yeHcbkoro niBoctpoBa Ta B MiBAEHHO-CXigHUX
panoHax PiBHuHHoro Kpumy (1800 i 6inbLie meTpis) (puc. 1).
HatomicTb Ha niBHoui PiBHMHHOrO Kpnmy y MNpucuBawwwi ta
MiBHiYHOMY [pMYOPHOMOP'I PO3KPUTO CKOPOYEHi pOo3pisn,
TOBLUMHA AKMX KonuBaeTbes Big 200-300 go 400-500 m. Y
MeXax akBaTopii MiBHIYHO-3axigHoOro wenbgy YopHoro
Mops BoHa He nepesuwye 650 m (MHigeub Ta iH., 2023).

HarpomageHHs BigknagiB cepegHbLOro mavikony Bigoy-
Barnocs B 6acelnHi, po3rawoBaHoMy B mexax Kpumcbko-Ka-
Bkadbkoro cermeHTy [lapaTteticy. OcTaHHin, 3rigHO 3
naneoreorpagiyHMMm pEKOHCTPYKUiAMN (30HEeHLalH Ta iH.,
1987, Dercourt et al, 2000; BanyxoBcbkuin Ta iH., 1998) B
OniroLeHoBU Yac OXONioBaB 3axigHy YaCTUHY OOLUMPHOI
Ckicbcbkoi eninenariani, wo mexysana 3 PeHo-Capmatchb-
knm (JoHeubkMM, niBHIY) Ta MongoBcbkMM (3axig) cyxomdo-
namm, a Ha niBaHi BoHa Oyna obnsimoBaHa [oOpyasbko-
KprnmMcbko-KaBkasbkoto 30HOK MigHATTIB (auB. puc. 1).

VII

ik )

40 80 kM

sy

AEEE | 31 | 41 | 51 | 6| | 7 =™ s
Puc. 1 llitonoro-dauianbHa cxema cepefiHbOManKkoncbkux Bigknaais MNpuyopHOMOPCBLKOro MeranporuHy
Ta NONoXeHHA NiTMonorivyHux npodinis:
1 —i3onaxitn, 2 — cBepAnNoOBMHA Ta CymapHa TOBLUMHA MPOLUAapKiB NiICKOBUKIB Ta aneBponiTiB.

JliTonoriyni komnnekcu: 3 — niLaHo-aneBponiToBui (knacTtoreHis noHag 60 %); 4 — anesponitoBuii (knactoreHis 50-60 %);
5 — aprinito-aneBponitoBuin (knactoreHiB 40-50 %), 6 — aprinitoBuii (knactoreHiB MmeHbLue 40 %). 7 — BiACYTHICTb Bigknagis.
8 — mexa ocagoBo-nopoaHux 6aceinHis. OcagoBo-nopofgHi 6acerinHu: MK — MpuyopHoMopcbko-KpuMChKuii;

AY — A3zoBo-HopHomopcbkuia. 3anaguHu: M3 — Muxannisceka, T3 — Taspincbka, 13 — IHgonbcbka, K3 — KazaHTuncbka,

AB3 — A3oBo-barepiBcbka, k3 — MiBaeHHokepyeHcbka. MigHaTTa (B koni): 1 — [Mipcbkokpumcebke, 2 — Monaoscbke, 3 — LieHTpanbsHokpumMcbke,

4 — [loHeupbke, 5 — KaBkasbke. Mpodpini: [-1"; 1-II'; HI=11"; IV=IV'; V=V'; VI=VI'; VII=VIE; VIV X=X X=X

Y TEKTOHIYHOMY BiAHOLIEHHi [p1yopHOMOpPCHKMUIA Meran-
POrvH CKNaaaeTbCsl 3 KiNbKOX KyniconogibHo 34neHoBaHuX Bi-
A'EMHUX CTPYKTYPHUX €neMeHTIB Ginbll BWCOKOrO NOPSAKY
(FepacumoB Ta iH., 2006): KapkiHiTCbKko-MMiBHIYHOKPUMCBLKUIA,
IHgono-Ky6aHcekmin  Ta  MiBAEHHOKEPYEHCHLKUIA  NPOTUHMK
(amB. puc. 1). OcTaHHi pi3HATbLCS MiX cCOBOl0 3a TOBLUMHAMU
YTBOPEHb CEpeHbOro Mawkony, Lo Aarno nigcrasm Ham BUO-
KpeMUTW [iBa 0CafloBO-NOpoAHi 6acenHu: MNpUi4opHOMOPCLKO-

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

Kpumcbkun, Wwo oxonmoe KapkiHiTCbKo-MMiBHIYHOKpUMCHKMI
NPOrvH Ta YkpaiHCbKy MOHOKIMiHamMb i A30BO-HOPHOMOPCLKUIA,
wo oxonnoe IHaono-KybaHcebkuii Ta NiBAEHHOKEPYEHCHKMIA
NPOTVHU 3 NPUIErNMMU MiAHATTAMU.

Metoau

"eonoriyHi MaTepianu ansa npoBeAeHHs AoCniopKeHb 3i0-
paHi KOMnekTMBOM CMiBPOBGITHWKIB Bigdiny cegmmeHTornorii
MrK "IHcTutyTy reonorii i reoximii roptounx KonanuH
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HAH Ykpainun" (IF'TTK HAH Ykpainu) B xoai nonsoBux pooiT,
npoeneHnx B 2000-2013 pp., Ha BMKOHAHHA HayKOBMUX
aepxoromketHnx Ttem HAH YkpaiHm Ta [oroeipHux 3
HAK "HadTtorasz VYkpainun". JliTonoriuHe po3yneHyBaHHS
pO3pi3iB CBEPASIOBUH NPOBEAEHO LWNAXOM iHTepnpeTauii pe-
synbTatiB [OC (pagioakTueHi MeToamn). OcobnmBOCTi po3BU-
TKYy 0CagoBWUX Tin pPi3HOro cknagy 3'COBaHO Ha OCHOBI
BUAINEHHsT NITMITIB 3rigHO 3 meToaumkoto (KaporoauwH, 1980).
Hanui nigxig anpoboBaHuii Npy BUBYEHHI MaKOMCHKMX Halla-
pyBaHb [MiBHIYHOKpMMCBKOrO Ta IHaono-KybaHcbKoro nporvHie
(MHigeup Ta iH., 2023). B poboTi 3acToCOBaHO PO3GUBKM, PO3-
pobrieHi Ta MNPUAHATI  ONsi  BMKOPWUCTaHHSI  reorioramu
KM "MiBoeHbekoreoueHTp".  lNeTporpaddivHi  JOCNIoKEHHS
(noHapg 400 wnicgie nopig, konekuis Bigainy ceguMeHTonorii
npoBiHUi roptoumx konanuH IMMTK HAH Ykpainu) BukoHanu
aBTopM Nig nonsapu3auiviim mikpockorniom Carl Zeiss Jena.

Pesynbtatun

Oco6nueocmi nowupeHHs ma siimoghauii cepedHbO-
malikoncbkux eidknadie. 3a xapakTepoM NpOCTOPOBOrO
posnoginy TOBLUMH CepefHbOMAaNKOMNCbKUX Bidknagis B
A3080-HopHomopcbkomy ocado8o-ropodHomy baceliHi Buo-
KpemnioeTbes HM3ka aenpecin (Asoso-barepiscbko-liBaeH-
HOKepyeHcbKa, |HOonbcbka, KasaHTuncbka) Ta NigHATTIB
(KpacHokyTcbko-BarepiBcbke, MowukapiBcbko-OOHTaHIB-
cbko-lopHOCTaiBCbke). 3HayHWA 3a MMOWEel PO3BUTKY
A3soBo-barepiscbko-l1iBOeHHOKEPYEHCHKMIA OENOLEHTP Kep-
NeyTCbKOro CeAMMeHTaUinHOro 0OacerHy, 3 i3onaxitammu
noHag 2000 m, oxonnte LuUeHTpanbHi AingHku IHgono-
Ky6aHcbkoro Ta MNiBoeHHOKEPYEHCHKOro NPoruHy (aue. puc. 1)
i iBNsie coboto cyBLUMPOTHY MOpdOCTPYKTYpPY "nanaToi” ¢o-
pMM 3 NONOrMM MiBHIYHUM Ta BinbLy KPYTUM NiBAEHHUM Gop-
Tamu. I3 3axody, cxody Ta MiBHOYI BiH 0OMexeHWi
nigHaTTamMu: FipcbkokpMcbkuM, KaBkasdbkum (AHancbkum),
Barepiscbkum Ta LleHTpanbHOa30BCbKMM, a Ha niBAHI —
34neHoByeTbCA 3 Tporom CopokiHa. Y LeHTpanbHUx pamno-
Hax 6aceriHy Mixk KpacHOKyTCbkuM Ta POHTaHIBCbKO-OpHO-
CTaIBCbKUM MNiAHATTAMM J10Kani3oBaHU 3HAa4YHO MEHLUUI 3a
nnotwleto, ane nogibHwi 3a TOBLUUMHAMU cepegHbOMaRKONChb-
kux Bigknaagis (noHag 1800 m) KasaHTuNCbkuin AenoueHTp,
SIKUIA Ha 3axodi cnony4vaeTbes 3 IHgonbcbkum. O6uasi cTpy-
KTYpY XapakTepu3ayTbCa CyOLUIMPOTHUM NPOCTAraHHSAM, no-
norMmy  MNiBHIYHMMKM  Ta  Binbw  KPYTUMKU  MiBAEHHUMU
6opTamu. JlokanizoBaHi B Mexax 6acenHy nigHatTa (Kpac-
HOKyTCbke, BarepiBcbke Ta MolukapiBCbko-OOHTaHIBCHKO-
lopHocTaiBcbke) obmexeHi i3onaxitamu 900-1000 m. Y
MOP@OOSOriYHOMY BiOHOLLUEHHI Le CyOLIMPOTHO BWUAOBXKEHI
aCUMETPUYHI CTPYKTYPU 3 KPYTUMM NIBHIYHUMK Ta NOMOrMMMU
niBgeHHUMM cxnnamn. BoHn poamexoBaHi By3bkumu cigno-
BMHaMW, LLIO OKOHTYpeHi izonaxitoto 900 m.

Y lpudvopHomopcbko-Kpumcbkomy ocadogo-rnopodHoOMYy
baceliHi nokanioBaHi ABa NPaKTUYHO i30OMETPUYHI cyOLmn-
POTHOrO NPOCTSIraHHs AenoueHTpu — Muxanniscbkuii (nie-
OeHHWI) Ta TaBpilcbknid (MIBHIYHUIA) 3 TOBLUMHAMW NOHaA
650 M, Wo cybmepuaioHanbHOW AenpeciiHo 30HOK 3'ed-
HaHi Mix coboto (aue. puc. 1). Y 3axigHomy Ta [lMiBHIYHOMY
MpuyopHomop'i, PiBHUHHOMY Kpumy, Ha KparoBomy ycTyni
po3pi3 kepneyTy ckopoyeHun (25-300 m).

JliTonoriyvHnn cknag cepegHbOMAMKOMNCHKOT TOBLU B
06ox 6aceliHax O4HOMAHITHWIA i XapaKTepu3yeTbCsl AOMiHY-
BaHHAM rnuHucTux nitotunis (50-75 % pospisy), Wwo pis-
HATBCA 3@ BMICTOM aneBpoO-NcamiToBOi  CKNagoBoi.
MnacTtn knactnyHux pisHoBuais (nickoBukn 0—10 %, anes-
ponitn 31-59 %), 3aBToBWwkKM 0,05-30 M, xapakTepusy-
I0TbCS1 HEPIBHOMIPHMM MPOCTOPOBO-BIKOBUM MOLLUMPEHHSM, i
KOHLEHTPYIOTLCS NEPEBAXHO Y BEPXHI YAaCTUHI BEPXHbOKE-
pNeyTCbLKOro MiAropu3oHTY. Y AenpeciiHMX 30Hax crnocTepi-
raeTbCs NiOBULLEHWIA BMICT MUHMCTMX BigMiH (moHag 70 %).
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36inbLeHi ToBwmHM nnacTie nickosukie (4o 10-30 M) npocTe-
XYIOTbCA B pO3pi3ax, SokanisaoBaHux Yy MiBHIYHUX Ta CXigHWUX
pavioHax PiBHuHHOro Kpumy Ta lliBHIYHOro lMpuyopHOMOp's.
IxHa ponb 3pocTae npu HabrKeHHi 40 MMOBIPHUX Kepen
3HOCY YNaMKOBOro matepiany abo B Mexax NeBHUX CTPYKTY-
pHo-MopdornoriyHux dopM GacerHy (CXunu Ta CKMemniHHi
30HU NiHATTIB).

YcepenHeHuii cknag cepegHbOManKkoncbkoi TosLwi MNpu-
YOPHOMOPCLKO-KpMMCBKOro 0cagoBo-nopogHoro 6aceriny
TaKuWIn: BMIiCT MiICKOBMKIB y po3pisi konmeaeTbes Big 0 0o 26 %
(cepepnHint 4%), anesponiTiB — Big 27 o 59 % (43%), aprini-
TiB — Big 28 #o 75 % (53 %), a AzoBo-HYopHOMOPCLKOro —
nickoBukiB Big 0 0o 11 % (cepepHini 3 %), aneBponiTiB — Big
25 po 59 % (42 %), aprinitie — Big 36 A0 72 % (55 %). AaHi
3HaYeHHs1 NiATBEPKYHOTH BUCHOBOK MPO MiTONOriYHy noait-
HICTb CepefHbOMAaMKOMNCLKOI TOBLLi 060X GacewHiB.

3a cymapHUM BMICTOM KNacTOreHHMX nopig BUOKpeMmIio-
HOTbCSA YOTUPW NITOSOTiYHI KOMMNNEKCU: nilaHo-anesposiimo-
sull;  aneeponimosul;  apeinimo-anesposimosul  Ta
apainimosuti (ouB. puc. 1), ki y Takin NOCcnigoBHOCTI 3MiLLly-
I0Tb OAMH OAHOrO B HanpsIMKy Bif nepudepii 4o ueHTpanb-
HUX YaCTUH AenpeciiHUX 30H.

MiwaHo-anesponimosuli KOMreKc — nilaHo-aneBponi-
TOBMX BigMIH NoHag 60 % po3pisy, nokanisoBaHWn y MiBHi-
YHO-CXiOHMX panioHax perioHy i dopmye By3bke Tino
(3aBTOBLUKKM 0 500 M) 3 A3MKOMOAZIOHMMM Bigrany>xeHHsiMU,
o obnamosye [oHeubkuiA cyxogin. MiBaeHHiwe faHi yTBo-
PEHHSI MOCTYMNOBO 3aMilLyOTbCS a1e8POITIMOBUM KOMIIIEK-
com (50-60 %), wWo nokanisoBaHW B 3axigHi YacCTuWHI
perioHy i dopmye none cybmepuaioHanbHOro NPOCTAraHHs
3aBTOBLLKM Bif Kinbkox MeTpiB Ao 500 M. OcTaHHIn, y cBO
yepry, 3aMillyeTbCa BigKnagamu apeainimo-anesporsnimo-
8020 (40-50 %), a genpecinHi 30HK oxonne apainimosut
Komnnekc 3 npowapkamu anesponimig (30—40 %), ToBLWKUHA
sakoro pgocdrae 2000 m.

Minepanozo-nempoezpadgpiyHa Xxapakmepucmuka.
®PaKkTUYHMM (KEpHOBWUM) MaTepianom HawbinbLl NOBHO oxa-
pakTepunsoBaHi Bigknaam cepegHboro Mamkony cxigHux pawm-
oHiB  PiBHuHHOro  Kpumy (CtpinkoBa, IHOonbCbkKa,
[xaHkoncbKa Ta iH. nnowi) Ta 3axigHnx — KepyeHcbkoro ni-
BocTposa ([MiBa. Cmeackka, AHApiiBCcbka, KpacHoapmiicbka,
Brnagucnasiecbka nnoui), gewo cnabwe niBHiYHO-3axia-
Horo wenbdy YopHoro mops (nnowa MonvumHa, LWmigra,
ApxaHrenbcbKoro Ta iH.). HatomicTb y Mexax ueHTpanbHoi
YacTnHM KepyeHcbKoro niBoOCTpoBa AaHi YTBOPEHHS BUBYEHI
bparmeHTapHo, L0 3yMOBIIEHO TOYKOBUM (HE3HAYHUM) Bia-
6opoM KepHOBOro matepiany.

Apeainimu (TMnHW) CBITNO- Ta TEMHO-CIpi i3 3eNeHKyBaTuM
BiATIHKOM, HEBAMHWCTI, HEPIBHOMIPHO NiCKyBaTO-aneBpuTyH-
CTi, WiNbHi, HEACHO- Ta niH3onodibHowwapyBaToi TEKCTYpU
(puc. 2, 3).

OcHoBHa Maca nopig XnopuT-rigpocnioancToro ckrnagy
3i cnaboBuUpaXKeHOoK OPIEHTOBAHOK TEKCTYPOLO, 3 MiH3amu,
CKYMYEHHSAMM, THi3JaMM Ta MiNiIMETPOBMMMK MpoLIapKamMm
aneBpwuTY, NOKarnbHO 3 KOPUYHEBO-OYPUMU KOHKPELLISMU CU-
aeputy (1-2 cm). BigmiveHo piBHOMipHO po3cisiHuin Byrnedi-
KOBaHUA POCAMHHMIA [eTput, dparMeHTn MikpodayHu
(cbopamiHichepun) noraHoi 36epexeHoCTi.

Ynamkosuin matepian (5-30 %) ncamo-aneBpuToBOi po3-
MIPHOCTI pO3noAinNeHnn ykpan HepiBHOMIpPHO, nNpeacTasse-
HWA obkaTaHMMKW 3epHaMy KBapuy, pigle Tabnuykamu
NnonbOBKX LUNATIB (Nnarioknas, MiKpPOKiH), yckamu MycKo-
BiTY Ta XMOPUTY, ynaMkamv KpeMEHUCTUX i edpy3nBHUX MO-
pio. Cnocrtepiraeteca gosoni 6arato (go 10 %) csitno-
3ereHnxX CTAXIHb ayTUreHHOro rnaykoHiTy nanatoi opmu,
posmipom 0,12-0,5 MM Ta 3epeH nipuTy, SKi HEPIBHOMIPHO
poscisHi y nopogax. [Miput B acouiauii 3 OKUCHEHUMU



FEOJIOFIS. 2(109)/2025

~13 ~

6iTymMamun YacTo 3anikoBye Mopu Ta MIKpOTpiWmMHKK. 3pigka
CMoCTepiratoTbCa NOPOXHUHW, BUMOBHEHI XOBTUMK chocda-
Tamu, Ta NooauHOKI ApiOHi 3epHa cuaepuTy, BMICT SIKOro

Puc. 2. CTpyKTypHO-pe4OBUHHI 0COBNMBOCTI cepeAHbLOMaNKONCbLKUX nopia

npowapkamu 3poctae 0o 10-15 %. AkuecopHi MiHepanu
npeacTaBneHi 3epHaMu enigoTy, Loi3uTy, LMPKOHY, Typma-
niHy, pyTVUny, rpaHaTy Ta NIENKOKCEHY.

0

-

MpuyopHoMopcbko-KpuMcbkoro ocagoBo-nopogHoro 6aceiHy (MCHigeub Ta iH., 2023):
a, 6 — apriniT: niH3a aneBpuTy 3 NPOXMIIKOM NiPUTY (a); CTSKIHHA NipuTy (6) (cB. MonuumHa-1, iHT. 620-625 M, Hikoni I1);

B — apriniT i3 rHisgonogioHMmu (MiH3onogibHMMK) ckynyeHHAMM anespuToBoro matepiany (Ao 12 %) (cB. NonuumHa-1, iHT. 585-590 M,
Hikoni X); r — aprinitT aneBpuTUCTUIA 3 bparMeHTamu ByrnedikoBaHOro POCNNMHHOIo AeTpuTy (cB. MonuumHa-25, iHT. 704—714 wm, Hikoni I1);
[, € — aneBponiT (i3 BKNOYEHHAMM rMayKoHiTy Ta 6iTymis) (cB. MonuuuHa-1, iHT. 590-594 M, Hikoni X);
€, X — MiCKOBMK aneBpUTUCTUI 3 TOHKMMU MIKPOTPILLMHAMMN Ta HABKONO3EPHOBMMM KaHanamm (cB. MonuumHa-2, iHT. 485-494 m, Hikoni X);
3 — NICKOBMUK i3 NOVKINITOBMM KanbLMTOBUM LleMeHTOM (cB. TaBpilicbka-9, iHT. 750—-751 M, Hikoni X);

1 — aprinit anesputo-ncamitoeun (cs. LUmiara-25. iHT. 654—661 M, Hikoni X)

Anespornimu ma nickosuku y GinbLLOCTi POpMyHOTb NpoLLa-
pkn 3aeToBwkuM 0,3-1,0 M cepen MMMHUCTUX HaLlapyBaHb.
Mopoau ciporo, CBITMO-CIpOro KoMbopy i3 3eneHKyBaTUM Bia-
TiIHKOM, LWinbHi 3 niH3onogibHowapyBaTolo abo LapyBaTor
TEKCTYPOIO, 3yMOBIIEHOI HEPIBHOMIPHMM PO3MOAiNom rmuHUC-
TOro martepiany, nepeBaxHoO APIOHO3EPHUCTI, ONIrOMIKTOBI 3
XNOPUT-TIZPOCTIOANCTUM LIEMEHTOM.

Knactnunuii matepian (7075 %) nopiBHsHO Jobpe Bia-
COpPTOBaHWUN. Y Nopofax aneBpuTOBI 3epHa KyTacTol Ta He-
obkaTaHoi popmu, a NCamiToBi — KyTacTo-obKaTaHi, iHKonm
3i 3BMBUCTMMU (ByxTonogibHnmm) koHTypamu. BiH npeacra-
BMEHU 3epHamMu KBapLy, Yy MiANOPSAKOBAHUX KiNbKOCTAX
NPUCYTHI TabnNM4kM MONbOBMX LUMNATIB, JTYCKM MYCKOBITY,
pigKo crnocTepiratTbCst ynamMkM KpeMeEHUCTMX nopia. 3epHa
KBapLly nepeBaxHo Ge3konipHi, nepeBaxHuii po3mip 0,06—
0,16 MM, nuwe nooguHoki — pgocsaraioTb 0,6 Mm. [MonboBi
wnaTv npeactaBneHi nnarioknasamy 3 TOHKUMUW ABiAHK-
Kamu. [3omeTpuyHi 3epHa rnaykoHity (4-5 %) posnogineHi B
nopogax piBHOMipHO. PyaHi MmiHepanu npegcTasneHi inbme-
HITOM, HENpaBubHOI OpMK 3epHaMK NENKOKCEHY Ta nipu-
TOM, SIKUI NPOCTEXYETHCS Y BUIMSAI OKPEMMUX 3€PEH Ta iXHiX
ckynyeHb. LlemeHT (no 25-30 %) rigpocniogucToro, iHogi
kapboHaTHO-TiApoCnoAMCTOro cknagy. Tun LuemMeHTy nopo-
BUN, AinsHKaMu KoHTakToBWW. CrocTepiraloTbCs BigKpUTI
nopu Ta MiKPOTPILLMHKM (40 2 MM), CTIHKW SKUX BKPUTI Nipu-
TOM Ta GiTymamu.

Cudepum BiAMIYaETLCA NOKaNbHNUMK NpoLLapkamu (3aBs-
ToBWkM A0 10 cM) nepeBaxHO B NiJOLLOBHIN Ta NokpiBesnb-
Hi YacTMHax cepeaHbOMAaNKOMNCbLKOro po3pidy. B ocHOBHIN
cvupepuToBi maci mictuteca ao 10 % kytactux Ta obkata-
HUX 3epeH KeBapuy, SKi po3nofineHi BenbMn HepiBHOMIPHO,
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CnocTepiralnTbCa NOOAUHOKI chparMeHTu mikpodayHu nora-
Hoi 36epexeHocTi. Mikponopu Ta MiKpOTPILLMHKM 3aniKoBaHi
KPEMEHUCTUM MaTepianom.

JlimmonoeiynHa 6ydoea. JliTMonoriyHi nepetuHn fe-
MOHCTPYIOTb NMPUHLIMINOBI 0COBNMBOCTI CTPYKTYpU Bigknagis
cepefHboro mavikony [pu4opHOMOPCHLKOrO MeranporuHy.
Hasaran, ii dpopmytoTb niTMiTK anesponitoBoro (23 %), 3mi-
waHoro (22 %) Ta rnumHucToro (55 %) nonis. | xo4a nirmono-
MYHWIA CKNag KepreyTtcbKoro po3pidy perioHy BiAHOCHO
OLHOMaHITHWIA, CMOCTEpIraloTbCA MEBHi BiAMIHHOCTI MiX
MpuyopHomopcbko-KpuMcbknm Ta A30BO-HOPHOMOPCHLKMM
0Caf0BO-NOPOAHUMU BacenHamu.

Y mMexax 3axiOHux palioHie A3080-YopHOMOPCLKO20
o0cadoso-rnopodHoeo baceliHy (cxigHi TepeHu PiBHUHHOrO
Kpumy) BmicT anesponitoBux (IV-V nons) nitmiTis Bapitoe
Bia 0 Ao 65 % (cepenHint 32 %), a cymMapHO 3 YTBOPEHHSIMU
3miwaHoro (Il none, 9-34 %, cepenHin 19 %) Tnny nepesu-
wye 52 % (Mpodini I-I'; 1I-II'. puc. 4, 5).

[oBoni YiTKO Y po3pi3i BUAINSATLCS YOTUPW KITACTOreHHi
Nayku: TPU Y BEPXHBO- Ta OOHA Y HKHBOKPENEYTCHKOMY: ro-
pn3oHTU K1, K2, K3, Ks, (3a NMnaxotHum 1a iH., 1971).

BepxHs nayka (K1) xapakrepusyeTbecsa perioHanbH1M no-
LUIMPEHHAM, LWonpaBaa ii TOBLMHA Bapiloe B LUMPOKMX Me-
xax Big 20 M, B OCbOBii 30Hi LleHTpanbHOa30BCLKOrO
nigHATTa Ao 200 M — Ha niBHIYHOMY, MiBAEHHOMY Ta 3axia-
Homy BopTax IHgonbcbkoi Aenpecii. Mavka cknapgeHa yTBoO-
peHHAMM OBOX noni:  3miwaHoro (none ) Ta
anesponitoBoro (none V) Tunis, 3 AOMiHyBaHHAM OCTaHHiX
Ha cxigHMx cxunax LieHTpanbHOKPUMCBLKOro MigHATTS Ta Ha
niBHiYHOMY i niBaeHHoMy GopTax IHaonbcbKoi aenpecii. B
LUEHTpanbHMX  panoHax  perioHy  TOBLWMHA  Mayku
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3MEHLUYETHCS 32 PaXYHOK 3aMilLleHHS! KNaCTOreHHUX NiTMITIB
(mnong -IV) rmmHncTumu BigmiHamu (VI none). NiTonoriyHa
CTPYKTypa nadku 3asHae BignoBigHMX 3MiH: BMICT MillaHoro
KOMMOHeHTa 3HuxyeTbea (3 5-10 go 2-4 %) HaToMmicTb

anesponitoBoro — 3poctae (3 47 go 53 %). lMpu uybomy
TOBLUMHA NPOLUAPKIB LMX MITOTUNIB 3MEHLLYETLCS Big 2—15 M
Ha niBHoui (cB. CTpinkoBa-2,-7) go 0,1-2m Ha niBOHi
(cB. CoBeTcbka-760, -762).

0.2 mm

15 16
Puc. 3. CTpyKTypHO-pe4OBUHHI 0OCOGNMBOCTI cepeAHbLOMaNKONCbLKUX nopia
A30B0-YOopHOMOpPCLKOro 0cafoBO-NOPOAHOro GacenHy:
1 — aneBpomiT NiCKyBaTUA MMWHUCTUIA 3 HEPIBHOMIPHVMM PO3MNOAINIOM TEPUIreHHOro maTepiany. YopHi BuaineHHs — 6itymu 3 nipyutom
(cB. AHgpiiBcbka-2, iHT. 2063—-2069 M, Hikoni X); 2 — aneBponiT FNayKoHIT-KBapLOBWIA 3 rigpOCOAUCTUM LieMeHTOM (cB. [xaHkoncbka-21,
iHT. 873-877 M, Hikoni X); 3 — aneBponiT 6iTyMiHO3HWI (YopHe) (cB. MiBH. Bnagnucnagiscbka-1, iHT. 1450-1460 m, Hikoni X); 4 — aneBponit
nicKyBaTWN i3 MMWHUCTO-CUAEPUTOBUM LIEMEHTOM, BKITIOYEHHAM KpynHux (4o 0,4 Mm) obkaTtaHux 3epeH ksapuy (cB. CTpinkosa-20, iHT. 657—
665 M, Hikoni X); 5 — aneBponiT nickyBaTWiA rMayKoHiT-KBapLOBMWIA i3 NOpoBO-6a3anbHUM cuaepuTtoBuM LemeHTom (cB. CTpinkosa-17,
iHT. 888—895 M, Hikoni X); 6 — aneBponiIT i3 FMUHUCTUM LieMeHTOM (80 38%), BUOOBXEHUMU BUAINEHHAMMN YOPHMX Ta YepBOHYBaTUX GiTyMiB
(cB. CtpinkoBa-17, iHT. 544550 ™, Hikoni X); 7 — MiICKOBMK aneBpUTUCTUIA 3 BiAKPUTUMYK NOPamMu, SKi MO KOHTYPY BKPUTI MipUTOM
(cB. CtpinkoBa-17, iHT. 1014—1018 M, Hikoni X); 8 — nneBponiT rMu1HNCTUIA 3 GioreHHUMK 3anuwkamun. BecepeauHi ogHiei 3 popm (B) caitni
6iTymu (cB. CTpinkoBa-17, iHT. 1085—-1091 m, Hikoni X); 9 — NNeBPONIT rNayKoHIT KBApLIOBUI i3 CUAEPUTOBUM APIBHOKPUCTANIYHNUM
LleMEHTOM 3 BUAINeHHAMMN Oypux GiTymiB (CB. [xaHkorcbka-21, iHT. 884—887 m, Hikoni X); 10 — apriniT 3 ONTUYHO OPIEHTOBAHOIO MIKPOCTPY-
KTYpOLo i3 cepieto cybnapanenbHUX MiKpOTPiLLMH, iHTEHCMBHO BiTymisauieto (cB. [xaHkomncbka-21, iHT. 862—866 M, Hikoni X);
11 — wapyBaTta apriniT-aneBponiToBa nopoaa 3 BUAINEHHsIMY YepBOHO-6ypurx GiTyMiB Ta MiKPOTPILLMHOIO NO HaLlapyBaHHIO
(cB. AHgpiiBcbka-2, iHT. 2300-2306 Mm, Hikoni X); 12 — apriniT aneBpuUTOBMI 3 6a3anbHUM rigpPOCNIOANCTUM LIEMEHTOM
(cB. CtpinkoBa-7, iHT. 475—480 m, Hikoni X); 13 — apriniT aneBpUTUCTUIA 3 TOHKOLLIAPYBaTOK MikpoTeKkcTypoto. T
eMHo-bypi A0 YopHMX BiTymu 3 nipuTom (cB. CnitocapiBcbka-1, iHT. 2400-2410 wm, Hikoni Il); 14 — apriniT.
CrunonitTonogibHui NnpoLLapok anespuTy (3 Niputom) 3aBToBLUKM 6rm3bko 0,2 MM. (cB. CritocapiBebka-2, iHT. 2925-2935 wm, Hikoni 11);
15 — NiH30NOAIGHI CKyNYeHHS rMUHUCTOro MaTepiany B aneBponiTi (cB. PoHTaHiBCbka-4 rn. 2318 M, Hikoni Il);
16 — TpiLLMHHO-KaBEepPHO3Ha 30HKa B apriniTi (cB. PoHTaHiBCbKa-11, iHT. 2650-2657 m, Hikoni Il)

KnacToreHHi nauku (K2, K3) xapakrepuaytoTbca aHanori-
YHMMW BapiaLisiMy TOBLUMH: Big 20 M B OCbOBIV 30Hi LieHTpa-
NbHOA30BCbLKOro MigHATTA Ao 200 M Ha 6opTax IHAONLCLKOT
aenpecii. CknageHi nadku nitmitamum amiwadoro (Il none) Ta
anesponitosoro (IV none) Tunis, ki N0 NPOCTAraHHIO YacTo
poswenneHi rmuHncTumun yteopenHammn (VI-VII nons, 3a-
XigHa nepukniHane LleHTpansHoa3oBCLKOro MigHATTA, Npo-
dinb I-I') 3 popmyBaHHAM 2—-3-x nignayok 3aBToBLUKM 20—
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50 m. JliTonoriyHa cTpyKTypa nayvku xapakTepusyeTbes vep-
rysaHHsam nnactis aprinitie (31-49 %) ta anesponitis (50—
56 %) 3 okpemumu npowapkamn nickosukis (1-13 %)
(cB. CTpinkoBa-7) (ouB. puc. 4, 5).

JlokanbHo nolumpeHa knactoreHHa nignayka Ksa 3aBToOB-
Wk 100 M NPOCTEXYETLCA Ha MiBHIYHOMY Ta MiBAEHHOMY
6opTax IHoonbCbkoi Aenpecii.
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Crpinkosa-2 Crpinkosa-7 IHponbCceka-732 CoBeTcbka-756 CoseTcbka-760 CoBeTcbka-762
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Puc. 4. llitonoro-nitTMonoriyHa CTpyKTypa po3pi3iB cepeAHbOMaNKONCbKOi TOBLLi 3axoay A30Bo-4YopHOMOpPCBLKOro
ocafoBo-nopoaHoro 6aceiHy (cxigHux panoHie PiBHMHHoOro Kpumy) Ta knacudikadiiHa nitmonorivyHa TpuKyTHa Aiarpama:
1 — aprinitn, 2 — anesponitu, 3 — nickoBukn. K1-4 — knactoreHHi nayku (3a MNnaxotHum 1a iH., 1971)

Crpinkosa Crpinkosa Yere-Canripcbka  IHAoNsChbka WyGiHcbka Bnapawcnasiscoka
cB. 2 cB. 7 cB. 1 cB. 3 cB. 7 c8. 1 4
| 350 405 680 808 1498 an |

CopeTcbka CoeeTcbka — CoBeTcbka IHAoNLCbKA Yers Canripceka

,CB. 762 cB. 760 cB. 756 cB. 741 ce. 1
Il 163 327 437 585, 680 Il
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Puc. 5. JlitMmonoriyHi nepeTvHn cepeAHbOMaNKONCbLKOI TOBLLi A30BO-4YOpPHOMOPCLKOro 0cafoBO-NOPOAHOro GacenHy
(cxipHi parioHn PiBHuHHoro Kpumy) Ta knacudikauinHa TpukyTHa giarpama
lMpumimka: NpocTopoBe NOMOXEHHS NepeTuHIB AUB. Ha puc. 1
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IHgonbebka genpecis KasaHTtuncbka genpecis

Bnagucnasiscbka YBapiBcbka
cs. 1

{p ipcbka C. iBCbKa Moeopotha

[pCbKOKPUMCBKE ®DOoHTaHIBCbKE [opHocTaiBcbke Barepisckka
i Mpumopceka aenpecis nigHaTTS IMigHATTA | ;enpecis
NOHATTA a !
IMiBmiyno- cB. 5 .1 b
M PIBCHKA Kyt Ka  CClIC3HI C ischka  Mapdinceka  donranisebka Topuocrairchka Tpuaopoxna
cp. 4 cB. | i
8, 1220 m 1032 M gasm A |V

Aresponi

MiBaeHHo- Barepiscbke
KepYeHCbKUIA [opHocTaiBcbke Barepiecbka nigHATTS
nporuH nigHATTA npenpecis BoHpapeHkiBcbka
KopeHkiscbka OpToeniHcbka lopHocTaieceka MNpuoopoxHa Manobabuunceka ©8: 1Bynmua|.|b|ca
\/ e 1 cB. 1 8. 6 ce. 1 ce. 1 ce.1\/
2020 m 840m 1005 1830 M 1605m 1054m | 940m
100 . : 2 e = R —
200 S = —
300 3
400 1 =
500
600 = 7 Z %
700 3 = G
800 o S
900, — s
1000 3
1100.
1200, =
1300, s
1400

3001

2649m —-—r’
Puc. 6 JlitmonoriyHi nepeTuHU cepeAHbOMaNKoncbKkoi ToBLi A30BO-4YOpPHOMOPCLKOro 0cafgoBO-NOPOAHOro 6aceHy
(KepuyeHcbkui niBocTpiB) Ta knacudikauiiHa TPUKyTHa Aiarpama
lMpumimka: TIpocTOpOBE NOMOXEHHS NepeTVHIB AMB. Ha puc. 1
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HwxkHbOKepreyTcbka knactoreHHa navka Ks PiBHUHHOMO
Kpumy (ToBwmHa 20-200 M) mMae nokarbHe MOLUMPEHHS,
HanbinbLi T TOBLUMHM NPOCTEXYHOTHCS Ha 3axigHoMy GopTi
IHoonbcbkoi aenpecii (cxigHun cxun LleHTpanbHOKpUMChb-
koro nigHaTTsa). CknageHa BoHa MiTMiTamy 3MillaHoro Ta
anesponitosoro Tunis (nons lll Ta IV BignosigHo), ski B Ae-
NPECiIHNX 30HaxX MOTOHLUYIOTLCS Ta PO3LLENIOTLCA Nn-
Huctumu (VI-VIl nonst) yTBOPEHHAMM Ha OKpeMi Nignaykm
3aBTOBLLUKM 20—40 M. Y MITONOrIYHIN CTPYKTYpPi Naykn AoMi-
HytoTb anesponitn (48-59 %) ta aprinitn (38-47 %) 3 ToB-
LLIMHOI OKpemmx npowapkis 0,5-3 M.

Ha BigmiHy Big cxigHux panoHiB PiBHMHHOrO Kpumy, B
NITMONOrIYHIA CTPYKTYpi CepefHbOMAaNKOMNChKNX Bigknagis
KepueHcbko20 nisocmposa He 30aeTbCsl MOXIMBUM BUAi-
NEHHs1 perioHanbHO MOLUIMPEHUX KPYMHUX KNACTOreHHWUX na-
YOK: 3aranom CTPYKTypa TOHKoLlapyBaTa (TOBLUMHA NITMITIB
20-60 m) 3 gomiHyBaHHAM rInHUCTUX yTBOPEHb (VI-VII kna-
cudikauinHi nons, cepenHe 58 %), Wo nepeLapoByOTLCS 3i
amiwaHumu (Il none, cepegHe 25 %), npy NokanbHOMY Mo-
LWMpeHHi anesponitoBux niTmiTiB (IV-V nons, cepenHe
17 %) (puc. 6, npodcpini I'-1I; IV=IV'; V=V").

Y cepefHint YacTuHi BepXHbOKepneyTcbkoro po3pisy ba-
repiscbkoi Ta KasaHTuncbkoi genpecin i FopHocTaeBCcbKOro
nigHaTTa (MosopoTHa i MpuaopoxHa nnoLli) BUOKpeMIto-
1oTbCcA anesponitosi Nitmitn (IV=V nons) 3astoBwkn 20—
200 m, Ski, “MOBIpHO, € aHanoramu nadok K2-3. JNlokanbHo
nofaibHi yTBopeHHs 3aBToBLWKM 20—40 M PO3BMHEHI | B Me-
Xax  QPoHTaHIBCbKO-IOpHOCTAIBCLKOI  30HM  MIOHATTIB
(amB. puc. 6). Po3BUTOK HE3HAYHUX 3a NIoLe Ta TOBLUK-
Hoto (20—40 m) aneBponitoBux nitmiTie (IV=V nonis) Bigmi-
YEHO TaKoX y MeXax MpakTUYHO BCiX AenpeciiHnx 30H
KeprneyTcbkoro ocagoBoro 6acenHy. JlitonoriyHa cTpykTypa
AaHuX NITMITIB TOHKOLLIApyBaTa — YepryBaHHsA aneBponiTiB
Ta aprinitis (ToBwwuHa 0,2-5 M) 3 mooAMHOKUMK MpoLuap-
kamu nickoukis (0,2-0,5 M) (puc. 7).

[NoBopoTHa

cB. 1
NiTonoriyHmiA
poapi3 JliTMonoriyHui

MpupopoxHa

cB. 1 cB. 6
NiTonori4yHwia

posapizJliTMonorivyHumin

JTlitmiTn 3miwanoro tuny (Il knacudikauinHoro nons, 3a-
BTOBLUKM 20—60 M, nokansHo o 100 M) makcmarnbHO po3-
BUHEHI B MexXax cXigHux cxuniB [ipCbKOKPUMCBKOrO
(MowkapiBcbka, Kynbuwiscbka nnolui), ®oHTaHiBCbKOro Ta
[opHocTaeBcbkoro nigHATTIB (AMB. puc. 6, 7). JliTonoriyHa
6ynoBa niTMITIB He BUSIBNSIE BiAYYTHMX MPOCTOPOBO-BIKOBMX
BapiaLii i 3aranom € ToHKoLapyBaTolo, 3 TOBLLYMHAMM OKpe-
mMux npowapkis Big 0,2 go 3 m (aus. puc. 7).

Ha pewrTi Teputopii gomiHytoTb (noHag 50 %) rmuMHucTi
nitmit  (VI, VIl nona knacudikauinHOro TPUKYTHUKA)
(amB. puc. 6), HanbinbLwi ToBWMHK skmMx (150-200 m), ocob-
NBO y CKNafi HWKHbOKEPIEeYyTCbKOro po3pi3y, MpOCTEXy-
I0TbCA Ha cxigHoMmy ©0opTi IHOonbCcbkoi Ta B Mexax
KasaHTuncekoi genpecin (YBapiscbka, KpacHoripcbka, Crto-
capiBcbka nnotui, npocpine I'-I).

Y lpuyopHomopchko-Kpumcbkomy 0cadog8o-nopodOHOMY
baceliHi MakcMMarnbHe MOLUMPEHHSA MaloTb FMMHUCTI (nons
VI ta VII knacuikauiiHoro TpUKyTHMKA) NiTMITK, SIKi CTaHO-
BNATb y cepeaHboMy 48 % Big MOTYXXHOCTI cepefHbOMa-
koncbkoi ToBwi (MHigeub Ta iH., 2023): npodpini VI-VI'; VII—-
VII'; VIII=VIIE; IX=XT; X=X, (puc. 8). Wupokuin, maixe Ha-
CKPI3HUI pO3BUTOK MilLlaHO-aneBponiTOBUX NITMITIB NpocTe-
XEeHUn y niBOEHHO-3axigHi 4acTuHi  perioHy (nnowwi
Onimninceka, OJecaHTHa, MambypueBa). TyT 3a NOTYXHOCTI
cepeaHbomaikoncbkoi ToBLwi 40—200 m y ii po3pisi AoMiHY-
10Tb yTBOpeHHs 3miwanoro (I, go 100 %) Ta niwanoro (Il
0o 61 %) knacudikauiiHux nonie. MopgidHa kapTWHa i Ha niB-
Houi perioHy (TaBpilicbka, XepcoHcbka MNioLli), Ae noTyx-
HICTb cepeAHbOMalKOMNCbKOI TOBLLUI Bapitoe Big 60 4o 450 m.
TyT BMAINAITLCA NITMITU BCiX WeCTU KnacudikauinHnx no-
nie, ane BogHo4Yac CymapHUI BMICT YTBOpPEHb MillaHo-ane-
sBponitoBoro Tuny (II-V) craHosButb 45-65 %. Ha pewTi
TepuTopii YacTka nilaHo-aneBponiTOBUX NITMITIB Yy Po3pisi
KepneyTcbKoi TOBLi He nepesulye 25 %.

[opHocTaeBckKka

Nitonorivnwii
pospia JliTMonoriyHui

pospis 03pi3 poapia
1300 2200ﬁ p: 1400—
1400 230%
2400; ||
250 — —} — Apman
250% n 50
Ij\l?:laoamx Aneawpou%n
PoHTaHiBCbKa Mapdiscbka MOLLIKapIBCbKa
CB. 5 cB. 1 ce. 112

NitonoriyHui
poapia iTMonoriyHui

NiTonoriynnin
pospia NiTmonoriysum

NiTonorivHwnia
poapia JliTmonoriuyHui

pospis pospia poapia

1200E = 21008 | T
| - 0 |

130 2200= [l 100 |

= I—__ = |
1400 = 2300 I (L, 200 55

: f |
OB 1s

Puc. 7. lNlitonoriyHi po3pisu anesponitoBux (nons IV-V) ta amiwanux (none lll) nitmiTiB cepegHboOManKonCbKoi TOBLLi

KepyeHcbKoro niBocrpoBa:
1 — aprinitv (ruHK); 2 — anesponitTu; 3 — nickoBuk
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o ApxaHrensCerong
Onimnificexka fecantHa Cenbcokoro ce.1  lonWudHa Taepificeki XepcoHceka
ce. 400 ce. 1 cs. 40 ce.1 ce.6 ce. 11 ¢e 15

Fonwynna  Wwigta
ce. 2 ce.2 ce 1ce Xe 12
520

dnanrosa
VI soom

Kapkititcoka Bopuciecbka  TeraHiBchKa

ce. 1 ce. 3

ca. 1
BB pd20m 240 VIt

ApXaHrenscbKoro
Wropmoea Kpumckka
lambypuyiBcbka cg 1{ LleHTpansHa
cs.2 ¢B.3 ce.1cB. 1

MixBogHeHcbka TaBpincbk:

ce. 4 c8.1 ce.1 cB.1
420 420

100,

TickoBHK AnesponiT

ka Hogo-
MasukiHcka  \/||| c.. 9 cs. 6 ce. 19 ce. 1 I’
cs. 71

bopwcisckka ,«Kaiguincb

1320

TaBpifckki TeHgpisceka TaBpilickka

460

Puc. 8. IlitmonoriyHi nepeTuH cepeaHboMankoncbkoi ToBLi MpruyopHoMopcbko-KpnMcbKoro ocagoBo-nopogHoro 6acemnHy
Ta knacudikauinHa TpukyTHa giarpama (FHigeub Ta iH., 2023)
lMpumimka: NMpocTopoBe NOMOXEHHSI NEPETUHIB AMB. Ha puc. 1

[oBoni oAHO3HAYHO B pO3pi3i MIBHIYHUX Ta 3aXigHMX AiNSHOK
0cafoBo-NnopoaHoro baceviHy BUAINAIOTECS CyOperioHarnbHi Kra-
cTorenHi nadkn (K1, Ko, Ks, K4, 3a MnaxoTHum TaiH., 1971)
(ams. puc. 8).

Mepwa — Ks4 (6a3anbHa), noTyxHictio 20-80 m, nokani-
30BaHa NnepeBaXKHO B CKMEMiHHAX Ta Ha cxurnax NigHATTIB Y
NiBHIYHMX, 3axiOHUX Ta CXigHWX paroHax perioHy (cxwumu

ISSN 1728-3817

deHo-Capmartcbkoro Ta MongoBcbkoro nigHATTIB). Ha nie-
[OHi Ta B OCbOBUX 30HaX Aenpecili Lj yTBOPEHHS He 3adikco-
BaHo. lNayka cknageHa B OCHOBHOMY MiTMiTamMy 3MilLIAHOrO
(Il none) 3 nokanbHUM po3BuUTKOM niwaHoro (Il none) um
anesponitosoro (IV none) Tunis. Po3pi3 xapakTepu3yeTbcsi
TOHKMM nepeluapyBaHHsm anesponitis (0,2—1,0 m) Ta apri-
nitis (0,5-4,0 m), iHoai nickosukis (0,1-0,5 m).
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MonvumHa KapkiHiTcbka ApxaHrenecbkoro Taspidckka XepcoHckka
a cB. 1 cB. 1 cB. 1 cB. 6 ce. 15

dnaHrosa Wmigra Cenbcbkoro lonvumHa TaBpincbKa
cB. 2 cB. 12 cB. 40 ce. 1 ce. 11

800 510 63 690 860. 780. 340. 260- 150
520
850 560 680 740 900. 820 560 38 300 19¢
760
801
94 860 42 340 230
4

6

[§)
Ltopmosa Kpumcbka

cB. 3
ApxaerJ‘lebKOFO

Bopwucisckka

LleHTpanbHa cs. 1 TeHapiBcbKka

cB. 19

980, 1220¢B- 1 1030 1100381 960 940
1240
1020 1140 100 980
10804
1280
1060-1 1300- 1116 1180 104 10201

- .
Puc. 9. INlitonoriyHi po3pi3u niTmitiB nayku K, (a) Ta K, (6) cepeaAHbOMankoncbKoi TOBLLi
MpuyopHoMopcbko-KpuMcbkoro ocagoso-nopopHoro 6acenHy (MCHigeub Ta iH., 2023):
1 — aprinitu; 2 — anesponiti; 3 — NiICKOBUKMN

Opyra nadvka (Ks) Tskie 0O cepefHbOi YacTUHU po3pisy
TOBLLi i NPOCTEXYETbCS NIOKaNbHUMKU AifiHKaMn B MeXxax
Maixe BCi€l BUBYEHOT TepuTopii (auBs. puc. 8). MoTyxHICTb
Bapitoe Big 20 oo 40 M, a popMytoTh ii MEPEBAXKHO YTBO-
peHHs 3miwaHoro (Il none), micuamm (y NiBHIYHWMX AiNSHKaX
perioHy) niwaHoro (Il none) Ta anesponitosoro (IV none) Tn-
niB. JIiTONoriyHin CTPyKTYypi Ha niBOoeHHOMY GOpPTi NPOrvHy
BMacTvBe nepeluapyBaHHA nnacTis nickosukis (30 %, noTy-
xHicTio 0,5-2,0 m) Ta anesponitie (55 %, noTyxHictio 1,0—
5,0 M) 3 nooguHOKMMM npoLuapkamu aprinitie (15 %, NoTyx-
HicTio 8o 1,5 m).

TpeTa nadvka (K2-1) BigHOCHO fO6pe NposiBNSETLCS nuLe
B po3pi3ax Ha cxunax YKpaiHCbKOi MOHOKNiHani, Ae ii noTy-
XHiCTb nepesuye 50 M (auB. puc. 8). Y HanpsiMKy genolie-
HTPy ocagoBoro 6aceriHy BOHa pi3KO BUKIMHIOETLCS.
CknapeHa nadka nitmitamu 3miwadoro (11l none), anesporni-
Tosoro (IV none) Ta niwaxoro (Il none) Tunis, y po3pisi, siknx
nepeLLapoBYOTLCA NICKOBUKK (MOTYXHicTio Ao 10 M) Ta ane-
Bponitn (0,5-15,0 M) 3 NOOAMHOKMMUM NpoLLapKaMu apriniTis
(1,0-3,0 m).

Ounckycis i BUCHOBKM

3a pesynbTaTamu NiTONOriYHNX Ta NiITMOOrYHNX AOCTIi-
AXeHb BU3Ha4YeHO 3aKOHOMIPHOCTi NPOCTOPOBO-BIKOBOrO MO-
LUMPEHHS O0CafoBUX KOMMSEKCIB KepneyTcbkol TOBLLi
mavikony NpuyopHOMOpPCBLKOro MeranporuHy. BuokpemneHo
ABa ocapoBo-nopoaHi 6acenHu — MNpruyopHoMopcbko-Kpum-
Cbknii Ta A30BO-HOPHOMOPCHKUIA, LLIO Pi3HATLCH 3a XapakTe-
pOM pO3nogainy TOBLUMH Ta NiTMOMOriYHOI CTPYKTYpKW Po3piay,
BOAHOYAC BUSIBNAOTb OOBOMI OQHOMAHITHUI MiHepanoro-
neTporpacdivyHMi cknag nopig 3 AOMIHYBaHHAM FFIMHUCTUX
BiAMiH 3 MiHNMBMM BMICTOM YNamKOBOro aneBpuUTOBOrO,
iHogi kapboHaTHoro marepiany.

3'acoBaHo niTonorodgauianbHy 30HaNbHICTb CEPEAHLOrO
Mankony NMpuyopHomopcbko-Kpumcbkoro Ta AzoBo-KepueH-
CbKOro perioHiB, BUAINEHO YOTUPW NITOMOrYHI KOMMMeKcu:
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niwaHo-anespornimosull (knacmoeaeHie noHad 60 %); anes-
ponimosull (knacmoeeHie 50—60 %); apeinimo-anesporii-
mosuti (40-60 %) Tta apeinimosuli (MeHbwe 40 %), wWo
3aKOHOMIPHO 3aMillyloTb OAMH OAHOro Big 30H 0b6NAMy-
BaHHA AeHydauiiHux obnacten 0O AenpeciiHuX AinsiHOK
(BignoBigHo).

BuBYeHO 0CcOBnMBOCTI NITMONOrYHOT CTPYKTYpU PO3pi3iB
TOBLLi cepegHbOMamnKoncbKoro Biky. BctaHoBMNeEHO, LLO BOHa
cchopmoBaHa 20-84 niTmiTamu perioHanbHOro, 30HanbHOro
Ta nokanbHOro NowmpeHHs, 3astoBLwky 20—200 M, aneBpo-
nitosoro (IV-V nons, 23 %), amiwaxoro (lll none, 22 %) Ta
rnvHuctoro (VI-VII nons, 55 %) tuny. BuokpemneHo kinbka
cTpaturpadiyHmx piBHIB PO3BUTKY Pi3HOPAHroBUX anesBpo-
niTo-niwaHmx navok (Ki-Kz2-Ks-Ks4), Lo posmexoBaHi rmmHuc-
TUMU YTBOPEHHAMW Ta BCTAHOBMNEHO 0COGNMBOCTI iX
NPOCTOPOBOrO MOLUMPEHHS. BMsBRNEHO pi3HWLIO NiTMOMoriy-
Hoi OyZoBM po3pi3y TOBLLi OBOX 0CagoBux GacenHiB, Lo
nposiBunacb y OOMiHYBaHHI TOHKOLLApyBaTOi CTPYKTypu B
pospisax keprneyTy A30BO-YOpHOMOPCLKOro GaceiHy (niT-
MOJOriyHi Komnnekcu 3aBToBlkM 20—40 M) Ha npoTmBary
rpyboluapysarii cTpykTypi NpryopHomMopcbko-KpMcebKkoro
(ToBwmHM niTMmiTiB 20—100 M™).

BHecok aBTOpiB: Bonoaumup MHigeub — koHuenTyanisauis, Hanu-
CaHHA (opuriHanbHa yepHetka); KoCTAHTUH puropyvyk — HammcaHHs
(nepernsig i peparyBaHHsl), metogororis; AHactacia Pesep — Hanw-
CaHHs1 (opuriHanbHa YepHeTka), opmManbHUn aHanis; OkcaHa KoxaH —
HanucaHHs (nepernsag, i pegaryBaHHs), Banigalis AaHuX.
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LITHOLOGICAL STRUCTURE AND FACIES FEATURES OF THE KERLEUTIAN SEDIMENTS
OF THE BLACK SEA MEGADEPRESSION

Background. As part of the Maikop sedimentary complex of the Black Sea megadepression, the Middle Maikop deposits are the most
interesting in economic aspect, which is proven by the discovery of a number of oil and gas fields. The Middle Maikop deposits in the lower and upper
subhorizons of the Kerleut regiostorey usually conformably lie on the Lower Maikop deposits, and are overlapped without a visible break by the Upper
Maikop deposits. The completeness of their section is characterized by significant spatial variations. The maximum thicknesses (over 2000 m) are
observed on the territory of the Kerch Peninsula and in the southeastern regions of the Plain Crimea (1800 and more meters). Instead, in the north of
the Plain Crimea in the Syvash and Northern Black Sea, shortened sections have been discovered, the thickness of which ranges from 200-300 m to
400-500 m. Within the water area of the northwestern shelf of the Black Sea, it does not exceed 650 m. In tectonic terms, the Black Sea megadepression
consists of several coulisse-like articulated negative structural elements of a higher order: the Karkinit-North Crimean, Indolo-Kuban and South Kerch
depressions. The aim of the work is to establish the features of the lithological and lithmological structure of the Middle Maikop (Kerleut) stratum of
the Black Sea megadepression, to study the structural-textural and mineralogical-petrographic features of the rocks in the context of reconstructing
the conditions of their sedimentation.

Methods. Lithological dismembering of well sections was carried out by interpreting the results of well logs (radioactive methods). The
features of the development of sedimentary bodies of different composition were clarified on the basis of the segregate of lithmites according to the
method (Karogodyn, 1980). This approach was tested in the study of the Maikop layers of the North Crimean and Indolo-Kuban depressions (Gnidets
et al., 2023). The work used the breakdowns developed and adopted for use by geologists of the KP "Pivdenyekogeocenter”. Petrographic studies
(over 400 thin sections, collection of the Department of Sedimentology of Fuel Provinces of the Institute of Geology and Geochemistry of the National
Academy of Sciences of Ukraine) were performed by the authors under a Carl Zeiss Jena polarizing microscope.

R e s ults. The spatial-age features of the lithological-lithmological structure of the Kerleut strata of the Black Sea megadepression have been
clarified. Four lithological complexes have been identified: sandy-silty (clastic rocks over 60 %); silty (50-60 %); argillaceous-silty (40-60 %) and
argillaceous (less than 40 %), which are characterized by the regularity of replacement from the marginal parts to the depocenters of depressions.
Sections of the middle Maikop stratum are composed of 20-84 lithmites of regional, zonal and local distribution, 20200 m thick, silty (23 %), mixed
(22 %) and clayey (55 %) fields. Several levels of development of different-rank silty-sandy units (K1-K2—-K3-K4) have been identified, and the features
of their spatial distribution have been established. The specificity of the lithological structure of the sediments of the Black Sea-Crimean (thickness
of lithology bodies up to 100 m) and Azov-Black Sea (thickness of lithology bodies no more than 40 m) sedimentary-rock basins has been revealed.

Conclusions. The established features of the spatial-age variability of the lithological-lithmological structure of the Middle Maikop stratum
will serve as the basis for creating a model of the conditions of their sedimentation within the Crimean segment of the eastern Paratethys, will
contribute to understanding the nature of the spatial-age distribution of reservoir rocks and seals, and will determine the main directions of geological
exploration work in the region.

Keywords: Paratethys, Black Sea megadepression, Middle Maikop, Kerleutian horizon, lithogenesis.
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'KuiBcbkui HauioHanbHUM yHiBepcuTeT imeHi Tapaca LLleBueHka, KuiB, Ykpaina
2lncTUTyT reocbisnku HAH Ykpaium, Kvis, YkpaiHa

®IBNYHE MOAENIOBAHHA NPOLIECY NMPOTIKAHHA HA®TU
YEPE3 NMOPOOY-KONEKTOP Y NIACTOBUX YMOBAX
(HA NPUKNALI NICKOBUKIB PO3YMIBCbKOIO rASOKOHOEHCATHOIO PO OBULLA)

(MpedcmaeneHo 4YneHoM pedakyiliHoi Konezil 0-pomM 2eos. Hayk, npog., YneH-kop. HAHY M.I. Opntokom)

B c Ty n. BuceimneHo pe3ynbmamu ¢hiau4H020 MoOes1o8aHHs1 MPomikaHHs1 Haghmu 4Yepe3 nopody-kosiekmop (nickoeuk Po3symie-
CbK0O20 Haghmoza3okoHOeHcamHoz20 podoeuwja). Mema docnidxeHb nosisi2ana y eueyeHHi nempohizuyHUX napamempie 3pas3kie KepHy
nickosukie ma ¢hiau4H020 MoOesIFo8aHHSI NPouecy NPoMiKaHHSI Haghmu Yyepes3 HUX y M1acmoeux yMoeax.

Me Toav. BusHayeHHs1 nempogi3uyHUX napamempie (2ycmuHa, nopucmicms, cmpykmypa fnmycmomHOo20 fpocimopy, MPOHUK-
Hicmb) 3pa3kKie nicKkosukie 8 ammocghepHUX yMo8ax 8UKOHy8alucb cmaHOapmHumu memoOdamu. [ns ¢hizauyHo20 MoOesIro8aHHS npoyecy
npomikaHHs Haghmu Yepe3 MicKosUK 8UKOpUCcmMoegyeaiach crieyiaibHa ycmaHo8Ka 8UCOKO20 MUCKY.

Pe3ynbTaTtun. JocnidxeHo ghinbmpauyiliHo-eMHICHi Xapakmepucmuku 3pa3kKie MicKosukie 3a ammocgepHuUx ymoe ma pizuy-
HO20 Modento8aHHs1 nacmoesux ymos. HaeedeHo 3HaveHHs1 hinbmpauiliHo-eMHICHUX nNapamempie doclidxeHUX nopiod, a Makox ix ro-
pieHsAHHSA. BUKOHaHO OUiHKY cmpykmypu nycmomHo20 npocmopy nopid ma ix aHanis. HaeedeHo pe3ynbmamu OocniOXeHb
npoHuKHocmi nopid dnsA Hagpmu e pizHux PT-ymoeax.

BucHoBku. 3a donomozoro KopessiyiliHo20 aHai3y ecmaHoesIeHo psi0 KopensiyiliHux 3anexHocmel Mix MPoHUKHicmio doci-
OXXeHux nopid i memnepamypord ma MUCKOM y niiacmoeux ymosax. Lji 3anexxHocmi Mmoxxymes 6ymu eukopucmai npu iHmepnpemauii
OaHux 2eoghizudHuUx docliOXKeHb ceeplsioeUH ma ModeslreaHHi hinbmpauiliHo-eMHICHUX napamempie nopid-konekmopie. Hadani pe-
3ynbmamu daHo20 AocidxeHHs1 6yOymb 6a30r0 OJ1s1 UGYEHHSI 8Mlugy 8i6po-xeuslL08UX ma XiMiyHUX Memodie iHmeHcugikauii sudo-

6ymky syaneeodHie Ha ¢hinbmpauiliHi enacmueocmi nopid-kosiekmopie.

Knw4yoBi cnoBa: nickosuku, ¢hinbmpauitiHo-eMHiCHi napamempu, 2ycmuHa, koegiyiecHmu nopucmocmi, NPOHUKHoOcmi ma
3a/luwWK08020 8000HaCUYEHHS, CMpyKmypa nycmomHoz20 npocmopy, rjiacmosi ymoeu, KopesisiyiliHi 3anexHocmi.

Becryn

NMocmaHoeka npo6nemu. ig Yac BUBYEHHS Nopig-Kone-
KTOpIB, LLUO BMIiLLytOTb BYrNEBOAHI, BaXUBY posb BigirpaloTb
reopianyHi Ta NeTpodpianyHi AOCNIAKEHHS, @ TakoX METOAU
MaTemMaTU4YHOro MOAENIOBAHHS, Ha OCHOBI SIKMX BM3HaYalTb
NEepPCMeKTUBHICTb HadpTorasoHacn4YeHHs Ta OLHIOTb CrMo-
cobu i MeToauKM iX MPOMMUCIOBOI po3pobkn. BogHouac Bax-
nvBMM € di3nyHe MOAErNoBaHHS MracToBMX YMOB Ta
DOCTigXXeHHS iNbTpauinHO-EMHICHUX BNACTUBOCTEN 3pas3kiB
KEpHY B aTMOC(epHMX YMOBax Ta YMOBaXx, LLO MOAENOTb
nnactosi. OgHak Taki AOCMiAXeHHS NPOBOAATb Y HEAOCTAaTHIX
obcsrax, a nybnikauii Npo HUX NPaKTUYHO BIACYTH.

Y cTaTTi BUCBITNEHO inbTpauiiHO-EMHICHI napameTpu
Komnekuii 3pa3kiB NicKOBWKiB Ta pe3ynbTath isnyHoro moge-
NIOBaHHSA Mpouecy NpoTikaHHA HadTW Yepes HKX y nnacro-
BMX YMOBaX.

AHani3 ny6nikayili 3a memoro docnioxeHb. BuByeHH0
i3anyHMX BNacTMBOCTEM nopia HadTorasonepcnekTuBHUX
panoHiB YkpaiHu npucesideHa Hu3ka nybnikauin (Buxea Ta iH.,
2013, 2014, 2017-2022 a, 6; Vyzhva et al., 2017, 2019; luras
et. al., 2023; KapneHko, bawkipo, & KapneHko, 2014; Kapne-
Hko, Muxawnnos, & KapneHko, 2015; Macnos, OHuwyk, & LLn-
HkapeHko, 2017; Muxannos Ta iH., 2014, 2018; HectepeHko,

2010; Opniok Ta iH., 2011, 2013, 2018; Orlyuk et al., 2018 a, 6;
Orlyuk, Marchenko, & Bakarjieva, 2021; MNawkesu4, Opnitok, &
Jlebenp, 2014; Pubanka, & KapneHko, 2016; Cobonb, & Kap-
neHko, 2021) Ta GaraTbox iHWKX aBTopiB. NeTpodidnyHi na-
pamMeTpu nopia MawTb BaXMMBE 3HAYEHHs] OIS OUiHKM iX
KONEKTOPCbKUX BMAacTMBOCTEN 3a [aHUMK CBEPOJIOBUHHMX
€NeKTPOMETPUYHMX Ta aKyCTUYHWX OOCHiMKEHb, TOMY iX na-
6opaTopHUM AOCHIMKEHHAM NpUAINsoTb 3HaYHy yBary. Boa-
Hoyac neTpodpisanyHi napameTpu nopig i KOpensuinHi
3anexHoOCTi MK HUMW MaloTb AOCUTb BUpaXeHwuh iHauBigya-
NbHUI XapakTep CTOCOBHO KOXHOI [AiNsiHKM AOCHiOXEeHb.
Omxe, nabopaTopHe BU3HAYEHHS LiIMX BNAacTUBOCTEN Ta BCTa-
HOBJEHHSA BiAMNOBIOHMX KOPENALINHMX 3B'A3KIB MK HAMMW Onsi
KOXHOI NepCrneKkTUBHOI NIoLLi NoTpebytoTb BUKOHAHHS SIK OK-
pPeEMUX OOCNIMKEHb, TaK i OKPEMOro ny6niYHOrO BUCBITIIEHHSI
iX pesynbTarTiB.

BudineHHs1 Hepo3e'sa3aHuUX paHiwe YacmuH 3a2alib-
Hoi npo6nemu. MpobGriema NoLLyKiB Ta BUBYEHHS HA TEpU-
TOpii YKpaiHu sK TpaauuinHmX, Tak i HeTpaauLiiHUX Dxepen
BYIMEBOAHIB € HAA3BUYaMHO aKTyanbHO, 3BaXakoun Ha He-
00XxigHiCTb 3abe3neyeHHs eHepreTMYHOI He3anexHocCTi Yk-
paiHu. Tomy pocnigXeHHs1 NeTpodisuyHUX BNacTUBOCTEMN
ripCbKMX nopig 3 MeTOoK OLIHKU NepCrneKTUBHOCTI reonoriy-
HUX CTPYKTYP i KOMMMEKCIB Ha BYrNEBOAHI Mae Baxnuee
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3HaYeHHs. Ak BXe 3a3Havanocs, neTpodianyHi BNacTMBOCTI
nopig HeobXiaHi nig Yac iHTepnpeTauii matepianis reodisu-
YHMX JOCNIOKEHb CBEPAMOBMWH, @ TakoX Ans po3pobku Han-
Oinbll edEKTUBHOI TEXHOMOriT BUITYYEHHSI BYINEBOAHIB,
30KpeMa i OLiHK1 NapameTpiB rigpopo3puBy nnacra.

BcTaHoBnEeHo, WO KopensuiiHi 3B'A3kn Mk dinbTpa-
LiINHO-EMHICHMW NapamMeTpamu i JaHUMU CBEPAMOBUHHUX i
NonbOBUX reodisnyHNX MeToAIB AOCUTb CKNaaHi i moTpeldy-
I0Tb peTenbHOro BMBYEHHA. Komnnekc nabopaTopHux net-
podi3nYHMX OOCNiAXKEHb € OCHOBOK AN BUSHAYEHHS LUX
3B'3kiB. [laHi, oTpuMaHi B pe3ynbTati nabopaTopHuUX 4o-
CcnigXeHb Npo 3MiHW FyCTUHU nopig, X MIUTOMOro enekTpu-
YHOro onopy, WBMAKOCTI NOLUMPEHHSA MPYXXHUX XBUMb Ta iX
KopensauinHi 3B'a3ku i3 inbTpaLinHO-EMHICHUMY NapameT-
pamu, BUKOPWUCTOBYIOTb AONSA iHTepnpeTauii pesynbraTis
€NeKTPOMETPUYHUX | aKyCTUHHUX METOZIB AOCHIAXEHb CBe-
pPONOBMH, NOMNbOBOI €MEeKTPOPO3BIAKN | CEMCMOPO3BIAKK, a
TaKoX 3 METO pPO3pPOOKN HOBMX TEXHOMOTIN iIHTEHCcUdikaLil
BMaobyBaHHS ByrneBoaHiB (FopoBeHko Ta iH., 2022).

Cnig, Big3HauUTK, L0, HE3BaXKaKUM Ha 3HAYHY KiNbKiCTb Bi-
AnoBigHMX nybnikauiii HadTorazoBoi TeMaTuku, obcsry iHdop-
Mauii npo  inbTpauiiHO-EMHICHI  BracTUMBOCTI  Mopia-
KONEKTOPIB € HE3HAYHNMM | BCTAHOBINEHWX KOPENALINHUX 3ane-
XHOCTEN Mk DinbTpauiiHO-EMHICHUMW nNapameTpamy Ans
KOHKPETHMX Mol i YTBOpPEHb HenoCTaTHbO AJ1st OOrpyHTY-
BaHHS NeTpodisnyHoi Mogeni. TakoX NpakTUYHO BiACYTHI AOC-
NiSYKEHHS 3aneXHOCTi binbTpauinHMX BNacTUBOCTEN Nopig, Big
TUCKY | TemnepaTypu, L0 YacTo NPU3BOANUTL 10 BUKOPUCTAHHS
HeOoOr'pyHTOBaHNX 3aneXHOCTEN Ons nepepaxyHKy napamert-
piB, OTPUMaHKX B aTMOCepHMX YMOBaX, Y MIacToBi.

Mema JdocnidxeHb. MeTolo faHUX AocniaxeHb Gyno
BM3HaYEHHS 3anexHocTi inbTpauinHnx napameTpis no-
pia-KonekTopiB Big TUCKY i TeMnepaTypu Ha OCHOBI i3ny-
HOro MOZEMBaHHS NpoLecy NpoTikaHHs HadTn yepes
nopoay-KoneKTop B MMacTOBUX YMOBaX.

06'ekm docnidxeHb. lNickoBuk ApibHO-cepeaHbO3ep-
HUCTUI, 3a MiHEpanbHMM CKMagoM nonimMikToBun, Posymis-
CbKOro HadhTOorasokoHAEeHCaTHOro poAoBULLLa 3 iHTepBany
2233-2249 meTpiB. PinbTpauUiiHO-EMHICHI BNacTUBOCTI B
aTtMocdepHMX ymoBax BMKOHaHi Ha 12 3paskax. disnuHe
MOZENOBAHHS NNacTOBUX YMOB BMKOHAHE Ha 2 3pa3sKax.
3pa3sok P-1 BupizaHuin B3goBX, a 3pa3ok P-2 — BxpecT Ha-
LapyBaHHSA ocagoBoOro martepiany.

ExcnepumenmanbHi nempogpizuyHi GocniOxeHHs
BukoHaHo y HAJ1 TeopeTnyHOi i npuknagHoi reodisnku
HHI "IHcTtuTyT reonorii" KHY imeni Tapaca LUesyeHka. Ons
nabopaTopHUx [ocnigKeHb BUrOTOBMEHO i NiAroTOBMNEHO
12 uuniHapu4HMX 3paskiB 3 kepHy cBepAnoBuHU (iHTepBan
2233-2249 m) PosymiBcbKkoro pogosuLLa.

PosymiBcbke HadTorasokoHaeHcaTHe podoBuLLE po3Ta-
LIOBaHe Ha TepuTopii 3ayenuniBcbkoro panoHy XapkiBCbKOi
obnacti i yacTkoBo Ha TepuTopii KapniBcbkoro paroHy
MonTtascbkoi obnacTi YkpaiHu. [ickoBuku NpogyKTUBHOTO ro-
pU30HTY cepeaHboro kapboHy (M-1) Big apibHo- o cepen-
HbO3EPHUCTUX, 3a MiHepanbHUM CKMagoM MNOMiMIKTOBI,
OniroMiKTOBI, CNOANCTO-KBAPLOBI, Bif, LWiNbHMX 4O CepeaHbO-
3LEMEHTOBaHNX, iHKONM TOpPU3OHTarnbHoLWapyBaTi i3 crto-
AamMn Ta BYriNbHUMW 3anuwikamyi Mo HawapysaHHio. [lig
MIKPOCKOMOM CKNnaj y NoniMiKToBMX pi3HOBMAAX NICKOBUKIB —
KBapu, ynamku nopig (KkBapumTu, KpeMHi, aprinitosi crnaHuj,
edpyansn), nnarioknasw, cniogu, xnoput. 3epHa KBapuy

cnaboobkaTaHi, HaniBoOKaTaHi i KyTacTi, noraHo BigcopTo-
BaHi, 4acTO 34feHOBaHi B arperat KOHOPMHO-pereHepa-
uinHo. Mnarioknasun cepuuMTU30BaHi Ta NEniTU30BaHi Pi3HOO
Mipoto. AKLLeCOpHi — anaTtuT, YOpHi pyaHi MiHepanu, cdeH,
rpaHat. LilemeHT noniMiHepansHWi NOpPoBMiA (Y MiLIHUX HENpo-
HVKHUX NICKOBUKaX — NepeBaXHO NopoBo-6a3anbHui).

Komnnekc neTpodisanyHux JocnifXeHb BKIIOYaB BU3Ha-
YEHHS: TYCTMHU Nnopia; BiOKPUTOI Ta epeKkTUBHOT NOPUCTOCTI;
CTPYKTYPW KaninsapHoOro npocTopy Ta abcontoTHOI MPOHNKHO-
cTi. Yci nabopaTopHi AoCnigXeHHst BMKOHyBanuchb Biano-
BiJHO 0O YMHHUX HOPMATUBHUX LOKYMEHTIB.

OkpiM TOro, BMKOHAHO HW3Ky €KCMEepUMEHTIB 3 [OCHi-
[DKEHHS 3aneXXHOCTen MPOHUKHOCTI MICKOBMKIB Ans HadhTH
Bif TemnepaTypu i TUCKY Npu isUYHOMY MOAentoBaHHiI nna-
CTOBMX YMOB Ha YCTaHOBLIi BUCOKOIO TUCKY.

MeTtoau

O6'emHa ryctnHa OoCnigXeHUX nopig y Cyxomy CTaHi
BM3Ha4Yanachb LUNSXOM 3BaXKyBaHHSI Ta BUMipIOBaHHS reo-
METPUYHMX PO3MipiB crneuianbHUx nabopaTopHUx 3paskis
uuniHgpu4Hoi popmmn, a B Hacnu4yeHoMy cTaHi (HacudyBa-
nucs HadToK) — 3aCTOCOBYBaBCSt METOS, MApOCTaTUYHOro
3Ba)XyBaHHsI 3a CTaHAapTHOK METOAMKOI NONepeaHbO Ha-
cnyeHux 3paskie (JopTtmaH, 1992 a, 6; WHcTpykums...,
1977; Tnab, & OoHanacoH, 2009). ina BM3HA4YeHHA Baru
3paskiB BMKOPUCTOBYBaNUCb LUUMPOBI aHaniTU4Hi Baru
WPS 360/c/2 (TouHicTb 20,001 ).

KoedilieHT BigKpWUTOi NMOPUCTOCTI BM3HAYaBCsl ra3oBO-
NIOMETPUYHUM CNoco6GOM Ta METOAOM FiAPOCTaTUYHOIO 3Ba-
XKYBaHHS 3riHO i3 CTaHO4APTHO METOAMKOK.

KaninapomeTpuyHi JoCnigKeHHs BWMKOHyBanucs LUNs-
XOM LeHTpudyryBaHHs 3paskiB nopig 3a [4OMNOMOrot
ueHTpudyrn OC-6M (Mopoaw..., 1985; Pyaeko, 2005). Obe-
pToBa LWBMWAKICTb poTopa LeHTpudyrn 3miHoBanachb Big
1000 pgo 6000 o6/xB i3 kpokom 1000 06/xB, BOgHOYAC TUCK
BUTiCHEeHHs 3miHoBaBcs Bia 0,03 go 1 MMa.

[nsi BCTAHOBNEHHSA KOpensuinHuxX 3anexHocTten inbtpa-
LivHMX napameTpiB nopig Bid TemnepaTtypu i TUCKY BUKOHaHO
KOMMMeKC NeTpopianyHMX AOChimpKeHb i3 isndHUM Mopento-
BaHHsIM NNacToBmX yMOB. py LibOMY 3acTOCOBYBarach cnedyj-
anizoBaHa yctaHoBka Bucokoro Tucky  BCLIM-1000,
po3pobneHa B HOJ1 TeopeTU4HOI i NpuKnagHoi reodisnku.

PesynbTaTtn

BucsiTneHo pesynbTatv BUKOHaHWX KOMMNIEKCHUX nabo-
paTopHUX AOCHIAXEHb, L0 BUKOHYBaNMCh K B aTMOCEpHUX
ymoBax (12 3paskiB), Tak i Npy MoAentoBaHHI NNacToBUX YMOB
(2 3pasku). BigomocTi npo mMexi 3MiH Ta cepefHi 3Ha4YeHHsI
neTpodisnyHNX NapamMeTpiB AOCHIIKEHNX NICKOBUKIB Ta KO-
pensuiiHi 3aneXxHoCTi HaBeAEeHO Yy BiANOBIAHMX Tabnuusx Ta
Ha rpadikax.

AHani3 daHux nabopamopHux docnidxeHb 8 ammoc-
¢hepHUX yMosax

lNycmuna. 3a pesynbtatamm nabopaTopHMX BU3HaYEHb
rYCTUHU BCT@HOBJIEHO, LU0 LEN napameTp Ansi Cyxmx nicko-
BUKIB 3MiHIOETbCA Big 2089 kr/m® no 2124 kr/m® 3a cepea-
HbOro 3HadeHHs 2109 kr/m3. MycTuHa nopig, HacuyeHux
HadbTolo, Bapiloe B Mexax Big 2485 kr/m® oo 2499 kr/im® 3a
cepefHbOro 3HaveHHs 2491 kr/me. YaBHa MiHepanoriyHa ry-
CTUHa NICKOBUKIB 3MIHIOETLCSA Bif, 2768 fo 2779 kr/m® 3a ce-
PenHbOro 3HauyeHHs 2772 kr/m® (Tabn. 1).

Ta6bnuys 1
MeXi 3MiH i cepeaiHi 3Ha4eHHSA TYCTUHHUX NapaMeTpiB nopia
Mopoga |3HauyeHHs napameTtpa| F'yctuHa (cyxi), kr/m® | TycTuHa (Hacuy. HadToro), Kr/m® | YsiBHA rycTMHa MiHepanoriyHa, Kkr/m®
MiH. 2089 2485 2768
[MickoBumkm MaKC. 2124 2499 2779
cep. 2109 2491 2772
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TMopucmicms. MNopucTicTe NOPOAN — Ue BNacTuBICTb il
BMiLLyBaTK chnoiam (HadTy, ras i Bogy) i € BaxnvMeum napa-
MEeTPOM, KU BU3HAYaE EMHICTb KonekTopa. BuginsioTs 3a-
rancHy, BiOKpUTY Ta edekTnBHy nopucTicTe (dopTmaH,
1992 a, 6; NHcTpykums ..., 1977; Tnad n JoHanacoH, 2009).
KoeiuieHT NopuCTOCTi OAMH i3 roNOBHUX NapameTpis, LIO
XapakTtepuaye MyCTOTHWI MPOCTip NMOPOAW i ANSA KOXHOro
Tvny dnioigy Bu3Hayae 1noro 06'em. Takox BaXxnuBMmn Bna-
CTMBOCTSMM MOPIA-KONEKTOPIB € CTPYKTypa iX MyCTOTHOrO

NPOCTOpPY Ta BMICT 3aNULLKOBOI BOAW, @ TakOX 3BUBUCTICTb
nopoBux kaHanie. JTabopaTopHi BU3HAYEHHS LUUX NapameT-
piB 4ae 3Mory oTpumaTi iHopMaLito NpPo KatareHeTUYHi i
fiareHeTnYHi npouecn Ta NpPo MexaHiamMu, aKi gisnu nig Yac
TpaHCNopTyBaHHSA 1 BigKNaaeHHA MaTepiany, yWinbHeHHs i
nedopmauii ocagis (Twab u JoHanacoH, 2009). BigomocrTi
Npo Mexi 3MiH Ta cepeaHi 3HaYeHHs koediljieHTa MOPUCTOCTI
nopia, 3anexHo Big ix BMAy HaBeaeHo B Tabn. 2.

Tabnuuys 2
Mexi 3MiH i cepeaHi 3Ha4eHHs1 EMHICHUX NapameTpiB nopig
3HaYeHHs KoedpiuieHT BiakpuToi KoediuieHT KoediuieHT
Mopoaa nopuctocTi, k, ed)eKTUBHOI nopucTocTi, k;, NPOHUKHOCTI Knp, PM?
napameTpa
Hacu4. a3oTOM | Hacuy. HacdToH
MiH. 0,219 0,146 0,054 6,864
MickoBukM MakKc. 0,234 0,151 0,113 17,280
cep. 0,226 0,148 0,082 12,923

3HaueHHs koedilieHTa BigKpUTOi MOPUCTOCTI NiICKOBUKIB,
BM3HAYE€HOrO ra3oBOMIOMETPUYHUM COCOBOM, 3MiHIOHTHCS
Big 0,219 po 0,234 3a moro cepeaHboro 3HadeHHs 0,226.
KoeilieHT BiaKpUTOI MOPUCTOCTI NICKOBUKIB, BU3HAYEHUN
HacuyeHHsiM HadpTolo 3MmiHeTbesa Big 0,146 go 0,151 3a
Noro cepegHboro 3HadeHHs 0,148.

AHania nabopaTopHMX AaHUX MOKa3ye, LU0 CepedHe 3Ha-
YeHHs1 koedoilieHTa MopuUCTOCTi, BU3HAYEHOrO MApPOCTaTUYHUM

0,236
20,234
'M,\ a2
g 0’2f2
g 0230
§0,228
20,226
Eoa
go,zzz
80,220
4

METOAOM MpPW HaCKMYEHHi JocnigpKeHux nopia HadTow, Ha
35 % HWx4Ye, HiXX ra3oBoNOMETPUYHMM cnocobom. Lle nosic-
HIOETLCS BULLIOID MPOHUKHICTIO a30Ty B cyOkaninspHi nopu
NOpPIBHSAHO 3 HadOTOlO.

BcTaHoBneHa kopensuinHa 3anexHicTb MK ryCTUHOHO i
KoedilieHTOM NOpPUCTOCTi NICKOBUKIB, BU3HAY€HWM ra3oBo-
JIIOMETPUYHMM METOAOM (puc. 1).

y =-0,00043x + 1,12881
2=0,92531

0,218

2080 2090

2100

2110 2120 2130

T'yctuna, G, Kr/M°
Puc. 1. 3anexHicTb koediuieHTa BigkpuToi nopuctocTi nopia (k,), BU3Ha4eHOro MeToAOM HacU4YeHHA a30TOM, Bif ryCTUHU (G)

Cmpykmypa nycmomHo20 fpocmopy MiCKO8UKie.
CTpyKkTypa MyCTOTHOrO NPOCTOPY 0CadoBMX NOPiA 3HAYHOO
Mipoto BU3Ha4YaeTbCA (POPMOIO 1 OKaTaHICTIO 3epPeH, X po3-
Mipamu, COpTYBaHHSM, OPiEHTYBaHHSIM | TUMOM YNaKkoBKW, a
TakoX XximidyHum cknagom (Ooptmad, 1992 a, 6; UHCTpyk-
ums ..., 1977; Tnab n JoHangcoH, 2009). CTpykTypa nycTo-
THOro  MpocTOpy  MopiA  BM3Ha4anacb  Cnocobom
LeHTpUdyryBaHHAM iX 3paskiB 3a AOMOMOroOK LeHTpudyrun
OC-6M. AHani3 kpumx kaninsipHoro Tucky (KKT), oTpuma-
HUX 3a pesynbTaTaMun LeHTpudyryBaHHs, 4O3BONNB BU3HA-
YNTU KOeIiLiEHTW 3annLKOBOro HadpToHacMYeHHs (Ksw) Ta
CTPYKTYpY MYCTOTHOrO NPOCTOPY AOCHIAXEHMX MiCKOBWUKIB.
BigomocTi Nnpo CTpyKTypy MyCTOTHOrO NpocTopy i koediljie-
HTW 3aN1LLIKOBOro HadpTOHAaCMYeHHS HaBedeHo B Tabn. 3.

Ha puc. 2 HaBegeHO KpuBi KaniniapHOro TUCKyY gocnigxe-
HUX nopia.

3a pesynbTatamu aHanisy kpuswmx kaninspHoro Tucky (KKT)
BCTaHOBIIEHO, O KoemiLEHT 3anmLLKOBOro HahTOHAaCUYEHHS
nickoBUKiB 3MiHIOETbCA Big 0,226 oo 0,635 3a nMoro cepegHLOro
3HayeHHs 0,445 (Tabn. 3). 3 BUKOpUCTaHHAM koeddilieHTa 3a-
TNIALLKOBOrO HadpTOHACKMYEHHS BU3HAYEeHWUI KoedilieHT edek-
TUBHOI nopucTocTi (Tabn. 2), akvun 3miHoeTbes Big 0,054 go
0,113 3a noro cepeaHbLOro 3Ha4yeHHs1 0,082.

BcTaHoBneHo KopensauiiHi 3anexHocTi MK KoedilieH-
TOM edpekTmBHOI nopuctocTi nopia (Knes) i KoedilieHToM 3a-
nuwkoBoro  HadToHacuyeHHs (ka) Ta  KoedilieHTOM
nopuctocTi (Ka), SKi MaloTb NiHINHWUIA XapakTep:

Knep = —6,52373-kn — 1,37947, npu R? = 0,952;
Knep = —0,14425-ksn + 0,14598, npu R? = 0,999.
padbikn uMx 3anexHocTen HaBeeHO Ha puc. 4a Ta 46.

Tabnuuys 3

Mexi 3MiH i cepeaiHi 3Ha4eHHs NnapaMeTpiB NYCTOTHOro NPOCTOopy nopig

. KoedpiuieHT 3anuwkoBoro
0,
Mopopa 3HaueHHsA Bwmicr nop, % HadpTOHacn4eHHs, Kk,

napameTpa - n - - - -
HagKaninspHi KaninspHi cybkaninsipHi

MiH. 13,4 13,8 22,6 0,226

MickoBUKK MakKc. 58,7 23,4 63,5 0,635

cep. 35,8 19,8 44,5 0,445
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Puc. 3. Tunosi kpuBi KaninsaApHOro TUCKy AocnigXeHUX NiCKOBUKIB

y =6,52373x - 1,37947
R?=10,95247

Koedimient edexTuBHO1
MOPHCTOCT], Ky, o,

0,02
0218 0220 0222 0224 0226 0228 0230

Koedimient moprcrocti, k;
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=.0,14425x + 0,14598
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KoedimieHT 3amumKoBoro Ha TOHACHIEHHS, K,

6

Puc. 4. 3anexHicTb koediuieHTa ecpeKTUBHOI NOpUCTOCTi NickoBUKiB (Kneq) BiA KoediuieHTa nopucTocTi nopia (a)
Ta koedpilieHTa 3anuwkoBoro HaToHacu4yeHHs (6)

3a pesynbTatamu KaningpoMeTpuYHMX JOCNigKEeHb BU-
KOHAHO OLiHKY CTPYKTYpW NMyCTOTHOro MpOCTOPY Aochnigxe-
HUX Mopia 3a AdiameTpoM Kaninspis. Posnogin nycToTHOro
npocTopy nopig Ha cybkaninspHi (giametp <0,2 MkM), Kani-
nspHi  (oiametp 0,2-3 MKM) Ta HagkaninspHi (giameTp
3 — 100 mkm) nopu (HectepeHko, 2010) HaBegeHo B Tabn. 3.
Cnig Bia3HaunTK, Wwo cybkaninspHi nopu yvacTi 'y dinbTpauii
dnioigis He 6epyTb i 3a3BMYal 3aNOBHEHI 3arnMULLKOBOK
Bofoto abo HadTot. HatomicTb nioigmn, 3ocepemkeHi y
HagKkaninapHUX i KaninsgpHUX NOPOBMX KaHanax, MOXyTb
6paTtun yyacTb y dinbTpauiviiux npouecax. Y pesynbTarti na-
OopaTopHUX KaningpoMeTpUYHMUX [OCHiAXEeHb BCTaHOB-
JNIeHo, WO MOPOBUIM MPOCTIPp AOCHIAXEHUX MICKOBUKIB Mae
TaKy CTPYKTYpY: BMICT HagkaninsapHux nop 3MiHIETbLCS Bif
13,4 0o 58,7 % 3a cepeaHboro 3HadeHHs 35,8 %; BMICT ka-
ninapHux nop — Big 13,8 0o 23,4 % 3a cepeaHLOro 3Ha4YeHHs
19,8 %; BMicT cybkaninsipHux nop — Big 22,6 go 63,5 % 3a
cepenHboro 3HayeHHs 44,5 %.

TakvM YMHOM, 3a CTPYKTYPOI MyCTOTHOrO NPOCTOPY AOC-
NifPKeHI NiCKOBUKM MatoTb cepeHi hinbTpauinHi BNacTUBOCTI.

lpoHukHicmb. Lle BnacTueiCTb ripCbkmx nopig, Wo xapa-
KTepuaye ix 3gaTHicTb nponyckatu dntoign, To6To BU3HaYae
LWIBMAKICTb pyXxy cnitoigy i BNNMBae Ha BUGip onTyMarnbsHoi Te-
XHororii BUao6yTKy. NMPOHMKHICTb NOpiA KOHTPONIOETECS PO3-
MipOM 3epeH nopogu, iX GOpMOI Ta MPOCTOPOBUM
po3noinioM 3a po3Mipamu, a TakoX iXHbOK YNaKoBKOK, CTY-
neHeMm rMUHUCTOCTI, KOHconidauii i uemeHTauii. Ha npoHuk-
HICTb TaKOX CYTTEBO BMIMBAE TWM FMMHUCTOrO abo iHLIOro
LieMeHTyBanbHOro martepiany Mix nilaHnuMmm 3epHamu, ocob-
NnBO y pasi NPUCYTHOCTI BoAW. [lesiki rMUHUCTI MiHepanu, 30-
KpeMa MOHTMOPWMOHIT i CMeKTUT, po3byxaloTb y BoAi i
MOXYTb 4acTkoBO abo MOBHICTIO 3aKynoproBaTU MyCTOTHWN
npocrTip (Tuab, & doHanacoH, 2009; Mopoaw..., 1985).

3paTHicTb nopoan nponyckaty vyepes cebe nioign xa-
pakTepusyeTbcsa koediLiEHTOM NPOHUKHOCTI knp. Y BUNaAKy,
konn nopoga Ha 100 % HacuMyeHa opgHUM bnoigoM
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(cbasoro), Takmm sk ra3, HadpTa abo BoAa, MPOHUKHICTb Ha3W-
BaeTbCs abCoOMTHOKW Ana AaHoro dnigy. Y pasi npucyT-
HOCTI y nopogi Ginblie ogHOro nigy, NPOHUKHICTL Ans
KOXHOIO 3 HMX € (pa30oBot0, MNP LLbOMY KoeiLlieHTU NPOHMK-
HOCTi Knpr, Knpx, Knps XapakTepusyloTb edeKkTuBHY ¢a3oBy
NPOHUKHICTb ANA rasdy, HadTu 1 Boau BianosigHo. B npoueci
pyxy Mo NYCTOTHUX KaHanax nnacTosi ¢pntoign B3aeMogitoTb
Mix co6oto, ranbMyr4M oaMH OOHOro, TOMY cyMa edeKTuB-
HOI MPOHWKHOCTI BCIX TPbOX ha3 3aBxau MeHLia Big abco-
MNOTHOI NPOHWKHOCTI.

3rigHo 3 niTepaTtypHUMM SAaHUMK, MPOHUKHICTL NOpia-Ko-
nekTopiB HadTu i rasy 3miHeTbCA B AianasoHni Big 0,1 oo
1000 dm?, iHKoNM 1 BinbLue. Knac konekropa 3yMOBMHOETLCA
0ro MPOHWKHICTIO, LLIO MOAINAETLCA Ha: HU3bKY — Knp<1 om?,
3a00BinbHy — Knp=1-10 dom?, cepedHio — knp=10-50 dom?,
BUCOKY — Knp=50-250 cpm? i pyxe BUCOKY — Knp>250 cpm?
(Twab, & JoHanacoH, 2009). MNopoan, WO MalTb MPOHUK-
HICTb, HWXYY 3a 1 pM2, BBaXAKOTLCH YLLiNIbHEHUMU. Husbka
MPOHUKHICTL BNacTMBa anesporniTam, aprinitam, yLwinbHeHUm
ra3oHOCHUM MICKOBUKaM Ta MaTpuLi BanHsKiB.

KoedilieHT NPOHMKHOCTI NICKOBMKIB BU3HAYaABCA METOAOM
cTauioHapHoi dinbTpauii a3oTy 3a 4ONOMOrol cnewjianbHo
po3pobneHoi yctaHoBku (Mopoawm..., 1985). CepeaHs BigHO-
CHa noxmbka BU3HayeHb koedilieHTa MPOHWMKHOCTI CTaHo-
Buna 2,1 %. Y Tabn.2 HaBegeHo Mexi 3MiH i cepefHi
3HaYeHHS KoedilieHTa NPOHMKHOCTI AOCMIAXEHNX MICKOBUKIB.

AHani3 pesynbTatiB nabopatopHux gocnigkeHb koedi-
LlieHTa NPOHMKHOCTI NICKOBUKIB NoKasas, WO Len napameTp
3MiHIETLCA Bif 6,864 0o 17,280 dhm? 3a MOro cepenHbLOro
3HaveHHs 12,923 dpm2.

BcTaHoBReHo kopensuinHy 3anexHicTb MK koediuieH-
TOM MPOHUKHOCTI Nopif, (Knp) i kKoediLieHTOM NOpUCTOCTi (Kn):
knp=698,5066-kn — 144,99287, npn R?=0,714. pacpik uiel
3anexHocTi HaBeJeHo Ha puc. 5.
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KoeilieHT MPOHUKHOCT!
o

y =698,50660x - 144,99287
R2=10,71377
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Koeoimient mopucrocti, k;
Puc. 5. 3anexHicTb KoediuieHTa BigkpuToi nopucTocTi nopia (k,), BU3Ha4eHOro MeToA0M HaCU4YEeHHSA a30TOM, Bif NyCTUHMU (G)

AHani3 daHux nabopamopHux docideHb y niaacmo-
eux ymoeax. ®i3u4yHe MOOes8aHHS N1acmosux yMos Bu-
KOHaHO 3 BMKOPUCTAHHSIM YCTAHOBKW BWCOKOTO TUCKY
BCLM-1000. Ak Bxe 3a3Ha4anocb, NpOBEAEHO HU3KY eKC-
NEPUMEHTIB 3 AOCNIMKEHHS 3aneXXHOCTeN NPOHUKHOCTI nic-
KOBWKIB 5151 HAdbTK Big TemnepaTtypw i TUCKY Npu pisnyHOMY
MOZEMBaHHI MacToBNX YMOB.

o6 BukoHaTV 3annaHoBaHi nabopaTopHi ekcnepume-
HTW, NOTPIGHO Gyno BM3HAYUTU XapaKTep 3MiHW B'SI3KOCTI
HapTU B Pi3HNX NNAcToBMUX ymMoBax (Temnepartypa i TUCK —
PT-ymoBu). Ins uboro po3pobunu cneujianbHWiA eTarnoH Ta

NPOBENN eKCMEPUMEHTUN 3 BUBYEHHST 3aNEXHOCTI B'A3KOCTI
Had TV Big Temnepatypu i Tucky. Mpcbkuii TUck (Prip) npu di-
314YHOMY MOZEINOBaHHI NrnacToBux ymoB ctaHoBuB 400 bap.
3a gonomoroto rigpaBnivyHoi CTaHuji Ha BXoAi eTanoHa CTBo-
ptoBaBcs TUCK (Pexin), BianosiaHo, Pexiz=200, 260 Ta 300 6ap.
Ha Buxopgi eTanoHa 3a JONOMOroHo KrnanaHa TUCKY, TUCK (Pewxin)
niatpumyBaBcsi Ha 20 6ap MeHLIUI, HiXX Ha BXOAi, i caraB —
Penxiz=180, 240 Ta 280 Gap. JocnimpkeHHs npoBenu 3a TeM-
nepartyp Big 40 go 70 °C.

PesynbTatv umx gocnigpxkeHb HaBeeHo B Tabn. 4 Ta Ha
puc. 6 a, 6, B.

Tabnuys 4
Pe3ynbTaTu BU3Ha4e€HHA B'A3KOCTi HaTM 3a NNacToBUX YMOB
Ne Temnepartypa, °C Fipcbkun TUCK, 6ap Tuck Ha Bxogi, 6ap Tuck Ha Buxogi, 6ap B'askictb, MlMa-c
1 20,4 400 200 180 17,055
2 41,9 400 200 180 8,373
3 46,6 400 200 180 8,667
4 51,4 400 200 180 7,575
5 60,4 400 200 180 6,147
6 61,2 400 200 180 5,918
7 70,5 400 200 180 5,406
8 20,5 400 260 240 13,413
9 27,2 400 260 240 10,980
10 40,7 400 260 240 8,193
11 58,2 400 260 240 5,589
12 73,4 400 260 240 4,164
13 21,7 400 300 280 19,996
14 35,9 400 300 280 13,010
15 58,7 400 300 280 6,987
16 59,2 400 300 280 7,037
17 65,7 400 300 280 6,718
18 65,8 400 300 280 5,673
19 69,2 400 300 280 6,055

¥ = 286,86646x 095270
R*=0.99114

B'si3kicTh, MITa*c
B'askicts, MITa*c

0 5 10 15 20 25 15 .20 25 30

30 35 40 45 50 55 60 65
Teymepatypa, C

a)

70 75

y = 216,59098x-09052% 16

35 40 45 50 55 60 65 70 75 80
Temneparypa, C

6)

R*=0.98699 y =573,68208x1.07822

d R2=0,98893

B'askicts, MITa*c

0 5 10 15 20 25 30 35 40 45 50 55 60 65

Teymeparypa, C

B)

70 75

Puc. 6. 3anexHicTb B'3kocTi HadTK Big TemnepaTypu B NNacToBMX yMOBaXx:
a) Pripc=400 6ap; Pe,iz=200 6ap; Peumiz=180 6ap; 6) Pripc=400 6ap; Pu,iz=260 6ap; Peuxiz=240 6ap;
B) Pripc=400 6ap; Puiz=300 6ap; Puuxiz=280 6ap

AHani3 puc. 6 a, 6, B Nokasye, L0 3anexHicTb B'sA3KO-
cTi HadTu Big TemnepaTypm 3a NacToBUX YMOB anpoKCu-
MYETbCHA CTeneHeBol (YHKLUIEW Ana AaHoro iHTepsany
TemnepaTtyp.
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BukoHaHo Takox nabopaTopHi eKcnepyMeHTU 3 BU3Ha-
YeHHs1 KoedilieHTa NPOHWKHOCTI MNICKOBUKY (LMNIHAPUYHI
3pasku P-1 i P-2) 3 isnuHnM MopentoBaHHAM NnacToBuX
ymoB (Prip= 400 6ap, Pexixz=200, 260 Ta 300 6ap, BignosigHo,
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Peuxiz=180, 240 Ta 280 Gap; TemnepaTtypa 3MmiHOBanachb 3a cekyHAy). 3 BUKOPWUCTaHHAM pes3ynbTaTiB BM3HaAYeHHS
Bin 40 go 80 °C). 3pasok P-1 BupisaHWin B3AOBX Hannacry- B'A3KOCTi HabTK 3a 4OMOMOro eTanoHa 3a pisHux PT-ymos
BaHHS, a 3pa3ok P-2 — BxpecT HannacTtyBaHHs i BigMmiva- BM3Ha4yaBCs KoediuieHT NPOHUKHOCTI Ans HadTu. Bumipto-
I0TbCA HaMBULLMMKU iNbTPaLiNHO-EMHICHUMKW napamMeTpa- BaHHS1 BUKOHYBasnuCb Ha ekcTparoBaHux 3paskax (2023 p.).
MM 3 MOMiXK AOCTYMHUX Ansa gocnigxeHs. Iig yac umx gocni- Ha HacnyeHunx HadpToto | BUTpMMaHux (~ 5-6 micauiB) y Ha-
AXeHb BU3Havanuch: 06'em npokavaHoi HadpTh Ta vac, 3a dTi 3paskax BUKOHAHO NOBTOPHI BUMIPIOBAHHS.
KU Ler 06'eM NpoiLoB Yepes 3pasku. NoTiMm BU3HaYaBcs 3a nabopaTopHuMK JocnigKeHHsMM 3paska P-1 oTpu-
po3xif (NoTik) HadpTK Yepes 3pasku B cm® 3a roguHy (abo cm3 MaHo Taki pesynbTtatu (Tabn. 5, puc. 7 a, 6, B).

Tabnuysa 5

Pe3ynbTaTy BU3Ha4YeHHA koedillieHTa NpOHMKHOCTI no HadTi 3pa3ka P-1

. . . . KoedilieHT NpoHUKHOCTI, hm?
Ne Temnepatypa, Fipcbknit TUCK, Tuck Ha Bxogai, Tuck Ha Buxogai, = =
o °C 6ap 6ap 6ap HacuuyeHnun 3pa3ok, EKCTpaI’OBaHMM
2024 p. 3pasok, 2023 p.
1 39 400 200 180 0,0324 0,0485
2 60 400 200 180 0,0124 0,0303
3 70 400 200 180 0,0095
4 80 400 200 180 0,0046
5 40 400 260 240 0,0199 0,0314
6 60 400 260 240 0,0068 0,0199
7 70 400 260 240 0,0053
8 80 400 260 240 0,0031
9 39,3 400 300 280 0,0266
10 40 400 300 280 0,0272
11 59,8 400 300 280 0,0069
12 60 400 300 280 0,0189
13 70 400 300 280 0,0042
14 80 400 300 280 0,003671
0,050 eKCTParoBaMui 3pa3ok, 2023 0,035
. 0.045 < 0,03
20,040 y=-0,0011x +0,0915 2
= 0.035 R2=0,0872 = 0.025 eKCTParosaHuit 3pasok, 2023 eKcTparosaHuii 3pasox, 2023
2 0.030 i g 002 4 Y =-0,0007x +0,0607 ¥=-0,00039x + 0,05178
£ 0,005 | Macusenwii3pa £ 615 R?=0,9886 R2=0,97202
g 23?‘: v =78,163x2128 5‘ 00] HacKYeHWit 3pa3ok, 2024 HacvpHUA 3paiok BQ
g ™ R2=0.9992 B y = 140,07x2423 y=3310,11941x- 429802
: ((;3(1}0 g 0,005 T R2=0,9972 R*=0,99998
7 oo T 0
2 o 20 30 40 50 60 70 S0 90 = S L o ch,?mpm::c Lo
Temmepatypa, C Temneparypa, C -
a) 6) B)
Puc. 7. 3anexHicTb KoediuieHTa npoHMKHOCTI 3pa3ka P-1 Big Temnepatypu ansa HacdpT 3a NNacToBUX YMOB:
a) Pripc=400 6ap; Peyiz=200 6ap; Peuxis=180 6ap; 6) Pripc=400 6ap; Puyiz=260 6ap; Pemiz=240 6ap;
B) Pinc=400 6ap; Puiz=300 6ap; Puuxin=280 6ap
AHania Tabn. 5 ta puc. 7 a, 6, B nokasye, Lo KoedilieHT Temnepatyp 40-70 °C, 3Ha4yHO BMLLi, HX HacuU4eHoro, a 3a
NPOHWKHOCTI (Knp) 3MEHLLYETLCH 3 pOCTOM TeMnepaTtypu. Ha Temnepatypu 80 °C, NpakTU4HO 3PiBHIOIOTLCS.
puc. 7 a, 6, B TPUKYTHUKaMu 306paxeHo AaHi, OTpuMaHi npu Bearkaemo, Lo 3HKEHHA koedilieHTa NPOHMKHOCTI 3pa-
npokadyBaHHi HadTV Yepes ekcTparoBaHui 3pasok P-1 B 3ka 3i 30inbWEeHHAM TemnepaTypu, Npu TOMYy, WO B'A3KICTb
2023 p., a ToYKamMn — AaHi, OTPMMaHi NPy MNpOKavyBaHHi HaTU TaKOX 3HUXKYETLCH, MOXXHA NOSCHUTU TENNOBUM PO3-
Had TV Yepes HAaCMYEHNn HagOTO | FePMETU30BaHNN TOM Xe LUIMPEHHAM MiHepaniB, AKi cknagalTb nopoay, i Takum 4um-
3pa3oK B pamMKax BUKOHaHWX gocnigxkeHb y 2024 p. 3anex- HOM 3BYXYIOTbCS HaZKaninspHi nopu, a Takox GMokyeTbes
HiCTb KoedpilieHTa NPOHMKHOCTI Bi4 TemnepaTypu Ans YacTyHa KaninspHYX nop, LWIsXoM nepexogy ix y cybkaninsip-
eKCcTparoBaHoro 3paska arnpoKCUMYETbCS MNiHIMHOW YHK- Hi (HenpoHwukHi). To6To y 3pa3ky BiabyBaeTbCst 3MiHa CTPYK-
Lieto, a 3pa3ka Hacn4eHoro HadTol 3 HaCTYNHO repmeTu- TYpU KaninsgpHOro npocTopy.
3auieto (~5-6 micauis), — cteneHeBolO yHKUieE. AK BUAHO 3a nabopaTtopHumn AocnigXeHHsMu 3paska P-2 otpu-
3 PUCYHKA, 3HAYEeHHS Knp eKCTparoBaHOro 3paska B iHTepBani MaHo Taki pesynbTtaTtu (Tabn. 6, puc. 8 a, 0, B).
o 005 o 0.035 o 0.05
20,045 R Z, 0,045
= 004 & A o 0 = ool
.§ Ooogf eKCTParoBanwi 3pazok, 2023 g 0023 Thacusen BPEBOK; 2024 é 0,035 HacuyeHui 3pasok, 2024
£ 0,03 £ Ji £ 0,03
£ 0025 i R £ 0,025 y—17s83050
E 0‘02- S0.0I.\ > eKCTParoBaHwii 3pasok, 2023 ; 0,02 | R2=0.9964 eKCTparaBaHui 3pasok, 2023
£ 0,015 e 3paa;,‘2024\,\‘\ s 001 A A g 0015 A
£ 001 + R g 001
% 0,005 ¥ = 148 AT a 50005 0,005
2, RP=1 2, 4 2
20 30 10 50 60 70 80 90 20 30 40 50 60 70 80 90 20 30 40 50 60 70 80 90
Temueparypa, C Temneparypa, C Texmeparypa, C
a) 0) B)

Puc. 8. 3anexHicTb KoedpilieHTa NPOHMKHOCTI 3pa3ka P-2 Big Temnepatypu ans HacdTh 3a NnnNacToBUMX YMOB:
a) Pripc=400 6ap; Peyiz=200 6ap; Psuiz=180 6ap; 6) Pripc=400 6ap; Pexiz=260 6ap; Peuiz=240 6ap;
B) Pripc=400 6ap; Pexin=300 6ap; Puuix=280 6ap
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Tabnuys 6
Pe3ynbTaTtn BU3HA4YeHHA KoedilieHTa NPpOHUKHOCTI no HadTi 3pa3ka P-2.
- - 2
Ne Temnepatypa, Fipcbkui TUCK, Twuck Ha Bxoai, Tuck Ha Buxogai, Kofcblmem MpoHykHoCTi, (M —
2 °C Gap Gap Gap HacuueHun 3pasok, EkcTparosaHui 3pa3ok,
2024 p. 2023 p.
1 40 400 200 180 0,043551
2 43 400 200 180 0,01803
3 59,8 400 200 180 0,012244
4 60 400 200 180 0,039929
5 68,4 400 200 180 0,010457
6 80 400 200 180 0,006734
7 40 400 260 240 0,015538 0,011016
8 60 400 260 240 0,00818 0,011266
9 70 400 260 240 0,005862
10 80 400 260 240 0,002824
11 40 400 300 280 0,012952
12 43 400 300 280 0,019462
13 59,8 400 300 280 0,006363
14 60 400 300 280 0,0126
15 69,8 400 300 280 0,004615
16 80 400 300 280 0,003131

AHania Tabn. 6 Ta puc. 8 a, 6, B nokasye, Lo KoedilieHT
NPOHMKHOCTI 3MEHLUYETLCA 3 POCTOM Temnepatypu. Ha
puc. 8 a, 6, B TPUKYTHMKaMM 306paeHOo AaHi, OTpuMaHi npu
npokadyBaHHi HadTV Yepes ekcTparoBaHui 3pasok P-2 B
2023 p., a ToMKaMK — AaHi, OTpUMaHi Npu NpokavyBaHHi Ha-
OTK Yepe3 HacKMYEHU HaPTO | repMeTM30BaHNn TON Xe
3pa3oK B pamMKax BUKOHaHWX gocnigxkeHb y 2024 p. 3anex-
HIiCTb KoediuieHTa NPOHWKHOCTI Big TemnepaTypu Ang 3pa-
3Ka HacCMYeHOro HadTOK 3 HACTYNHOW repmeTu3adieto (~5—
6 micsuiB), anpoKCUMYETbCA CTENEHEBO (hyHKUiE. Xapa-
KTep 3MiHX NPOHUKHOCTI Big TemnepaTypu aHanoriyHun 3pa-
3ky P-1, ogHak 3 MeHWOWw amnniTygol, LWo Moxe
NOSICHIOBATUCh CTPYKTYPOI MYCTOTHOrO MpoCTopy (Bupi3a-
HWUIA NepneHaVKyNSpHO HallapyBaHHI0). AK BUAHO 3 PUCYH-
kKiB 8 a, 6,B, 3HayeHHA Kmp €KCTparoBaHoro 3paska 3a
Temnepatypu 60 °C, BuLLE, HiXX HAcMYEHOro, a 3a TeMnepa-
Typu 80 °C, NpaKkTU4HO 3PIBHIOETHCS.

[unckycis i BUCHOBKM

3aBgsku nabopaTtopHUM OOCHIAXKEHHAM BCTaHOBMEHO
B'A3KICTb HA)TK, @ TAKOXK BU3HAYEHO KOEeiLiEHT MPOHNKHO-
cTi 3paskiB P-1 Ta P-2 B nnacToBux ymoBax 3a pPi3HUX TEM-
nepartyp i TUCKIB.

Cnocrtepiraetbcs aHi3oTponis inbTpauinHO-EMHICHNX
BNACTUBOCTEWN MICKOBMKIB Y3[4OBX i BXPECT HallapyBaHHS
0cajoBOro marepiany.

B'askicTb HadTV B NrIacToBUX YMOBaX 3MEHLLYETLCS Y
pasi 36inbleHHs TemnepaTypu. 3anexHicTb B'A3KOCTi Ha-
T Big TeMnepaTypu 3a NNacToBMX YMOB arnpoOKCMMYETHCS
CTENEeHEBOK (PyHKLiE.

3anexHicTb kKoedilieHTa NPOHUKHOCTI Big TemnepaTypu
ansa 3paskis P-1 Ta P-2, HacM4yeHux HaTol 3 HACTYMHO
repMmeTu3adieto (~5-6 micsLiB), anpoKCMMYETbCS CTEeNeHe-
BOIO (PYHKL€lO.

3HWXeHHs KoedilieHTiB NpoHMKHOCTI 3paskis P-1 ta P-2
B MNacToBUX yMoBax 3i 36iNMbLUEHHSM TemnepaTtypu, npu
TOMY, LLIO B'A3KICTb HATW TAKOX 3HUXKYETLCH, MOXHa Nosic-
HUTW TENNOBUM PO3LLUMPEHHSAM MiHepanis, ki CknagarTb
NnopoAy, i TakMm YMHOM 3BYXKYIOTb HagkaninsapHi nopu i 6no-
KylOTb YaCTUHY KaninspHux rnop, nepeBogsayn ix B cybkani-
nsipHi (HenpoHukHi). To6To y 3pa3skax BiabyBaeTbCA 3MiHa
CTPYKTYPU KaninsipHOro npocTopy.

Ha Haw nornsaga, 3pasku P-1, P-2 i3 "3akonbmaTtoBaHum"
NMOpOBUM MPOCTOPOM AN noJanbluMx AOChifKeHb cnif
"NpomMnTn" po34nMHOM ANS iHTeHcudiKauii NPOAYKTUBHMX ro-
pV30HTIB cBepAnoBuH. lMicnsa "npoMuBkn" 3pasku NiCKOBUKY
3HOBY MpokayaTu HadTo 3 METOK OLIHKM e(eKTUBHOCTI
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pPO34YMHy Ans iHTeHcudikauii NpoaYKTUBHUX FOPU3OHTIB
CBepAnoBuH Y pisHux PT-ymoBax.

OTpuMaHi AaHi i KopensAuifHi 3anexHOCTi MOXyTb OyTu
BMKOPUCTaHi Npu iHTepnpeTauii matepianis reodianyHmnx 4o-
CnigXXeHb CBEPANOBMH Ta MoAertoBaHHi dinbTpauinHo-
EMHiICHUX NnapameTpiB nopig y NnacToBnx yMmoBax.

BHecok aBTopiB: Cepriii BuxBa — koHUenTyanidauisi, MeTogono-
risi, HanucaHHs (nepernag i pegarysaHHs); AmMuTpo BeHrpoBuY — KOH-
LenTyanisauisi, METOAO0NOrisi, HanucaHHs (Nepernsg i peaaryBaHHsi);
Biktop OHuLwyk — meTogonoris, aHani3 i o6pobka AaHux, HanMcaHHs
(opvriHanbHa YepHeTKa, nepernsg i pegaryBaHHs); I1BaH OHULLyK —
Banigauis AaHux, aHania i o6pobka gaHux, MeTOL4OSOrisA, HanncaHHs
(nepernsag i pegarysaHHs1); Onekcangp Wabatypa — nporpamHe 3a-
6esneyeHHs, dhopmanbHuUin aHanis; AHHa [daueHko — nowyk i nigbip
3paskiB Nopig-KonekTopis Ta HadTK 3 pogosuL, YKpaiHu.

Moasku, mxepena diHaHCyBaHHA. ABTOPY BUCIIOBIIOIOTb LLMPY
noasiky cT. nabopaHTy LlymaHy B.C. 3a Moro akTuBHy 1 BUCOKonpode-
CiliHy y4acTb y nigroToBLi 3pa3kiB y TabopaTopHNX AOCNIAKEHHSIX.
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PHYSICAL MODELING OF THE PROCESS OF OIL FLOW THROUGH THE RESERVOIR SANDSTONE ROCK
SAMPLES IN THE RESERVOIR CONDITIONS (ROZUMIVSKE GAS CONDENSATE FIELD)

Background. In the article the results of the physical modeling of oil flow through the reservoir rocks are described. In petrophysical
laboratory sandstones of Rozumivske gas condensate field were studied. The aim of the research was to probe into petrophysical parameters of core
samples of sandstones and the physical modeling of oil flow through them in reservoir conditions.

Methods. Standard methods were performed to determine petrophysical parameters (density, porosity, the structure of void space,
permeability) of sandstone samples in atmospheric conditions. The high-pressure installation was applied for physical modeling of the process of oil

flow through the sandstone samples.

Results. Thereservoir (flow) properties of sandstone samples in atmospheric conditions and in the physical modeling of reservoir conditions
are investigated. The values of the reservoir parameters of the studied rocks and their comparison are given. The structure of the void space of rocks
and its analysis was evaluated. The results of studies of permeability of rocks for oil in different pressure-temperature conditions are presented.

Conclusions. Viacorrelation analysis a number of correlations between the permeability of samples and the temperature and pressure in
the reservoir conditions were established. These correlations can be used in the interpretation of geophysical studies of wells and modeling of
reservoirs parameters of rocks. Then, the results of this research are going to be at the basis for studying the effect of vibro-wave and chemical
methods on the filtration properties of such reservoirs in order to intensify hydrocarbon production.
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IMNYNIbCHUA HEUTPOHHUU KAPOTAX Y CBITI TA B YKPAIHI:
BUTOKWU, CTAHOBJIEHHSA, CYYACHICTb

(MpedcmaeneHo 4neHoM pedakyiliHoi koneaii 0-pomM 2eos. Hayk, npogh., O.M. KapneHkom)

B c Ty n. HuHni 6inbwicmb Haghmoeux i 2a3oeux podoesuw 8 YKpaiHi aUCHaXKeHi, ujo suMazae 8i0 orepamopcbKuUX KoMmnaHil e Yk-
paiHi nocmiliHo2o MOHiIMopuHay pieHie Hacu4eHHs1 ma pyxy ¢hioidy e KosleKkmopax, OCKiNIbKU Ue € 8aXJ/1ueoro iHghopmauiero Anst onmu-
mi3ayii ma nnaHyeaHHs1 nodasnbwux cmpamegaili suGO6YMKy.

Me Topa. BidobpaxeHo po3eumok ma cy4yacHuli cmaH iMnysIbCHO20 HelimpPOHHO20 Kapomaxy Ik 0GHO20 3 OCHOBHUX Memodie
KOHMpOJIo 3a Po3POo6KOI0 Haghmosux i 2azosux podosully.

Pe3ynbTaTtun. AkyeHmosaHo yea2y Ha icmopii cmaHoeneHHsi IHK noyuHarouu 3 1949 p. MNodanbwuil po3eumoK mexHosozil
8KJIH0YaE CMBOPEHHS1 2eHepamopie HelimpoHie, 00CKOHaIeHHs1 MemoduK i anapamypu, a makox fnosiey cy4acHux 6azamodemekmop-
Hux npunadis. Po3anssHymo dea ocHosHi eudu IHK: imnynbcHull HelimpoH-HelimpoHHut kapomax (IHHK) i imnynbcHull HeimpoHHUU
2amma-kapomax (IHIK), koxeH 3 sikux Mae ceoi nepesaau i Hedoniku. Baxnueum emarnom po3eumky iMnysibCHO20 HeIMPOHHO20 Kapo-
maxy cmasio cmeopeHHs1 npunadie Sigma-kapomaxy y 1960-x pp., siki eumiproromp nornepevHull NepemuH 3axorn/ieHHs1 HelimpoHie i
suKopucmoesyrombcsi 0511 OYiHKU HaghmoHacuYeHHs1 nnacmie. 3Ha4Hy yeacy y cmammi npudineHo aHanizy po3eumky C/O-kapomaxy,
wo enepwe 3acmocoeaHull y 1971 p. i eusHayae eiOHOWeHHs1 kKap6oHy G0 okcuz2eHy Onisl OuiHKU HaghmoHacu4eHHs1 nopio. Pozeumok
6azamodemekmopHux npusnadie dae 3mozy 30ilicHroeamu AociGKeHHs1 Yepe3 HaCOCHO-KOMIPEeCOPHi mpy6bu, wjo 3Ha4HO PO3WUPUIIO
MoXJIu8ocmi iMrnynscHO20 HelimpoHHO20 kapomaxy. Takox npedcmaesieHo 3006ymkKu eim4u3HsIHUX 2eobi3ukie 3 Po38UMKY iMMyJibC-
HO20 HelimpOHHO20 Kapomaxy e YkpaiHi. Cy4yacHi docnidxeHHs1 30cepedeHi Ha eukopucmaHHi 6azamodemekmopHux npunadie i
MCNP-moQeneli Onsi KinbKICHO20 8U3Ha4YeHHs1 2a30Hacu4yeHOCcmi rnopid-kosekmopis. BukopucmaHHs yux npusiadie rnoka3asno eUCOKy
eghekmueHicmb Ha podoeuwiax [Hinpoeckko-[JoHeybkoi 3anaduHu ma lMepedkapnamcbKO20 MPO2UHY.

BucHoBKW. |mMiynbcHUl HelimpoHHUU Kapomax eidiepae Kro4o8y posib y 0ocidxeHHi ma MOHImopuHay ob6cadkeHux Hagb-
moza308ux ceepdsio8uUH. 3anpornoHoeaHo NodasbWi KPOKuU Orist pPO38UMKY yiei mexHonoezii 8 YkpaiHi, ek/ro4aroqu enpoeadxeHHsI HOsUX
demekmopie, 36inbweHHs1 Kinbkocmi demexkmopie ma aukopucmarHsi MCNP-modeneli Ansi 6inbw mo4yHO20 8U3Ha4YeHHsI Hacu4YeHocmi
nnacmie.

Kno4yoBi cnoBa: iMaynbcHull HelimpoHHUl kapomax, Sigma-kapomax, C/O-kapomax, MCNP-modentoeaHHsi, 6azamodeme-

KMOpHi iMnynbCHi HelimpPOHHI npusnadu.

Becryn

3aincHeHHs pauioHanbHoi po3pobku HadTorasoBuX po-
[OOBVILL, BUMarae CUCTEMaTUYHOTO KOHTPOSHO, sikuii 3abe3ne-
YYETLCA OTPUMAaHHAM iHdopMaLii B peanbHOMY Yaci npo
XapakTep HacudeHHs nnacrTis, Biabip HadTh, rasy Ta 3ami-
LLIEeHHs iX BOAOI B NracTax, WO eKCnnyaTylTbCs SK Ha OK-
pemMux AingHKax, Tak i Ha KOHKPETHOMY POLOBMULL 3aranom.
OpHMM 3 OCHOBHKMX 3ac06iB KOHTPONIO Hag po3pobkoto Ha-
TOBUX i rasoBMX POAOBML, € reodisnyHi MeToan Aocni-
DXKeHHs  obcakeHWx CBepAanoBMH | Hacamnepen
iMNYNbCHUIA HENTPOHHWUIA KapoTax, SKUA Aa€ 3MOry BU3Ha-
YaTu MOTOYHUI XapakTep HAaCUYEHHS NNacTiB.

IcTopia Ta XpOHOMOriA 3aCTOCYBaHHS IMMYNbCHOMO HEWT-
POHHOIO KapoTaXy AN AOCHiMKEHHA HadhTorasoBux ceepano-
BVMH HEPO3PMBHO MOB'A3aHi 3 AOCArHEHHSIMK Y cchepi saepHOi
i3nkn, NOSBOKD HOBMX BUMIPIOBAINIbHUX CUCTEM, PO3BUTKOM
€IeKTPOHIiKM Ta 0B4MCnioBanbHOI MIKPOMPOLLECOPHOT TEXHIKM.

MepwmmMm KpOKOM [0 CTaHOBMEHHSA iMMYMbCHOMO HEWT-
POHHOrO KapoTaxy CTano CTBOPEHHS reHepaTtopa HeWTpo-
HiB, Sikui BM Mir BMKOpPUCTOBYBaTUCSt Yy CBEPOJIOBUHHUX
ymoBax. Y 1949 p. P. ®epoH i [x. Tenep noganu 3asBky Ha
naTeHT Ha reHepaTop, SKUA NPUCKOPIOBAB fapa AevTepito
Ha TpuTieBy MiweHb abo HaBnaku (Fearon, & Thayer, 1955).
Ockinbkn nonepeaHi KOHCTPYKUii noTpebyBanu HasiBHOCTI
6e3nepepBHOro BakyyMHOro Hacoca, sikuii byB HenpakTuy-
HUM Yy cBepanoBuHi, y 1952 p. A. FOmaHc nogaBs 3asBKy Ha
naTeHT Ha NepLUNn OENTEPIN-TPUTIEBNIA reHepaTop, SKUA Mir
BUKOpUCTOBYBaTUCS Yy cBepanoBuHi (Youmans, 1954).
Bapto 3asHauntu, wo y 50-60-x pp. XX cT. pobotu 3i
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CTBOPEHHSA iIMMYNbCHUX reHepaTopiB HEWTPOHIB NpoBoaU-
nucs i B konmwHeomy CPCP. Lli pocarHeHHs ctanu noyar-
KOM  MpakTUYHOrO  3aCTOCYBaHHS  MPUCKOPHOBAaNbHUX
OenTepin-TpUTIEBMX iIMNYNbCHUX AXepen HEMTPOHIB y AocHi-
DKEHHsIX HadhTorasoBMX CBEPASIOBUH.

Moganblnin PO3BUTOK METOZY iMMYIbCHOrO HEWTPOH-
HOrO KapoTaxy WLUOB LUMSAXOM YAOCKOHaNEeHHs MeTOAUK i
anapaTypu BianoBigHO A0 3aBAaHb PO3BiaKM HadTorasoBmx
POAOBMULL, MiApaxyHKy iX 3anaciB i KOHTPOO HaZ Po3pO6KOD
pOAOBWLL,.

Ha cborogHi po3pi3HsaoTb ABa OCHOBHI Pi3HOBMAW iMMyrbC-
HOro HEMTPOHHOro kapoTaxy. Lle iMnynbCHUIN HENTPOHHUIA
KapoTax 3 BUMipIOBaHHAM HeCTaLioOHapHOro iMnynbCHo-ne-
pioAMYHOrO MONSA TENNOBUX HENTPOHIB — IMMYMNbCHUN HeW-
TPOH-HEMTPOHHMIA  KapoTax (IHHK) Ta  imnynbcHun
HENTPOHHUI KapoTax 3 BUMiIpHOBaHHAM HecTaLiOHapHMX Mo-
niB raMma-KBaHTIiB pafiauiiHOro 3axonneHHs!, HEMpPYXHOro
po3citoBaHHst b0 HEWTPOHHOI akTMBaLii — iIMNYNbCHUIA HeW-
TpOHHWUI ramma-kapoTtax (IHIK). 3a kopgoHom 3acTocoBy-
Banu nepesaxHo mogudikauito IHIMK, Toai sk B YkpaiHi —
moamdikauito IHHK. BeaxaeTbcs, wo IHMK meToguyHo 6a-
raTLnin, Xo4 MOro anapatypa Aopox4a.

Y paHoMmy ornsiAi BUCBITNEHO iCTOPI0 PO3BUTKY, CTAHOB-
NEeHHSA Ta NPUHLUMMIN CYy4aCcHOr0 3aCTOCYBaHHS iMMYNbCHOIO
HENTPOHHOIO KapoTaxy nif 4ac po3pobku HadpTorazoBux
podoBuLY y cBiTi Ta B YKpaiHi.

lMoyamok ma 3006ymku iMny/nbCHO20 HeUMmpOoH-
HO20 KapomaiKy y ceimi. Sigma-kapomax. [epLunm Kpo-
kKoM y po3BuTky IHIK y cBiTi cTano cTBopeHHsA npunagy,
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KM BUMiptoBaB napameTp Sigma (%) — nonepeyvHuii nepe-
TWH 3axOnJIEHHS HENTPOHIB. BumiptoBaHHS napameTpa Sigma
Oyro AOCArHyTO LUNSXOM MiApaxyHKy raMMa-KBaHTIiB SK pyH-
KUil Yacy i3 CUHXpOHi3aLielo 3 uuknamy BBIMKHEHHS-BUMK-
HEHHS iMMYMNbCHOro reHepaTopa HeWTpoHiB. Llen npunag,
npegcrasnenni y 1963 p. komnanieto Lane-Wells, otpumas
Ha3By Neutron Lifetime Log (NLL) (Youmans et al., 1964).

[o OCHOBHVX OOCSArHEHb, ki 3abe3neynnu CTBOPEHHSA
npunagy, Wo B1MiptoBaB napameTp Sigma, MoxHa BigHecTu
BKITIOYEHHS reHepaTopa HENTPOHIB Yy KOHCTPYKLi0 npunagy,
NMOYaTOK BMKOPUCTAHHA KPUCTaNYHUX CLUUHTUNALIAHUX Oe-
TekTopiB Csl(Na) i po3pobky BMCOKOLUBUAKICHOI €neKTpo-
HikM, sika Oyna noTpibHa Ana cWMHXPOHI3auii nigpaxyHKy
ramma-KBaHTIB i3 UMKNamy BBIMKHEHHSA-BUMKHEHHS iMNyIb-
CHOro reHepatopa HentpoHis. ¥ npunagi NLL reHepaTop
HeWnTpoHiB NpautoBas Ha YacToTi 1000 Ny, BogHO4YacC nig vac
KOXHOro imnynbcy BunpomiHioBanocs 100 000 HenTpoHiB 3
eHeprieto 14 MeB i3 3aranbHoto weuakicTio 108 HelTpoHiB/cC
(Pemper, 2020).

Mepwwun npunag NLL peectpyBaB nulie KinbKiCTb ra-
MMa-KBaHTIB 3a MeBHi nepiogn Yacy — napametpu GATE1
(Big, 400 go 600 MKc nicnsa iMnNynbcy HenWTpoHiB) i GATE2
(Big 700 oo 900 mKc nicns iMnynecy HenTpoHiB). MisHiwe ao-
AaHO po3paxyHOK MONEePEeYHOro NepeTnHy 3axonfeHHst Hen-
TpoHiB, napameTp Sigma (Z), ockinbku noro 6yno nerwe
iHTepnpeTyBaTtu. MNMapameTp Sigma po3paxoBaHO 3 BUMIpIB
GATE1 (N1) i GATEZ2 (N2) 3a popmynoto

¥ = 35log (Nl/NZ)'

Ha puc. 1 nokasaHo npuknaz kapoTaxHoi giarpamu, Bu-
koHaHoi npunagom NLL, e HaBegeHO MOPIBHSIHHA KPUBUX
napametpis GATE1, GATE2 ta £ y kOMnneKci 3 KpuBMMu
caMO4MHHOI nonspmu3adii (SP) Ta nuTomMoro enekTpm4Horo
onopy (RILD) (Fitz, 2023). 3 p1cyHka o4eBMAHO, WO AyXe
HU3bKi 3HA4YeHHSA Z i, Bi4NOBIAHO, BUCOKI 3HAYEHHA napame-
TpiB GATE1 Ta GATE2 BkasyloTb Ha iHTEPBanu KONeKTopiB
ByrnesofHiB (BB). Oyxe BUCOKi 3Ha4eHHS X i, BigNoBigHO,
HU3bKi 3Ha4eHHs napameTpis GATE1 tTa GATEZ2 Bignosiga-
I0Tb MMWHUCTUM iHTepBanam. Y CBO Yepry cepefHi 3Ha-
YEHHS UMX napameTpiB OEMOHCTPYKTb iHTepBanu 3
BMCOKOIO MOPUCTICTIO, AKa 3anoBHEHa BUCOKOMiHepani3oBa-
HO0 BOAOH0.
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Puc. 1. Mpuknag kapoTaxHoi Agiarpamu npunagom NLL
(3a Youmans et al., 1970)

ISSN 1728-3817

Micns pospobku nepworo npunagy Sigma-kapoTaxy
iHWi KOoMMaHii HadTora3oBoi ranysi po3podunu cxoxi npu-
nagn: Thermal Neutron Decay Time (TDT) (Wahl et al.,
1970), Thermal Multigate Decay (TMD) (Schultz et al., 1983;
Smith etal.,, 1983a), Pulsed and Decay, 100 Channels
(PDK-100) Tool (Randall et al., 1985; Randall et al., 1986)
Ta Pulsed-Neutron Thermal Decay (PND) Tool (Odom et al.,
1992) Towo.

MpoTarom HacTynHUX AecATUniTb BiAOYNMCs 3HayHi BAOC-
KOHarneHHs nNpunagis, ski Habarato CnpoCTUNM 3anMuc AaHuX,
NiABULLMIM YYTIUBICTb NpUadiB i TOYHICTL iHTepnpeTauii ga-
HUX. [10 HUX MOXHa BiOHECTU: 3MEHLLEHHS AiaMeTpy Npunaais,
BKIMIOYEHHS [OAATKOBUX Ta GinbLU YyTNMBUX CUMHTUNSLIAHMX
petextopiB (LaBrs, BGO abo YAP) B KOHCTpyKLilo Npunagis,
BMMIipIOBaHHS OOHOBOI  Bif, CBEPASIOBUHU Ta iH.

OpHe 3 HaHOBILLMX BMMipIOBaHb NapameTtpa X 6yno pe-
anisoBaHo 3a gonomoroto npunagy Raptor (Weatherford) 3
yoTMpMa AeTeKTopamu, e YeTBepTui (HailBigaaneHiwnn
BiO reHepaTopa) geTekTop 3abesneyye BUMIpIOBaHHs X 6e3
andysii (Schmid et al., 2018).

MepLuoveproBnmM 3aBaHHAM LUUX NPUaaiB € BU3Ha4YeHHS
KoediLjieHTa HadhTOHacCKYEeHHS nopig 3a YMOB BUCOKOI MiHe-
panisauii nnacToBux Bof. Y CBOK 4Yepry OCHOBHUMWU OOMe-
XKEHHSIMU BMMIPIOBAHHSA % € HEBENMKMIN KOHTPACT 3HayeHb
MK rasoHacM4YeHUMKN Ta HadTOHACUYEHVMU MracTamu, Hu-
3bka MiHepanisauis NnacToBUX BOA Ta HU3bKa MOPUCTICTb KO-
NEKTOpIB, WO 3HAYHO YCKITaOHIoTh iHTepnpeTaLito.

C/O-kapoma. MNepeaymoBolo A0 crtaHoBneHHs C/O-ka-
poTaxy, NepLLIOYEProBUM 3aBAaHHSIM SIKOro 6yno o64ncreHHs
BiJHOLLIEHHS BMICTIB kapbOHY [0 OKCUreHy Ansi BU3HAYEHHS
HapTOHacUYeHHs1 Mopia-KOMNEeKTopiB, CTaro CTBOPEHHSI Npu-
nagy cnektpanbHoro ramma-kapotaxy ([K). OcHoBowo ans
npunagie cnektpansHoro MK 6yna HoBa TexHonoris, ska fgana
3MOry peecTpyBaTy EHEprit0 raMMa-KBaHTIB.

Mepwum npunagom cnektpanbHoro K, sknin 3actocy-
BanM B HadTorasoBux cBepanoBuHax y 1969 p., craB
Spectralog (Lock and Hoyer, 1971; Wichman et al., 1975).
AHanorosi iMnynbcuM Hagcunanucsa Mo KapoTaXXHOMY Ka-
Gento Ha NoOBEPXHIO, e X oumdpoByBany, o6 MoxHa 6yno
CTBOPWUTK CnekTp eHeprii B AianasoHi Big 0 go 3.5 MeB. Ha
[00aToK 40 BUMIPHOBAHHS iIHTEHCUMBHOCTI 3aranbHOro (iHTer-
panbHOro) raMMa-BUMPOMIHIOBAHHS, CNEKTP BUKOPUCTOBY-
BaBCSA AN BUAINEHHS KinbkocTi Topito (Th2%2), kanito (K*0) i
ypaHy (U%38). HactynHum Kpokom 6yrno kanibpyBaHHs iH-
CTPYMEHTY, LL06 NepeBecTy iHTEHCUBHOCTI raMMa-BUNpOMi-
HIOBaHHSA B abCONIOTHI KinbkocTi Topito (ppm), kanito (wt %) i
ypaHy (ppm). EHepreTunyHi nikv kanito (1,461 MeB), ypaHy
(1,765 MeB) i Topito (2,614 MeB) 6ynu BukopuctaHi ans
ctabinisauii cnektpa sk dyHkUii eHeprii. KanibpysanbHi 3pa-
3KM 3 BiJOMOIO KifbKICTIO KOXHOIO enemMeHTa BUKOPUCTOBY-
Banucs sK oyHOaMeHTanbHa cuctema kanibpyBaHHA Ans
nepeTBOPEHHS NigpaxyHKiB raMMa-BUMPOMIHIOBAHHS B KOH-
LeHTpauii uMx enemeHTiB y nnactax. EHepreTuyHi "BikHa",
SIKi BUKOPWCTOBYBanucsa B aHanisi, 3obpaxeHo Ha pwuc. 2
(Pemper, 2020).

HesBaxkatoum Ha Te, Lo Npu aHanisi BUKOPMCTOBYBAnucs
nvwe Tpu eHepreTnyHi "BikHa", Nnpunag Spectralog 3anucy-
BaB 256 kaHarniB Ha KOXXHOMY KpOLi BUMipIOBaHb, y BUNaakKy,
AKWO BOHU OyayTb KOpUCHUMUK. Fk JoBena icTopid, ue Bu-
ABUIOCH Ay>Xe KOPUCHUM AS ManbyTHbOrO MOKOIMiHHS iMny-
NbCHUX HENTPOHHUX NpUNagis.

[MoegHaHHA iMNYNbCHOro reHepartopa HEeWTPOHIB, HOBOI
€NEKTPOHIKN Ta TEexXHONOoril BUMIpIOBaHHA eHeprii ramma-
KBaHTIB B O/HOMY NPUCTPOI NpU3BENM A0 CTBOPEHHSI HOBOrO
npunagy iMNynbCHOrO HEWTPOHHOIO KapoTaxy — npwunagy
C/O-kapotaxy. Y 1971 p. [. ApHonba, B. Wynbu i I'. CmiT 3
Texaco (CLUA) noganu naTeHT Ha CUCTEMY iMMYNbCHOrO
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HENTPOHHOrO KapoTaxy Ans BuMiptoBaHHsa BMmicTy C, O, Ca i
Si (Arnold et al., 1973). Baxkn1Bo BiA3HAuYnTK, WO Y LbOMY
meTopAi Yy BigHoweHHa BmicTy C/O BBOAMnacs mornpaska 3a
HasBHICTb HEOPraHi4YHOro BYrfeLto B MaTpuLi nopoau (Hanpu-
Knad, Byrmeuio y matpuui kapboHaTiB) 3a AONOMOro BUMI-
ptoBaHHSA BigHoLWeHHsA BMicTy CalSi 3 cnekTpa Henpy>XHUX
poscitoBaHb. Lle cTano pgyxe BaXNMBUM  piLLEHHAM,
OCKiNbkM B nopofax Moxe MIiCTUTUCS Ginblue Byrneuro, Hix
BB y nycrotHomy npoctopi. MNepwwnii npunag C/O-kapoTaxy

[aB 3MOry MPOBOAMTU NULLIE CTaLOHAPHI AOCIMKEHHS Y CBEpA-
NOBWHI 3 iHTepBanom crnoctepexeHHs Big 1 Ao 10 xBUNWH.
MisHiwe, y 1976 p., opuriHanbHWA Npunag, YAOCKOHANMMMm i Bxe
NpoBOAWIM KapoTaX y pexumi nocTiHoro 3anucy (Wichman
etal., 1976; Flynn et al., 1981; Hopkinson et al., 1981; Oliver
etal., 1981). Came gns iHTepnpetauii C/O-kapoTaxy BnepLue
6yno 3actocoeaHo mogeni MoHTte-Kapno (MCNP-mogeni)
[Ons BpaxyBaHHs HAsiBHOCTi HAalpTW y CBEPANOBUHI.

20 -
Spectralog Analysis:
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Puc. 2. NMpuknap meToponorii, BUKopucTaHoi npunanom Spectralog AnA BU3Ha4Ye€HHSI CNEKTPaNbHMX KOMMNOHEHTIB
NPUPOAHOro raMma-BUNpPOMiHIOBaHHS, AKi BKNoYanu Topiun, kanin i ypad (Pemper, 2020)

Y HacTynHi 4ecATUnITTS iHWI koMnaHii HadpTorasoBoi ra-
nysi pospobunu ceoi npunagun C/O-kapotaxy: Induced
Gamma Ray Tool (IGT) (Hertzog, 1980), Gamma Ray
Spectroscopy Tool (GST) (Westaway et al., 1983), Pulsed
Spectral Gamma Ray Tool (PSG) (Jacobson et al., 1991;
Wyatt etal., 1992). ¥ uux npunagax BpaxysBanu Heporiku
nepLUoro npunagy, 3oKpema nokpaLynm po3ginbHy 3aaTHiCTb
cnekTpa, aBToMaTuyHe perynioBaHHA NOCUNEHHS AeTekTopa
Ta BiJHOLUEHHs curHan-3aeaga, Wo B KiHUEBOMY pesynbTari
3Ha4yHO MIABULLMUIIO CTATUCTUYHY TOYHICTb BUMIPIB.

FonoBHoto nepesaroto C/O-kapoTaxy € MOXITMBICTb BU-
3HavyaTn HadpTOHACMYEHHs Yy nnacTax, Konu MiHepanisauis
nnacToBMX BOA 3aHW3bKa AN Sigma-kapoTaxy 3a yMOBM,
LLIO MOPUCTICTb NnacTa AOCTaTHbO BUCOKa, a AiaMmeTp cBep-
ANOBUHW HE HAATO BENUKUNA.

Okpim BigHoweHHa C/O, ansa B13Ha4YeHHs HadhOHaCUYEeHHs!
iHTEpNpeTaTopyn BUKOPUCTOBYIOTb BiHOLLEHHS BMICTIB:

e Si/(Ca+Si) 3i cnekTpa HenpyxXHUX po3citoBaHb A
BMU3HAYEeHHS NiTOMNOrii;

e H/(Ca+Si) 3i cnekTpa 3axOnfeHHss HEeWTPOHIB Ans
BM3HAYEHHS MOPUCTOCTI;

e Fe/(Ca+Si) 3i cnekTtpa 3axOnneHHss HEWTPOHIB Ans
BM3HAYEHHS MIMHUCTOCTI.

Ha puc. 3 nokasaHo npuknag 3anucy C/O-kapoTaxy
(Fitz, 2023) ons MOHITOPMHIy BOAOHA(TOBOrO KOHTAaKTY
(BHK). 3 p1cyHKy o4eBUAHO, WO MOHITOPUHIOBUIA 3anuc Bi-
AHoweHHs1 C/O nopiBHSAAHO 3 6a30BMM 3annCcoM YiTKO Bifo-
6paxae pyx BHK y nnactax C2-C4 ta B2.

Ponbs MCNP-modemtogaHHs1. TpaauuinHo iHTepnpeTauis
iMNyNbCHOrO HEMTPOHHOTO KapoTaxy Byna nuiie siKiCHOHo i no-
narana y BU3HAYeHHI MMUOVHWM BOJOHAMTOBOrO KOHTAKTY
(BHK), rasoHadbtoBoro koHTakTy (MHK), rasoBogsiHoro koHta-
kTy (FBK) abo BW3Hau4eHHi iHTepBaniB 3akayyBaHHsS rasy uu
Boan. OfHak 3 4yacom Yy BMOOOYBHMX KOMMaHiAi BUHWMKNA
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notpeba y TOYHOMY BU3HaYEHHi 3MiHW HadTO- UM rasoHacu-
YeHHs nopig. Lia ToyHicTb 6yna HeobXxiaHO Ans eKOHOMIYHOT
OLLiHKM LUaHCIB Ha hiHaHCOBWI yCniX NPV 3aCTOCYBaHHI HOBMX
MeTogiB pPo3p0o0KM MNacTiB Ha PoAoBULLAX. Taka TOYHICTb BU-
Marana He fmLle KapoTaxKHUX BUMIPIOBaHb, arne 1 BiqoMOCTEN
npo BNacTMBOCTI NnacTie Ta rioifiB, a TakoX BipHO po3pob-
NeHnx Mogenen peakuii npunagis 4ns Toro, Wwob To4HO 064m-
CNUTU HacuyeHHs nnactiB. Came ans uUbOro N noyanu
BMKOPVCTOBYBaTU MaTeMaTuyHUi MeTod  MOZErtoBaHHs
MoHnTe-Kapno (MCNP-mogentoBaHHs).
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Puc. 3. NMpuknap 3anucy C/O kapoTaxy Afsi MOHITOPUHIY
BogoHadToBoro koHTakTy (BHK) (Fitz, 2023)
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BnepLue metoqn MoHTe-Kapno Bukopuctas EHpiko ®epmi
Ha noyatky 1930-x pp. ANs po3paxyHKy BNacTuBOCTEW ne-
peHocy HenmTpoHiB. Y 1950-x i 1960-x pp. XX cT. po3pob-
neHo koan MoHTe-Kaprno ona mopentoBaHHS nepeHocy
HEWTPOHiIB, raMMa-kBaHTiB i poToHiB (MCN, MCG i MCP). Lli
kogn 6ynu ob'egHaHi B y3aranbHeHW Kkog Mif Ha3BOH
MCNP i Bnepwe ony6nikoBaHi y 1977 p. Len o6'eaHaHui
kog O6yB kogom N-4acTMHOK 3aranbHOro npuaHadeHHs Mo-
HTe-Kapno, skuin moxHa 6yno BUKOpMCTOBYBaTW ANst MoAe-
NOBaHHS NepeHocy HEeMTPOHIB, POTOHIB, eneKkTpoHiB abo
3B'A3aHOr0 nepeHocy HenTpoHis/doToHiB/enekTpoHis (Fitz,
2023). lMepLioto BUKOPUCTAHOI AnNs reodisnyHux gocni-
XeHb cBepanoBuH byna Bepcis 3 (1983 p.), a mogudiko-
BaHy Bepcito 3A 3aJ0KyMeHTyBanu Kinbkoma pokamu
nisHiwe (Briesmeister, 1987). ¥ 1980-x i 1990-x pp. npoBenu
3Ha4yHUM obcar moaentoBaHHA 3a metogoM MoHTte-Kapno
Ons BiOTBOPEHHS S4epHUX NpoLeciB, NOB'A3aHMX i3 BUMIPHO-
BaHHSMW, BMKOHAHUMW MpunagamMun iMnyrbCHOTO HEeWTPOH-
HOro kapoTaxy. Xo4 BinbluicTb MoAentoBaHHs NPOBOAWIM
cepBicHi koMnaHii, Aeski BUAoOyBHI KOMNaHil TakoX MOro Bu-
KOpUCTOBYBanm.

PisHi napameTpu nnacta Ta CBepAsiOBUMHM BMNUBAKOTh
Ha HEWTPOHW, WO YCKMNafHKE iHTepnpeTauilo OTpUMaHux
MaTepianis. Ha nepeHoC HENTPOHIB BNNMBaOTb BMICT CBEpP-
OJOBMHK, MiHepanoris nnacra, NOpuUCTiCTb, NNacToBi -
iaM Ta mMUHKCTICTb. 3MEHLLEHHS BMNUBY MapameTpiB, He
NoB'A3aHMX 3 ra3oHaCUYEHICTIO MNnacTta, AyXe BaXIuBe.
Came pns BpaxyBaHHS LMX NapameTpiB 3aCcTOCOBYHOTb
MCNP-mogeni, siki Ha cborogHi NOTPIGHI 4N TOYHOro BU3HA-
YeHHS HaPTO- YM ra3oHaACUYEHHs MnacTiB B ob6cagKeHux
CBEpPAOBMHAX.

Burst (1/5)

= SW200

== Gas 0.06

B//0[ — HenpyskHe po3citoBaHHsA

BA/0L — 3axonneHHn

[A] 0.15 02

MCNP-mozeni BUKOPUCTOBYIOTb A1 NPOrHO3yBaHHS pe-
akuii KpUBOI BiAHOLIEHHS 3HAa4YeHb Ha BnwxHbomy (BL) Ta
nanbHboMy fetektopax (O0), siaHoweHHsa Bignikis BO/O0
OIS HENPY>XKHOro PO3CitoBaHHA HEMTPOHIB, Tak i ANs KPUBOI
BA/00 ans 3axonneHHs HENTPOHIB. [py LIbOMY BpaxoByoTb
pi3Hi CBEpAMNOBUHHI YMOBMU, Taki SIK: po3Mip AonoTa, po3Mipu
HKT Ta o6cagHOi KONOHU, HasiBHICTL/BIACYTHICTb LIEMEHTY,
niTonoris nnacra, BNacTMBOCTI CBEPAJSIOBMHHUX ONi0igiB
(WwinbHicTb i MiHepanisauis) i nnactoBux dnoigie (LWinb-
HiCTb, MiHepani3auis i cknag rasy).

Ha puc. 4 306paxeHo MCNP-mogenb onst iMnynbcHo-
HenTpoHHoro npunagy CRE (Weatherford): (a) BigHOLEHHS
Bignikis BO/O0 ANs HENPY>XHOro po3citoBaHHA Ta (0) BigHO-
weHHsa Bignikis BO/OL ons 3axonneHHs. YopHa kpuBa Bigo-
bpaxxae peakuito npunagy y sunagky 100%-ro HacuyeHHs
nycToT BOAOK 3 MiHepani3auieto 200 mr/n, YyepBoHa kpvBa —
peakuito npunaay y sunagky 100%-ro Hacn4eHHs nNycToT ra-
30M ryctuHot 0,6 Kr/m3,

Hoee nokoniHHs 6azamodemeKkmopHUX iMIYJIbCHUX
HelmpoHHuUXx npunadie. licna nNosiBA iMNYNbCHUX HENT-
poHHMX npunagis Sigma Tta C/O-kapoTtaxy 6yno 3pobneHo
cnpoby po3pobuTtu Bepcito Lumx npunagis, ski mornu 6 npo-
BOAMTW OOCHIOXKEHHA Yepe3 HaCOCHO-KOMMPECOpPHi Tpyou
(HKT). MNepwwuin npunag manoro giameTpy, SKMn MaB 3Mory
3anucy yepes HKT, ctBopeHo y 1991 p., yepes 28 pokiB ni-
cns nepworo npunagy Sigma-kapoTaxy i Yyepes 18 pokis ni-
cns nepworo npunagy C/O-kapoTaxy. MNpoTte ue 6yB oanH
i3 TOMNOBHMX NPOPUBIB, KNI 3pOOMB PEBONMIOLID B ranyasi
OocCnigXeHHs! iMNYyNbCHAMU HEUTPOHHUMU Npunagamu. Cy-
YacHi Mofeni Takux npunagie NpoAoBXyTb YOAOCKOHaro-
BaTUCA | CbOTOHI.
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Puc. 4. MCNP-moaenb ans imnynbcHo-HenTpoHHoro npunagy Raptor (Watherford): BigHoweHHs Bignikis BA/A0
ANS HenpyXXHOro po3ciloBaHHsA (a); BiaHoweHHA BianikiB BA/AO ans 3axonneHHs (6)

Mepwwum GaratogeTekTopHUM NpunagoMm 3 Manum fia-
meTpom 6yB Reservoir Saturation Tool (RST), npeacrasne-
HUA y 1991 p. (Roscoe etal.,, 1991; Scott etal.,, 1991) i
obnagHaHui aBoMa CUMHTUNAUINHMMK geTektopamu GSO
(okcuopTocunikaT ragoniHito, nerosaHoro uepiem). Bukopu-
CTaHHs LUuMX KpucTanis 3abesnevysBano Ginblly YyTnMBICTb
[0 peecTpaLii ramma-KBaHTIB, a 0TXe, BinbLly CTaTUCTUYHY
TOYHICTb BMMiptoBaHb. [Npunag RST mir npautoBaty B pe-
xumi C/O- Ta Sigma-kapoTaxy. Llei npunag takox gaBas
3MOry NpoBOAUTU eNeMeHTHUI aHani3 nopia.

HactynHumn GaratogeTekTopHUMM npunagamu, siki no-
Yanu 3acTOCOBYBaTU A58 AOCHiAKEHHs1 06cagkeHnx HadpTo-
rasoBux cBepanoBuH, bynun Reservoir Monitor Tool (RMT)
(Jacobson et al., 1998) Ta Reservoir Performance Monitor
(RPM) (Gilchrist et al., 1999; Mickael et al., 1999; Gilchrist
at al.,, 2000). Y 2008 p. ctBopeHo npunag Cased-Reservoir
Evaluation (CRE) (Odom et al., 2008), 3 Toro 4acy BigomMui sk
Raptor. Lle ©OyB nepwwuii npunag Yy ranysi, skuin
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BMKOPUCTOBYBaB HOBITHIO TEXHOIMOFiO CUMHTUNALINHOIO Ae-
TekTopa LaBrs (Menge et al., 2007), Ta aetekTop LUBUAOKUX
HentpoHie (Odom et al., 2002). NMpunap CRE pasas 3mory 3a-
nucyBaTh kapoTax y Tpbox pexumax: C/O, Sigma Ta gerek-
TyBaHHS rasy.

HanHosiwnm npunagom manoro giameTtpa € Pulsed
Neutron Extreme Tool (PNX) (Rose et al., 2015; Zhou et al.,
2016). Llen npunag micTuTb ABa CUMHTUNALIAHI eTekTopu
LaBrs, oanH cunHTMnAUiiHun getektop YAP (iTpin-antomiHi-
€BUI MEPOBCKIT) | AeTEKTOp LWBUAKUX HENTPOHIB. PNX naBaB
3mory 3anucy y pexumax C/O, Sigma, aeTekTyBaHHs rasy, a
TakoX BMMIPIOBaHHA HEWTPOHHOI MOPUCTOCTI Ta MpoBe-
[OEHHSA eNeMeHTHOro aHarisy nopig.

Ha puc. 5 306paxeH0 OCHOBHI Cy4acHi 6araTogeTekTopHi
npunagam iMnyrnbCHOro HEMTPOHHOTO KapoTaxy. BukopucTaHHs
HOBMX MOAIGHMX npunagiB [o3BONSiE OXonuTu OinbLuni
06'eM HENTPOHHO-TaMMa-TPaHCMOPTHOro nons Ta 3abesne-
yye Oinbll BWCOKY YYTNMBICTb BMMIPIOBAHHSA  KiNbKOX
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Ba>KINMBMX BaCTUMBOCTEN MriacTta, 3oKkpema i [0 BUSBMEHHS
rasoHacuM4eHux nnactiB 3 nopucticTio Ao 5 % (Zett etal,,
2011). JeTekTopn, po3MilLieHi Ha Pi3HMX OCbOBUX BiACTaHSX
Bij HEMTPOHHOrO reHepaTopa, AarTb 3MOry AOChiAXKYyBaTK
NnacT Ha pi3HMX rmnbmnHax. MacmB i3 Kinbkox CneKTpocKomiy-
HMX OeTeKTopiB 3abe3neyye rHyyKiCTb y 3MilLyBaHHi NMOKasiB.
Hanpwvknag, MoXHa BMKOPUCTOBYBATW OETEKTOPU OKPEeMO
ONsl QOCNIMKEHHS NPOHUKHEHHS ONIOIAIB Y BiAKPUTUX CBEPA-
NoBMHAX, a TaKOX 3MiLLyBaTh NoKasun AeTeKTopis, Wob Aocri-
[XKyBaTu NnacT Ha pisHnx rmmubuHax (Gyllensten et al., 2009).

3acTocyBaHHSl cyyacHux GaraTogeTekTopHUX npunagis
iMNyNbCHOrO HEWTPOHHOIO KapoTaxy B noeaHaHHi 3 MCNP-
MoAensaMu ANs KiNbKICHOrO BM3HAYEHHSI rasoHaCUYEHOCTi

Schlumberger
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HabyBalTb Aefani 6inblIOro NOWWPEHHS NPY MOHITOPUHTY
rasoHacu4eHHs B ob6camxeHnx cBepaioBUHaXx.

Ha puc. 6 306paxeHo 3BeaeHWI NNaHLWeT CBEPANOBUHN
A2 Ha rasoBomy pogoBML B Mexax AJpiaTM4HOro Mops
(Bertoli et al., 2013). ¥ nnacti Ne 1 cnocrepiraeTbcsi 3HUXKEHE
ra3oHacu4eHHsi NOPIBHSHO 3i 3HAYEHHSIMW HACUYEHHS, OTpUMa-
HUMM 3a JaHuMK reodisnyHux gocnigxeHb ceepanosuH (MOC)
Yy Bigkputomy ctoBOypi. IHTepripeTaLis KOMMnekcy iMnyrnbCHOro
HEMTPOHHOTO KapOoTaxKy Aara 3MOory BU3HaYUTK 3arnuLUKOBe ra-
30HaCUYeHHs y MnacTi, Wo po3pobnsaeTbes. Y CBOW Yepry y
nnacti Ne 2, siknin He po3pobrisiBCs, ra3aoHacUYEHHs!, BU3HA-
YeHe 3a A0MOMOrOoH0 iIMMYNBCHOrO HEMTPOHHOTO KapoTaxKy, Mif-
TBEPAWITO PIBEHb MOro BUCOKOrO 3HadeHHs 3a aaHumun FAC y
BiAKpUTOMY CTOBOYPI.
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Puc. 5. CyyacHi 6aratopeTeKkTopHi npunaau iMmnynbCcHOro HeMTpoHHoro kapoTaxy (Fitz, 2023)
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Puc. 6. 3BegeHuM NnaHLeT iHTepnpeTauii 6aratogeTeKTOPHUM NPUNagoM iMNyNbCHOro HEMTPOHHOIO KapoTaxy
y cBepanoBuHi A2 (AgpiatuuHe mope) (Bertoli et al., 2013)

lMomoyHuii cmaH docnidxeHb y ceimi. Cy4acHe 3a-
CTOCYyBaHHsi GaraTofeTekTOPHUX iMMYNbCHUX HEWTPOHHMX
npunagis Aae 3mMory BMpiLLYyBaTK Taki 3aBAaHHN:

e KiNbKiCHe BM3HayeHHs HadTo-, raso- Ta BoAOHacu-
YeHH$ NnacTiB;

® BU3HAYEHHSA QinbTpaLiHO-EMHICHMX BNAacTMBOCTEN Ta
niTonorii nopig Yepe3 o6cagHy KOMOHY;

® OLliHKa rMUOUHM KOHTaKTy MiX coritoigamu;

e BM3Ha4YeHHs1 Tuny BB;

® MOHITOpPUHI BUOobyTKy BB;

e BUSBIIEHHS MPOMNYLLEHNX NNacTiB-KonekTopiB B obca-
OXXEHUNX CBEPANOBUHAX;

e OXapakTepuayBaHHSA 30H 3 MOHMXEHUM MNacToBUM
TUCKOM;

¢ nporHo3yBaHHsA kpuBux AC 3a [OMOMOrol HewpoH-
HUX MEPEX;

® OL|iHKa SIKOCTi NPOBeAeHHs rapopo3puBy Nnacra.
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Okpim Ha3BaHWX 3aCTOCyBaHb Cy4acHUx GaratogeTekTop-
HWUX Npunagis iMNynNbCHOrO HEMTPOHHOIO KapoTaxy, iX BUKO-
pucTaHHA B noegHaHHi 3 mogensmu MCNP, ctBopeHvMu nig
KOHKPETHI CBEPAMOBUHHI YMOBM, NoKa3anu Ayxe SAKIiCHi pe-
3ynbTaTh 3 BU3HAYEHHHA MOPUCTOCTI Ta ra3oHacUYeHHs Y
LLiNbHMX NopoAax pisHoi nitonorii. Take noegHaHHA Nokasano
ycniwHi pesynbTatv Ha pogosuwax y [MiBHIYHIN Amepuui.
Mekic N. et al. (2016) Bganocsa BuAiNMTV rasoHacuyeHi Ban-
Hsikm Bigknaais Union Valley Ta Viola (pogosuile Ha TepuTopii
wraty Oknaxoma, CLUA) i3 cepegHbol nopucTicTio 1,5—
2,5 %. Takox GaraTo gocnigxeHb NPOBEAEHO i Ha poaoBU-
LLax, posTalloBaHUX Ha TepuTopii CKeNACTMX rip, OCHOBHUMMU
nopoAamMu-KoneKTopaMmm AKX € YLUINbHEHi FMUHUCTI MiCKo-
BUKM i3 cepeaHboto nopucTicTio 6—10 %. Oo npuknagy, y po-
6oTi R. Ansara et al. (2009) gocnigxeHHss 6ynun npoBefeHi y
wectn obcamkeHnx CBepArioBMHaxX 3a J0MOMOrow npunagy
RPM y pexumi GasView. OTpumaHi pesynbtati 3 BUAineHHs
rasoHacu4eHnx nopig-konekTopis nokasanmu CTiNKy
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KopersiLito 3 pesynbTaTtaMu, OTPUMaHUMM MPY AOCTIIKEHHAX
BiAKPMTOro cTOBOYpPY CBEPAJIOBUH.

B ocTaHHi gecsaTuniTTa NOCTiHa eBONoLis PUHKY HETpa-
OULINHMX NOPIA-KONEKTOopIB CTaBUTb HOBI BUKIMKM 0 PO3PO-
OKM TeXHOMOrIN AN BU3HAYEHHS BMAcTUBOCTEN CraHLeBuX
KonekTopiB. BukopucTaHHsi cyvacHux GaraTtogeTeKTOpHUX
npunagis iMnynbCHOrO HEMTPOHHOTO KapoTaXy € OAHUM i3
LNAXiB 4O BM3HAYEHHS NOTeHLiany criaHueBux nopia, 0co-
OnMBO B rOpPU3OHTamNbHUX CBEPAJIOBUMHAX. 3aCTOCYBaHHS
uux npunagis y obcamkeHUX ropusoHTanbHUX CBEpAroBu-
Hax 3HAYHO 3MEHLLYE PU3MKN i EKOHOMIYHI BUTPATU Ha Mpo-
BedeHHs kapoTaxy. Hanpuknag, y 2019 p. 3a gonomoroto
npunagy CRE BMKOHaHO KapoTax y ropn3oHTarnbHili ceepa-
JIOBUHI 3 METOI0 AeTanbHOro JocnigXeHHs1 cnaHuiB Barnett.
PesynbTaTn iHTepnpeTadii ganu amory BMAiNUTK rasoHacu-
YeHi iHTepBanu, BU3HaA4YUTW MOPUCTICTb Ta MiToONorito nopia-
KONneKTopiB (Advancements in Shale Reservoir
Characterization Optimize Capital Expenditures, 2019).

lMomoyHuli cmaH docnidxeHb 8 YKpaiHi. IMnynbCcHUN
HEWTPOHHUI raMma-KapoTax B YKpaiHi BAKOPUCTOBYIOTb J0-
cntb obmexeHo. TpaguuiiHo IHIK 3acTtocoByeTbest y ABOX
Moaundikauisx:

 iMNYNbCHUIA HENTPOHHUI ramMmma-mMeTo[ 3 peecTpaLieto
raMmma-BUNpOMIiHIOBaHHA pajiauinHOro 3axonneHHs HEUTPo-
HiB (IHM-P3) Ta

® iMMNYNbCHUIN HENTPOHHWUA Yy-MEeTOoL HEMNPYXHOro pos-
cigHHs (IHTM-HP).

3a ponomoroto IHFM-HP Ha cyvacHomy eTani B YkpaiHi
HaMyacTille BW3Ha4alTb BMICT Y TpCbKMX Mopodax 4YoTu-
pbox enemeHTiB: C, O, Sii Ca. C/O-kapoTax — HannoLwmpe-
Hiwa moamdikauia IHICK-HP. MpaktuyHmin gocsig pobiT B
YkpaiHi nokasye, WO AN KinbKiCHOT iHTepnpeTauil gaHux
C/O-kapoTaxy noTtpibHa onopHa iHdopmauis y Burnagi pe-
synbTatis IC sigkpuToro ctosbypa i gaHi IHHK i CI'K B 06-
cagkeHomy ctoBbypi (Bmkea Ta iH., 2023).

Mpunag IHFTM-P3 3acTtocoByoTb ANs BU3HAYEHHST BMi-
CTy B TipCbKMX Mnopodax BOAHIO, Xnopy Ta 3anisa. [lpwu
KomMmnnekcyBaHHi mogudikauin IHFM-HP 1a IHFM-P3 otpu-
MYETbCS 3Ha4HO BinbLua iHdopmaLis Npo AOCNIAKEHI ripCbKi
nopoam Ta nian, Wwo ix HacuyyTb (Buxea Ta iH., 2012).
3a BigHoweHHsiM C/O ouiHolTb Bogo- abo HadpToHacuye-
HICTb MNacTiB-KONEKTOPIB, @ TUM KONeKTopa BM3Ha4aEeTbCs
3a [0MNoOMOror BigHoLWeHHs BMicTiB Si/Ca: mani noro 3Ha-
YEHHS XapaKkTepHi Ans kapboHaTHUX nopid, a MiaBULLEHi —
Ans nilaHo-rIMHUCTUX BigknaaiB. Tako) BU3HAYa€eTbCA 3a-
niaucTicTb  ripcbkoi  nopogu  (BiAHOLWIEHHA  BMICTIB
Fe/(Ca+Si)), paeTbcs oujiHka NOpMCTOCTi NOpiA, (BiAHOLEHHS
H/(Ca+Si)) Ta nokasHuka MiHepanisauii nig3emHunx Bog (Bia-
HowweHHs1 CI/H).

HaTtomicTb HaiLWMPLIOro BUKOPUCTAHHS Ha BUPOOGHULTBI
Anst focnigpkeHHst obcamkeHx CBEpPASIOBUH 3 METOK BU-
3HAYEHHs1 MOTOYHOrO 3HA4YeHHs HacudeHHs Habye |HHK,
KNI BUKOPUCTOBYIOTL B YKpaiHi nounHatoum 3 1960-x pp. Ha
CbOrogHi B KpaiHi ansa nposegeHHs IHHK 3actocoBytoTh crie-
uianizoBaHy anapatypy tuny IF'H-4 Ta iHWi cyyacHiwi moau-
dikauii (MOHI-341, 34; MOHI-601, 60 Ta iH.). i npunaan
MaloTb ABa abo Tpu 30HAMN.

IHHK nae 3mory npoBoguTK fiToNoriYyHe po3yreHyBaHHS
ripCbKUX MOPI4 | BU3HAYaTU iXHi XapakTepUCTUKN 3a OCHOB-
HAMW HENTPOHHUMK NapameTpamu — CepefHiM TepPMIHOM
XUTTH HEUTPOHIB T i KoediLiieHToM Andysii HerpoHis D, ocTaH-
Hil TiCHO NOB'A3aHWI i3 TOPUCTICTIO Nopoan. JoCUTb NO3UTUBHI
pesynbTatM oTpMMaHo npu BukopucTanHi IHHK ans Bu3Ha-
YeHHs1 nonoxeHHs BHK, nopucTocTi i HadpToHacuyeHocTi no-
pio-konekTopis. BaxnuBum  3aBOaHHAM, SKe  YCRilUHO
pO3B'A3y0Thb WNAAXOM 3acTocyBaHHs |IHHM, € BusHayeHHs
'HK ta 'BK B nnactax. Mepexia Big Hacu4eHoi piauHn Jo ra-
30HACMYEHOI YaCTUHU NNacTa CynpPOBOLXKYETHCSA 3HUKEHHSIM
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NYCTUHU MOPOAW | BMICTY BOZHIO, LUO NpM3BOAUTL A0 36inb-
LUEHHS 3HaYeHb Ti D.

PegopuwnH Ta iH. (2012) posrngganu 3acTOCyBaHHS
MeToaiB MaTeMaTUYHoi cTaTucTukK B komnnekci 3 IHHK ans
BUAINEHHs NPoayKTUBHUX NOPIA-KONEKTopiB Ha Npuknaai To-
HKOLLApyBaTMX HeoreHoBux Biaknaaie JIeTHSHCLKOro raso-
BOro pogoBsulla. 30KpemMa aBTOpPU BM3HAYUNK, LLO
acumeTpia A Ta ekcuec E wBmakocTen 3a gaHUMm imnynbc-
HOro HemTpoH-HenTpoHHoro (IHHK) Ta akyctuyHoro kapo-
Taxy (AK) MoxyTb OyTu iHpOpMaTMBHUMWM AN OLHKK
XxapakTtepy ntoigoHacn4eHoCTi Ta NicKyBaTOCTi TOHKOLLUA-
pyBaTVX Bigknaais.

IHHK BUKOpUCTOBYIOTbL | 45151 BUSHAYEHHS XapakTepy Ha-
CUYEHHS HU3bKOOMHMX KorekTopiB. Pyyko Ta iH. (2016) npo-
Benu onTuMMi3auilo iHTepBany 4acoBOi 3aTpPUMKM npu
peectpadii giarpam IHHK 3 meToto 6inbLu 0gHO3HAYHOro po-
3MoAiny nnacTiB Ha HaTO- | BOOOHACKYEHI; BUSHAYUN HER-
TPOHHI BNACTUBOCTI Nopif (AeKPEMEHT 3aTyXaHHS HEUTPOHIB
y ckeneTi nopoaw, BOAi Ta rMuHi).

Y po6orTi KyniHkoBuy Ta iH. (2008) po3rnsHyTo BUNpoby-
BaHHS iMMYNbCHOrO HEMTPOH-HEWTPOHHOIO KapoTaxy B MO-
Oudikauii TemnopanbHOro 3o0HAYBaHHS Ha NpUKNaai AaHux
IOC pocnioxeHHss MatnaxiBcbkoro pogosuwa. ABTopu
oTpMManu KpMBy TemrnoparnbHOro 3oHAyBaHHs!, TOGTO KpuBy
3MiHW YSIBHOTO AEKPEMEHTA 3aTyXaHHs Bif Yacy 3aTPUMKM, i
3acTocyBanu "mMeton Tpbox kpueux". Ller metoa nepepnda-
Yae OBYMCNEHHSA ONSA KOXHOrO 3HaYeHHst rMUbuHM Mo Oci
CBEPAIOBMHN OCEPEOHEHOr0 3HAYEHHS LEKPEMEHTY 3aTy-
XaHHSA NS TpbOoX iHTepBaniB KPMBOT TEMMNOPAanNbHOro 30HAY-
BaHHsA: Ansa "6nwkHboi" (3aTpumkm 5-11 C), "cepeaHboi”
(3aTpumkmn 12-18 C) i "panbHbOi 30HM" (3aTpuMkn 19—
25 C). Bukopuctanwuii nigxig ae amory BusaHauntu abo yto-
YHUTK XapakTep HaCUYeHHs1 Nopia-KonekTopiB Ta KifbKiCHO
OUiHNTK KoedilieHT HadTo- abo rasoHacM4eHHs, MPoBO-
OUTU MOHITOpUHT BMAaobyTKy BB Ta Buasnstn BHK abo MBK
Ta KOHTPOIoBaTH iX 3MiHy. BapTo Big3HaunTK, WO ANs oTpuU-
MaHHS1 KOPEKTHUX pes3ynbTaTiB KiNbKiCHOI iHTepnpeTauii 3a
[aHo MeToAMKOK HeobXigHOK npoueaypoto € "HanawTy-
BaHHA" HEMTPOHHUX NETPOdI3NYHMX MOAENEN, L0 BUMarae
HasiBHicTb gaHux MOC y BigkputoMy cToBOYpi, 30Kpema i no-
nepeaHbO BU3HAYEHMX KOediuieHTiB MMMHUCTOCTI, nopwuc-
TOCTI, BiAHOCHOT HadTO- Ta ra30HaCUYEHOCTI.

[1o OCHOBHUX HeOoNiKiB PO3rMAHYTMX MiAXOA4IB ANst BU3Ha-
YEeHHs1 HACMYEHHS NOPIA-KONEKTOPIB 3a BITYNSHAHUMMW iMMYTb-
CHAMMW HEWTPOHHUMW-HEVTPOHHUMK METOAaMWN HanexaTb
BMKOPUCTaHHS MoAenen, LWo AonyckaTb OOHOPIAHICTb Hen-
TPOHHUX BNACTUBOCTEN CkeneTa nopoan BOOOHACUYeHoI | Ha-
ToHacnyeHoi 4acTMH nnacta; notpeba  HasBHOCTI
pesynbTaTie [OC y BigkpuTOMy CTOBOYpI, 4aHMX MO penepHUX
nnacrax i3 BigfoOMMM MakcumarnbHUM Ta MiHiManbHUM 3Ha4eH-
HSIMW HacWYeHHs1 Ta iH. HeBMKOHaHHA UMX YMOB 3HA4YHO
36inbLlye noxmbky BU3HAYEHHS MOTOYHOrO HACUYEHHS Mna-
cta. Kpim Toro, 3anuaeTtbcsa Hepo3B'a3aHoto npobnema Bpa-
XyBaHHs1 CBEpANOBUHHNX YMOB, MITOMOMYHOro cknagy nopia,
TUNY Ta cknagy crtoigy y nycCToTHOMY NPOCTOPI, WO BNAvMBa-
TUMYTb Ha MOLUMPEHHSI HEWTPOHIB Y CBEPASIOBMHY Ta NnacT,
i noganbLy iX peecTpadito npunagamu.

B octaHHi gecatunitTs BuaoOyBHi komnaHii B YkpaiHi Ha
ponoswuax [HinpoBcbko-AoHeubkoi 3anagmHu (O03) Ta MNe-
penKapnaTcbKoro NporMHy novany BUKOPUCTOBYBATH CydacHi
BaraTogeTekTopHI iMMyNbCHI HEMTPOHHI NpyUnaau, Aki Npono-
HytoTb 3apybikHi cepBicHi komnaHii. ¥ poboti C. Cavalleri
etal. (2021) npegcraBneHo pe3ynbTaTh  OOCHIMKEHHS
npunagom PNX y ceepanosuHi binkye-Bonuupkoi 3oHu [Ne-
peakapnaTcbkoro nporuHy. TpaguuiiHo ra3osi nopoan-korne-
kTopu MioueHy Ui€i 30HM CTaHOBNATb BENWKi TPYAHOLLi Npu
iHTepnpeTauii aaHnx OC yepe3 cBOK TOHKOLUAPYBATICTb Ta
BMCOKY IMMHUCTICTb. ABTOPU MoOKasanu, Lo 3 BUKOPUCTaHHAM
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npunagy FNX Bganocs getanbHO BM3HAYUMTU MiHepanorito
nopia, a Bu3Ha4yeHHs napameTtpa FNXS Ta Sigma 3 Bucokoto
PO3A4iNbHOK 34aTHICTIO Jany 3MOry TOYHO BUAINUTU iHTEp-
Basnu ra3aoHacMyeHuX niCKOBUKIB.

BukopucTaHHs cyyacHux GaratogeTeKTopHUX iMnyrbe-
HUX HEUTPOHHUX Npunagis Ha pogosuwax [1[03 Takox noka-
3ano gyxe xopowi pesynbtatn. [lo npuknagy, y po6orTi
(luras et al., 2021) npeactaBneHo pe3ynbTaTh AOCHIOKEHHS
npunagom PNX y TpbOX cBepAfioBUHAX Pi3HUX pogoBuLy. Y
cepanoBuHax A i B, siki 6ynu noxunockepoBaHumu, He BAa-
nocs 3aincHnty 3anuc MAC y BigkpuToMy cTOBOYPI Y 3B'sI3KY
3 BUCOKUMW Fe0roriYyHMM pu3nkamm, HaToMiCTb Byro 3ginc-
HeHo pocnimpkeHHs npunagom PNX B o6cagkeHux cBepasio-
BMHaX, 3a LOMOMOrOK SIKOrO BAAnocs oTpyuMatu AeTarbHy
niTonorito, epeKTUBHY NOPUCTICTb Ta KiNbKICHO BU3HAYMTU ra-
30HaCK4eHiCTb NiCKOBMKIB. Y BUNaaKy ceepanoBuHn C gocni-
[PKEHHs1 MpoBeAeHO B iHTepBari, skuii OyB npeacTaBneHuin
CrnaHusAMM 3 MiABYLLEHM BMICTOM OpraHiku Ta kKapboHaTHUMK
nopogamu. Y pesynbTaTi aBTopy oTpUManu AetarnbsHy miTo-
norito, koedilieHTN edeKTUBHOI NOPUCTOCTI i ra3oHacu4YeHo-
CTi BamHsKiB, a Takox Bu3Hauinm napametp TOC (total
organic carbon) B opraHoreHHux cnaHusix.

3a pgonomoroto npunagy CRE 6yno nposegeHo gocrii-
OXXEHHS Y TPbOX CBEPANIOBMHAX OQHOI0 3 HAWBINbLUNX POAO-
BULW, YKpaiHW, $ke po3TalloBaHO Y MPUOCLOBIA  30Hi
nisgeHHo-3axigHoi yactmHm [OA3 (O. Petrokushyn et al.,
2024). OcHoBHa MeTa Uiei poboTu nonsirana B ABOX acnek-
Tax: BU3HAYUTN NOTOYHUIN KOEILEHT ra3oHacU4YeHHs B Mic-
KOBMKaX Ta OLHUTM piBEHb BUCHaXEHHS LUX MNacrTis;
3HAWTW Ta OUIHWTW MOTEHLiNHI NOPOAN-KONEKTOPU B iHTEp-
Bani esanoputie. OcobnuBy CKNagHiCTb y AaHOMy [OCHi-
[OXXeHi CTaHOoBMMa Malxke noBHa BiAcyTHiCTb AaHux [OC y
BiAKpUTOMY CTOBOYpI, OCKiNbkM CBEPAIOBUHU Bynu npoby-
peHi we y 1960-x pp. PesynbTaTh OuiHKM ra3oHacu4eHHs no-
Kasanu, WO 3arnulIKOBE HACWYEHHS rasoMm nexuTb Yy
pianasoHi 35-40 %. Len pesynbTtat nigTBepaXeHuh Aa-
HUMK 3 BUOoOYTKy, siki nokasanu, wo nnactu gocsarnm 90 %
Bif, CBOro noteHuiany. B iHTepBani eBanopu1Tis BUAineHo no-
poan-KonekTopu i3 cepeaHbol nopucticTio 8—-15 % Ta koe-
diuieHTom rasoHacudeHHa 30-50 % Okpim TOro, 3a
OOMOMOroK akTMBaUil OKCUreHy BOanocs BU3HaYUTKM iHTep-
Banu nNpUTOKY NnacToBoi BoAu Yy ifbTPOBUX YaCTMHaX
TPbOX CBEPASIOBUH.

Ouckycisi i BACHOBKK

IMNyNbCHWUIA HEWTPOHHMI KapoTax Bifirpasas i NPoAoB-
Xye€ BigirpaBaTt 3Ha4Hy porb Y OOCHiAXEHHI Ta MOHITOPUHTY
obcapxeHnx HadTorasoBmx ceepanosuH. [lo noyatky 1990-
X pp.. 4OBOAMIOCS BUKOPUCTOBYBATW ABa Pi3HMX TUNW Npu-
nagie, wob BukoHatn Sigma- Ta C/O-kapoTtax. Lle 3MiHu-
nocs 3 nosiBO neplmx OGaraToAeTekTOpHUX npunagis
iMMyNbCHOrO HEMTPOHHOTO KapoTaxy. Ha cborogHi cyyacHi
npunagu JawTb 3MOry 34iNcHIOBaTU He nuwe Sigma- Ta
C/O-kapoTax 3a AONOMOrol 04HOro npunagy, ane u oTpu-
MaTK BigHOLLUEHHS BignikiB Ha OGNXHBOMY Ta AanbHbOMY Ae-
TEeKTopax Ansi HEnpyXHOro pO3CiloBaHHSA Ta 3axOMNieHHSA
HEWTPOHIB, 32 OOMOMOrOK SKMX MOXHa KiNbKiCHO OLiHUTK
rasoHacu4eHHs nopid, inbTpauinHo-eMHICHI BNacTUBOCTI
nopig-KonekTopis Ta AgeTarnbHy NiTOMOTIt0.

Lo cTtocyeTbes YkpaiHu, TO HAM HaneXuTb NPOWTU Be-
NNKMIN WNAX 3 YAOCKOHAMNEHHS BITYU3HSHUX Npunagis imny-
NbCHOrO HEWTPOHHOrO KapoTaxy, HeoOXiAHMMM Kpokamu
SIKOrO € BMPOBaAXXeHHS Cy4acHUX anapaTypHuX piweHb. [lo
npuKnagy, BUKOPUCTAHHSA HOBUX i BinbLU YyTAMBUX CUUHTU-
NAUINHUX OETEeKTOPIB raMma-KBaHTIB Ta 306iMbLUEeHHS KifbKo-
CTi peTekTopiB, WO MiABAWMUTL MUOMHY OOCHIAKEHHS
npunagis. OCHOBHMM Ta, MabyTb, HAWrOMNOBHILLMM 3anpoBa-
OXKEHHAM Mae cTaTu BUKOPUCTaHHS Npu iHTepnpeTadii pe-
3ynbTaTiB npoBeneHHsA kapotaxy MCNP-mogenen, sii
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6yayTb BpaxoByBaTW KOHKPETHI CBEPASIOBMHHI YMOBW, MiTO-
noriyHnn cknag nopig, Tvn Ta cknag gniigy B nyCTOTHOMY
npocTopi. Lle gactb 3mory Habarato TOYHiLLE KifbKiCHO BUW-
3HayaTu KoedilieHT HagTO- YM ra3oHacCUYEeHHs nopig.

BHecok aBToOpiB: IpvHa bespogHa — HanvcaHHs (nepernsag i
peparyBaHHsi); Oner MNeTpoKyLUMH — KOHLeNTyanisauis, HanucaHHs
(opwriHanbHa YepHeTka).
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PULSED NEUTRON LOGGING IN THE WORLD AND IN UKRAINE: BEGGINING, ESTABLISHMENT, PRESENT

Background. Atpresent, most of the oil and gas fields in Ukraine are depleted, requiring the operator companies in Ukraine to constantly
monitor saturation levels and fluid movement withing the reservoirs as these are crucial pieces of information for optimizing and planning further
production strategies.

Methods. The development and current state of pulsed neutron logging as one of the main methods of monitoring the development of oil and
gas fields is described in the paper.

Results. The article focuses on the history of the establishment of the pulsed neutron logging, starting from 1949. Further development of
the technology includes the creation of neutron generators, improvement of methods and equipment, as well as the appearance of modern multi-
detector tools. Two main types of pulsed neutron logging are considered: pulsed neutron-neutron logging and pulsed neutron gamma-logging, each
has its own advantages and disadvantages. An important stage in the development of pulsed neutron logging was the creation of Sigma logging tools
in the 1960s, which measure the neutron capture cross-section and are used to estimate the oil saturation of formation. A significant place in the
paper is the analysis of the development of C/O-logging, which was first used in 1971 and determines the ratio of carbon to oxygen for estimating the
oil saturation of rocks. The development of multi-detector tools made it possible to acquire logging data through tubing, which significantly expanded
the possibilities of pulsed neutron logging. The achievements of domestic geophysicists in the development of pulsed neutron logging in Ukraine are
also presented. Modern research is focused on the use of multi-detector tools and MCNP-models for quantitative determination of gas saturation in
reservoir rocks. The use of these tools has shown high efficiency in the fields of the Dnieper-Donetsk basin and the Precarpathian depression.

Conclusions. The article concludes that pulsed neutron logging plays a key role in the investigation and monitoring of cased oil and gas
wells and suggests further steps for the development of this technology in Ukraine, including the introduction of new detectors, an increase in the
number of detectors, and the use of MCNP models for more accurate determination of reservoir saturation.

Keywords: pulsed neutron logging, Sigma-logging, C/O-logging, MCNP-modeling, multi-detector pulsed neutron tools.
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AOCTOBIPHICTb MPOrHO3YBAHHA FASOHOCHOCTI KOJIEKTOPIB
Y BUTIbYE-BOJIULILKIA 30HI 3A AAHUMM CTAHLUII I'TA

(MpedcmaeneHo 4neHoM pedakyiliHoi konezii 0-pom 2eos. Hayk, npogh., O.M. KapneHkom)

BcTyn. PosansHymo moxnueicmb rnpo2Ho3yeaHHs1 2a30HOCHOCMI Kosiekmopie y binbye-Bonuuybkili 30Hi 3a 0aHUMU cmaHuii
2€e0J1020-MexHOJI02i4YHUX ma 2eoxiMiyHux docnidxeHs (I'TA). [poaHanizoeari hakmopu, W0 HezamueHo enyuearoMb Ha iHghpopmamue-
Hicmb makux GaHux. Hemou4Hicmb OGaHux cmaHUujii, 30Kkpema, noe'sizaHa 3 ocobnueocmsiMu pexumie 6ypiHHSI i eukopucmaHHsIM
PDS-0onim. lMonpu ece, 3a daHumu cmaryii I'T[ npoeodsimb nepsuHHe UOdiNIeHHs1 NepcrneKMueHUX y KOHmMeKcmi 2a30HocCHOCMi 20pu-
30HMIe, a ymMoYHeHHs1 ma ocimamoYyHa eepudbikauyiss 2a30HOCHOCMIi 8i06yeaembCsl Micnsi KOMITIEKCY 2e0ghi3uyHuUx 0ocslidxeHb ceepo-
noeunu (F4C). 3a obmexeHoi po30inbLHOI 30amHocmi KapomaxXHuUx memodie y MOHKowapyeamomMy capMamcbKOMy po3pi3i ma e
ywinbHeHuUx kapb6oHamax eepxHbOI Fopu, pieHHs1 w000 o6'ekma sunpobyeaHHs iHKOMIU NMpuliMaembcs Ha niocmaesi 0aHUX KepHa ma
3aghikcoeaHux 2a3omnokasie. Y cmammi nide Moea npo me, 4u € 0aHi cmaHuii I'T penesaHmHumu O51s1 po3e’sa3aHHs1 makux 3aday ma siK
80HU CMamucmu4HO KOpeJIioombCs 3 pe3ysibmamamu eunpobyeaHsb.

M e T o A4 u. AHani3s 2a3oeux aHomarlil, 3aghikcoeaHux cmanuieto I'T[, exroyae Kinbka emanie: eubip ceepOno8uH Osisi NOPIBHAHHS
2a30eux aHomaritl, 8 IKUX ompumaHo npomucsiogull Npursue 2a3y Ha OCHo8i mempoi3uYHOI OUiHKU nnacmie-KosieKkmopie ma rniacmo-
8020 MUCKY; epaxyeaHHs1 Yacy eidcmaeaHHs1 euxody 2a3y 3 euboto, 2a3y ceabitoeaHHs1 (8UITy4eHHS1 2a3y WIISIXOM MOHUXEHHS pieHs
piduHu), 2a3y nicsis HapoulyeaHHs1, peyupKynsiyiliHo2o 2a3y ma Micub, de 6ys10 eeedeHo AoMiwKu Haghmonpodykmie e 6ypoesuli PO34UH.

Pe3ynbTaTu. BukoHaHo OemanbHull aHasi3 2a308ux aHoMarlil; npoeedeHo nempogizuyHy OyiHKy niacmie-Konekmopie e iH-
mepeasnax nidsuujeHux 2a3orokasie; po3paxoeaHo koegiyicHmu KoHmpacmHocmi e iHmepsanax nepgopauii e 11 ceepdnosuHax.

B ucHoBKkwu. llidmeepdxeHo peneeaHmuicmb daHux I'T[ Ansi nonepedHb020 8udineHHs1 NepcneKmueHUx 20PpU30HmMie 2a30HOC-
Hocmi. BcmaHoeneHo, wo koegiyieHm koHmpacmuocmi (KkoH) € iHghopmamueHUM MOKa3HUKOM Mpu aHasi3i 2azoeux aHomaril.
3Ha4eHHs1 KkoH e mexax 4,3-6,3 eka3yromb Ha nepcrekmueHicme iHmepeaity o eurnpobysaHHsi.

Kno4yoBi cnoBa: 2eosozo-mexHosoz2i4Hi ma 2eoxiMiuyHi docnideHHs1, 2a3, hpoHO8e 3HaYEHHS 2a3y, KoegiyieHm KoHmpacm-
Hocmi, de6im 2a3y.

Bctyn

2004). NMpoTe He BCi TUMWX KONEKTOPIB MOXXHA OXapaKTepu3ay-

lMocmaHoeka npobnemu. 3a AaHum cTaHuii [T MoxHa
3pobuTV nonepeaHe BUAIMEHHA MEPCNEKTUBHUX FOPU3OHTIB,
sIke NOTIM MiJTBEPAKYETbCA abo CNpOCTOBYETHCA 3a AaHUMM
NPOMMCIIOBO-reodi3nyHNX AochigKeHb cBepanosuH ([pokonis,

Bath 3a gaHumm IOC. OcobnmBo Lie CTOCYETLCA TOHKOLIA-
pyBaTUX CapMaTCbKUX BigKNadiB, y SKMX MPOAYKTUBHUMM
KOneKkTopamu MoxXyTb ByTW nnactu nicKoBWKIB 3aBTOBLLKA Y
Kifibka caHTUMeTpIB (puc. 1).

Puc. 1. 3pasok lzepHa Ne 1 3 ropusoHTy H1-9, AKMIN AEeMOHCTPYE TOHKE HalapyBaHHA nopin

(npu6nusHa rnubuHa Bia6opy 3pa3ka 1200 m)

© B'asoBcbka €BreHis, MuxaneBuu Irop, Kapnun Bacunb, flyuyk CtenaH, 2025
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3a TunoBmm getanisauiiium komnnekcom MAC, B Akuin 3a-
3BUYalN BXOOSATb METOAM OOKOBOTO KapOT&KHOMO 30HAYBaHHS
(BK3), iHaykuiHoro, 6oKoBOro, MiKpoOOKOBOro, HEMTPOHHOIO,
aKyCTUYHOTO, LLiMBHICHOrO Ta raMMa-kapoTaxiB HadaTu Kinbki-
CHy neTpodpianyHy OUHKY MOXHa Yy nnactax 3 TOBLUMHOK
>40 cm (puc. 2). B okpemunx Bunagkax, 3acTocoByoumn cretlia-
NbHi JOCNIMKEHHS 3 BUCOKOK BEPTUKANbHOI PO3AiNbHO 3aa-
THICTIO  (SAEPHO-MarHiTHOrO  Pe30HaHCy,  eneKTPUYHOro
MiKpoiMemKepa, OienekTpUYHOro ckaHepa), BAAETbCS KinbKiCHO
oxapaktepusyBaTu nnactM 3 ToBwwuHowo ~15cm (Cavalleri
et al.,, 2021). Ane ui meToau AOBONI AOPOri | HE 3aBXAn AalTb
OOHO3HAYHWI Pe3ynbTaT, SK | 3aCTOCYBaHHS crevianbHUX Me-
ToauMK iHTepnpeTauii TunoBoro komnnekcy MOC (MpuumLnH,
2012; KapneHko, & JToktes, 2001). Tomy y BKkazaHoMy Tuni po-
3pi3y gaHi 'O MoXyTb cTaT OQHMM 3 BUpILLAnbHUX apryMeH-
TiB y BUGOpi 06'ekTa 40 BUNPOBYyBaHHS.

IHAyKUinHUY kapoTax I
AKYCTUYHUI KapoTax
BokoBui kapoTax
HenTpoHHUI KapoTax
LinbHicHUIM KapoTax
Famma-kapoTtax
ApepHo-marHiTHUIn
MikpomeToaun

LienekTpu4HUA cKaHep

Mikpoimenxep (FMI)

o

20 40 60 80

Puc. 2. BepTukanbHa po3finbHa 3gaTtHictb MeTtoais FAC, cm
(Rider, 2000)

€ pocTtaTHbO GaraTo hakTopiB, SiKi HEraTMBHO BNNMBa-
I0Tb Ha TOYHICTb AaHux cTaHuii 'MO. Hanpuknaga, pisHi oco-
OnmBoCTI pexumie OypiHHS | BUKOpUCTaHHS cyvacHux PDS
OOniT, AKi CNPUYMHAIOTL T€e, LWO BUAINEHHS NEePCneKkTUBHNX
rOPU30OHTIB 3a AaHMMW ra30KapoOTaXKHOI CTaHLii € HETOYHUMU
(Kory4, & Cabart, 2007). Pexumu GypiHHSA, Taki gk "cnangy-
BaHHS", YCKNaAHIOTb BUAINEHHS] TOPU3OHTIB 3a LUBUAKICTIO
6ypiHHA. BukopuctanHsa PDS gonit npussoguTe 40 TOrO, WO
nopoga MOBHICTIO NOAPIOHIOETLCS, a NICKOBUK i aneBponiT
4YacTo PYNHYETLCHA OO OKPEMUX 3EPEH, AKi NMerko NponycTuTn
npu onuci BiaibpaHoi npobu wnamy. Tomy Ana BMAINEHHS
NOTEHLiMHO NPOAYKTUBHMX IHTEpPBAriB HaNBaXIMBILLOK Jia-
FTHOCTMYHOI O3HAKO € reoxiMivyHa iHdopmadis.

@PopmynroeaHHs yinel cmammi. Ha gaHuin Yac € npo-
6nema HegoOBUBYEHOCTI iHOPMAaTUBHOCTI MaTepianie cTaHuji
'T[, ane B ToV caMuii Yac porib reorioro-TeXHOMNOrYHMX AoCHi-
[DXeHb Y 3araribHOMY KOMMMeEKCi pobiT y cBepaoBuUHI 36inbLuy-
eTbcd. 3BiCHO, OaxkaHO NpPOBOAWUTW MOCTIVIHE OHOBMEHHSA
TEXHIKM Ta TeXHOMOriN, ane GinbLU BaXKNMBUM € MOLLYK HOBUX
MeTofiB iHTepnpeTauii AaHWX, SKUA HWHI Make He MpOBO-
anTbes. Takox NOTpiGHO CTBOPIOBATU CTATUCTUYHI BUBIpKK MO
NEBHMX KOMMIEKCax OKPEMMX TEKTOHIYHUX 30H, LLO AaBaTuMe
PO3yMiHHA MPO AOMiHAHTHI TPeHAW ras3oBux aHomanin. [Ons
LbOro B AaHii CTaTTi NpoBeAEeHO AOCHIMKEHHS 3 MOPIBHAHHAM
NPOAYKTUBHOCTI BXXe NpoBypeHnX CBEPANIOBUH 0 AAHUX CTaH-
uii I'T[ 3a rasoBum kapotaxxem. OcobnmMBo akLEeHTOBaHO yBary
Ha CniBBiOHOLLEHHST 3MiHW abCOMTHOrO BiACOTKOBOrO BMICTY
rasy B rasonoBiTPsiHil CyMiLli, LLO HaaxoauTb 3 GypoBOro pos-
YWHY Mif, Yac LMpPKynsLii.

Metoan
Onsa gocnimkeHHs 6yno B3sSITO CBEPASIOBUHW, SIKi BXe ne-
pebyBaloTb B ekcnnyaTtauii i posTawoBaHi y binbye-
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Bonuupkin 30Hi [NepegkapnaTcbKoro npOruHy, a TakoXx
Kiflbka CBEPAMNOBMH N03a MeXaMu 30HM A1 NopiBHAHHSA. Ko-
XKHa 3i cBepAnoBuH mana aebit rady npv BuNpobyBaHHi He
meHWw Ak 10 Tuc. m3/0oBby. MeTtoto Gyno gocniguTv Ta BCTa-
HOBWTM JOCTOBIPHICTb NPOrHO3yBaHHS ra30HOCHOCTi KONeK-
TOpiB 3a AaHumu cTtaHuii 'Ta.

3 faHoi BUBipKM Bynu BMKITIOYEHO CBEPANOBUHM, B SKUX
rigpoCTaTUYHMIM TUCK NPU NEPBUHHOMY PO3KPUTI FTOPUSOHTIB,
3Ha4yHO nepeswvwyBaB nnactosun. Nig Yac posKpuTTa pos-
pidy 3 BENMMKMMU penpeciamn Ha NpoayKTUBHI nrnacTu npo-
XOOUTb BWTICHEHHA ra3y Big CTIHOK CBepanoBuHU. Y
npomMuBarnkeHy piguHy NOTpanmsie TiNbkM He3Ha4yHa YyacTuHa
rasy i Ha KpuBii rasonokasiB iKCyloTbCA TiNbKU 3HAYEHHS,
SIKi He NepeBuLLYIOTb POHOBUX 3HAYEHb. Y LibOMY BUMAOKy
nnactu 3 KpawumMy KONEKTOPCbKUMW BRACTUBOCTSIMU Oy-
OyTb 3apasrneHi (Mpogykramu-konbMaTaHTamu 6ypoBoro
PO34MHY), @ HU3bKOMOPUCTI, 3 HU3bKUMU DINbTPaLINHO-EMHI-
CHUMW BNacTUBOCTSIMM, HE 3a3HalTb Takoro BMvBY, LLO,
CNpVYMHSE po3radyBaHHA PO34MHY i MOSBU NiKiB Ha ra3oka-
poTaxHux giarpamax. YHacnigok andysii rasy Ha npoMmuBa-
NbHY PiAWMHY HU3LKOMPOHMWKHI Nnactu 6yayTe BiobuBaTUcH
Ha Jgiarpamax y BUrNs4i 30H i3 NigBULLIEHO Fa30HOCHICTHO
(YopHun, 2015).

HacTtynHum kpokom ©Oyna nepeBipka npupoau MoXo-
PKEHHS1 KOXXHOI aHomanii 3a 4o6osum rpadpikam ctaHuii re-
ONIOrO-TEXHIYHUX  JOCNISKEHb, 3 BpaxyBaHHAM 4acy
BiCTaBaHHA BMX0Ay rasy 3 BuOOt (Tak 3BaHui lag time). B
npoueci OypiHHA BigOyBaeTbLCA HEMNEPEPBHUIA BUMIP KOHLIE-
HTpaLii rasy B rasonoBiTpsHIN CyMiLli, Nicnsa AesKUX TeXHO-
NOriYHMX onepadin nigBMweHHs abCcontoTHOro BiACOTKOBOIO
3HaYeHHsI razy Moxe GyTu He NOB'A3aHO 3 NNAaCTOBKUM ra3oM.
[Insi KOPEKTHOrO NPOBEAEHHST AOCMIOXKEHHSI BUKITHOYEHO a3
cBabiloBaHHS, ras nicns HapoLLlyBaHHS, PeLMpKYNSauinHn
ras ta micus, Ae BBOAMNN AOMILLIKU HAdOTONPOAYKTIB y Bypo-
BUN PO3YMH.

PesynbtaTtn

a3 cBabitoBaHHA BUHMKAE Yy pasi piskoro nigrnomy Gypu-
NbHOrO IHCTPYMEHTa Hag, BU60eM CBEPANOBUHM NPY HAPOLLLY-
BaHHi,  CMycKO-NigMOMHMX  onepauisx, LabnoHyBaHHi
ctoBbypa cBepanoBuHM Towo. [Mpu nigiomi iHCTpymeHTa
TUCK Ha NpuBKGIHY 30HY NnacTa 3MeHLLYETLCS 3a paxyHOK
edbekTy nignomy YacTUHU PiavHW, WO € Hag IHCTPYMEHTOM, Ta
YaCTKOBOro PYMHYBaHHS KipKu, CTBOpPEHOi OypoBMM po34u-
HOM. 3anexHo Big LBMAOKOCTI MiAAOMY iHCTPyMEHTa, Noro
KOMMOHOBKM i NapameTpiB GypoBOro po3ynHy edekT Moxe
OyTv JocTaTHIM AN CTBOPEHHS AeNpecii | BUKNMKY NpUNnvBy
3 nnacra, sikvin nigaaeTsca BnnuBy. a3osi aHomanii gaHoro
TUMY 3a3BUYall XapaKTepU3yrTbCA Pi3KUM 36iMbLUEHHAM Ta
LUBMOKNM 3aTyXaHHSIM ras3onokasHukis. PeumpkynauinHuii ras
BMHVKa€E Yepe3 noraHy O4MCTKY i Aerasawlito pO34mHy, KU BU-
XOOMTb i3 CBEPAJIOBMHM, BHACMIQOK YOro BiH 3HOBY 3aKady-
€TbC B  cBepanoBuHy. [losiBa  paHoi  aHomanii
CNocTepiraeTbCs Ha Yac NOBHOIO LIMKIY NPOMMBKU Big, MOMe-
HTY peecTpauii nonepegHbOi razoBoi aHomanii i Bigpi3Hs-
€TbCS Bifg Hei 6inbL nonoroto opMoto amnniTyam i GinbLwmm
BiAHOCHUM BiACcOTKOM "Baxkux" rasis (C4-C5 — nponaH-neH-
TaH). [N KOPEKTHOro NpPoBEeAEHHSA BCIX HACTYMHUX aHanisis
KPUTUYHO BaXXNMBO BiAKWHYTW BCi aHOMarii, L0 BUKIMKaHi Te-
XHOSOTMYHMMU NpoLecamu i KOPOTKO OMNUCaHi BULLIE.

®PoHOBe 3HayeHHs razy — Le 3Ha4YeHHA KOHUeHTpauii
rasy B 6ypoBOMy pO34uHi, Ske CrocTepiraeTbCs 3a BigCyTHO-
CTi MPOOYKTUBHUX AinsiHOK. [a3oBa aHoManisa — ue 6yab-ske
3HayHe 36inbLUeHHsI BUSIBNEHOrO rasy, sike 3a3Bu4ai NoB's-
3aHe i3 30HOW MiABMLLEHOI MOPUCTOCTI Ta MPOHMKHOCTI.
Koegbiyienm konmmpacmuocmi (KkoH) — uUe cniBBigHO-
LEHHA MaKkcumarnbHOro 3Ha4YeHHs B iHTepBani aHoManii 4o
¢OHOBOro 3HayeHHd. KoedilieHT KOHTPaCTHOCTI MoXxe
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KONMMBaTUCA B LUMPOKMX Aiana3oHax. lNoB's3aHo ue 3 Tum,
WO Ymm Binblia WBMAKICTb BypiHHA, TUM Binblua KOHLEHT-
paLisi ByrneBogHiB Ha oaunHUL0 06'eMy GypoBOro posymHy.
MpoTe, 3 gocBiay aBTOpiB, CaMe Liei NokasHWK € HanbinbLu
iHdbopMaTMBHUM B aHarnisi ra3oBMx aHoManin.

[nsa rasoBux aHoMarnin, iHTepBanu sakux 36iranuck 3 iH-
TepBanamu, B Skux BigOyBanocb NEpBUHHE PO3KPUTTS 3a
aornomoroto nepdhopaldii i 4e B noganblioMy NpoBOAMIIACh
ekcninyaTtauis, 6yno pospaxoBaHo koediLiEHTV KOHTPACTHO-
CTi 32 METOZ0IMOrIEH, KOPOTKO ONUCAHOI0 BULLIE.

Ha puc. 3, 3okpema, 306pakeHo Kpoc-MnroT 3a gaHuMu
0ebiTy, koedilieHTa KOHTPACTHOCTI | NOYaTKOBMX NAaCTOBUX
TuckiB Ana 11 ceepafioBUH.

ONOBHMM BMCHOBKOM 3 aHanisy Kpoc-nnoTy € Te, Lo
CBEpAJIOBMHU 3 Hanbinblwmmn gebitamu nig yac noganb-
LLIOro BUNPOoOyBaHHA Manu 3HaYeHHs koedilieHTa KoHTpac-
THocTi B Mexax 4,3-6,3. MoBipHo, came Lei aianasoH
3HayeHb, 32 YMOB NPaBUIbHO NigibpaHoi rycTuHn 6ypoBoro
PO34YMHY Ta NNAcTOBMX TUCKIB, ONM3bKMX A0 rigpocTaTUYHMX,
BKa3ye Ha NepcrnekTUBHICTb iHTepBarny, Ae MW cnocrepira-
emMo aHomarnito. MapaMeTpu nnacta He 3aBXOu € KI4o-
Bumn.  Ockinbku, Hanpuknag, koedilieHT  BigkpuToi
nopucTocTi y ceepanoBuHi Ne 1 € B ABa pasu GinbLunm, Hix
y ceepanosuHi Ne 4, a ceepanosuHa Ne 4 noyana npaugo-
BaTuW nuLle nicns iHTeHcudikauii nnacra i came gianasoH Ko-
edilieHTa KOHTPACTHOCTI Ta  [A0AaTKOBi  MO3WUTUBHI

MOKA3HMKKN 33 KapoTaXKeM Janu 3Mory BUAinMTu uemn ob'ekr
ans nepdopadii, BuNnpobyBaHHS Ta noganbLioi iHTeHeudi-
Kauii. Ha puc. 4 i 5 nokazaHo nnaHweTn ceepanosuH Ne 1,
Ne 2, Ne 3, Ne 4 ons kpalloi Bidyanisauii BignosigHoOCTi raso-
BWX aHOManin 3 BUGineHnMmn nepcnekTMBHMMMN 30HaMK Ta iH-
TepBanamu nepdgopadii, a B Tabn. 1 HaBegeHo iHdopmaLito
NpO NPOAYKTUBHICTb KOXXHOT CBEPATOBUHN.

100 100

© Ne3

De6iT, TMc/M3

© No4

10 e o ° 10

20— 1 (TNo4yaTKOBWA NNACTOBUN TUCKIS 170
Puc. 3. Kpoc-nnot gaHuMx no4yaTkoBux AebiTiB, koedilieHTa
KOHTPACTHOCTi Ta NO4aTKOBUX NNTaCTOBUX TUCKIB

Ta6nuys 1

Pe3ynbTatu 3icTaBneHHs koedilieHTa KOHTPAcTHOCTi ra30BUX aHOManin 3 Ae6iTom Npu BUNpoGyBaHHi NOYaTKOBUM NIacToBUM
TUCKOM, HaKONMYEHUM BMAOOYTKOM, TYyCTUHaMU PO34UHY Npu GypiHHI Ta cTpaTurpacdivyHo oguHULElO

Ne . FyctuHa [e6iT rasy npu BUNpobyBaHHi, Hakonunyenui MNMouatkoBUN
Bik 3 KkoH 3 3 -
CBepASIOBUHU BP, ricm TUc. M°/poby BUOOOYTOK, MITH M nnacroBumn Tuck, MMa
1 Kperga 1,09 6,3 276 41 10,7
2 HAO-8-9 1,085 6 115 70 7.4
3 HO-9 1,08 4,3 14 8,8
4 HO-9 1,09 4,3 24,5 17,7 7,8

Takox 3a JaHMMKM NPOMMUCIOBO-reodi3nyHUX [OoCHi-
OXXeHb HaBedeHO YacTKOBY MeTpodi3anyHy XapakTepucTUKy
3 NiTONOriYHOK KOMOHKO ANng intocTpadii. YoTnpu ceepano-
BVHU, WO aHanisyrTbcs, NpobypeHi B Mexax rmubuH oo
1500 meTpiB NpnbnM3HO Ha OAHAKOBMX rycTuHax OypoBoro
PO34uHy, WO fobpe ycepedHoe Hally BMOGIpKy i BignoBiaHO

RK
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Test_result 2

Stratigraph
Perforation

a)

BKasye Ha Te, WO NPOAYKTMBHI B ManbyTHbOMY ras3oBi aHo-
Manii MOXyTb XapakTepunsyBaTUChb KOediLiEHTOM KOHTpacT-
HocTi B mMexax 4,3-6,3. OgHe 3 aHOManbHUX 3HaYeHb
koedpilieHTa koHTpacTHOCTi (NoHaa 9) nos'AsaHe i cnpoay-
KOBaHe 3Ha4yHWM MIacTOBMM TUCKOM, LIO NPOAEMOHCTPO-
BaHO Ha puc. 3.

tratigraph
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6)

Puc. 4. 3BegeHu NNaHLIeT:
a) ceepanosuHa Ne 1; 6) ceepanosuHa Ne 2.
GK — ramma-kapotax; BK — nutomuin enekTpuyHuii onip 3a AaHnMmn BOKOBOro KapoTaxy;
RT — po3paxyHKoBUiA MMTOMUIA ENEKTPUYHWIA ONip 3a AaHUMU iHAYKUiNHOro kapoTaxy; TG — cymapHuil BMICT rasy B 6ypoBOMY pO34uHI
3a gaHumu ctaHuii M'T; PHIE — koediuieHT BigkpuToi nopuctocTi; VSAND — 06'eMHUIA BMICT MiCKOBUKY;
VCALC - o06'emHuin BMICT BanHsKy; VSH — koediulieHT 06'€eMHOi rmMHMCTOCTI
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Test result 2|

a)

Puc 5. 3BeaeHui nnaHwer:
a) ceepanosuHa Ne 3; 6) cBepanosunHa Ne 4.
GK — ramma-kapotax; BK — nutomuin enektpuynui onip 3a AaHnMm 60koBoro kapotaxy; RT — po3paxyHKOBUA NUTOMUIA ENEKTPUYHNIA
onip 3a AaHuMU iHAYKUiAHOTO KapoTaxy; TG — cymapHuiA BMICT rady B 6ypoBOMY po34yuHi 3a AaHuMu cTaHuii [TA;
PHIE — koediuieHT BigkpuToi nopuctocTi; VSAND — 06'emMHuIn BMIiCT nickoBuky; VSILT — 06'emMHMI BMiCT aneBponiTy;
VSH - koediuieHT 06'€MHOI IMMHUCTOCTI

Ouckycisi i BACHOBKK

MincymoBytoun, BapTo 3a3HaA4UTK, LLLO NpaBUIbHO obpo-
OneHi Ta iHTepnNpeToBaHi AaHi ra30BOro KapoTaxy, Lo oTpu-
MytloTb Big cTaHuii T, € ogHum 3 [Oyxe BaxnMBuX
0OLaTKOBMX IHCTPYMEHTIB Yy NPOrHO3yBaHHI NEPCNEKTUBHUX
Ao BunpobyBaHHS iHTepBanis. IHKOMNW, B TOHKOLLApyBaTOMy
po3pisi, y pasi HWM3bKOI IHPOPMATMBHOCTI aKyCTUYHWUX Ta
€rNeKkTPUYHUX MeTOodiB, ra3oBuUi KapoTax 3a NigTPUMKM
nvwe JaHuxX KapoTaxy SAepHOro-MarHiTHOro pesoHaHcy
CTa€ iHCTPYMEHTOM [0 BUAINEHHS NPOOYKTUBHUX FOPU3OH-
TiB. Came Tak BigbyBanocb y BMnagky csepanoBuHu Ne 4.
BapTo TakoX 3a3HauuMTu, L0 O3HAYeHWi BULLE Aiana3oH
3HayeHb koedpilieHTa KOHTpacTHOCTi B Mmexax 4,3—6,3 iH-
KON MOXE XapaKkTepuayBaTu il NnacTy 3 ra3o-BOASHUM Ha-
CMYEHHsM, TOMY came npaBurnbHe KanibpyBaHHA BCiX
ra3oBuX KOMMOHEHTIB Ta obpobka gaHWX rasoBOro Kapo-
Taxy, a TaKoX KOMMIEKCYBaHHS MOro 3 AaHWMW NpOMUC-
NOBO-Te0i3NYHNX  pOoBIT, € KIHYOBUM  EFTIEMEHTOM
bopMyBaHHs1 NpaBWUbHOI CTpaTerii BUNnpobyBaHHA nepcne-
KTMBHUX OO'EKTIB Y CBEPAJIOBUHI.

Bbauaemo HeoOXiOHICTb Yy MPOAOBXEHHI aHanoriyHux
pocnigxkeHb y ManbytHbomy. O4eBMAHO, WO 36inbLUEHHS
CTaTUCTUYHOI BUBIpKM OTpMMaHuX pesynbTaTiB 4acTb 3mMory
3BY3UTK Jiana3oH po3BiKHOCTI koedilieHTa KOHTPaCTHOCTI,
LLIO MpUTaMaHHUIA A8 ra3oHacMYeHNX iHTepBaniB, Ta BKaxe
Ha KpuTepii, 3a akuMn MoxHa byae po3ainaT ra3oHacK4eHi
Ta raso-BogoHacuyeHi nnactu. OgHo3HayHoto € 11 noTpeba
npoBeAeHHs aHanoriYyHux gocnifjkeHb He nuwe y binbye-
Bonuubkin 30Hi, a 1 B Bopucnaecbko-IMokyTcbkin, CknboBin,
30Hi KpocHo Ta 3akapnatcbkomy MporuHi, Ae cnig odikysaTtu
LLiNIKOM iHLLi 3aKOHOMIPHOCTI Mi>X JOCTiAXXyBaHUMUN aHoOMari-
SIMW Ta NPOOYKTUBHICTIO CBEPAMNOBUH.

BHecok aBTopiB: €BreHis B'a3oBcbka — aHani3 i o6pobka ga-
HWX, METOAONOrifA, HaNucaHHA (opuriHanbHa YepHeTka); Irop Muxa-
neBWY — KOHUenTyanisauis, aHania i obpobka gaHvx, MeTogonoris,
HanucaHHs (nepernsg i peparyBaHHs); Bacunbe Kapnuh — Hanu-
CaHHsa (nepernsg i pegaryBaHHs1), nporpaMHe 3abesneyeHHs, gop-
ManbHui aHanis; CrtenaH [ydyyk — nporpamMHe 3abe3neyveHHs,
dopmanbHuin aHania.
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RELIABILITY OF PREDICTION OF GAS SATURATED RESERVOIRS
IN BILCHE-VOLYTSYA ZONE USING THE MUDLOGING STATION DATA

Background. Thearticle analyzed the possibility of prediction reservoir saturation using the Mudlogging station unit. The key factors, which
have negative influence on such studies, were analyzed. The inaccuracy of the mudlogging station data could be related to the specific drilling
techniques and the use of PDC drilling bits. After all, these data are normally used for the preliminary evaluation of potential reservoir saturation.
Then, these data need to be complexed with the result of petrophysical evaluation based on well log results. Taking into account the limited resolution
of logging methods in the thin-layered Sarmatian section and in compacted Upper Jurassic carbonates, the decision on the test object is sometimes
made based on core data and aforementioned gas readings. This article will discuss whether the mudlogging station data are relevant for solving
such problems and how they statistically correlate with the test results.

Meth ods. The analysis of gas anomalies recorded by the mudloging station included several stages: selection of wells for comparison of gas
anomalies in which a commercial gas inflow was obtained based on petrophysical evaluation of reservoirs and formation pressure; consideration of
the lag time of gas exit from the bottom hole, gas from the swabbing procedures, gas after drilling string build-up, recirculation gas, and places where
petroleum product were added into the drilling fluid.

Results. A detailed analysis of gas anomalies was performed; petrophysical assessment of the reservoirs in the intervals of increased gas
reading was performed; contrast ratio were calculated in perforated intervals in 11 wells.

Conclusions. The relevance of Mudlogging station data for preliminary identification of potentially gas-saturated horizons has been
confirmed. Contrast ratio (Kkon) is an informative indicator in the analysis of gas anomalies. Kkon values within 4.3—-6.3 indicate the possible gas
saturated interval.

Keywords: geological, technological and geochemical research, gas, background gas ridings, contrast ratio, gas flow rate.
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DETERMINATION OF THE OPTIMAL METHOD OF INFLUENCE TO INCREASE
THE EFFICIENCY OF RESERVOIR EXPLORATION

(MpedcmaesneHo 4neHoM pedakyiliHoi Koneaii 0-poM 2eos. HayK, npog. O.M. Kapnerkom)

Background. Eventhough the layers that make up oil and gas fields have different geological properties and, as well as different
exploitation regimes applied in drilled wells, in most cases it is not possible to extract the expected volume of oil. To increase production,
it is necessary to apply various physical effects to the layers. If the influence method is effective, it is possible to extract a certain amount
of additional hydrocarbon from the layer. For this reason, selecting an effective influence method is considered to be one of the most
important issues in the oil industry.

Many factors influence the decrease in oil production at the field, one of which is the presence of high-molecular components. These
components form pseudocrystalline plug in the pores of the rock and clog them.

The article substantiates the effectiveness of using ultrasonic waves to clean rock pores from pseudocrystalline plug formed by high-
molecular components (asphaltenes, resins). It determines the limiting values of ultrasonic vibration frequencies.

There was selection, justification, and determination of limiting values characterizing an effective method of action for cleaning rock
pores from pseudocrystalline plugs formed by high-molecular components during the development of oil and gas fields.

The dependence of the influence of ultrasonic waves on the composition and density of fluids found in the pores of the rock, on the
density of the rock, as well as on the liquid column settled in the well is established.

Methods. I[tis recommended that ultrasonic waves be used to destroy pseudocrystalline plugs in the pores of the rock formed
by high-molecular components found in heavy oil during the development of oil and gas fields.

Results: as aresult of the studies, it became known that for 1 m near the well, seismic waves with a frequency of 287 Hz should
be used. For 10 m — 28.7 Hz; 100 m — 2.87 Hz; 200 m — 1.44 Hz; 300 m — 0.98 Hz; 400 m — 0.71 Hz; 500 m — 0.53 Hz. For an acoustic wave:
from 0.33 to 525 Hz.

Conclusions. Selection of rational methods of influencing the formations, an acceptable method of influencing the formation

when the flow rate of wells in the development of fields decreases or completely stops and to justify the effectiveness of the choice.

Keywords: development, layers, pores, influence methods, ultrasonic waves, etc.

Background

The seismic wave influence technology (SWIT) results
from many years of research and experiments to develop
methods for efficient monitoring and control of geodynamic
processes and to solve the problem of protecting the
environment from negative environmental changes caused
by large-scale industrial operations. The technology can be
applied to virtually all geological structures and oil deposits
in a wide range of depths, capacities, formation pressures,
and water cut parameters. SWIT does not require additional
injection of water or other chemical reagents during its
application. Prevention of oil deposit destruction and their
rehabilitation, increased field life, increased oil percentage in
the produced fluid, increased formation pressure, and
reduced environmental pollution make it possible to achieve
and maintain for a long period the following economically
and environmentally important results: - increased oil
production by 15-35 %; - decreased current water cut in the
produced fluid by 5-12 % for low- and medium-flow wells
and up to 20 % for high-flow wells; - increasing the current
oil recovery factor to 45 %; - increasing the final oil recovery
factor to 70-80 % or more (Kerimov, & Kerimov, 2015).

The problems associated with the difficulties of oil
movement in formations, and the nature of pseudocrystalline
plug formation are considered, and ways of preventing their
formation by wave action are shown. To overcome these
difficulties, it is proposed to influence the formations with
elastic waves, and a physical justification is given for elastic
waves, which play a significant role in increasing oil recovery
from formations. Analysis of the elastic effect on oil
production showed that this method of action is relatively
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simple and effective compared to other methods of
increasing oil recovery (Seidov, 2003).

Many methods of wave and thermal wave (vibration,
shock, pulse, thermoacoustic) action on an oil formation or
its bottomhole zone are known. The main goal of the
technology is to develop low-permeability isolated zones of
a productive formation into development by influencing them
with elastic waves that fade in highly permeable sections of
the formation but spread over a significant distance and with
sufficient intensity to excite low-permeability sections of the
formation. By using such methods, it is possible to achieve
a noticeable intensification of filtration processes in
formations and increase their oil recovery in a wide range of
amplitude-frequency characteristics of the impact modes. In
this case, the positive effect of wave action is detected both
in the directly treated well and, in individual cases, under
appropriate treatment modes, in wells located hundreds or
more meters from the source of pressure pulses (Ruzin, &
Morozyuk, 2014).

The geological, physical and physical-chemical
properties of productive formations and fluids were
analyzed. The objects were grouped and the centers of the
grouping were determined, adjacent objects were selected
for further research. The geological features of various
groups of objects were analyzed, allowing for planning
measures to improve the development system to increase
oil recovery. An optimal set of technologies for increasing oil
recovery and reducing water cut in formations was
recommended, differentiated by the selected groups of
fields. It was proposed to apply the recommendations to
objects of each of the selected groups (Mukhametshin,
Andreev, Dubinsky et al., 2016).

© Seidov Vagif, Aghayeva Maleyka, 2025
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The large differences in water flooding efficiency of the
models in different blocks of Beibu Gulf Oil Field, China, are
taken as an example of water flow problems leading to low
recovery factors. The cores of the W3IV formation in Well W
and the L3Il formation in Well B were taken for study. By
combining dynamic nuclear magnetic resonance, constant
rate mercury injection, and microplate visual model, the flow
characteristics and factors affecting the water flow at the
pore scale of these reservoirs were analyzed. The radii of
the pores and throats were small, but the pore throat ratio
was large and its distribution range was wide. For example,
the pore volume of Well B samples was mainly controlled by
the smaller throats. Under such conditions, the dominant
flow path of the injected water is easily formed, and this
adversely affects the volumetric sweep efficiency of water
flooding. The mechanism of this is explained. This leads to
the oil recovery in the medium and small pores reaching
about 40 %, while it is less than 5 % in the large pores. As a
result, the average oil displacement efficiency of well B was
only 44.7 %, which was 22.3 % lower than that of well W.
(Shen, Lei, Guo et al., 2017).

To increase oil production, it is necessary to influence
the formation by methods with different physical
characteristics. For this purpose, the application of the
method of influence by ultrasonic waves was considered.
The graphical dependence of Shvedov-Bingami (Fig. 1) is
known, the dependence of the shear rate on the shear stress
for the rheological model of the body. When creating shear
stress in the medium, there is no inflow; as the medium
behaves like a liquid with viscosity (1) (Seidov, 2003)

dr

=5 g

where, dt is differential value of the shear rate, and dy is
differential value of the shear stress.

Y

G
C<G c>q C
no fHow: + plastic low ———

Fig. 1. Shvedov — Bingham dependence.
y —is the shear rate; T — shear stress

Such media are called rigid elastic and at > 7, there is a
plastic inflow. The value is called the ultimate shear stress and
cannot create a fluid inflow. This model describes the pattern of
hydrocarbon movement in the pore space of rocks.

During reservoir operation, in the bottomhole zone of the
reservoir, in most cases, pseudocrystalline plug formed by
high-molecular components clog the pores of the rocks. As
a result, permeability in this zone decreases sharply, and the
well flow rate drops to zero (Fig. 2) (Seidov, 2012).

It is known that the flow rate depends on the permeability
of rocks lying within the near-wellbore layer with a thickness
of 1.0 m. ltis this layer that determines the productivity of the
well and its hydrodynamic drainage/flow. In a radius of 1 m
of the near-wellbore zone of the formation, the created

ISSN 1728-3817

pressure from different sources increases by several
megapascals. In this case, the pressure gradient can be
determined by the following formula (2):

qradP = Ay /L, (2)
where, L is the wavelength; A, is the amplitude of the
acoustic pressure.

rock

pseudocrystalline plug
condensate

direction of fluid movement
Fig. 2. Scheme of creating plugs in porous rocks

When the formations are affected by emitted wave
sources (located in the well), stress of different intensities is
created at various points near the wells: near the source; in
the rocks located near the wellbore; 1 m from the wellbore.
Therefore, it was concluded that when influencing the strata
with waves, the radius of their propagation can be increased
by several hundred meters by selecting the necessary
frequency values. The ultrasonic waves used in the impact
correspond to the frequency ranges of acoustic and seismic
waves, therefore the analysis of their implementation is
studied separately.

Methods

Impact of wave impact. The following effects were
revealed during the acoustic wave impact on the formation:
vortex motion of the wave in the formation pores; "heating"
of the liquid filling the rock pores under the influence of the
waves; turbulent motion of the liquid in the rock pores;
decrease in oil viscosity. The study showed that all of the
above mentioned phenomena cannot co-occur; in this case,
it is necessary to create an intense acoustic field, because,
without this, it is impossible to increase the impact field.
Indeed, during intense impact, resonance occurs in the
waves propagating in the rock pores, which ensures its
deeper penetration. At the same time, as noted above, the
liquid in the pores begins to heat up, after which the shape
of the liquid flow becomes turbulent, as a result of which the
stress value before the impact is high. After the start of
movement in the pores, the temperature field created by the
wave energy creates conditions for reducing the viscosity of
oil. The analysis showed that the mechanism of acoustic
impact is somewhat different, which is associated with the
nonlinear rheological form of hydrocarbon behavior.
Studying the stress field and its velocity in a nonlinear
medium is much more difficult than in a linear medium. To
determine the acoustic impact on the formation, we will
consider a cylindrical pore of rocks of radius with a rigid-
plastic medium placed in it. The flow is not achieved under
the condition (Seidov, 2012):

%grandP < Tp. 3)

The reason is that the pressure gradient is directed along
the pore axis. Taking into account some conditions and
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transforming inequality (3), we obtain the following inequality (4)
(Seidov, 2012)

w?A, > (p;:p)g, (4)

where, p; is the density of the liquid.

Acoustic impact can be carried out by both transverse
and longitudinal waves. At this time, the density of acoustic
energy must satisfy the equality (Seidov, 2012):

W =2 pw?A3. (5)

Using the formula (5), the value of the density of acoustic
energy was calculated for different values of quantities
p,w, Ay (Table 1).

Looking at the calculated values, it can be seen that the
density of acoustic energy changes in a very large range.
During the impact on the formation, the wave amplitude and the
density of acoustic energy must be proportional to the square
of the frequency. Therefore, according to the volume of the
formation, it is necessary to increase the frequency so that it
does not exceed the attenuation of the wave in numerical value.

Table 1

Value of acoustic energy density

Ne o (Hz) p (kg/m®) A (m) W (Joule/m®)
1 0.033 1900 0.0000013 0.0000013
2 0.04 1900 0.0000013 0.000002
3 0.0525 1900 0.0000013 0.000034
4 0.33 1900 0.0000013 0.00013
5 0.4 1900 0.0000013 0.0002
6 0.525 1900 0.0000013 0.00034
Ne o (Hz) p (kg/m®) A (m) W (Joule/m®)
1 3.3 1900 0.0000013 0.013
2 4 1900 0.0000013 0.02
3 5.25 1900 0.0000013 0.034
4 33 1900 0.0000013 1.3
5 40 1900 0.0000013 2.0
6 52.5 1900 0.0000013 34
Ne ® (Hz) p (kg/m®) A (m) W (Joule/m®)
1 330 1900 0.0000013 134
2 400 1900 0.0000013 200
3 525 1900 0.0000013 340
4 1050 1900 0.0000013 1362
5 6600 1900 0.0000013 53196.6
6 8000 1900 0.0000013 7904000
Ne o (Hz) p (ka/m?) A (M) W (Joule/m?®)
1 66000 1900 0.0000013 5379660
2 80000 1900 0.0000013 7904000
3 105000 1900 0.0000013 1315880
4 660000 1900 0.0000013 537966000
5 800000 1900 0.0000013 790400000
6 1050000 1900 0.0000013 131588000

The limiting value of the frequencies of waves used for
acoustic impact on rocks of any lithological composition (taking
into account its density, pore volume, and fluid composition) are
determined in the range 0,33-525 Hs, at which the destruction
of plugs in the capillaries of rocks is possible.

Acoustic waves were used in the study. For this purpose,
an analysis was carried out and wave sources were
selected: vortex sources (Fig. 3) (Seidov, 2012).

w
Fig. 3. Schematic structure of the operating principle
of a vortex wave source. w, — wave frequency at the input;
w, — wave frequency inside the chamber;
w3 — wave frequency at the output; w, — wave frequency
in front of the chamber
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In our opinion, hydrodynamic sources can be considered
to be the most optimal equipment for creating elastic waves
in a high-pressure and temperature environment. The most
convenient of these are vortex sources. In our opinion,
taking into account the characteristics of oil and gas fields of
Azerbaijan, the use of vortex sources in the following
structure is more convenient (Fig. 3). The liquid flow from the
inlet to the vortex chamber is pumped by a pump, since the
outlet of the chamber is perpendicular to the part into which
the liquid enters, the liquid entering from the inlet changes
direction by hitting the inner part of the chamber located
perpendicular to the direction of its movement with great
speed, and in this part of the chamber a liquid rotation
occurs, the frequency of which is equal to — w;. Due to the
action of centrifugal force, the pressure along the axis of the
chamber decreases, a counter-flow is formed in a certain
ratio of its values in the chamber and the head. In the
chamber, a precessional movement of the liquid (an attempt
to change the direction of the rotation axis of the liquid as a
result of the action of the torque) occurs, the frequency of
which is also equal to its steady value. As a result, two flows
are formed at the outlet, the directions of their rotation
coincide, but their rectilinear movements are in opposite
directions, which leads to a change in the cross section of
the flow, and in this case, the resulting frequency changes.
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In addition, the liquid, which is in vortex motion, enters a

stationary medium and, as a result, creates a frequency

oscillatory motion (expansion). This value, in our opinion,

can be expressed by the following formula (6) (Seidov, 2012)
r24kQg

4= 21T c2AS (6)

Here, r — is the radius of the hole through which water
enters the chamber; r;— is the radius of the hole through
which water exits; Q — is the water flow rate injected into the
chamber; ¢ — is the velocity of the liquid exiting the chamber;
Ak — is the device coefficient (the difference between the
diameters of the outlet and inlet parts); g — is the
gravitational field strength; As —is the difference between the
inlet and outlet fields. Also, the numerical difference between
the frequencies obtained is as follows:w, > w; > w, > w;.
Indeed, if we analyze the entry and exit of the liquid into the
chamber, it turns out that it is equal to the value of the
smallest frequency. Thus, in other cases, the areas in which
the liquid moves are numerically large. However, at the exit
of the chamber, this area is numerically the smallest
compared to the others, this is done to maximize the
numerical value of the liquid velocity (the law of
communicating vessels).

Limit values of the frequency of acoustic waves impact
on rocks of different lithological composition are determined:
from 0.33 to 525 Hz (Table 1).

It is preferable to place such sources mainly in injection
wells. This is due to the fact that the sources are not repaired
for a long time.

Impact of seismic waves. To trace the propagation of
seismic waves in the medium, the results of complex studies

were considered, and it was found that the attenuation of
waves of different frequencies in layers with different
physical properties (in a porous medium, filling it with gas,
oil, and water) can be different. Separate researchers
explained this feature of wave propagation by its non-
linearity. Indeed, the study of emitting seismic sources and
receivers remote from it at different distances, which register
the spectrum of signals, showed that high-frequency waves
are absorbed to a large extent. They become the reason for
the formation of signals on the spectrum of registered
waves, the frequency of which sharply distinguishes them
from each other in layers with different petrophysical
characteristics. The amplitude of the resulting waves differs
by a large amount from the amplitude of the neighboring
spectrum of the signal frequency. Scientists called these
signals waves of the "dominant" frequency.

Carrying out different transformations, we get a
shortened form of the frequency of the "dominant" waves (7)
(Seidov, 2012):

Wpoman = o, 7)

where, 9;— the propagation velocity of the surface wave in
the rocks; B; = \/? — this is an immeasurable quantity and is
2

determined by the physical and mechanical properties of the
rocks; K; — the distance of deviation from the wall of the well.

The frequency of waves when acting on the layer is
determined for different sizes for carbonate and terrigenous
rocks (Table 2).

Table 2
Calculated frequency of seismic waves
Lithological Porosity 9.102, B g’ (("r':))
iti o, )
composition (%) (m/sec) 0.0005 m 0.005m im 10m 100 m
0.001 12000 1200 6 0.6 0.06
6 60 0.01 120000 12000 60 6 0.6
0.1 1200000 120000 600 60 6
0.001 9000 900 4.5 0.45 0.045
Carbonate rocks 15 45 0.01 90000 9000 45 4.5 0.45
0.1 900000 90000 450 45 4.5
0.001 7600 760 3.8 0.38 0.038
25 38 0.01 76000 7600 38 3.8 0.38
0.1 760000 76000 380 38 3.8
0.001 10500 1050 5.25 0.525 0.0525
5 52.5 0.01 105000 10500 52.5 5.25 0.525
0.1 1050000 105000 525 52.5 5.25
0.001 8000 800 4 0.4 0.04
Terrigenous rocks 15 40 0.01 80000 8000 40 4 0.4
0.1 800000 80000 400 40 4
0.001 6600 660 3.3 0.33 0.033
30 33 0.01 66000 6600 33 3.3 0.33
0.1 660000 66000 330 33 3.3

The knowledge of magnitudes when the stratum is affected
by seismic waves is studied. Despite the presence of numerous
values characterizing such waves, it is impossible to change
their values. It is known that for the propagation of waves in the
medium over long distances, its reflection from the medium
should be equal to the minimum value. i.e. All the energy of the
wave must be spent at its farthest distance.

It should be noted that as a result of the diversity of the
skeletal structures of the species, the waves propagating in
them can reach different distances. As is known, the
particles that make up the rock are separated by clay, which
once again confirms the connection between the amount of
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clay in the rock and its wave reflection coefficient. A valid
study of the relationship between two parameters
(coefficient of clay) and (coefficient of reflection) for each
depth was divided into four groups. The reflection coefficient
corresponds to the null value. Hence, it follows that clay soil
negatively influences the spread of waves. Therefore, in the
pure layers of the collectors, the clay "equals to zero", in the
propagation of seismic waves, not a skeleton, but a liquid
that fills the pores creates an obstacle, which is necessary
for the impact of seismic waves on the environment. This
peculiarity of liquid bones has a thermal and mechanical
effect on the pseudocrystalline plugs formed in the powder
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rocks, contributing to their destruction. The second task is
also to clarify the influence of waves of different frequencies.
For this purpose, using velocity values and dimensionless
values, reflecting the properties of layers based on formula
(7), the required frequencies for wave propagation at
distances of 100, 200, 300, 400, and 500 m were calculated.
Following the obtained values, it was concluded that it is
necessary to reduce the frequency of waves every 100 m to
ensure the propagation of waves over long distances. As a
result of the conducted research, it became known that
during the impact on the well, it is necessary to apply waves
with a frequency of 287 Hz. The calculation is carried out for
the propagation of waves over long distances. For example,
at 10 m — 28.7 Hz.; 100 m — 2.87 Hz.; 200 m — 1.44 Hz;
300 m—0.98 Hz.; 400 m — 0.71 Hz.; 500 m — 0.53 Hz.

Seismic waves were used in the research process. Different
sources are used for the excitation of waves. Therefore, it is
necessary to consider the selection of the most popular sources
of waves. For this purpose, an analysis was conducted and
effective sources of waves were selected: electrohydraulic
sources with "explosive" wires.

Application. Oil and gas fields of Azerbaijan are
considered to be one of the most complex structures in the
field of world practice.

This method of impact was not widely used in the oil and
gas fields of Azerbaijan. The effect of ultrasonic waves was
mainly applied to offshore oil and gas fields. For example, in
4 wells at the Gunashli field, in the 1st well in Duvanny Deniz,
in 2 wells in Khara-Zira, in the 1st well in Neft Dashlari, in the
1st well in Pirallahi, etc.

We will consider the sequence of application of this
method in the oil and gas sector of Azerbaijan (Fig. 4. Neft
Dashlari field).

About 60 % of the liquid flowing out of the well is oil,
which is about 0.37 tons/day. The layer is irradiated by a
wave source released in front of the filter. During the first
month after exposure to waves, the fluid intake increased
rapidly, but in recent years, the fluid intake has stabilized
with small jumps.

The next example concerns the Gunashli field (Fig. 5).
The Gunashli field differs from other fields in its high
production capacity. Thus, the daily liquid production in the
field's exploitation wells is numerically very large. Therefore,
the decrease in the debit is quickly noticeable. The well given
in the example produced approximately 90 tons of oil per
day during the exploitation period.

y p (tons/day)

after exposure before exposure

: ' | | months
a 2 0 ; a 6 8
Fig. 4. Dynamics of liquid flow before and after exposure

to ultrasonic waves

A two-fold decrease in production was noted in this well.
Despite the repair work carried out in the well, it was not
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possible to restore the previous production. Therefore, two
intervals opened in the well were affected by waves. At the
initial stage of the impact, the production decreased slightly
and the amount of colloidal particles in the liquid increased.
After a certain period, the dynamics of liquid production
changed in the direction of increase, and this continued,
surpassing the previous limit. The duration of the impact in
this well exceeded approximately two years.

A daily debit
(tons/day)

100 =~

60

months
© 1month | 2 months
le >

T
Fig. 5. Dynamics of the produced fluid. Guneshli field, well 143

Discussion and conclusions

Thus, generalizing the results of the research works, with
the purpose of effective application of ultrasonic impact on
layers of oil and gas deposits of Azerbaijan, the following
recommendations can be given: in addition to impact, the oil
saturation of layers should be determined; the number of
high-molecular components in the extracted liquid is
determined; the angle of the layers has to be taken into
account; the properties of wave propagation in the medium
should be studied (ie, specifying the values affecting it: the
strength of the skeleton, the porosity coefficient, the
composition of the liquid filling the pores, etc.); it must be
determined whether there are violations and ruptures in the
tectonic zone exposed to the influence of ultrasonic waves.

The limit values of the frequencies of the waves of impact
on the rocks of different lithological composition are
determined:

a) for acoustic waves — 0.33-525 Hz;

b) for seismic waves - at a distance of 1 meter around
the well 287 Hz, 10 meters — 28.7 Hz, 100 meters — 2.87 Hz,
200 meters — 1.44 Hz, 300 meters — 0.98 Hz, 400 meters —
0.71 Hz, 500 meters — 0.53 Hz.

As a result of such an impact, the resulting productivity is 2—
8 times higher than in injection wells (2-3 times higher in
terrigenous collectors with porosity of 5-8 %, 2—3 times higher
in fractured carbonate rocks productivity of wells increases
3—4 times). These figures are slightly different for oil and gas
fields in Azerbaijan. Thus, the increase in productivity compared
to injection wells is 1.5-2.3 times higher and this is connected
with the complex geological structure.

The developed method can be widely used in all fields,
considering the deposit geology. In other words, research
work in this direction must be adapted to the deposit geology.

Authors' contribution: Vagif Seidov — conceptualization,
methodology, writing (original draft), formal analyses; Maleyka
A Aghayeva — data validation, writing (review and editing).
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Asepb6aiaxaHcbKuin AepXXaBHUW YHiBepcuTeT HadTu Ta npomucrnoBocTi, Baky, Asep6anaxaH

BU3HAYEHHA ONTUMAINIBHOIO METOAY BNNnBY AnA niABUWEHHA E®EKTUBHOCTI PO3BIAKU POLOOBULL

B c Ty n. Wapu, ski ymeoproromb Haghmoei ma 2a3oei podoeuuja, Marome pPi3Hi 2e0s102i4Hi 81acmueocmi, a MaKoxx Pi3Hi pexxumMu ekcristyamauii
npo6ypeHux ceepdnoeuH. BoOHoyac do6ymu o4ikyeaHuli o6¢csi2 Hagpmu He 3aex0u edaemubcsi. [ins 36inbweHHss sudob6ymky nompi6bHo 3acmocosy-
eamu dodamkoei anzopummu. lpu 3HaxodxeHi egpekmusHO20 Memody ensiugy 3 nJacma MoXxHa ompumamu fneeHy Kinbkicmb dodamkoeux eyaie-
8odHie. 3 yiei npu4yuHu 8ubip mako2o Memody esaxaembcsi 0OHUM i3 HalieaXK/Iugiwux numaHb y Haghmoeili npomMucsiogocmi.

MeToaun. PekoMmeHOo8aHO sukopucmoeyeamu ynbmpa3eykoei xeusi 0ns pyliHyeaHHs1 nceedokpucmarnidyHux npobokK y nopax 2ipcbKoi no-
podu, ymeopeHUX 8UCOKOMOJIEKY/IIPHUMU KOMITOHEHMamMu, Wo Micmsmbcsi y 8axkili Hagpmi npu po3pobuyi Hagpmosux ma 2azosux podosuwy.

Pe3ynbTaTtu. Ha 3HuxeHHs1 audobymKy Haghmu y Mexax podoeuuja ensueaec HasieHicmb 8UCOKOMOJIEKYISIPHUX KOMIOHeHmia. Lji komno-
HeHmu ymeoproromb rcegdokpucmariyHi npobku e nopax 2ipcbkoi mopodu ma 3akyrnoproroms ix. Y cmammi o6rpyHmoeaHo eghekmueHicmb 8UKo-
pucmaHHsl y/ibmpa3eyKoeux xeusb O7s1 o4UWeHHs nop 2ipcbkoi mopodu eid nceedokpucmainidyHux nMPo6oK, ymeopeHux eUCOKOMOJIEKYISIPHUMU
KOMMoHeHmMamu (acghanbmeHamu, cMosiamu). BusHayeHo 2paHu4Hi 3Ha4eHHs1 Yacmom yrbmpa3eyKoeux KosiueaHb. Bubip, o6rpyHmyeaHHs1 ma eu-
3Ha4yeHHs1 2paHUYHUX 3Ha4YeHb € eheKmuesHUM criocob6om ennuey. BcmaHoeneHo 3anexHicmes ennusy ynbmpa3eyKoeux xeusb 6id cknady ma winb-
Hocmi ¢hnroidie, uyo Micmsimbcs 8 nopax 2ipcbkoi Nopodu, eid winsLHocmi Nopodu, a makox eid cmoena piduHu, W0 HaKoNMU4yembCs1 y c8epOsIO8UHI.
B pe3ynbmami npoeedeHux AocnidxeHb cmaio eidomo, wo Ha 1 M no6u3y ceepdsiogUHU CJ1id sukopucmoeyeamu celicMi4Hi xeuni i3 yacmomoro
287 I'y. Ha 10 m—-28,7 I'y; 100 m—2,87 l'y; 200 m—1,44 I'y; 300 m—0,98 I'y; 400 m—0,71 I'y; 500 m—0,53 I'y. [ns akycmuyHoi xeuni: eid 0,33 do 525 I'y.

B ucHoBKMU. ApeayMeHmoegaHo eubip payioHanbHuUX Memodie ennuey Ha rnjacmu, 30KkpemMa makum mMemodoM € 8U3Ha4YeHHs enuey Ha rniaacm

npu 3HWKeHHi abo noeHili 3ynuHyi de6imy ceepdnoeuH npu po3pobyi podosuw.

Knio4yoBi cnoBa: po3pobka, nnacmu, nopu, Memoodu ensiusy, yibmpa3eyKoei xeusti.

ABTOpM 3asiBNAIOTL NPO BiACYTHICTL KOHMNIKTY iHTepeciB. CnoHcopu He Bpanu yyacTi B po3pobneHHi gocnimkeHHs; y 36opi, aHanisi um
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KOMMJIEKCHA MOAEJb BMICTY BAXXKUX METANIB TA MAFHITHUX BIIACTUBOCTEN
FPYHTIB TA AOHHUX BIAKNAA[IB O3EP 3ANOBIAHUKA "XOPTULIA"

(MpedcmaesneHo 4neHoM pedakyiliHoi Kosneaii 0-pom 2eosl. Hayk, doy. O.B. Lllabamyporo)

BcTyn. lMpupodHi ma aHmpono2eHHO 3MiHeHi KOMIeKcu NpupodHo-3ano8idHo20 ¢hoHAy ocmpoesa Xopmuys 3a3Haromb 3Hay-
HO20 8r/1u8y 8HacliooK Js1odckbKoi disiribHOCMI, MeXHO2eHHUX npoyecia i silicbkosux ghakmopis. Bakiiueo makox epaxosyeamu mpaH-
cghopmauii, noe’asaHi 3 peaynroeaHHsIM medii piyku [Hinpo, ekcnnyamauiero Hinpozecy ma HacniOkamu pytiHyeaHHs1 Kaxoecbkoz2o
eodocxoeuwa. Yci yi YUHHUKU CpuYuHUNU cymmeei 3MiHU Yy 00HOMY pexXuMi ma cmpykmypi naHowagmie mepumopii. OCHO8Hot
Memoro 3arnporioHo8aHo20 GOCITIOXKEHHSI € 8UBYEHHSI 3MiH NMPUPOOGHUX i aHMpono2eHHUX NaHOwaghmie 3anoeidHuka "Xopmuuys" wns-
XOM aHai3zy Ma2HimHux eslacmueocmeli ma eMicmy MoOKCUYHUX XiMiYHUX esleMeHmie (30Kpema, 8aXKKux Memarie) y OOHHUX eidknadax
ocyuieHuUx o3ep, W0 8UHUKITU 8Hacidok pyliHyeaHHs1 Kaxoecbkkoi 2pebiii, a maKoxX y rpyHMoeoMy MOKpuUei.

M e T o A4 u . JlTabopamopHi eumiprosaHHs1 Ma2HIimMHOI cripuliHamaueocmi npoeodusiu 3a dornomozor kanamicmka KLY-2. [lani eusHa-
qasu numomy mazHimHy cnputiHamnusicms x (10 ° m¥ke), Hopmasni3yro4u ompuMaHi 3Ha4YeHHs1 Ha Macy 3pa3ka. Bmicm ximi4Hux eneme-
Hmie eu3Ha4asu memodoM peHmaeHogyopecyeHmHoz2o aHanizy (XRF), eukopucmoeyroqyu npunad ElvaX Pro — nabopamopHuli
P®A-ananizamop, 30amHuli eusienissmu eniemeHmu e diana3oHi eid Na (11) do U (92).

Pe3ynbTaTun. 3HayeHHss MasHImMHOI crnpuliHamnueocmi e O0ocC/liGxeHuUx 3pa3kax rpyHmie € Had3euyaliHO eUCOKUMU
(x=97-572%10-6 m*/ke). 3aghikcoeaHo icmomHe nepesuweHHs1 K onst yuHky (y 2-5 pasis), xpomy (y 20-30 pasis), midi (y 1,1-3 pa3u),
Hikesto (y 4-10 pa3sie) ma ko6anbmy (y 3—4 pa3u). [1odi6Hi noka3HuKu, liMmogipHO, Noe'si3aHi 3 Hacnidkamu npouyecie 20PiHHS, a MaKoX
3 aHMPONO2eHHUM 8IJIU80M, 30KpeMa MpoMUC/I08UM 3a6pyOHeHHsIM, sike MoXo0ums i3 3anopixoxsi. BoOHo4yac xapakmep 3MiH Ma2Hi-
mHoi cnpuliHamnueocmi ma i kopensiyisi i3 emicmom eaxxkux Mmemarsiie GOHHUX eidknadie y Mexax o3ep Xopmuuyi ceidyumsb npo iHwi
3aKkoHoMipHocmi. Lje dae 3Mo2y 3po6umu 8UCHOBOK NPO iCHy8aHHs MexaHi3My ¢hopMyeaHHS nidsuu,eHo20 Ma2HimHo20 cuzHasy, Wo
noe‘sizaHull i3 nepeeaxkxaHHsIM PeYOB8UHU J1iMO2eHHO20 MOXO00)KeHHS, UMOGIPHO MPUBHECEeHOI 3 HaBKOIUWHIX KpucmasidyHux nopio
YkpaiHcbko20 wyuma.

B ucHoBKW. [oHHi 8idknadu o3ep Xopmuyi cmaHoensimb Had3eu4aliHo UiHHUl npupodHuli Mamepian Ans pempocnekmue-
HO20 aHarnizy ¢hopmyeaHHs Ma2HIMHUX YaCMUHOK, HaKOMUYeHHS 8a)KKUX Memarie i yriaMKkoeux 2ipCbKux nopiod pi3Ho20 MoX00KeHHs1
3 Memor OUiHKU sIK NPUPOGHO20, MaK i aHmPOrNo2eHHo20 ernJiu8y Ha ekocucmemu 3anoeioHuka "Xopmuuysi" enpodoex ocmaHHiIx

KiNlbKOX cmoJsiimb.

Knw4yoBi cnoBa: OoHHIi gidknadu, rpyHmu, eaxki Memarnu, 3a6pyOHeHHsl, MazHimHa cripuliHamnueicme.

Bctyn

MpupoaHi Ta WTY4Hi KOMNMeKcn NpUpPoLHO-3anoBigHOro
doHay ocTpoBa XopTuusi nepebyBatoTb y 30HI NigBULLEHOTO
aHTPOMOreHHOro, TEXHOTEHHOro Ta BICLKOBOrO BMMBIB.
Kpim TOro, BaXnmBum € BpaxyBaHHSA 3MiHWU OYyHKLIOHYBaHHsI
p. AHinpo, OHinporecy Ta pynHyBaHHA KaxoBCbkoro Bogoc-
xoBuLla. OkpecneHi gii npussenu Jo CyTTEBUX 3MiH BOAHMX
i naHaWwadTHUX YMOB.

"ONoBHOK METO 3anpPONOHOBaHWNX AOCHIMKEHb € aHa-
Ni3 TpaHcopmaLii NPUPOAHUX | aHTPOMNOreHHUX NaHaLadg-
TiB 3anoBigHuka "XopTuua" yepes BUMIPHOBAHHSA MarHiTHMX
XapaKTepUCTUK Ta BMICTY TOKCUYHUX XIMIYHUX PeYOBUH (30-
Kpema, BaXXKMX MeTaniB) y AOHHUX BigKknagax OCyLUEHUX
03ep, Wo cdopmyBanucs nicns pyrHyBaHHS KaxoBCbKoOi
rpebni, a Takox y rpyHTax. lNpoBoguTbCcsa TMNi3auis npupoa-
HOro Ta aHTPOMOreHHOro BMMBY Ha PisHi NaHawadTn ocT-
poBa, IiCOBWX, IyYHUX, MPUBEPEXHUX, TEXHOTEHHUX i
riAponoriYyHmX, y TOMY YACAi 3 BUKOPUCTAHHAM MarHiTHUX BU-
MiptoBaHb Ta iHWNX di3NKO-XiMIYHUX BrlaCcTUBOCTEN I'PYHTIB
Ans ouUiHKKM MacluTabiB i ocobnmnBocTel 3MiH ekocuctemu. Y
HaLin nonepeaHi poboTi (MeHbLLIOB Ta iH., 2025) oTpumaHo
pesynbTaTy, WO MNOKa3HWKN MarHiTHOI CNPUNHATANBOCTI (X,

MS) sk y AOHHUX Bigknaaax, Tak i B 'PyHTaX 4EMOHCTPYIOTb
BUCOKi 3Ha4yeHHs (Xx=100-300%x1078 m3kr), wo y 1-5 pasis
nepeBuLLYOTb TUMOBI PIBHI ANS 3BUYAWHUX | TUMOBUX YOp-
HO3eMiB, OCHOBHMX aBTOMOPMHMX I'pyHTIB 3anopi3bkoro
perioHy. BogHouac niwaHi rpyHTM octpoBa XopTuusa MatoTb
MarHiTHy cnpunHATIuBICTb Y 10—20 pasiB BuLLY, HiXX aHanoriyHi
rpyHTn Goposux Tepac YkpaiHu (Menshov, & Sukhorada,
2012). BcTaHoBMEHO, WO BMCOKI MOKa3HWKN MarHiTHOI Cnpuii-
HATIMBOCTI B AOHHMX BifKnagax o3ep Ta MilaHux rpyHTax ni-
COBMX AINSHOK  3anosigHuvka  "XopTuus" nos'asaHi 3
HaKOMUYEHHSAM YaCTUHOK, NMPUHECEHUX Y pe3yrbTaTi BUBITPHO-
BaHHS ripCbKMX Nopig KpucTanivHoro doyHaAaMeHTy, Lo OTouye
ocTpis. igeTbcst npo CepeaHLoNpUaHINPOBCHKMI TEKTOHIUHMI
6ok YKpaiHCbKOro LuTa, po3TalloBaHuii y Mexax JHinponeT-
poBCbKOi Ta 3anopisbkoi obracten, sikMi npeacTtaBneHuin
rpaHiTo-rHencamu, metabasvtamu, crnaHusaMm Ta 3anisuc-
TuMu nopopamu. [NpoTe pornb aHTponoreHHoro 3abpya-
HeHHa Big ypOaHisoBaHOro cepepoBuwa 3anopixoks
(Bondar et al., 2024) nopiBHAHO He3HayHa. Baxnuemum npu
LUbOMYy € BpaxyBaHHs Hebe3neyHux reorioriYyHnx npoLecis
Teputopii  po3TalyBaHHS  KPUTUYHOT  iHPacCTpyKTypu
(Vyzhva et al., 2010).

© MeHbluoB OnekcaHap, MNopolkosa Jligin, FlopowkoB CtaHicnas, inaaporny Typrau, 2025
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B 1 C H U K KuiBcbkoro HauioHanbHoro yHisepcurety imeHi Tapaca LlleBueHka

MarHiTHa CNpURHATAMBICTE BUMMIPIOETECA Ha O3EpPHUX
BiAKNaAeHHSIX | BAKOPUCTOBYETLCSA K MPOKCI ANs ineHTudi-
Kauii mxepen HagxOMKeHHs yriaMKoBOro Matepiany, eposii
I'PYHTY, ANS 3HAXOMXEHHS KOpensuiHUX 3B'A3KiB MiX oca-
OOBVMM MaTepianoM pi3HMX 03ep OOHOro reosoriYHoro Kom-
nnekcy (Blumentritt, & Lascu, 2015). PetpocnektusHuin
aHania 3MiHW MarHiTHOI CMPUNHATIMBOCTI, BMICTY OpraHiy-
Horo Byrneuto, asoty, As, Cd, Hg, Pb, xnopopraHiyHux nec-
TMumnaiB Ha npwvknagi osep banangaHs (Guo, Huo, & Ding,
2015), aki 6ynv BMKOpPUCTaHI 4Nsi aHanisy 3MiH BOGHOTO ce-
penoBuLLa BHACMIAOK OiANbHOCTI nognHu. PiBeHb 3abpya-
HEHHS1 OpraHiYHVMMK pPEeYOBMHAMMU Ta BaXKNMMU MeTanamu
NMOCTYMNOBO 3pOCTaE i HAaKONMYYETLCSA B AOHHMX Bigknagax, a
MarHiTHy CMpUAHATAMBICTE MOXHa BMKOPUCTOBYBATM $IK
LBUOKUA, NPOCTUIN | HEPYWHIBHUIA IHCTPYMEHT AN OLiHKM
aHTponoreHHoro Brnuey. Kpim Toro, B po6oTi (Haltia-Hovi
et al., 2010) marHiTHi BNacTUBOCTi OCafiB BKa3yloTb Ha ce-
pito 3MiH Y X CKnagi NpoTsirom ronouery, siki 4obpe kopento-
I0Tb 3 NITONOriE ocadiB i BMICTOM OpraHiyHoOro ByrmeLto.
MarHiTHi BNacTMBOCTI Bigpi3HATLCA 3@ KOHLIEHTpaLieto api-
©OHo3epHucToro marHeTuty. Cnig 3ayBaxutu (MaBnyHb, Ma-
noscbkni, & LBaescbkun, 2024), wo Mopdonoris,
MopdpomeTpia Ta casoBui cknag MmiHepanis pya Cepeg-
Hboro lMpuaHinpoB's YKpaiHCbKOro wurta AarTb nigcrasu
AN BUOKPEMIEHHS HU3KU MOCNILOBHO YTBOPEHUX MiHepa-
NBHUX acoujauin CTIMKoro cknagy, 3okpema LOnpoayKTuB-
HUI KOMMSieKkc npencrasneHnmn NipuUT-KBapLOBOIO
acoujauieto (3 MarHeTUTOM) i OXOMNMIE TPU NapareHe3ncu:
mMarHeTuT-kBapuoBui (435-390 °C), nipoTUH-NipUT-KBapLO-
BUI i3 marHeTutom (395-320 °C) i kBapu-cuaepuUTOBUN i3
nepesigknageHnm marHetutoMm (280-240 °C). Taki yTBO-
PEHHSI MOXYTb OYTU J)KEpenom MiABULLEHOIO MarHiTHOro cu-
rHany [AOHHMX BigknagiB o03ep 3anosigHuka "XopTtuusa".
Hanpwvknag, 3epHa marHeTuty 3 o3epa I3ok (HyHaByT, Ka-
Hapa) i o3epa Xandmawn (Hbto-bpaHesik, KaHaga), a Takox
3 Mpunernux TepuTopin, 6yno OOCMiMKeHO 3a A0NOMOrow
CKaHyH40I enekTPoHHOI Mikpockonii, Mikpo3oHAa, Mac-cre-
KTpOMeTpii Ta onTnyHoi mikpockonii (Makvandi et al., 2016).
PesynbTaTn cBigyathb npo Te, wo Si, Ca, Zr, Al, Ga, Mn, Mg,
Ti, Zn, Co, Ni Ta Cr HanexaTb 40 BMiCHUX KOPiHHUX MOpiA.
TuTaH € iHOUKaTOpPOM TENNYPUYHOTO | TEPUTEHHOro NeTpo-
¢doHAy, MOB'A3aHOr0 3 OCHOBHUMW i KUCIMMMK MOPOAAMMW.
Togi sk aHcambnb KpeMHito, KarbLilo i MarHito Moxe 0yTu
NOB'A3aHWI i3 BMBIfIbHEHHAM KanbLito i MarHito Nnpu pynHy-
BaHHI nnarioknasiB i TeMHOGapBHUX MiHepanie, WO € giare-
HETUYHMM npouecoM. KpeMHin — TMNoBuin peumknit, TobTo
Moro BMICT 36iNnbLUYETbCA MPY PYNHYBAHHI KOPIHHWX MOPIA i
dopMyBaHHI yrnamMKoBuX nopia, ix metamopaisadii i noBTo-
PeHHI BigNoBiaHOro umkny. 3MiHHWUIA cknag MmetamopdiyHoro
MarHeTuUTy CBiAYMTb NPO Te, WO XiMIYHWUIA CKnag KOHTPOIto-
€TbCHA CKNagoM BMiCHUX Nopig, cTyneHeM mMeTamopdiamy Ta
NETHOYICTHO KUCHIO.

Takum YMHOM, HaBe[eHi BULLIE pe3ynbTaTh 03Ha4aroTh, Lo
KOMOiHaLjisl MarHiTHOro Ta reoxiMiMHOro aHanisis gonomMararoTb
ycnilwHo andpepeHLiioBaTi NITOreHHi Ta aHTPOMNOreHHi KoMno-
HeHTU B 03epHuX Bigknagax (Yunginger et al., 2018).

MeTtoau

3aranbHnin BUrNag SOCNIAKEHOI TepUTOPIi i3 BpaxyBaHHAM
3MiHM piBHS Boawm Yy [Hinpi 6insg octpoBa XopTuus, a Takox ny-
HKTW OOCNigKeHHs HaBeaeHo Ha puc. 1. MNpegcraeneHo Tepu-
TOpi0O  AOCHIAXEHHA Ha KOCMIYHUX 3HIMKax CymyTHWKa
"LANDSATS", 3aranbHuii BUrnsg 4OCniaXeHoi Teputopii i3 po-
3TallyBaHHAM gocnigHux o3ep, octpis XopTtuusa 10.2014 go ni-
ApuBy KaxoBcbKkoro BogocxosuLLa Ta octpiB Xoptuus 07.2024
nicns nigpuney KaxoBCbKOro BOAOCXOBULLA.

ISSN 1728-3817

3aranbHui oNnuc rpyHTOBOrO MOKPUBY, arpoKniMaTUyHOI
30HW, NaHawadTiB Ta JOCNiAXyBaHMX 03ep HaBOAMTLCS B
Hawin poboTi (MeHbLOoB Ta iH., 2025). XopTHusa po3TaLloBy-
€TbCA B MeXax M. 3anopixeks Ta € HanbinbWmMM OCTPOBOM
ponuHn [Hinpa. NlaHawadTHi yMOBM XapakTepHi Ans cteny
YKpaiHu, y penbedi naHyloTb JONMHHO-0AKoBI i 3annasHi
dopmn. OCHOBHUMW I'PYHTOTBIPHUMK NOPOAAMU, KPiM rpa-
HITiB, CNy>aTb Nnec i anioBianbHi NiCkK, Ha SKMX POPMYIOTLCA
3BMYaNHi YOpHO3eMU, AepPHOBI, Nyro.i i 6onoTHI rpyHTK (Oy-
6oBa, 2008). ABTopu HJocnigKyBanu OOHHI Bigknaan osep
Kam'sHe, Mporxin, Pucoee Ta lMiwaHe (puc. 1).

Xapakmepucmuka CepedHbornpudoHINpo8cbKoeo Meza-
6rioka YkpaiHcbko2o wuma. Pe3ynbTaTtv Hawumx nonepea-
Hix gocnigxkeHb (MeHbwoB TaiH., 2025) cxungawTb 00
rinotesu, WO BM3HAYanbHy porb Y OpMYyBaHHI MarHiTHUX
BNAcCTMBOCTEN Ta €NeMEHTHOro CKragy AOHHMX Bigknagis
03ep 3anosigHuka "XopTuusa" Bigirpae gpibHoaucnepcHun
ynamKOBUI MaTepian KpucTaniyHoro cpyHaameHTy YkpaiH-
CbKOTO Wu1Ta. ToMy AeTanbHille po3rnsHEMO NOro Xxapakre-
PUCTUKN. XopTtuus 3ocepenxeHa B Mexax
CepeaHbonpuaHinpoBCbLKOro  Merabnoka  YkpaiHCbKoro
wuta (LLepbak, 1993). Cepen KrHOHOBUX rEOCTPYKTYPHUX
enemMeHTiB pyHAaMeHTy AaBHiX nnatgopm npoBigHy ponb
BifirpatoTb apxemncbki rpaHiTHo-3eneHokam'sHi obnacTi, ski
BUPI3HAIOTLCA XapakTEPHUMM Ta YiTKO BMPaXXEHWMU B N0-
OanbHOMy MacLuTabi reonoriYyHMMM o3Hakamu. BkasaHi pycu
NPaKTUYHO MOBHICTIO MPOSBNAITLCA B Mexax CepeaHbo-
NpUAHINPoOBCBHKOro Merabnoka YkpaiHCcbKoro wurta. OaHun
mMerabnok crabinisyBaBcsi BNPOOOBX MNi3HbOro apxeto Ta B
nofdanbLUii reonorivHin icTopii PyHKUiOHYBaB SK BiAHOCHO
XKOPCTKE TEKTOHIYHE YTBOPEHHSI, 30epiratoumn CTpyKTYpHY Lii-
niCHICTb | BNNMBato4M Ha popMyBaHHS perioHanbHUX reoau-
HaMiyHMX  npoueciB. Y  KOHTEKCTi  NeTPOroriyHoi
xapaktepuctukn rpatitoigis  CepegHbonpuAHINPOBCHKOI
rpaHiTHO-3eNeHoKaM'siHOi 06nacTi OCHOBHUMU MOPOAOTBIP-
HUMW KOMIMOHEHTaMM MiIrMaTUTOBMX apeariB € rpaHitoign. Y
3aranbHOMY HabMVKeHHI X MOXHa po3noAinuTi Ha ABi Be-
NWKi rpynu: rpaHiToign pisHOMaHITHOro neTporpagivyHoro
cknagy, nepeBa)xHO rHermcoBoi 6y4oBM, LLO TICHO MOB'A3aHi
3 rHencoBO-MiIrMaTUTOBOI TOBLUE Ta GepyTb y4yacTb Yy
ckragyactmx pyxax; nicrnisicknagyacTi (pigwe nisHbocknag-
YacTi) MacuBHi rpaHiTh, AKi popMyloTb CTPYKTYPHO-peyo-
BWHHO BIiJOKPEMIIEHI MacuBM Ta MeHLW MacwTabHi Tina. Y
mexax CepeaHbONPUAHINPOBCHKOI rpaHiTHO-3erNeHoKaMm'a-
Hoi obnacTi Hanbinblue NoLwnpeHi rpaHiToian NepLLOi rpynu,
nnarioknasosi, MeHLe — MIKPOKIiH-Nnarioknasosi nopoau
3MiHHOro cknagy. IxHin cknaguacTo-rHemcoBmMin BUMMA, of-
HO3HAYHO BKa3ye Ha iX CUHKiHeMaTudHy npupoAy. TicHWUR
3B'A30K UUX rpaHiToigiB 3 mirmatutamm nogibHoro cknagy,
HasBHICTb Y HUX YNCIEHHWX, PI3HOrO CTYNeHs rpaHiTu3oBa-
HUX, HenepeMilleHNX penikTiB MeTaMopdivyHUX nopia, a Ta-
KOX iHWIi O3HaKM CBiAYaTb NPO aBTOXTOHHE MOXOMXKEHHS
GinbLUIOCTI i3 UMX yTBOpPEHb. Pasom 3 TMM JOCUTb 3BUYHMMMU
€ rpaHiToigmn, Ansa AKkMx 6inbL IMOBIPHUM € NPUNYLLEHHS NPO
IX anoxTOHHWW xapakTep. [eonoriyHi Ta reoXpoHOOrivHi
OaHi 0AHO3HAYHO CBigYaTh NPO CKNagHy Ta TpuBany icTopito
hopMyBaHHs rpaHiToidiB LbOro Tuny, ix 6aratopasosy yuy-
acTb y cknag4acTux npouecax, Lo CynpoBOAXYyBanmcs 3mi-
HaMu MiHepanbHOro cknagy m CTpykTypHol nepebynoBoto.
[paHiToign Apyroi rpynu, BUXoasa4n 3 iXHbOro reorioriyHoro
NOMOXeHHs, popmMyBanncsa B ymoBax MOCTYMNOBOI KOHCOSi-
fauii 3eMHOI KOpM Ta NpPOSBIB paHHiX eTaniB pO3fOMHOT
TEKTOHIKN. BOHM MatoTb YiTKO BUPaXXEHi aKTUBHI KOHTaKTU 5K
3 MeTaMopdiYHMMKM MOopoAaMM ayrbCbKOi Ta KOHKCLKO-
BepXiBLEBCbKOI Cepiil, Tak i 3 rpaHiToigamMu nepLuoi rpynu.
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Puc. 1. Teputopisa pocnigxeHHs1 Ha KOCMIYHUX 3HiMKax cynyTHuka "LANDSATS5" ocTtpoBa XopTuus:
a — 3aranbHuUi BUrMa4 AOCHiAXKEHOT TepuTopii 3 po3TallyBaHHAM AocnigHux o3ep; 6 — octpis XopTuuda 10.2014
oo nigpusy Kaxoscbkoro Bogocxosuiua; B — ocTpiB Xoptuusa 07.2024 nicns nigpmBy KaxoBcbkoro BOAoCxXoBuLLa

B komnnekci 06'eaHy0TbCS Kinbka NOPOAHMX acouiauin,
cKnag sIKMX 3MIHIOETbCS Bif TOHanITiB, MnariorpaHiTiB oo
nevikonnariorpatiTie (ToncTon Ta iH., 2003). XapakTepHoto
OCOONUBICTIO TPaHITOIAIB KOMMMEKCY € YCrnagKkoBaHICTb
HUMKU OCOGNMBOCTEN PEYOBUHHOrO cknagy cybctpaTty, 3a
paxyHOK SIKOro BOHM BriacHe copmyBanucs. B Hux takox
NOCTINHO TPaNNATLCA CKianiTy BMICHUX nopia, cepen skux
BM3Ha4aloTbCsl OioTuToBI, amciboniToBi rHercu, 3pigka
amdibonitu. MnariorpaHiToign BiACTEXYOTLCS Y BUTNAAj He-
3HaAYHUX 3a PO3MIpPOM JiH30MOA4IOHUX TiN NepeBaXHO B Me-
Xax reoaHTUKnNiHaneHWX NIGHATTIB | NOWMPEHi NPakTUYHO Ha
BCiln TepuTopii Mmerabnoka. CrnocTepiraetbcsi NposiB npoLie-
ciB MiKpOKniHi3aujii.

Binbl AeTanbHO po3rnsHEMO nnariorpaHiTv 3anopisbki,
AKi TPaNnATLCS came y CXigHin YacTuHi 3anopisbko-Toma-
KiBCbKOTO KyrnoronogibHoro nigHATTa: M. 3anopixoks, panoH
BepxHs XopTtuusa, 500 m Ha niBAeHHWUI 3axig Big 3anisHnY-
Hoi konii, kap'ep. lNnariorpaHiTM 3anopisbki xapakTepusy-
I0TbCS  BiAHOCHO OAHOpigHOW OydoBOK | BiACYTHICTHO
peniktis MeTamopdiyHmx nopig. Ha okpemux AinsaHkax
nnariorpaHiTM iHTEHCMBHO KaniwnaTtu3oBaHi M Hacu4eHi
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MarnonoTyXHUMU Xunamu annitTo-nerMaToigHNX rpaHiTiB.
BusHavaoTbCs 30HKM ApOONEHHS 1 kaTaknasy, Lo NOsICHIO-
€Tbcsl 6e3nocepeHbOO GNU3KICTIO NnariorpaHiTie 40 30HU
XopTuupskoro posnomy. CTpykTypa rinigiomopHosepHuUcTa,
OnactorpaHitoBa. MiHepanbHuin cknag: nnarioknas (49—
66 %), kBapy (27—36 %), kaniesun nonbosui wnat (1-8 %),
6iotnT (1-5 %). AkuecopHi miHepanu (0,5 %): anatut, cdeH,
UMPKOH. BTOpuHHI MiHepanu (2,5 %): cepuumT, enigoT, Api-
GHa nycka MyckoBiTy, kapboHart, xnoput no 6iotTuty. Y 3ano-
pisbkuX MnariorpaHiTax nnarioknas YTBOPKE  3epHa
TabnutyacToi dopmu poamipom 0,2—1,6 Mm, 3pigka Tpanns-
I0TbCs BKpanneHukn oo 4,0 mm. MNnariokna3s iHTEHCUBHO 3a-
MILLYETBCA  CEpPULUTOM, 3 KpaiB 3epeH pO3BUBAKTHLCS
anbbiToBi 06NAMIBKM PO3KMCHEHHS. KaniwnaT npucyTHin y
HEBEIUKIN KiNbKOCTi, HEPIBHOMIPHO PO3BMBAETLCSA HA OKpe-
MUX AinsHKax i NpeacTaBneHnin KCEHOMOPHUMY 3epHaMm
MIKPOKMiHY 3 PO3NnMBYaCcTO, rPaT4acTol CTPYKTYpPOK
nonym'sHUMK nepTtutamu. Kaniwnat nisHilwWwnin, mae peak-
LiMHIi B3aEMOBIOHOCMHM 3 NMarioknasomM, 3amiH4YM Noro.
BioTUT po3BMBaETLCA Y MK3EPHOBOMY MPOCTOPI Y BUrMAAi
OOMHWYHUX NYCOYOK i ckynyeHb. Konip 6ypwii, GypyBaTo-
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3eneHun. biotut 3amiwyeTbca OpiGHOIO NYCKOK MYCKOBITY
(ToncTom Ta iH., 2003).

JTabopaTopHi BUMIiptOBaHHS MarHiTHOI CNpUAHATIIMBOCTI
npoBoAnnNucs 3a gonomoroto kanamictka KLY-2, noTtim pos-
paxoByBanacsi MMTOMa MarHiTHa CnpurRHATAMBICTL X (10
8 M3/kr) wnsixom Hopmanisauii 4o mMacu. BMicT enemeHTis
6yno pocnigxeHo wnsxom XRF aHanisy 3a 4oNoMOroto iH-
ctpymeHTy ElvaX Pro, wo sBnge cobor nabopaTopHui
peHTreHodyopecLeHTHUI aHanizaTop Ans LWUpoKoro Adia-
na3oHy enemeHTiB Big Na (11) oo U (92) 3aBasikm BUKOpUC-
TaHHIO HOBOI MOTY)XHOI PEHTreHiBCbKOI TPYOKM 3 Hampyrot
aHoga go 60 kB, ctpymom go 1000 mkA ta SDD petektopa
HapgBenukoi nnotli 40 Mmm.

PesynbtaTtun

AHani3 Ta iHTepnpeTauia pe3ynbTaTiB OCNIAXEHHS Ma-
FHITHOI CNPUMHATNMBOCTI Ta €NeMEHTHOro cknagy AOHHUX
BiJKNagiB i r'pyHTIB YCi€l konekuii ocTpoBa XopTuus i3 Bpa-
XyBaHHAM pes3ynbTaTiB onybnikoBaHux y ctatTi (MeHbLLOB
Ta iH., 2025) npogeMoHCTpyBano HeobXigHiCTb po3bUTTSA KO-
nekKuii Ha pi3Hi rpynu (Knactepu), OCKiNbKU XiMiYHWUIA, NiTono-
rMYHUI cKnag, a TakoX BMICT Ta MOXOOXKEHHS MarHiTHUX
MiHepaniB, ckopille 3a BCe, Ma€ pi3HUN, He MOB'A3aHU Ha
npsiMy oAWH 3 OOHUM reHe3uc. 3pasku rpyHTy, BigibpaHi B
nicosin MicLEeBOCTi, 3a3Hanu BNNMBY Noxexi, ska byna ingy-
KOBaHa aHTPOMOr€HHMM YMHHWKOM (MOXITMBO YIlaMKu

=
o
J

YacroTa

O R, N WA UL O NN OO
1

36utoro apoHy abo paketun). Kpim Toro, y umx rpyHtax Ginb-
LLIOI0 MipOIO MpeBantoe NeAOreHHN xapakTep MarHeTuamy,
TOGTO HOpManbHWIA ANA FPYHTOBOrO MOKPMBY PO3BUTOK re-
HETUYHUX FTOPU3OHTIB i3 BpaxyBaHHSAM naHAwadgTHo-KniMa-
TUYHUX YMOB OCTPOBA. IX MarHiTHa CrpUIHSTIMBICTL €
BUCOKOWO (X=97-572x108 m3/kr). MepesuiuenHs FOK onsa ceu-
HUIO He 3adhikcoBaHo. Y TOM e 4vac Bia3Ha4aeTbCH MiaBu-
weHHs IMNAK ans umHky y 2-5 pasis, xpomy B 20-30 pasis, migi
y 1,1-3 pasu, Hikento B 4—10 pasis, kobanbTty y 3—4 paswu. Taki
XapaKTepUCTMKU MU MOB'A3YEMO i3 NpoLiecamu ropiHHs, a Ta-
KOX MOXITMBMM aHTPOMOTreHHUM BrIMBOM BiJ, MPOMWCITOBOrO
3abpynHeHHs 3anopixokst (Bondar et al., 2024).

IHWOK € KapTUHa MarHiTo-reoximiyHoi Moaeni AOHHUX
Bigknagis o3ep. Ha puc. 2 HaBefeHo rictorpamy po3noginy
3Ha4YeHb MarHiTHOI CNPUMHATANBOCTI AOHHUX BifKragis o3ep
3anosigHuka "XopTtuus". Po3nogin 6nu3bkuii 40 HOpMarb-
Horo. HauimoBipHiWi 3HaYyeHHa nexaTtb Yy AianasoHi
x=80-150%108 m3/kr. Ciogon nOTPannaTb 3pasky 03ep
MporHin, Kam'aHe Ta lMiwaHe. JliBa acumeTpisa po3noginy i3
3HavYeHHsaMU X=17-80%10"8 m3/kr cknageHa nepesakHo 3pa-
3kamu ocagis 3 o3epa Pucose. JliBa acumeTpis posnoginy 3
BUCOKUMU 3HauyeHHsiMM X=200-300%102 m3/kr Takox ckna-
[eHa nepeBaxHO 3paskamu PucoBoro, To6To mMaemo ABi
niaBmbipkn 3paskiB Ans 4aHoro osepa.
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Puc. 2. Ticrorpama po3noainy 3Ha4yeHb MarHiTHOI CNIPUNHATAMBOCTI AOHHUX BigknaaiB o3ep 3anoBigHukKa "XopTuua™

Ha puc. 3 HaBoaaTbCs ricTorpaMmun po3noAiny BMICTY Bax-
KMX MeTaniB y 3paskax OOHHMX BigknafiB o3ep 3anoBigHWKa
"XopTuud", Ans aKkuMx € 3HauyLLmmM KoedilieHT kopensii i3 ma-
FHITHOIO CMPUNHATAUBICTIO. TakuMK enemMeHTaMn BU3HaYeHo
Fe, Co, Ni, Cu, Zn, Hg, Pb, Cr. Po3nogin 6nu13bkuii 4O HopMa-
neHoro ans Fe, Co, Hg. Y Tol xe 4ac posnogin nogidHui oo
norHopmarnbeHoro ans Ni, Cu, Zn, Pb, Cr. 'K ons Fe csarae
19974 MKr/Kr, LLIO 3aCTOCOBYETLCS ANS I'PYHTIB CTeny YkpaiHu).
TobT0 ycsa Bubipka AemoHcTpye nepesuieHHsa MOKy 1,5-7 pa-
3iB. [Ana pyxomoi cpopmm Co MOK npuiimaeTtbcst gk 5 MKr/kr
BignosigHO fo noctaHoBu KabiHeTy MiHicTpiB YkpaiHu Bif,
15 rpyaHsa 2021 p. Ne 1325 "MNpo 3aTBepKeHHA HOpMaTVBIB
rPaHNYHO AOMYCTUMMX KOHLIEHTpaLin HeGe3neYyHUX peyoBMH y
rpyHTax, a TakoX neperniky Takux pedvoBuH". OTxe, nepesu-
LeHHs carae 5-18 pasis. [Ana Ni nepesuenHs MOK ctaHo-
Buro 6-60 pagsie, gna Cu — 7-30 pasis, ana Zn — 2-30 pasiB
(HaMBinbLW IMOBIPHI  3HAYEeHHs BUWOIPKN MNEPEBULLYIOTE Y
5-10 pasiB). YactuHa 3paskiB He ikcye nepeBuLLeHHs ans Hg,
a ana pewTn NOK nepesuwyetbes y 2—4 pasu. Kpim Toro, Pb
nepesullye y 2-5 pasis, a Cr —y 15-70 pasis (ogHe i3 HaliBK-
Lwmx nepesuileHsb [K).

Ha puc. 4 npeacTtasneHo rpadiku 3anexHocTen mMixk ma-
FHITHOKO CMPUWHATAMBICTIO Ta BMICTOM BaXKux meTanis y

ISSN 1728-3817

3paskax JOHHWX Bigknaais o3ep octpoBa XopTtuus. Koediui-
EHT Kopensuii € 3Havywmm Ans OocnimpKyBaHoi BUGIpKM,
sKwo BiH nepeswuwye 0,35 3 imoBipHicTIo Noxnbkm 0,05. Ta-
KM 4YMHOM, OTpUMaHO KoediuieHTn kopensuii x: Fe=0,52,
Co=0,61, Ni=0,58, Cu=0,52, Zn=0,79, Hg=0,50, Pb=0,40,
Cr=0,38.

Cnig 3ayBaXkmTH, LLIO BUCOKI 3B'A3KM 3 MArHiTHOK Cnpuii-
HATMMBICTIO OTPUMAaHO | ANS AesKUX iHWWX eneMeHTIB:
Si=-0,55, S=0,49, Sr=0,35. OgHak OaHi 3anexHocTi cnig
aHanisyBaTtu 3a iHLUIUM anropuTMOM.

[unckycis Ta BUCHOBKMN

PesynbTat Hawmx nonepeaHix JocnigXeHb MarHiTHUX
BNacTMBOCTEN AOHHMX BidKMagiB 03ep Ta IPYHTOBOrO MOK-
pvBy 3anosigHuka "Xoptuua" (MeHbwos Ta iH., 2025) ganu
3Mory 3pobuTi NpuNyLWEeHHA Npo TpK OCHOBHI dhopmun chop-
MYBaHHSl MarHiTHOro cwrHany y BiAnNOBIOHUX MNPUPOAHNX
06'ekTax, a TaKOX HaKOMUYEHHSI BAXKKMX MeTarliB Ta iHLWnX
XiMiYHUX enemeHTiB. lNMepwunn nos'd3aHui i3 NPUPOSHUMM
hakTopamy po3BUTKY 'PYHTOBOrO NMOKPMBY Ta HAKOMUYEHHS
MaTepiany y AOHHUX ocafax. [lpyrui mae y CBOill OCHOBI
(haKT TEXHOrEHHOro 3abpyAHEHHS 32 paxXyHOK MPUBHECEHHS
PEYOBMH i3 pO3TaLLOBAHOI NOPYY NPOMMUCIIOBOI arnomMepadii
Micta 3anopixoks. 3okpema, 3a pesynbtatamu (Bondar



FEONOTIA. 2(109)/2025

~ 55 ~

et al., 2024) meTanyprinHi nignpuemcTea 3anopixokd, iHTer-
pPOBaHi B XWTNOBE CEpedoBULLE MICTA, CIPUYMHAIOTL 3Ha-
YHe 30aravyeHHss BEpXHbOro LWapy [FPYHTY LWKIAIMBAMUK
pevoBMHaMK, BKIOYAKOYM OPiOHI TBepai YaCTMHKM, Lo Mic-
TATb BaXKKi MeTanu Ta marHiTHi okeuau 3anisza. byno Buse-
NeHo [fOBa TUMM MarHiTHUX MNPOMUCIIOBUX BUKWAIB, SKi
CNpUsIIOTb HaMarHiYeHHI MiCbKOTO I'PYHTY: NOLUMPEHHSI rpy-
©03EepHNCTMX YaCTMHOK, LLIO MICTATb MarHeTUT, oOMexeHe
NPOMUCIIOBOI 30HO, TOAi SIK MEHLLI MarHiTHi cdepu ociaa-
I0Tb Janeko Bif mxepen 3abpyaHEHHS, NPUHOCSYM 3HAYHY
KifbKICTb BaXXKUX MeTaniB y rpyHT. MoxHa npunycTutu, Wwo
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OaHi ynbTpagmcnepcHi YaCTUHKM MOITM HAKONMYyBaTUCS | B
Mexax ocTpoBa XopTuus. [JocnifjkeHHs MarHiTHUX BnacTu-
BOCTEN I'PYHTIB 3 METOI BUSIBMIEHHA KOpensLii i3 nokasHu-
KaMn 3abpygHeHHs B YKpaiHi BkasyloTb Ha NiaBULLEHI
KoHueHTpauii Cu, Ni, Zn Ta dikcyloTb NO3NTUBHY KOPENsLIito
3 MarHiTHoto cnpurHaTnueicTio (Bondar, & Tsiupa, 2024).
Bucoki 3Ha4yeHHs1 MarHiTHOI CIPUNHATAMBOCTI MOPIBHAHO 3
hOHOBUMM HIKCYIOTLCS Y 3paskax I'pyHTy, BigibpaHux nob-
nn3y Aopir 3 iIHTEHCMBHUM PYXOM Ta B 30HaxX BNNMBY iHLIMX
TexHoreHHux npoueciB (Menshov et al., 2023).
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Puc. 3. licTorpama po3noainy BMicTy BaXKuxX MeTaniB y 3pa3kax AOHHUX Biaknaais o3ep 3anoBigHuka "Xoptuusa",
ANA AKUX € 3HaYyLMM KoedilieHT kopensuii 3 MarHiTHOK CNPUNHATAMUBICTIO

Y TOn xe 4ac noBefiHka MarHiTHOI CNPUAHATIMBOCTI,
B3aEMO3B'A3KN i3 BMICTOM Ba)XKMX MeTaniB AOHHUX Bigkna-
4iB y Mexax o3ep 0. XopTuusa 4eMOHCTPYTb AeLo iHLWi 3a-
KOHOMIpHOCTi. TOMY O4YeBUOHUM CTa€ BUCHOBOK NPO TPETin
reHeanc (GoOpMyBaHHS NiABWLLEHOrO MarHiTHOrO curHany.
BiH nos'a3aHui i3 npegomiHyBaHHAM MPUBHECEHOT peyo-
BVMHWU MNITOFEHHOTO TeHe3ucy Big PO3TalLOBaHWX HaBKpPYru
KpucTaniyHmnx nopig YkpaiHcbkoro wmra. 3okpema, moBa
MOXe WTW Npo cunikaT-MarHeTUTOBI i MarHeTUT-cunikaTHi
OXKecninitu, cunikat-marHeTUT-reMaTuTu, reMmaTuT-marHeTu-
TOBI [KECNINITU NPOAYKTUBHOT TOBLL, KYMIHITOHITOBI LLapu 3
MarHeTUToM, anbbiToM, MarHesianbHoOW  3ani3nucToto
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CNodoK, eripyuH-mMarHeTuToBi Ta remMaTuT-marHeTUTOBI
nxacnepu, pyAHi MarHeTMTO-KBapLoOBi, 3ani3HOCMOKOBO-
MarHeTUTOBI Lapwu, XIopuUT-kapboHaT-MarHEeTUT-KBapLIOBI
pOroBMKX, KBapL-XNOpWUTOBi, KapGoHaT-KBapL-MarHeTuT-
xnoputosi cnaHui i T.iH. (Usenko, 2018). OTxe, rpaHito-
rHevicu, metabasuTu, criaHui Ta 3aniaucTi nopoaun i gesii
iHWi reonorivHi chopmadii YKpaiHCbKOro muta AEeMOHCTPY-
10Tb NigBULLEHMI BMICT okenay TuTaHy (TiOz2) Ta okcuay 3a-
niza (Fe203) 3a ogHOYACHO 3HWXEHOro BMICTYi Aiokcuay
KpemHito (SiOz2). MarHiTHa CNpURHATAMBICTD TAKMX YTBOPEHb
Moxe caratn 5000x10-5 oguHnub Cl (EHTIH Ta iH., 2023).
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Puc. 4. M'padikn 3anexHocTen Mixk MarHiTHOl0 CNPUMHATAMBICTIO Ta BMiCTOM BaXXKMX MeTaniB
y 3pa3kax AOHHMX BigknaaiB osep 3anoBigHMKa "XopTuua", Ans AkuxX € 3HavywWmM KoedilieHT kopenauii

MarHiTHa CnpUHATANBICTb € YyTNMBUM, LUBUAKUM i TOY-
HUM MeTOOOM ANSA BUSBMEHHS npoueciB i ocobnuBocTen
r'pyHTOYyTBOpPEHHSI. 30kpema, B poboTi (Cervi et al., 2019) no-
KasaHo, siKk aHarni3 roloBHUX KOMMOHEHTIB i KNnacTepHUin aHa-
ni3 rpynytoTb IPYHTVU BiANOBIOHO A0 HANEXHOCTi A0 Pi3HUX
NPUPOOHUX | aHTPOMOreHHUX NaHawagTiB. 3okpema, BUAI-
NeHOo po3TallyBaHHSA BOAOAINIB, CXWMIB, OiNSHKA HU3WH, nic-
KOBUKiB, AHa gonuH. Lli maTtepianu BkasywTb Ha Te, WO
MarHiTHa CNpUNHATAMBICTb € €PEeKTMBHUM NOKA3HNKOM Bna-
CTMBOCTEN I'PYHTY ANSA rpynyBaHHA Ta igeHTudikauii nego-
reHHMX | reoxiMidyHMX CerMeHTiB (Tunizaudiga) y Mexax
nadgwadTy. Kpim Toro, B po6oTi (Barrios et al., 2012) npo-
OEMOHCTPOBAHO aHari3 rofloBHMX KOMMOHEHT i OTpMMaHo
BMCHOBKW, LLO X € BaXXINMBOK BNacTMBICTIO, SKy MOXHa BU-
KOpUCTOBYBaTU AN igeHTUdikauii cermeHTiB naHawadry,
OCKINbKW Kopensuis Liel BnacTUBOCTI B MeXax NepLuoi rono-
BHOi KOMNOHeHTU B6yna Bucokot. CermeHTn naHawadTy au-
depeHLiioBaHO 32  OOMOMOrOK  aHanidy  roroBHMX
KOMMOHEHT Ta KIacTepHOro aHanidy, BWKOPUCTOBYHOUU
Nuwle BNacTUBOCTI 3 BULLOK ANCKPUMIHALIMHOK 30aTHICTIO.
KnactepHuin aHania mMarHiTHOI CpUUHATAMBOCTI NOBITPSAHO-
cyxoi papibHo3emHoi pedyoBuHM (MS ADFE), wmarHiTHOI
CNPUAHATANBOCTI 3aranbHoi niwaxoi dpakuii (MS TS) Ta
MarHiTHOI CPUAHATANBOCTI rMunHucToi dpakuii (MS Cl) nas
3Mory copmyBaTh Tpy rPYNu, siKi y3romxyrTbes 3 No4inomM
CEerMeHTIiB, YCTaHOBMEHUM Y NONbOBUX yMOBaX. [pynyBaHHs
3a JOMOMOrOI0 KINacTepHOro aHarisy nokasano, Wo X € iH-
CTPYMEHTOM, SKMIA MOXe NnonerwnTn igeHTudikawito cerme-
HTIB NaHawadTy Ta [03BONUTM KapTorpadyBaHHst GinbLu
ofHopigHux obnacrten y nofgibHMx mMicusax. 3ayBaxumo, Lo
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Onsa Tynisauii naHgwagTHUX YMOB 3 Pi3HUMK MoAensiMu Mi-
HNMBOCTI 3a OOMOMOrOK CTaTUCTUMYHOrO MPOTOKOMY 3 Aa-
HUMMW MarHiTHOI CMPUNHATIMBOCTI MOXXHa BUKOPUCTOBYBATU
M iHWi aTtpubyTn rpyHTy. Hanpuknag, konip rpyHTy, Skuin €
KOBapiaHTHUM aTpubyTOM haKTopiB Ta MPOLIECIB I'PYHTOYT-
BOpeHHS (Siqueira et al., 2015). Y Hawomy Bunagky gocni-
[PKEHHS] Ha OCHOBI KracTepHOro aHanisy € HacTynHUM
KpokoMm. Ha gaHomy eTani Mu BMOKpeMunu nicoBUA NaHa-
wadpTt XopTuui, FPYHTU AKOro 3a3Hanu BRnuBY MOXeXi, Aka
npeBantoe Hag NOTEHLUIMHUM HAKOMUYEHHAM BaXKKUX MeTa-
nie Big BMKMAIB npomucrioBocTi 3anopixoks. Takox Oyno
BMAiINeHo nanawadT OCyLIeHOro AHa o3ep, AOHHI Bigknaan
SIKOTO XapaKTepu3yTbCA NigBULLIEHHAM MarHiTHOI CrpUAHAT-
NMBOCTI, LWLO CKOpilLe 3a BCe NOB'A3YETLCS i3 MPUBHECEHHSAM
niTOreHHoro marepiany Big ripcbkux nopig YKpaiHCbKOro
wmta. Ha Hawy gymky, B ycix gocnigHux o6'ektax XopTuui
HasiBHUA TEXHOr€HHWA MW Ta BaXKi MeTanu aHTPOMoreH-
HOro NOXOMKEHHHA. Baxxnuneum Kpokom € po3pobka edekTu-
BHOI TeXHomMorii po3bpakoBKM TEXHOreHHOro curHamy Ta
BMCOKOMArHiTHOro CurHany Bif nNpoLeciB ropiHHA Ta NpuBHe-
CEHOro niToreHHoro MaTepiany.

Omxe, AOHHI Bioknaam o3ep ocTpoBa XopTuLs € HAO3BU-
YarHO LiHHMM NPUPOLAHUM 06'EKTOM AN PETPOCMNEKTUBHOIO
BMBYEHHS! HAKOMWUYEHHS1 MarHiTHOT pe4OBUHN, BaXKUX MeTa-
niB, ynaMKoOBWX ripCbKMUX MOPIg Pi3HOrO reHesncy 3 MeTor
BU3HAYEHHS NPUPOLHOrO Ta TEXHOrEHHOro BMMMBY Ha €KO-
CUCTEMU 3anoBiHMKa NPOTANOM KiflbKOX CTONITb.

BHecok aBTOpiB: OnekcaHap MeHbLLOB — KOHLUenTyanisadis,
ines, aHani3 Ta iHTepnpeTauia aaHux, HanucaHHa ctaTTi; Jligia MNo-
poLUKOBa — ifes, aHani3 Ta iHTepnpeTauis AaHuX, HaNnUCaHHs CTaTTi;
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COMPREHENSIVE MODEL OF HEAVY METALS CONTENT AND MAGNETIC PROPERTIES
OF SOIL AND SEDIMENTS OF LAKES OF KHORTYSYA RESERVE

Background. Natural and anthropogenically modified complexes of the nature reserve fund of Khortytsya Island are subject to significant
pressure from human activity, technogenic processes, and military factors. It is also important to take into account the transformations caused by the
regulation of the Dnipro River's flow, the operation of the DniproHES hydroelectric station, and the consequences of the destruction of the Kakhovka
Reservoir. All these factors have led to substantial changes in the water regime and landscape structure of the area. The main objective of the proposed
study is to investigate changes in natural and anthropogenic landscapes of the Khortytsya reserve through the analysis of magnetic properties and
the content of toxic chemical elements (in particular, heavy metals) in the bottom sediments of desiccated lakes formed as a result of the destruction
of the Kakhovka Dam, as well as in the soilr.

Methods. Laboratory measurements of magnetic susceptibility were conducted using a KLY-2 kappabridge. The mass-specific magnetic
susceptibility x (10 ® m%kg) was then calculated by normalizing the obtained values to the sample mass. The elemental composition was determined
using X-ray fluorescence (XRF) analysis with the ElvaX Pro instrument, a laboratory XRF analyzer capable of detecting elements in the range from
Na (11) to U (92).

Results. The magnetic susceptibility values in the analyzed soil samples are extremely high (x=97-572%10° m“kg). Significant exceedances
of maximum permissible concentrations were recorded for zinc (2-5 times higher), chromium (20-30 times), copper (1.1-3 times), nickel (4-10 times),
and cobalt (3—4 times). These elevated values are likely associated with combustion processes, as well as anthropogenic impact, particularly industrial
pollution originating from Zaporizhzhia. At the same time, the behavior of magnetic susceptibility and its correlation with heavy metal content in the
bottom sediments of Khortytsya lakes demonstrates different patterns. This suggests the existence of an additional mechanism contributing to the
elevated magnetic signal, related to the predominance of lithogenic material likely derived from surrounding crystalline rocks of the Ukrainian Shield.

Conclusions. The bottom sediments of Khortytsya lakes represent an extremely valuable natural archive for retrospective analysis of
magnetic particle formation, accumulation of heavy metals, and clastic rocks of various origins, aimed at assessing both natural and anthropogenic
influences on the ecosystems of the Khortytsya reserve over the past several centuries.

Keywords: sediments, soil, heavy metals, pollution, magnetic susceptibility.
ABTOpM 3aABNSAIOTb MPO BiACYTHICTb KOHMNIKTY iHTepeciB. CnoHcopu He Gpanu yyacTi B po3pobrneHHi AocniaxXeHHs; y 360pi, aHanisi un
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BU3HAYEHHA NAPAMETPIB BOrHULLA 3EMJIETPYCY
3A AAHUMMU OBMEXXEHOI KIJIbKOCTI CEUCMIYHUX CTAHLIN

(MpedcmaeneHo 4neHoM pedakuyiliHoi Koneaii 0-poM 2eos1. HayK, npog., 4neH-kop. HAHY C.A. Buxeoro)

BcTyn. llpedcmaeneHo memod eu3HayeHHsI meH3opa celicMiYHO20 MOMEeHMYy 3 8UKOPUCMAaHHSIM nuwe npsimux P- i S-xeunsb,
MeHw Yymuiueux o ModesibHUX egheKmie NowupPeHHs1, Hixk i06umi ma 3anomseHi xeuni, W0 3Ha4yHo nidsuuyye moyHicms i HaditiHicme
memody. BozHuuie 3emnempycy po3ansidaembCsi sik MOYKoee, i3 3a30asie2iob eiGoMuM po3mauwlyeaHHsIM i HacoM rnovyamky nooii.

MeToawu. MowupeHHss xeunb y cepedosuwyi, sike MOOesNt0eMbLCS HA6OPOM 20PU30HMaIbHO-0OHOPIOHUX NPYXHUX wapie,

o6yucroemscsl 3a G0MOMO20K0 Mampu4YHO20 Memody, wo dae 3moz2y eudinsamu nuwe npsimi xeuni. Ha ocHoei Nnpsimoi 3adadi i3
8UKOpPUCMAaHHSIM PO38'sI3KY y3a2a/lbHeHO20 O06epPHEHHs1 MoKa3aHO asi2opumm O6epPHeHHSI CIIOCMepPeXeHUX XeUslboeux ¢hopm
3 Memor 8U3Ha4YeHHSI KOMIIOHeHmM celicMiyHo20 meH3opa M(t). AHani3 30ilicHeHO Ha OCHO8i 3anucie 3emiempycy, W0 cmascs
22 nromoeo 2024 poky y CxiOHili Cnoeay4yuHi, eukopucmosyroyu OaHi nuwe 08ox celicMiYHUX cmaHyilt CrioeaubKoi Mepexi:
sk19 (49.25°N, 21.93°E) ma sk20 (49.21°N, 21.61°E).

Pe3ynbTaTtu. g nepegipku docmoegipHocmi ompumaHux napamempie eo2HuUWa 3emsaempycy 30ilicHeHO NopieHsIbHUU aHa-
J1i3 cCUHMemu4HuXx celicMo2paM, po3paxo8aHUX Ha OCHO8i MeEMOOUKU MameMaimu4yHo20 MOOeJIF08aHHSI X8UJTIbO8020 IM0JI MampuYyHUM
mMemodoM i criocmepeixyeaHux 3arnucie Ans npsimux P- i S-xeuns Ha cmaHUyii sk19. [poesedeHo kopensayiliHuli aHani3 npsimux P- i S-xeuns
Ons cnocmepexyeaHux i cuHmemuyHux celicmozpam. Pe3ynsmamu aHani3y noka3anu eucokKy 0ocmoeipHicmb eu3Ha4eHOo20 MmeH3opa
celicMi4HO20 MoMeHMY Ons1 3emnempycy 2024-02-22 (CxidHa Crioeay4uHa), oOmpuMaHO20 WIIIXOM 06ePHEHHS Tule MPsIMUX Xeuslb.

BucHoBkU. BukopucmaHHsi moykoeozo Oxepena y auansidi celicMiYyHO20 meH30pa, po3miujeHo20 ecepeduHi 20pPU30H-
masnibHO-Wwapyeamozao nienpocmopy, € egheKkmueHUM OJisi BU3HaYeHHS1 (hoKalbHUX MexaHi3mie 3emnempycie. Peaynomamu do-
cnidxeHHs1 nidmeepdxyromb O0UiNbHICMBL 8UKOPUCMAaHHSI auwe npsmMux P- i S-xeunb Onsi eusHa4YeHHs1 meH30pa celicMiYyHO20

MoOMeHmYy, W0 crnpusie nidsuwjeHH MoYHocmi 064ucieHb Mma 3MeHWEeHHI0 enausy modenbHUX ed)ekmie MOWUPEeHHS.

Kno4yoBi cnoBa: meH3op celicMiyH020 MOMEHMY, ¢hoKkanbHUll MexaHi3M, Mampu4Huli Memod, CUHmMemu4Hi celicMozpamu,

KopesisayitiHul aHarmi3.

Becryn

Br3HaveHHs1 napamMeTpiB BOrHULY, 3eMMETPYCIB € BaXIu-
BOK CEVCMOMOrivyHo 3adadeto. Taki 3agavi 3a3Buyan BUPI-
LUYHOTb LLUMISIXOM PO3B'si3aHHs 06epHeHoI 3agadvi, (Manuubkuia,
2016; Dreger, & Helmberger, 1993; Asano et al., 2024; Hallo,
& Gallovi¢, 2016; Minson, 2024; Stiernstrdom, 2024; Kubo
et al., 2020; Chen et. al., 2019), a Takox Ha niagcTaei 3anucie
Ha CENCMIYHMX CTaHUIaX i3 BMKOPUCTAHHAM MNONApPHOCTEN
BCTyny npsimux P-xBunb (Dziewonski et. al., 1981). OcTanHin
MeTOZA € HarbinbLL BUKOPUCTaHWI Arsi BENUKOI KiNbKOCTi cTa-
HUin. Ha cborogHi Bigpasy nicnsa cercmivHoi nogii po3pob-
NeHo MeToaM [JaloTb 3MOry B aBTOMATUYMHOMY PEXUMI
BMU3Ha4YaT pokanbHUA MexaHi3M. Y TakoMy BUMaAKy € MOX-
NMBICTb BUKOPUCTaHHA (OKanbHWX MexaHiamiB Ans Bupi-
LIEHHS iHLIMX BaXKNUBMX 3adad, 30Kpema Ans BU3HAYEHHSI
TEH30pa HampyxeHb 3a OoKanbHMMU  MexaHiamamu
(Vavry€uk, & Kuhn, 2012). Ane y BunagKky CeicMmivyHnx perio-
HiB 3 Marnok CEMNCMIYHICTIO, KoK NK1LLE KinbKka CTaHLin 3ape-
€CTpyBanuM CeMUCMiYHY MOAi0, BW3HAYEHHA MapameTpisB
BOMHULLLA 3@ NONSIPHOCTAMMU NPSMUX P-XBUIb € HEMOXITMBUM.
MoTpibHI HOBI Nigxoam i MeToaM Ans Takmx 3agad. ABTopu Aa-
HOi cTaTTi 3acTtocyBanu po3pobneHun y pobotax (Manuub-
kun, 2016; Malytskyy, & Asano, 2024) meTof BM3HAYEHHS
CENCMIYHOro TeH3opa i oKanbHOro MexaHiamy, BUKOPUCTO-
BYtOUM npsiMi P- i S-xBuni Ha 0OMeXeHiln KinbkoCTi cTaHuin. Y

npencTaBneHii poboTi aBTopy BM3HAYaOTb TEH30P CENCMIiY-
HOro MOMEHTY Ans nogii, sika Bigbynacsa 22 niotoro 2024 p.
(to=12:54:15 UTC, 21.75E°E, 49.03°N, Depth 9 km, ML3.0,
CxigHa CnoBayuuHa). [aHuin 3emMneTpyc 3anvcaHun Kinb-
KOMa celcMivyHMMM cTaHuisMm CrnoBaubkoi Mepexi. ABTOpM
BMKOPUCTanM 3anuncu Tifbky Ha ABOX CTaHUisx, a came sk19 i
sk20 (pwuc. 1). BigsHaummo, WO Taki cercmonorivHi 3agadvi
LLIOAO BM3HAYEHHS MapameTpiB BOTHMLL 3eMIIETPYCIB € BaX-
nveuMuK sk Ansa CxigHoi CnosavunHm (Schlomer et al. 2024),
TakK i 4Ns CEeNCMOaKTUBHUX PETiOHIB YKpaiHu.

MeTtoau

Y po6oTax (Manuupkuit, 2016, Malytskyy, & Asano, 2024)
nokasaHo MeToAMKy BM3HaAYeHHs1 CeMCMIYHOro TeH3opa i ¢o-
KarbHOro MexaHi3my A5 IpSAMUX XBUIb 3 BUKOPUCTaHHSIM 3a-
nnciB Ha 0BMEXeEHIl KiNbKOCTI CTaHLin. 3ayBaXnMo, Lo AaHy
METOAMKY PO3pObreHo Ans MOLWMPEHHS CENCMIYHMX XBUIb
BiJl TOMKOBOIO A)Xepera, NpeacTaBneHoro CeNCMiYHUM TEH30-
poM. CelicMivHi XBWi MOLLMPIOIOTLCS B LLIApyBaToOMy MiBMpOC-
Topi (Manuubkuii, 2016). MeTon 6a3yeTbcsl Ha MaTpUYHOMY
meTtoai TomncoHa i Xackena (Thomson, 1950), akun gocrat-
HbO Jobpe po3suHyTUI Yy poboTi (Aki, & Richards, 2002).

Cxema obepHeHHs cknagaeTbCs 3 ABOX KPOKIB: MpsMe i
obepHeHe mopentoBaHHA. CrnovaTKy po3rnggaemMo noLum-
PEHHSI CENCMIYHUX XBUIb Y BEPTUKANbHO HEOOHOPIAHNX Cce-
pedoBuvLiax i 3 BMKOPUCTaHHAM po3pobneHoro BapiaHTa
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MaTPUYHOro METOAY OBYMCIOEMO CUHTETUYHI CECMOrpamm
Ha BifIbHIN NOBEPXHi rOPMU3OHTarbHO-LIAapyBaToro i30Tpon-
HOro cepefoBuLla. TOYKOBE BOMHMLLE pO3TalloBaHe Bcepe-
OWHi  ogHopigHoro wapy. [lepeMilleHHs Ha MoBepXxHi
nNpeacTaBnseMo y MaTpUYHIn popMi, OKpeMo Ans ganexkoro
i 6nnsbkoro nons. [ani po3rnsgaemMo nepeMilleHHs nuile B
Janekomy noni, a xBunboBe none ans npsamux P- Ta
S-XBUNb OTPUMYEMO 3 BUKOPUCTAHHAM 3afadvi Ha BNacHi Be-
KTOpW i BnacHi 3HadyeHHs (Manuubkun, 2016). ObepHeHa 3a-
Aaya nonsirae B 06YMCIEHHi CMEKTPiB KOMMOHEHT TeH30pa
CENCMIYHOTO MOMEHTY, siKi OTPUMYEMO 3 BUKOPUCTAHHSM TaK
3BaHOro po3B'sA3Ky y3araribHEHOro obGepHEeHHs i nepeTBo-
PEHHI iX y YacoBY AiNsHKY 3 BUKOPUCTaAHHAM 0b6epHEHOro ne-
peTBOpeHHsA Pyp'e.

Omxe, KOMMOHEHTU TeH30pa CEeWCMIYHOrO MOMEHTY,
OTpVMMaHi 3 BMKOPUCTaHHAM y3ararnbHeHOro o6epHeHHS
(Manuubkun, 2016), matoTb BUrNSA

M(G'GY'GU, ™)
ae UQ=(UOP U8, UyOF Uy©S UOP U8y — komnoHe-
HTW nepemilleHb NpAMnx P- i S- XBUMb; CENCMIYHUI TEH30P

M=(Mxz, Myz, Mzz, Mxx, Myy, Mxy)T MiCTUTb WWiCTb He3anexHux
KOMMOHEHT; G — mMaTpuus, sKka BU3HAYaeTbCA LUBUAKICHOM

mogensio (Manuuekuin, 2016); Matpuus G° € KoMMneKkcHo-
crpshKeHa i TpaHcnoHoBaHa Ao matpuui G.

Bigpiskn 3anucis, Wo BignosigatoTb nuwe npamum P- i
S-XBUNSAM, BU3HAYaEMO Bi3yanbHO, 3 ypaxyBaHHsM 3aTpu-
MOK dha3 3a BiAMOBIAHOI eniueHTpanbHOI BigCcTaHi Ta rmu-
OuMHM BorHuMwia. MakcumarbHa YacToTa y cnekTpax 3anucis
KOHTPOSIOETLCS NPUNYLLEHHSIM MPO TOYKOBE BOTHULLE Ta Bi-
ONOBIAAE OOBXWHI XBUITi, LLLO NEPEBULLYE MiHiViHi po3Mipu po-
3pUBY Y HbOMY.

PesynbtaTtun

EdbekTnBHICTb 3anponoHOBaAHOro MeTody NPOTECTOBAHO
Ha 3emneTpyci y CxigHin CnosayuuHi. Ans uiei metn Bub-
paHo celcmivHy nogito, sika Bigbynacsa 22 notoro 2024 p.
(12:54:15 UTC, 21.75E°E, 49.03°N, depth 9 km, ML3.0).
BukopuctaHo cefcMiyHi 3anvMcy nuwe Ha ABOX CTaHUisX:
sk19 (49.25°N, 21.93°E) i sk20 (49.21°N, 21.61°E) CnoBa-
LbKoi Mepexi (puc. 1).

M(OE-0013 Nm
12

Mxz_fm_5_sk19+sk20_n
6
0
o]

LLiBmnakicHy mogens npeacrasneHo B Tabn. 1 (Malek et al.,
2023). [>xeperno CENCMIYHMX XBUMb — Ha rMubuHi 9 kM. Bia-
3HaA4YMMO, WO cercMiyHi cTaHuii sk19 i sk20 poatawoBaHi B
pi3HNX KBapaHTax HaBKOIO eniLeHTpy 3emneTpycy (puc. 1).

50°00' H

P

49°30'

21° 220 23° 24°
Puc. 1. Po3MmilleHHs cTaHuin sk19 (49.25°N, 21.93°E)

i sk20 (49.21°N, 21.61°E) (TpUKyTHUKM) cnoBaubKoi Mepexi
EniueHTp 3emnetpycy 2 ntotoro 2024 poky nokasaHo 3ipKor
(12:54:15 UTC, 21.75E°E, 49.03°N, depth 9 km, ML3.0)
(Malytskyy et al., 2025)

Ta6bnuys 1
1D wBwmAakicHa mogenb
hs(km) Vp(km/s) Vs(km/s) p (g/lcm®)

1,0 2,5 1,445 2,2
3,0 3,7 2,139 2,44
3,0 5,2 3,006 2,74
10 5,9 3,41 2,88
3 6,4 3,699 2,98
4 6,75 3,902 3,05
8,0 4,624 3,3

KoMNoHeHTN TeH3opa CEeNWCMIYHOrO MOMEHTY, SKi

o6umncneHo 3a hopmynoto (1), BUKOPUCTOBYHOUM OOEPHEHHS
XBUNBbOBMX POPM AN NPSMUX XBUIb Ha cTaHuisx sk19 and
sk20 Ta dpokanbHUn MexaHi3am, NpeacTaBneHo Ha puc. 2.
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Plane 1: (68, 84,0)
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Puc. 2. KOMNoOHeHTU TeH30pa CEMCMIYHOro MOMEHTY Ans 3emneTpycy 2024-02-22 (CxigHa CnoBa4y4uHa),
AKi OTPMMAHO LWAXOM 06epHEHHS TiNbKK NPAMUX XBUIb, 3anncaHuX Ha cTaHuisx sk19 and sk20:
BepTMKarnbHa NiHis B @) Nokasye Yac y BorHuwi (4ac novatky nogii: 12:54:14.8), a) sikuihi TakoxX OTPMMaHO 3a iHBepcCieto XBUNboBUX hopm
(Malytskyy et al., 2025); 6) Bepcia dokanbHOro MexaHiaMmy, SKUi OTPUMAaHO 3riAHO i3 CENCMIYHUM TEH30POM
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HacTynHum Kpokom y AaHivi poboTi € NOPIBHANBHUIA aHa-
Ni3 OTPUMAHUX CUHTETUYHMX CENCMOrpam, pPo3paxoBaHUX
Ha OCHOBi METOAMKM MaTEMaTUYHOrO MOAEMOBAHHSA XBU-
NboBOro nonst MaTpmyHum metogom (Mak, 2014, 2015) i cno-
CTepexyBaHUX 3anuciB ans npsiMux P- i S-xBunb Ha cTaHuii
sk19. Ha puc. 3 HaBefeHO CUHTETUYHI Ta CMnOCTEpexXeHi

dopmu npsamux P- i S-xBunb. KOMNOHEHTN CUHTETUYHMX
curHanie E, N Ta Z y wBmakoctax o64mMcneHo ans TeH3opa
MOMEHTY (pu1C. 2), OTPUMAHOrO BHACNIAOK iHBEPCIi NpsamMux
P- i S-xBunb ans rmunbuHn BorHuwa 9 kM Ta eniueHTpanbHoI
BifCTaHi 22,72 KM 3 BUKOPUCTAHHSM LUBUAKICHOT Mogeni, Ha-
BeaeHoi y Tabn. 1.
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Puc. 3. NMopiBHANLHUI aHani3 npaMux P-xBunb:

a) N — komnoHeHTa b) E — koMnoHeHTa B) Z — kKOMMoHeHTa i S-xBurnb r) N — komnoHeHTa A) E — KoMnoHeHTa
€) Z — KOMMNOHeHTa (ansa Axepena Ha rmubuHi 9 KM) ANst CNOCTepeXyBaHUX i CUHTETUYHMX cercmorpam,
OTPUMaHMX Ha cTaHuii sk19 3 BUKOPUCTaHHAM LUBUAKICHOT Mogeni, HaBeAeHoi y Tabnuui 1.
CrocTepexyBaHi XBUINboBi (POPMU NOKa3aHO YOPHUM KOMbOPOM, @ CUHTETUYHI — YEPBOHUM BiAMOBIAHO

TpuBanicTb iMnynbCy B Axepeni Ta opMy MOro 4acosoi
yHKUii BUBpaHo Taki, Wo HavKkpalle BianosiaaoTb Tpusa-
nocti Ta dopMi nepworo iMnyrnbCy Ha CMNOCTEPEeXEHUX
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3anucax. Ha puc. 4 HaBegeHo BUrMsg YacoBOi PyHKLIT oxxe-
pena Ta ii aMnniTygHWi i pa3osuii cnekTpum.
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Puc. 4. YacoBa chyHKuUia pxepena y Burnagi Tpanedii (a) Ta ii amnnityaHun (6) i dpasoBun cnektpm (B).
TpuBanictb iMnynbcy gopiBHioe 0,1 cek

[ns koxHoI i3 a3 Ha puc. 3 BUOpaHO Bi3yanbHO BikHa, Y
AKMX NpoBefeHO MnopiBHAHHA dopm curHanie. Cknagosi P-
XBUIi AN KOXXHOI KOMMOHEHTU PO3IMISIHYTO Y BiKHI, sIke noyn-
HaeTbeA 3a 0,6 cek 4o Ti BCTyny Ta 3akiHdyeTbes Yepes 0,2 cek
nicnsa 1i BcTyny. Cknagosi S-xBuni AN KOXHOI KOMMOHEHTU
PO3rnsiHYTO Y BikHi, ike noymMHaeTbes 3a 0,01 cek go i BeTyny
Ta 3akiHdyyeTbes Yepes 0,02 cek nicnsa ii Bctyny. Bubip yaco-
BOI (PYHKLi MKepena y BUrNSAi Tpanewii 3 TpusanicTio imMny-
nbcy 0,1 cek gae Havikpalmi pesynbTaT AJis NOopPiBHANIbHOrO
aHanidy cnoctepexyBaHuX i CUHTETUYHMX CENCMOrpam.

Y poboti npoBegeHo kopensuinHui aHania (Chiles, &
Delfiner, 2012) npamux P- i S-xBunb ansi cnoctepexyBaHuX i
CUMHTETUYHMX cercmorpam (puc. 3), OTPUMaHMX Ha cTaHuii
sk19. KoedpiuieHTn kopensuii gns P-xsuni Ha N-KOMMOHeHTI
craHoBuTb 0,82, Ha E-komnoHeHTi 0,84, Ha Z-komnoHeHTi 0,86.
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KoediuieHTn kopensuii ons S-xeuni Ha N-KOMMOHEHTI cTaHo-
BUTb 0,78, Ha E-komnoHeHTi 0,82, Ha Z-komnoHeHTi 0,80.

[unckycis i BUCHOBKMU

Y paHih poboTi MU NpeacTaBuM MeTOS BU3HAYEHHS Te-
H30pa CeNCMIYHOrO MOMEHTY, SIKUIA OTPMMaHO LUNsiXoM obe-
PHEHHS TiMbKW NPSIMUX XBWUIb, 3APEECTPOBAHMX Ha [ABOX
cencmiyHux ctaHuiax sk19 (49.25°N, 21.93°E) i sk20
(49.21°N, 21.61°E) (puc. 1) CnoBaupkoi mepexi. CelcMiyHi
CTaHUji po3TalloBaHi y Pi3HUX KBagpaHTax Ha dpoKanbHin
cchepi. MeToa 6asyeTbes Ha nigxoaax, siki onncaHo 30KkpemMa
B poboTtax (Manuubkuii, 2016), B SIKUX Bepcis MaTpuU4HOro
MeTo4y PO3BMHYTa AN 0OYMCNEHHS] MepeMilleHb TiMbKu
Ons npsMux xBunb. TOYKOBE [Kepeno po3MillleHo Bcepe-
OVHI WapyBaToro MiBNpocTopy i NpeacTaBneHo TEH30POM
CEeNncMmiyHoro MOMEHTY. 3anponoHoBaHun mMeToz
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NpOTECTOBaHO Ha cencMiyHin nogii y CxigHin CnoBayuunHi,
sika Binbynaca 22 ntotoro 2024 p. (12:54:15 UTC, 21.75E°,
49.03°N, depth 9 km, ML3.0). Bubip ans inBepcii Tinbku npsi-
MUX XBUIb 3aMiCTb MOBHOIO XBWLOBOrO MONS Aae 3Mory
3MEHLUMTK BNNUB LWBKAKiCHOT mogeni. Kpim Toro, cnig Bia-
3HauUTK, WO B pe3yrnbTaTi 06epHEHHS TiNbKU NPSIMUX XBUIb
MOXHa OTpMMaTK TaKoX Yac noyaTky CermcmidyHoi nogii. 3a-
NPOMOHOBAHUA METOL MOXHa YCMilLHO BUKOPWCTOBYBATK
ONS PErioHiB i3 Manor CENCMIYHICTIO, e KiNbKiCTb CENCMIY-
HUX CTaHUiN, AKi 3annucanu nogito, oobmexeHa.

[na AOCTOBIPHOCTI OTpUMaHUX pesynbTaTiB Ans CencMmiy-
HOro TeH3opa Ta pokarnbHOro MexaHiaMy aBToOpW MPOBENW Mo-
PIBHANBHUA a@Hamni3a CUHTETUYHUX Ta CrOCTEPEXYBaAHUX
cencmMorpam Ans npsamMux xsunb. CUHTETUYHI cercmorpamm
pO3paxoBaHO Ha OCHOBI METOAUKN MaTeEMaTUYHOTO MOZENH0-
BaHHSA XBWUMbOBOrO nonsa MatpuyHum metogom (Mak, 2015).
AHaniz oTpyMaHux pesynbTaTiB Ha OCHOBI KOpensuiiHoro
aHanisy nokasas BUCOKY AOCTOBIPHICTb pe3ynbTaTiB Ang TeH-
30pa CEeMCMIYHOrO MOMEeHTY Anga 3emnetpycy 2024-02-22
(CxigHa CnoBay4uvHa), SIKi OTPMMaHO LUMSAXOM OOEpHEHHS
TiNbKN NPAMUX XBUIb, 3annUCcaHnX Ha ctaHuisx sk19 and sk20.
BBakaemo, L0 BUKOPUCTaHHS TOYKOBOIO JXepena, NpeacTa-
BMEHOr0 CENCMIYHMM TEH30pPOM, sike pOo3MillleHe BCcepeauHi
rOpU30OHTanbHO-LLAPyBaTOro NiBNPOCTOPY MOXHA BUKOPUCTO-
BYBaTV ANA BU3HAYEHHS (DOKaNbHUX MEXaHi3MmiB.

BHecok aBTopiB: [IMUTpo Manuupbknin — KOHLEenTyani3aujsi, MeTo-
ponorisi, agMiHiCTpyBaHHsA npoekTy; OnekcaHapa AcTalulkiHa —nporpa-
MHe 3abesneyeHHs, HanucaHHsi (nMepernsp i peaaryBaHHs); PycnaH
Mak — aHani3 i o6pobka AaHux; AHApIN MHUN — Kypauis gaHwx, Bidyani-
3auis; MapkisiH [JoOyLLIOBCbKMIN — NporpamHe 3abe3neyeHHs.
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DETERMINATION OF EARTHQUAKE SOURCE PARAMETERS BASED ON DATA
FROM A LIMITED NUMBER OF SEISMIC STATIONS

Background. This paper presents a method for determining the seismic moment tensor using only direct P- and S-waves, which are less
sensitive to modeling effects of wave propagation than reflected and refracted waves, significantly improving the accuracy and reliability of the
method. The earthquake source is considered as a point source with a known location and origin time.

Methods. Wave propagation in a medium modeled as a set of horizontally homogeneous elastic layers is calculated using the matrix method,
which allows isolating only direct waves. Based on the forward problem and the solution of the generalized inversion, an inversion algorithm for
observed waveforms to determine the components of the seismic moment tensor M(t) is presented. The analysis is conducted based on records of
the earthquake that occurred on February 22, 2024, in Eastern Slovakia, using data from only two seismic stations of the Slovak network: sk19 (49.25°N,
21.93°E) and sk20 (49.21°N, 21.61°E).

Results. To verify the reliability of the obtained earthquake source parameters, a comparative analysis was conducted between synthetic
seismograms, calculated using the wavefield modeling methodology based on the matrix method, and observed records of direct P- and S-waves at
station sk19. A correlation analysis of direct P- and S-waves for observed and synthetic seismograms was performed. The results of the analysis
demonstrated a high reliability of the determined seismic moment tensor for the February 22, 2024 earthquake (Eastern Slovakia), obtained through
inversion using only direct waves.

Conclusions. The use of a point source represented by a seismic moment tensor, placed within a horizontally stratified half-space, is an
effective approach for determining earthquake focal mechanisms. The study results confirm the feasibility of using only direct P- and S-waves for
determining the seismic moment tensor, which enhances computational accuracy and reduces the impact of modeling effects on wave propagation.

Keywords: seismic moment tensor, focal mechanism, matrix method, synthetic seismograms, correlation analysis.
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PETROGRAPHIC CHARACTERIZATION OF THE URANIUM ORE OF TAHAGGART
(EL-HOGGAR, SE ALGERIA)

(MpedcmaeneHo 4YneHoM pedakyiliHol Koneaii 0-poM 2eos. Hayk, npogh. B.A. Muxaiinoeum)

Background. Algeria has long sought to exploit its uranium deposits in the Hoggar region, whose objective is to market the ore,
and use part of the production exclusively in the civil field, especially in electricity generation. The exploitation and valorisation of this ore;
require a very specific process of exploitation, characterization and treatment.

The main objective of this work is to establish a detailed and complete technical data sheet for the Tahaggart deposit, enabling the
implementation of a uranium ore mining and beneficiation technique to obtain a marketable product known as "yellow cake".

Methods. To achieve this objective, samples were taken from the site under study, followed by microscopic and macroscopic
analyses non-thin sections to obtain petrographic, mineralogical and geochemical identifications.

Results. The analyses confirmed the sandstone character of the ore and the predominance of quartz, clays, oxides and iron
hydroxides as well as uranium and rutile minerals. The uranium contents in the mineralized altered levels varied from 0.90 to 1.32 %
and from 0.34 to 0.74 % in the mineralized conglomeratic sandstones. Uranium occurred either in the high-grade uranium minerals or in
low-grade apatite, zircon, rutile, and in traces in monazite.

Conclusions. Different studies carried out on the Tahaggart region have proven the presence of Uranium ores with remarkable
quantities, varying between 0.90 to 1.32 % in the mineralized altered levels and 0.34 to 0.74 % in the mineralized conglomeratic sandstones,
however, despite this, and in view of the strategic value that uranium enjoys at the international level; to date, there is no exploitation of
this mine by the state. The best treatment method in this case is heap leaching; the recovery rate by this method can reach 70 % in uranium
as "yellow cake".

Keywords: Uranium, Tahaggart, Petrographic characterization, Mineralogy and geochemistry, Leaching, "yellow cake".

Background
The element uranium was discovered in 1789 by the German
chemist Martin-Heinrich Klaproth (Graublinden and Souidi,
2020). More than a century later, in 1896, Henri Becquerel
discovered radioactivity from fluorescent uranium salts and at
the same time demonstrated the radioactive properties of this
element (Giry, 2017). Originally, uranium was only used as a
chemical agent, notably in the ceramics and mirror-making
industry (glass coloring), then in the manufacture of high-
strength steel (Nilson and al., 2019). In the early 20th century,
following Pierre and Marie Curie's work on radioactivity, its ores
were an essential source of radium, used to treat cancerous
tumors (Rentetzi, 2022).
The discovery of nuclear fission by Otto Hahn and Fritz
Strassmann in 1938 marked the baptism of nuclear energy

and the use of uranium as a fuel element (Reed, 2020).
Uranium in metallic form, can also be found as a structural
element (counterweight) in aircraft and marine construction,
as well as in the military field, for tank armouring and shell
manufacture (Lourenco and al., 2016; Carvalho and al.,
2023). It can also serve as shielding to protect against
ionizing radiation, just like lead (Lourenco etal., 2016).
Uranium is the main element used for the manufacture of
fuel elements for nuclear reactors (Zerbib, 2024). However,
its use goes through several stages of preparation called the
nuclear fuel cycle. The first step in this cycle is the
exploration, exploitation and valorization of uranium ores.
The latter requires a specific treatment process, taking into
account the technical sheet of the uranium ore. Algeria has
significant mineral reserves, in particular, gold and uranium
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are the main metals present in Hoggar. Tin, tungsten and
tantalum, niobium, and copper indices are also present.

There are several uranium deposits identified and not
exploited to date: Timgaouine, Abankor, Tinef and
Tahaggart. Exploitation of a deposit requires a perfect
understanding of its geographical environment, geology and
geometry, and for profitable extraction of the raw material
and valorization of this resource, in our case uranium in the
Tahaggart deposit, it is imperative to establish a detailed and
complete technical data sheet for the uranium ore. The first
geological studies were carried out by Joulia (1959), Lessard
(1961) and Claret et Tempeére (1968), Legrand (1970), Fabre
(1971) and Beuf etal (1971), who studied the Paleozoic
history of the Saharan platform in the Tassili region or at
N'Ahaggar de In Debiréne in the southwest and in the TiN-
Eggole region in the northeast. Mokadem carried out a study
on the wuranium mineralization of the Tin Séririne
sedimentary basin (Tahaggart deposit and the Tamert-N-
Iblis region) in 1980, followed by a study of the alteration of
the Precambrian base on the periphery of the basin. In
addition, the associated wuranium and thoriferous
mineralization (Hallalouche, 1995), and a structural study of
the Tin Séririne basin were made using geophysical
methods (Bournas, 1998).

A contribution to the geological and gitological study of
the uranium mineralization of Tahaggart (Southeast of
Hoggar): mineralogy and geochemistry of mineralization
linked to alterations of the base and to the basic
conglomerate of the detrital series was the subject of a
magister thesis by Chahdane in 2009. Algeria began the first
prospecting work in the Tin-Séririne basin around the 1970s.
The aim of this work was to search for uranium in the
northern district of the Algerian-Nigerian uranium province.
The Romanian group GEOMIN (1969-1975) working on
behalf of SONAREM (Société Nationale de Recherche et d'-
Exploitation Miniére) highlighted the Tahaggart uranium
deposit and the Timouzeline and Tamert-N-Iblis uranium
indices. These mineralized zones were discovered by
ground verification of the radiometric anomalies highlighted

by the aero-magneto-spectrometric survey at 1/200,000,
carried out by the American firm Aéroservice (1971).

A reserve estimate has been made for the Tahaggart
deposit. A SONAREM team (1976-1977) carried out
hydrogeological research work in the Tin Séririne basin.
From 1986 to 2005, uranium exploration work was carried
out on the eastern and western flanks (Timouzeline and
Tamert-N-lblis) of the Tin-Séririne Basin (CREM, 1986-
1991); on its northern and north-western periphery (CREM,
1991-1992), and its southern part (CREM, 1996-1997), as
well as evaluation and extension work on the Tahaggart
deposit (COMENA (2001-2005). Appreciable results were
obtained in the Tin-Séririne basin, notably the identification
and confirmation of uranium indices and anomalies. The
present work represents a contribution to the enrichment of
the Tahaggart uranium ore datasheet, through the
petrographic (macro and microscopic), mineralogical and
geochemical characterization of the main horizons,
represented by the conglomeratic sandstones and alteration
facies of which they are composed.

Site description. The Tahaggart uranium deposit is
located 350 km southeast of Tamanrasset in the Tin Séririne
basin in extreme southeastern of Algeria; close to the Niger
border (Rabia-Zaourar, 1978; Badahmaoui et al., 2020)
(fig. 1). This desert region is characterized by very low
human density, with altitudes ranging from 1,000 m in the
north, to 400 m in the south on the Algerian-Nigerian border.
Temperatures ranging from 40—45 °C (April to July) and from
13 to 11°C (January to February), very little rainfall,
vegetation limited to wadi beds, and fauna specific to desert
zones (Chahdane, 2009; Khaldi et al., 2018). It is located at
the crystalline basement-Paleozoic sedimentary cover
contact, with global uranium reserves estimated at 8,105t of
ore grading 0.215 % U, or 1,700 tonnes of U metal (Allek
et al., 2013). It occurs as subhorizontal mineralized lenses 1
to 8 m thick hosted in altered Precambrian basement
gneisses and Cambro-Ordovician basal conglomerates
(Baadi, 2018; Gherbi et al., 2015).
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Uranium mineralization, is known at surface and sub-
surface depths of 0 to 8 m, and occurs in more or less

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

discontinuous patches (Sanguinetti et al., 2018; Smirnov et al.,
2018). The uranium ore essentially contains secondary
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uranium minerals (utunite, torbernite), associated with iron
oxides (hematite, goethite) and a clay matrix (Hatert et al.,
2018). Significant thorium and rare-earth mineralization
associated with conglomerates (Bonhoure, 2010; Boni et al.,
2023); is related to primary and secondary minerals (monazite)
and alumino-phosphates (grandallite, florencite, brockite).
Other secondary uraniferous minerals include carnotite,
sabugalite and uranophane (Chahdane, 2009).

Methods

The samples were taken to cover most of the region
studied. The diameter of the collected pieces varies from 0 to
250 mm; they are taken from conglomeratic sandstone ores
and altered facies, then the diameter of the pieces of rocks
was reduced using a hammer to sizes which do not exceed
90 mm. The pieces obtained from conglomeratic sandstone
ore are intended for macroscopic observation with the naked
eye, while microscopic observation was carried out using a
Leica binocular optical microscope. Samples were selected to
prepare thin sections of uranium ore.

To determine the chemical composition of the rocks, 19
samples were taken, 9 from conglomeratic sandstones and
10 from mineralized alteration rock, each sample was
crushed using a Model HERZOG disc crusher, then mixed

Uranium
Mineral

Uranium

Quartzo- 3
Mineral

Ferruginous Matrix

and divided by quartering technique, to obtain a
representative sample. Prior to FRX analysis, all samples
were pulverized using a Model SIEBTECHNIK pulverizer.
Preparation of the thin section for microscopic and
petrographic study involved the following stages: the ore
rock was cut by a BROTLAB diamond disk saw, then the
samples were ground in a BROTLAB automatic diamond-
grinding machine, followed by manual polishing, and finally
GBS1 resin was used to bond the resulting section to special
glass chips. The prepared thin sections were placed on the
stage of a polarizing optical microscope (Leitz PoL 12 in
PLNA in APL). The chemical composition was determined
by X-ray fluorescence analysis, using a portable X-ray
fluorescence spectrometer (Thermo Ficher-Niton xI3t
Golddt+). This analysis made it possible to obtain results for
each type of sample, its chemical composition and the
content of each chemical element.

Macroscopic study of uranium ore associated with
conglomeratic sandstones. Macroscopic observation of
conglomeratic sandstones reveals the presence of 06 arenas
(Fig. 2). The first facies, Uranium-mineralized alteration
arena, has a ferruginous clay-quartz matrix.

Quartz

Clay Matrix

Silico-Ferruginous
Matrix

Fig. 2. Macroscopic observation of conglomeratic sandstones

This matrix is composed of clays and quartz grains of size
varying between 1 mm and a few microns, impregnated with
reddish iron oxides. Within this matrix there appear yellowish
uranium minerals (Fig. 2a). The second arena is mineralized
clay, essentially composed of a whitish-gray clay matrix
containing 1-2 mm thick quartz beds and yellow uranium
minerals. The latter appear as coatings plated onto the matrix
(Fig. 2b). In the mineralized microconglomerate arena within a
silico-ferruginous matrix, centimetric to millimetric quartz grains
appear, whitish to grayish in color. These quartz grains are
generally xenomorphic and angular, and sometimes sub-
rounded. A few yellowish uranium minerals appear in the
ferruginous matrix (Fig. 2c). In addition to a ferruginous-clay
matrix, the mineralized ferruginous arena is also composed of
clay pockets containing a few disseminated grains of uranium
(Fig. 2d). The fifth arena is the mineralized ferruginous-clay
arena. Green uranium fiims of millimetric to centimetric
dimensions appear within this clay matrix. The clay matrix is

ISSN 1728-3817

grayish and whitish-gray in color, with several planes of
schistosity. Greenish uranium minerals sometimes permeate
these schistose planes (Fig. 2e). The last arena is the quartz-
clay arena. Within this whitish clay matrix, there are
agglomerations and sheaves of whitish to grayish quartz grains
(Fig. 2f). Under Leica binocular microscope in direct light, the
different observed matrices of the samples studied are:

¢ A quarto-ferruginous matrix with small fine millimeter
to micrometer quartz grains (Fig. 3a).

e A clay-ferruginous matrix with green uranium films
(Fig. 3b);

e A quartz-ferruginous matrix with uranium grains
scattered everywhere and sometimes iron oxides coated
with clays (Fig. 3c);

e A clay-iron matrix, with clay particles in the form of
microveins intercalated between quartz and iron oxide
(Fig. 3d).
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Fig. 3. Microscopic observation of matrices (x40)

Petrographic study of conglomeratic sandstones in
thin sections. In polarized light not analyzed (PLNA),
conglomeratic sandstones are composed of Quartz, in the
form of grains of various sizes (millimeter to micrometer)
(Fig. 4). These grains are rounded and sub-rounded and
sometimes sub-automorphic. Quartz is often surrounded by
discontinuous halos of secondary silica. It is also fissured,
and the micro-fissures are sometimes filled with iron oxides
and uranium minerals (Fig. 4a). Iron oxides, these are
abundant, appearing as fillers in interstices and intergranular
spaces, as well as in micro-fissures in quartz grains. Two
generations of iron oxides are present. These oxides also
imprint on the clay minerals present in the inter-granular

spaces (Fig. 4b). Clay minerals are not abundant and
appear in the intergranular spaces often impregnated with
iron oxides, and appear in small aggregates and in the form
of small vermicular. According to studies carried out by
Hallalouche, 1995 and Chahdane, 2009, these clays appear
only as kaolinite (Fig. 4c). Accessory minerals occupy the
intergranular spaces and appear as crystals of zircon and
monazite (Fig. 4d). Uranium minerals in the Tahaggart are
found mainly in carnotite (K2(UO2)2(V04)2.3H20) and
autunite (Ca(UOz2)2(P04)2.10-12H20) (Mokadem, 1980,
Hallalouche, 1995, Chahdane, 2009) also reported the
presence of weeksite (K2(UO2)2Sis015.4(H20)) (Fig. 5).

Quartz and
Kaolinite Matrix

Clay

Cement

Fig. 4. Minerals in conglomeratic sandstones

Note that uranium ores contain yellow to golden-yellow
minerals (in polarized light analyzed by PLA), sometimes
canary-yellow, filling micro-fissures in quartz and

b

b

surrounding its grains, and appearing as small aggregates
in the inter-granular spaces (Frankland et al., 2022; Aissa
et al., 2022).

" Autunite Autunite

150pm

Fig. 5. Uranium minerals in conglomeratic sandstones

Study of uranium ore associated with clay-quartz
alterations. In this section, we will use the microscopic
study of uranium minerals in mineralized alterations. We find
autunite Ca(UO2)2(P04)2.10-12H20, golden yellow to lemon
yellow fluorescing in green, it occurs as prismatic crystals,
flattened tablets and as aggregates (Frankland, 2020).
Autunite often occurs as disseminations within kaolinite,

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

filling microcracks in quartz and as flattened tablets within
the clay matrix and in quartz cracks (Fig. 6).

Torbernite Cu(UO2)2(P04)2.12H20 occurs as veinlets
and tablets, with a pale yellow to greenish-yellow color in
natural light (NL), and a blue tint in polarized light (PL)
(Syczewski, 2023). It also appears as microcrystalline
aggregates within the clay matrix and iron oxides, filling
fissures, flattened tablets and automorphic crystals (Fig. 7).
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Fig. 7. Torbernten the clay matrix

Metatorbernite Cu(UO2)2(P04)2.8H20, in natural light
(NL), shows pale green, pale blue to colorless hues similar
to those of torbernite, with the transition in polarized light
(PL) to a dark blue to purplish-blue color (Descostes, 2017)
(Fig. 8). It appears as crack filling and in the form of small

"'.‘5

Fig. 8. Metatorbernite in clay matrix

Chemical characterization of Tahaggart uranium
ores. Several Tahaggart ore samples, composed of
conglomeratic sandstones and mineralized alteration rocks,
have been analyzed by X-Ray fluorescence (XRF).
Chemical analysis was carried out using a portable X-ray
fluorescence spectrometer Thermo Ficher-Niton xI3t
Golddt+) (Jarc, 2022), which enabled us to obtain its
chemical composition for each type of sample.
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tablets within the clay matrix. Observation also shows that
metatorbernite can be observed on the edges of sheets, and
filling the inter-sheet spaces of flakes and packets in the clay
matrix (kaolinite).
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Analysis of wuranium ore
conglomeratic sandstones

Major elements. In samples related to conglomeratic
sandstones, silica (SiO2) remains very abundant and
omnipresent. Clays (Al203) are also quite important in this
facies (Tab. 1 and Fig. 9); magnesium, iron, and potassium
are also present in moderate amounts; the other major
elements (CaO, VO2, P20s, TiO2, etc.) appear at low
concentrations.

associated with

Table 1
Concentrations of major elements in conglomeratic sandstones (%)

Element Samp1 Samp2 Samp3 Samp4 Samp5 Samp6 Samp7 Samp8 Samp9
P,0g 0.5151 0.5334 0.5135 0,.2705 0.0000 0.0012 0.0000 0.0000 0.0879
K,O 1.5207 12.7147 1.2684 1.0578 0.1273 0.0011 0.0260 0.7057 2.3978
VO, 0.4118 0.3881 0.3879 0.3748 0.3325 0.0009 0.0511 0.0948 0.0000
ALO, 5.0962 4.9827 4.7962 4.6176 1.0970 0.0005 2.4439 5.6508 0.0395
Ca0 1.6432 1.6234 1.5183 1.0844 0.1251 0.0004 0.0298 0.0278 2.2062
TiO, 0.6943 1.0106 0.7830 0.4519 2.6446 0.0009 0.7953 1.0133 0.0000
SiO, 37.8529 37.0517 39.4210 53.1192 74.1155 0.0005 84.3836 62.9949 0.0832
Fe,O, 8.1733 8.1800 8.4656 7.1862 18.6610 0.0023 10.8930 0.7523 0.0000
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Trace elements

The results obtained show the presence of uranium from
medium to high concentrations and high potassium and
vanadium contents in conglomeratic sandstones. These are

Fe203

Fig. 9. Evolution of concentrations of major elements in conglomeratic sandstones

the uranium minerals manifested, in particular by Carnotite.

Zirconium and magnesium are also present but with
moderate levels; copper and thorium have very low contents
(Tab. 2 and Fig. 10).

Analysis of uranium ore associated with clay-quartz

alterations
Major elements
Silica (SiO2) is very abundant in clay-quartz alteration
samples, with high concentrations of Al2O3, associated with

Fig.10. Evolution of concentrations of trace elements in conglomeratic sandstones

Table 2
Trace element concentrations in conglomeratic sandstones (ppm)
Element |Samp1 Samp2 Samp3 Samp4 Samp5 Samp6 Samp7 Samp8 Samp9
U 5859.72 6432.53 7347.42 6226.62 3385.60 1262.73 59.95 5097.89 5133.29
Zr 280.98 325.85 404.15 249.31 1281.97 115.21 701.43 569.08 1.52
Cu 233.73 246.58 212.05 124.71 0.00 35.19 16.97 12.38 0.00
V 2529.40 2384.13 2382.91 2302.12 2042.56 5.76 314.43 582.80 0.00
K 12624.52 10552.95 10530.05 8782.07 1057.15 9.55 215.90 5858.58 19905.95
Th 9.15 15.10 11.16 9.95 94.17 24.99 37.11 68.93 0.00
Cs 0.00 0.00 0.00 0.00 0.00 2.83 0.00 0.00 0.00
Mg 2209.16 2937.74 2846.20 0.00 0.00 4.29 0.00 2079.66 970.39
mSamp 1 Samp 2 Samp 3 Samp4 ®mSamp5 ®WSamp6 MSamp7 MSamp8 WSamp9
25000
20000
15000
10000
5000 |
0 Il II = I I I - | I Il
u Zr Cu Vv K Th Cs Mg

clays (Tab. 3 and Fig. 11); magnesium and iron are also

present in moderate quantities, the other major elements
(Ca0, K20,...) are present in very low concentrations.

Table 3
Concentrations of major elements in alteration samples (%)

Element Samp1 Samp2 Samp3 Samp4 Samp5 Samp6 Samp7 Samp8 Samp9 | Samp10
Al,O, 0.80 13,79 9.19 12.90 14.00 11.70 12.32 15.98 8.54 12.27
CaO 0.18 0.22 0.04 0.07 0.07 0.03 0.05 0.32 0.20 0.07
FeO 3.88 3.25 0.09 0.14 0.12 0.11 1.28 0.23 0.17 0.24
k,O 4.55 0.69 0.19 0.16 0.05 0.24 0.25 0.47 2.09 0.93
MgO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.50 0.25 0.00
P,0q 0.10 0.07 0.16 0.27 0.22 0.13 0.13 0.25 0.38 0.32
VO, 0.00 0.02 0.09 0.02 0.02 0.01 0.01 0.08 0.02 0.08
SiO, 54.02 44.62 53.61 46.60 50.69 61.81 58.06 38.37 31.59 26.41
TiO, 0.51 0.85 0.36 0.36 0.25 0.26 0.45 222 0.67 1.87
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Fig. 11. Evolution of concentrations of major elements in alteration samples

Trace elements

Tab. 4 and Fig. 12 show a variation in Uranium
concentrations in the various samples. There are highly
mineralized alterations (Samp 9 and Samp 10), moderately
mineralized alterations (Samp 5) and weakly or non-
mineralized alterations. Vanadium is also present with

Uranium in the alteration profile. Zr levels reflect the
abundance of Zircon in altered facies. A relatively low Th
content is recorded. Other chemical elements, such as
Copper (Samp 10), clearly indicate the phenomena and
intensity of alteration.

Table 4
Trace element concentrations in alteration samples (ppm)
Element | Samp1 Samp2 Samp3 Samp4 Samp5 Samp6 Samp7 Samp38 Samp9 Samp10
U 9.88 84.26 127.31 537.23 1061.35 372.60 471.63 452.49 13193.99 9013.36
Zr 198.22 203.89 177.38 125.40 86.09 99.67 135.35 104.01 152.61 143.09
Cu 21.13 31.14 0.00 0.00 7.32 0.00 0.00 107.88 60.06 1050.87
\ 30.21 115.71 55.78 111.92 138.85 55.99 77.49 469.80 136.15 463.78
Th 10.78 12.59 20.73 23.47 18.92 18.91 22.04 0.00 0.00 6.25
Cs 57.43 25.62 10.68 0.00 0.00 0.00 0.00 0.00 0.00 0.00
mSamp 1 Samp 2 Samp 3 Samp4 wmSamp5 ®WMSamp6 MSamp7 WMSamp8 MSamp9 W Samp 10
14000
12000
10000
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6000
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2000
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Fig. 12. Evolution of trace element concentrations in the alteration samples

Based on the analysis of samples from conglomeratic
sandstones and altered facies we can conclude that three
main chemical elements predominate in Tahaggart ore:
silica, iron and aluminum; corresponding to sandstone and
clay formations where iron is present at all levels with
variable concentrations. It is richest in the conglomeratic
sandstones, which are at the top of the series, compared
with the altered rocks in the lower part. The other chemical
elements, with varying grades in both facies, are generally

ISSN 1728-3817

associated with typical uranium minerals and accessory
minerals (quartz, rutile, zircon and monazite...) present in the
Tahaggart ore. Uranium, the element of interest, is found in
high concentrations in both facies. Uranium levels are higher
in the alteration levels than in the conglomeratic sandstones.

Results

The results of analyses carried out on the various
samples of Tahaggart uranium ores show the predominance
of certain chemical elements over others. These elements
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correspond perfectly to the chemical compositions of the
dominant mineral phases observed under the optical
microscope (petrographic study), namely: quartz, clays
(kaolinite), iron oxides and hydroxides, uranium minerals
and rutile. In summary, analysis of samples from
conglomeratic sandstones and alteration facies shows that
silica predominates over other Tahaggart ore components,
with iron oxides and hydroxides more abundant in
conglomeratic sandstones than in alteration facies. Clays
are also present in alteration-related facies and to a lesser
extent in conglomeratic sandstones, which appear as
cement (matrix).

Carbonates, vanadates and phosphates and other
chemical elements are present in small proportions in both
facies and are generally bound to uranium and other
minerals containing traces of uranium in their structures:
carnotite, autunite, torbernite, metatorbernite (uranium
minerals) and apatite, zircon, rutile and monazite (accessory
minerals). Uranium grades in the Tahaggart deposit are
significant, with 0.90 to 1.32 % in the mineralized altered
levels and 0.34 and 0.74 % in the mineralized conglomeratic
sandstones. Uranium is remarkably present in both facies,
and is more concentrated in the altered levels. It is either
associated with uranium-bearing minerals with high grades,
or with lower grades in other minerals (apatite, zircon, rutile
and monazite).

Discussion and conclusions

The petrographic (macro and microscopic) mineralogical
and geochemical characterization of the main ore horizons;
represented by the conglomeratic sandstones, and the
alteration facies of which they are composed after
synthesizing the results and overall data from the Tahaggart
deposit, revealed the following: uranium grades are high
(0.90 to 1.32 % in the mineralized altered levels and 0.34 to
0.74 % in the mineralized conglomeratic sandstones).

The Tahaggart uranium ore contains mainly secondary
uranium-bearing minerals of autunite and torbernite, associated
with iron oxides (hematite and goethite) and a clay matrix
(kaolinite). Significant thorium and rare-earth mineralization is
enclosed in a reddish Ordovician conglomerate.

There are also other uranium-bearing secondary
minerals such as carnotite, sabugalite and uranophane.
Silica predominates over the other components of Tahaggart
ore, confirming its sandstone character, with the presence of
iron oxides and hydroxides, which are more abundant in
conglomeratic sandstones than in alteration levels.

Clays are also present in alteration-related facies, and to
a lesser extent in conglomeratic sandstones, where they act
as cement (matrix). Carbonates, vanadates and
phosphates, and other chemical elements, are present in
small proportions in both facies, and are generally
associated with uranium-bearing minerals, and other
minerals containing traces of uranium in their structures.
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Nlaboparopisi Banopum3auii ripHMYNX pecypcis i HABKONMULIHBLOrO cepeaoBULLa, FipHUYMIA hakynbTeT, YHiBepcuteT Bagxi MoxTtapa, AHHa6a, Anxup

2yuigepcutet A6aepaxmaH Mipa, TexHonoriuHuii hakynbTeT,

na6opartopift TexHonorii matepianiB Ta iHxeHepHux npoueciB (LTMGP), Beaxas, Anmxup

3BigeHcbkuii yHiBepcuTeT, BigeHb, ABcTpis
“LleHTp ekonoriuHnx gocnigxeHb (C.R.E), AHHaba, Amkup
SINFN-HauioHanbHi na6opaTopii ®packari, ®packari, Itanis

SKacheapa TepaneBTMYHOI XiMmii, HauioHanbHUi gocnigHnubkmui ueHTp €runTy, Kaip, €runer

"HauioHanbHuit iHCTUTYT isuku maTtepianis, Byxapect, PymyHis

NETPOrPA®IYHA XAPAKTEPUCTUKA YPAUHOBOII' PYOU TAXAITAPT
(ENb-XOITAP, NIBOEHHUWN AITXWUP)

B cTyn. Amxup daeHo Hamazaecsl po3pobumu ceoi podosuwja ypaHy e pezioHi Xo2zap, Memoto € 36ym pydu, eUKopucmaHHsi YacmuHu rpo-
OyKuii 8UK/TIOYHO 8 yueinbHiIli cghepi, 30Kkpema Ons supobHUYymMea enekmpoeHepezii. Ekcrnnyamayiss ma eanopu3ayis yiei pyou eumazaromb Oyxe
cneyugidvHo20 npoyecy po3pobku, xapakmepucmuku ma o6po6ku. OcHO8HO Memolo yiel po6omu € cmeopeHHs1 demasibHOI ma noeHoi mexHiYHoi
mab6nuyi onsi podosuua Taxazzapm, wyo dacme 3Mo2y peaslisyeamu mexHosiozito auob6ymky ma 36a2a4eHHs1 ypaHoeoil pydu Or5s1 ompuMaHHsi mo-
eapHo20 npodykmy, eidomozo sik "yellow cake".

M e T o awu. Ons docsizHeHHs yiei Memu 6yn10 835imo 3pa3ku 3 0ocidxyeaHol GinsiHKu 3 nodanbWum MIKPOCKOMiYHUM | MaKpOCKOMi4YHUM aHari-
30M HeMoOHKuUX 3pi3ie st ompumMaHHs1 nempozpadhiyHoi, MiHepas102i4HOi ma 2eoxiMiyHoT ideHmudbikauii.

Pe3ynbTaTtu. AHaniz nidmeepdue nickosukoeuli xapakmep pydu ma nepeeaxaHHs keapuy, 2/1uH, okcudie ma 2idpokcudie 3ani3za, a makox
minepanie ypaHy ma pymusy. Bmicm ypaHy e MiHepanizoeaHux 3miHeHuUX pigHsix konueaecsi gid 0,90 do 1,32 % i eid 0,34 0o 0,74 % e miHepanizosaHux
KOH271I0Mepamuy4Hux nickosukax. YpaH mpanssiecsi abo y eUCOKOsIKiCHUX ypaHOoeuXx MiHepanax, abo 8 HU3bKOSsIKICHUX anamumax, YUupKoHi, pymuusi
ma e cnidax y MoHayumi.

B ucHoOBEKMU. Pi3Hi ocnidxeHHsi, npoeedeHi 8 pezioHi Taxazzapm; doeesniu HasieHicmb ypaHo8uUX py0 y 3HaYHUX KiJlbKOCMSIX, KO/1IUBarYUCh
8id 0,90 do 1,32 % y miHepanizoeaHux 3MiHeHux pieHsix i 8i0 0,34 do 0,74 % y miHepasizoeaHUX KOH2JIOMepPamMu4YHUX MNicCKosuKax, 0OHaK, He38akaroyu
Ha ye ma epaxoeyro4yu cmpameziyHe 3Ha4eHHs, sIKe ypaH Ma€ Ha MiXKHapOOHOMY pieHi; Ha CbO200HIi dep)xaeHa eKcrlyamayisi yiel waxmu He se-
dembcs. Kpawjum memodom o4uuweHHs1 8 UboMy eunadKy € Kyrnkoee ausly208yeaHHs; koegiyieHm ausy4yeHHs1 3a A0NoOMOo2010 Yb020 MemMody MoXe
docsieamu 70 % ypaHy y euansidi "yellow cake”.

Knwo4yoBi cnoBa: ypaH, Taxazzapm, nempozpaghiyHa xapakmepucmuka, MiHepasoziss ma 2eoximisi, aunyzoeyeaHHsi, "yellow cake".
ABTOpM 3aaBNSAIOTb NPO BiACYTHICTb KOHMNIKTY iHTepeciB. CnoHcopu He Gpanu yyacTi B po3pobneHHi gocniaxeHHs:; y 36opi, aHanisi un
iHTepnpeTauii AaHWX; Y HanMCaHHI pyKonucy; B pilleHHi Npo nybnikauito pe3ynbTartis.
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FEHE3IC TA FEOXIMIYHI OCOBJINBOCTI
PIAKICHOMETANIYHOIO 3PYAEHIHHA Y BYPOMY BYrinsi 3AKAPNATTA

(MpedcmaeneHo 4neHoM pedakyiliHoi Konezii 0-poM 2eos.-miHepasoa. Hayk, npod. B.M. 3aeHimkom)

BcTyn. 17 ciynss 2025 poky Habye yuHHocmi 3akoH YkpaiHu Ne 4154-IX, sikuli pe2yntoe oHoeneHHs1 3a2anbHodepxagHol npozpamu
PO38UMKy MiHepasibHO-CUPO8UHHOT 6a3u YKpaiHu Ha nepiod do 2030 poky ma Hadae eU3Ha4eHHs1 CINOCOBHO KOPUCHUX KOMa/luH ma KoM-
rnoHeHmie cmpamez2i4yHo20 ma Kpumu4YyHO20 3Ha4YeHHs1. 3 epaxyeaHHsIM 3aKOHOOas4uUX 3MiH y cghepi 2e05102i4HO20 8UBYEHHST Ma Hadpo-
KopucmyeaHHsl, cy4acHi GOCJTiOXeHHs1 CrpsIMO8aHi y MOMY YUCJli Ha 8UBYEHHSI KOMIJIGKCHO20 OCBO€EHHSI ey2inbHux podoeul i3
8UJTyYeHHSIM CYrnymHIX KOPUCHUX KOnasluH ma KOMIMoHeHmi8. 3o0kpema, po32s10atombCsi MoXueocmi eudobymky piokozemenbHUX ma
iHWuUX YiHHUX KOMIMOHeHMie8 i3 6ypPo20 8y2insnsi ma sidxodie (i020 UKOPUCMAaHHS y 3aKaprnamcbKOMY Pe2ioHi YKpaiHu.

MeToAaun. Memoduka docnidxeHb 2eHe3ucy piOkicHoMemasiyHo20 3pyOeHiHHS1 30cepedkeHa Ha Cy4YacHUX aHanimuyHUX Memo-
dax, makux siKk Mac-criekmpomempisi 3 iHOykmueHo 38 'si3aHoro nnasmoro (ICP-MS). LLlupoko sukopucmogyegasiocsi MoOesro8aHHs1 npouye-
cie, wjo onucyroms noeediHKy piOKiCHUX i piOko3emesibHUX Memarlie nid Yac 8yasieymeopeHHs1 Ma MU pi3HUX ¢ghakmopie Ha iXHit
po3nodin. [lpoeedeHo oyiHKy nomeHyiany eudobymky yux memarnie 3 6ypozo 8yeinns sk dodamkoeozo dxxepesia YiHHUX efleMeHmis.

Pe3ynbTaTtu. 3a pesynomamamu docnidxeHb 8CMaHO8/1eHO, WO KinbKicHi ma sikicHi eiomiHHocmi y cknadi MikpoenemeHnmie
8U3Ha4arombCs crieyudbikoro eysikaHiYHoOi ma 2idpomepmarnbHOi distribHOCMI y pi3HUX palioHax 3akapnammsi, a maKoXx ocobnueocmsamu
naneozeozpadpiyHux ymoe ¢hopmyeaHHs1 okpemux 6ypoeyzinbHux podosuuy.

HocnidxeHHs1 hopM HakonuYeHHs1 MikpoesieMeHmie y ayzifi Mae eaxsiuee 3Ha4eHHs1 He MinibKu OJ1s1 sUPiWEHHS1 OestKux 2eHemuY-
HUX numMaxab, ase i 0ae 3Mo2y ouyiHUMU nepcreKmueHicme 8y2insisi Ha mou Yu iHwWull NPOMUc/I080 UiHHUU enfeMeHM. 3a80sIKU UKOPUC-
maHHI0 Memodie MamemMamuy4HOi CmamucmuKu, 30Kpema koedpiyicHmie paHz20e0i Kopessiyii, edasiocsi CrpPo2HO3yeamu KOJIO
efleMeHmi8, HaKOMUYEHHs1 sIKUX 8i06yeaembCsi CUHXPOHHO, W0 8idKpueae HO8i nepcrnekmueu y KOMIMJIEKCHOMY 8UKOPUCMAaHHI 3aKap-
namcbKoeo syeinns. 3icmaeneHHs1 emicmie MikpoesniemMeHmie y ayeinsi 3 Knapkamu 6 3eMHill Kopi NepeKoHIu8o ceid4amb MpPo 8UHSIM-
KO8y poJib Op2aHiYHOI pe408UHU 8 KOHUeHMpYye8aHHi piOKiCHUX i piOKo3eMesibHUX efleMeHmis.

B 1 c H 0 B kK u. OmpumaHi peaynbmamu ceidyams npo me, wjo 6ypoeyeinbHi nnacmu 3akapnamms 36aza4yrombcsi pioKicHUMU ma
PiOKo3eMesIbHUMU Memasiamu, makumu siKk 2epMaHit, iHdill, raniii, cmpoHuyitl, ckaHdil, impil, imep6ili, naHmMaH, nid enaueoM KifbKox
ghakmopie: 1) 20pomepmansHi npoyecu: 3akapnammsi Mae aKmueHy 2e0MmeKIMOHi4Hy icmopito, sika cnpusina YupKynayii 2idpomepma-
JIbHUX PO34YUHie Yepe3 ocadoei Mopodu, wio npueesio Ao ix 36a2avyeHHs1 piOKicCHUMU ma pidko3eMenbHUMU Memasnamu; 2) nocmocadoei
3MiHU: op2aHiyHa pe4yosuHa 6ypo2o 8y2inssi MoXe no2suHamu i Hakonuyyeamu memanu nio Yyac diazeHe3y ma kamazeHe3y; 3) eMicHi
nopodu: npucymudicms 8yJsIkaHO2eHHUX Mopid y pezioHi € doGamkoeuM OxkepesioM, 30KpeMa i piOKicHUX ma pioKo3eMesibHUX Memarnis.

Po3ymiHHs1 2eHe3ucy ma 2eoxiMmidyHUx ocobiueocmeli pidkicHoMemani4Ho20 3pyOGeHiHHs1 y 6ypoMy eyeinni 3akapnammsi € K/H4Yo-
8uM 051 egheKmuUBHO20 BUKOPUCMAaHHS Yux pecypcis.

lModanbwi docnidxeHHs 8 yili 2any3i cnpusmumMyms po3pobuyi Hosux Memodie sudobymkKy ma nepepobku, a maKoxXx 2ubwomy po-
3YMiHHIO 2e0J102i4HUX npoyecis, ujo Npueodsimb Ao ¢hopMyeaHHsI MaKuXx yHikanbHUX nokradie. KomnnekcHul nioxio, ujo ekroyae 2eo-
XiMiyHUl, mMiHepanoz2i4Hul, eKosioz2iyHuli ma eKOHOMIiYHUl aHasni3u, 0380/UMb He Nuwe 3Po3yMimu MexaHi3Mu 3pyOeHiHHs, ane U
ouiHUMU nepcrekmMueu UKOPUCMaHHS Yux pecypcie y MalibymHbomy.

Knw4yoBi cnoBa: KpumuyHa MiHepanibHa cuposuHa, 2epMaHitli, 6ypoeye2inbHi podosuuwia, piokoszemesibHi ma piokicHi Memanu.

Bctyn

KpuTtepiem egeKTMBHOCTI Ta ONTMManbHOCTI BMKOPUC-
TaHHA MiHeparnbHUX PecypciB MOXHa BBaXaTu MakcuMa-
nbHe 3afoBoOneHHs notpeb cycninbcTBa B KOHKPETHUX
BMAAX CUPOBUHM NPY BU3HAYEHWX 3aTpaTax Ta 3a yMOBU [0-
TPUMaHHS eKonoriYHux HopmaTtumeiB. BogHoyac matoTb Bpa-
XOBYBaTUCb YMHHWKM E€KOHOMIYHOro, €eKOmoriYyHoro Ta
coLjanbHOro xapakTepy, SK-0T: 3a40BOMEHHS NOTOYHKX i Nne-
PCNEeKTMBHUX NOTPed y KOHKPETHOMY pecypci, piBeHb MNOTO-
YHUX BWUTPaAT Npu BUPOOHMUTBI i CMOXMBaHHI MPOAYKTY;
NOPIBHANBHUN EKOHOMIYHUIA €PEKT, OTPUMYBAHUI 3a Pi3HUX
BapiaHTiB BUKOPUCTaHHS Haap; TeHAEHLii HayKOBO-TEXHiY-
HOro Mporpecy B OCBOEHHI 1 BUKOPUCTaHHI pecypciB Haap;
npoBefeHHs 3axXoAiB LL0A0 30epeXeHHst pecypciB ANns maii-
OyTHIX MOKOMiHb; MiHIMI3aLia WKiANMBKX BMAMUBIB FMPHUYOrO
BMPOOHULUTBA Ha AOBKINNSA Towo. Po3B'a3aHHs npobnemu
pauioHanbHOro BUKOPUCTaHHA MiHEpPanbHO-CUPOBUHHKX pe-
cypciB noTpebye noganbLIoro BAOCKOHANEHHS TEXHIKM i Te-
XHororii BugobyBaHHsi, nepepobku i cnoXxunBaHHSA pecypciB
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npu ONTUMarbHOMY MOEAHAHHI agMIHICTPaTUBHKX, NpaBo-
BMX Ta ekonoriyHunx 3axogis (Cusui M. Ta iH., 2013).

Y 2025 p. BHOCATLCA NEBHi 3MiHW 40 3aKOHO4ABCTBA, 30-
kpema HabyB unHHocTi 3akoH YkpaiHn Ne 4154-1X "Tpo BHe-
CEeHHSl 3MiH 00 AesKMX 3aKOHOA4AaBYMX akTiB YKpaiHu LWoao
OHOBIEHHS 3aranbHoAepPXXaBHOI NpPOrpaMn po3BUTKY MiHe-
panbHO-CUPOBMHHOI 6a3n YkpaiHu Ha nepiog Ao 2030 poky
Ta perynioBaHHA OEsKNX NUTaHb CTOCOBHO KOPWMCHUX KomMa-
NVH Ta KOMIMOHEHTIB CTpaTeriyHoro Ta KPUTUYHOrO 3Ha-
yeHHs'" (mani — 3akoH). 3akoH akTyaniye nporpamy
pO3BUTKY MiHeparnbHO-CMPOBMHHOI 6a3n YkpaiHu, 3aTBep-
xkeHy noHag 10 pokis Tomy — we y 2011 p. Takox 3akoH
nepenbayae BHeceHHs 3miH Jo Kogekcy YkpaiHu npo Hagpa
B YaCTMHI KOPUCHWUX KOMarnuH, siki MatoTb cTpaTeriyHe i Kpu-
TUYHE 3HAYEHHs AN CTanoro Po3BUTKY eKOHOMiKM Ta 06o-
POHO34aTHOCTI AepKaBu.

Y nporpami GinbLue yBaru npuaineHo cTpaTeriyHnM i Kpu-
TUYHUM MiHepanbHUM pecypcam, Takum SK pigkicHo3eme-
nbHi enemeHTH (NpupicT pecypcis go 338,6 TuC. T), 30Kkpema

© Bypnyubkui Mukona, JlutBuHiok CtaHicnas, 2025
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B 1 C H U K KuiBcbkoro HauioHanbHoro yHisepcurety imeHi Tapaca LlleBueHka

Taki cTpaTerivyHi KOPUCHI KoNanwuHu, sk NiTin, Hiobin, repma-
HiN Ta iHWi enemMeHTun.

Lle cBigumTb Npo 3miHy NpiopuTeTiB y Oik CTpaTeriyHo Ba-
XNMBMX MaTepianiB, HeoOXiaHMX NS BUCOKOTEXHOMOTYHNX
ranysen (3okpema, eneKkTPOHIKW1, aKyMynsiTopiB, 060pOHHOT
NPOMUCIOBOCTI).

Hawwa kpaiHa Bxe yknana HU3Ky MeMopaHayMmiB Npo B3a-
€MOpPO3YMiHHs Mix €Bponencbkum Coto3oM Ta YKpaiHow
LLIOAO CTpaTeriyHoro napTHepcTBa y cdepi MiHeparnbHoi cu-
POBMHM, @ TAKOX MEMOpPaHAyM NpO B3aEMOPO3YMIHHS MK
ypsaamu Ykpainum ta CnonydeHux LTaTiB AMepukn wono
cniBpobiTHMLTBa AN TOro, Wob nocunuTy NaHurv nocra-
YaHHS B CEKTOPI KPUTUHHNX MiHEpPaNbHUX PECYPCIB NS eHe-
preTuku, HauioHanbHoi 6e3nekyM Ta eKOHOMIYHOTO PO3BUTKY.
Cnig 3a3HaunTK, Wo YKpaiHa Ha uen 4Yac mae 22 3 50 cTpa-
TeriyHux matepianis, BudHadeHux CLUA sk KpUTUYHO Bax-
NMBI, a TakoxX 24 3-noMiX 34, BU3HAHUX KpUTUYHUMKN Yy E€C
(Bapsiubka, 2020).

BugobyTok repmanito Ta pigkicHUX i pigko3emMernbHUX
enemenTiB (P3E) 3 Byrinns, 3okpema i 3 6yporo, € nepcnek-
TMBHUM HanpsiMOM Yy Cy4acHin reonorii Ta BugobyBHin npo-
mucnoBocTi. Pi3Hi  KkpaiHM CBiTYy po3pobnsiTe Ta
BMPOBaAXYOTb TexHonorii Ans eMeKkTUBHOIO BUMYYEHHSsI
LMX LiHHUX KOMMNOHEHTIB. PO3po6Ka HOBITHIX TEXHOSOTIN ANsi
BMAOBYTKY repmaHito Ta pigkiCHUX i pigko3emernsHux eneme-
HTIB 3 Byrinns, 3okpema byporo, € akTyanbHOK TEMOIO B Ta-
Kunx kpaiHax, sik CLUA, HimeuyumHa ta Kutan.

AMepUKaHCbKi JOCMIAHUKN aKTMBHO MpaLoTb Hag Me-
ToAaMu BUNYYEHHSA PiOKICHUX eneMeHTIB 3 BYriNbHUX BigXxo-
4iB. 3okpeMa po3rnsaarTbes NPoLECH TEPMIYHOIO rOpiHHSA
BiaxodiB BYrneBuMaobyTKy 3 nofanbluMM BUITYYEHHSM LiH-
HWX KOMMOHEHTIB. Po3pobneHo knacudikauito Biaxoais Byr-
neBmagobyTKy 3a ix Hebe3snekol Ta MoOTeHUianom Ans
BTOPUHHOIO BMKOPUCTAHHSI.

Y HiMmeuuunHi Takox 4oChigpKyoTb iIHHOBALMHI nigxoam 0o
BMKOPVCTaHHS Biaxopais ByrneBnaobyTKy, 30Kpema posrnsga-
HOTbCS1 TEXHOSOTIT, CNPSAMOBaHI Ha BUNYYEHHS PigKICHUX ene-
MEHTIB 3 BiAX0pAiB, LU0 YTBOPIOOTLCA Mif Yac BuoobyTKy Ta
nepepobku Byrinns. Tak, y HmkHbopenHcbkoMy GacelHi npo-
BOOSATHLCS AOCMIMKEHHS LLOAO BUIYYEHHS repMaHito 3 6yporo
Byrinng. TexHomnorii BknoYyalTb nipomeTanypriviHi Ta rigpo-
MeTanyprinHi MeToau, Ski 4aayTe 3MOry OTpuMyBaTh repma-
Hil 3 BIOXOAIB BYriMbHOI MPOMMUCIIOBOCTI. 3aBAskU LbOMY
MO>XHa He NnuLle 3MEHLLUTU EKOSTOTYHMIA BMNNUB Bigxoais, ane
1 oTpMMaTn JoOaTKOBI A)Kepena LiHHUMX MaTepianis.

Kutan € npoBigHuM BUpoGHMKOM repmaHito y cBiTi. Kpa-
THa aKTMBHO PO3BUBAE TEXHOIMOTIT BUNYYEHHSA repMaHito 3 BY-
rinns Ta noro Bigxopdis. 3okpema, AOCHIoKYTbCH MeTOAM
BUIMYYEHHS repmaHito 3 Byporo Byrinns, ke € nepcnexkTme-
HUM XXepenom Lboro enemMeHTy. 3a nporHosamu go 2030 p.
nonuTt Ha repmaHin ctaHoButuMe 320—400 T Ha piK, WO CTK-
MYJTHOE PO3BUTOK BigNOBIOHUX TEXHOMOTIN.

TakuMm unHoM, y CLUA, HimeuunHi Ta Kutai akTMBHO po3-
pobnsoTb Ta BNPOBAaAXYOTb HOBITHI TEXHOMOTIT ANst BUAO-
OyTKy repmaHito Ta piakicHUX eneMeHTiB 3 BYrinns Ta 1horo
BiAXoAiB, Lo crnpusie eheKkTUBHOMY BUKOPUCTAHHIO PECYPCiB
Ta 3MEHLLEHHIO eKOSOrYHOro HaBaHTaXEHHS.

B YkpaiHi Takox NpoBOAATb AOCNIMKEHHS LWOOO0 BUINY-
YeHHS PigKICHMX Ta pigKo3eMesibHUX eneMeHTIB 3 BYrinng Ta
MOro BigxoAiB, 30KpeMa B |HCTUTYTI reoTexHiYHOI MexaHikm
im. M.C. NonsikoBa HAH YkpaiHu aHanisyeTbcs gocBig Bu-
KOpPUCTaHHs nonepefHboro 3baravyeHHs 3anisHux pyad, Wwo
MoXe ByTu 3acTOCOBaHO i ANs Byrinns.

[nsa nowyky, po3Biaku Ta BUOoBOYTKY repmaHito, piakicH1x
i pigko3emMenbHUX eneMeHTIB 3 BYrinns, 3okpema Gyporo, a
TakoXX PO3pPODOKM HOBITHIX TEXHOMONN LWOAO0 BUNYYEHHS LUX
LiHHUX KOMMOHEHTIB HEe OCTaHHIO posb BidirpalTb NUTaHHS
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LLIOA0 BUBYEHHS FeHe3MCy Ta reoxiMmiyHnx ocobnueocTen pia-
KicCHOMeTani4yHoro 3pyaeHiHHSA y 6ypomy Byrinii.

Memoro pobomu € BU3HAYEHHS FreHe3ncy pigkicHome-
TaniyHoro 3pyAeHiHHSA, BCTAHOBIEHHS Ti NPOCTOPOBOI JSlIOKa-
nisauii, aHanisy BRAMMBY BYMKaHIYHUX Ta rigpoTepManbHUX
npoueciB Ha oopMyBaHHs Gyporo Byrinns Ta pigkicHomeTa-
nivyHoi MiHepanisauii B HbOMYy, L0 € BKpPan BaXXNUBUM ANS
BM3HaYEeHHs METOAIB MOLUYKY Ta pO3BiAKWU PiOKICHWX Ta pig-
KO3eMernbHUX MeTarnis, a Takox, Yy noAanbLoMy, BUKOPUC-
TaHHS MeTOAiB Ta HOBITHIX TEXHOMOri  BUMNYYEHHS
3a3HaYeHnX LiHHUX KOMMOHEHTIB 3 Byporo Byrinna 3akap-
natta. BapTo 3asHauvTu, WO pigkicHOMeTaniyHe 3pyge-
HiHHSA y ©Bypomy Byrinni € BaxnuemMM 06'eKTOM OOCHifKEHb
yepes MOro eKOHOMIYHE 3HAYeHHS Ta YHiKanbHi reoxiMiyHi
XapaKTepUCTMKM.

Acouiauis repmaHito 3 pigkicHUMKM Ta pigko3emMenbHUMU
enemMeHTaMu y poaoBuLLax Takoro reororo-npoMucioBoro
TMNY MOXE MiABULLNTM iX EKOHOMIYHY LLIHHICTb Ta KOMMIEKC-
HICTb BUKOPWCTaHHA podoBuLL Byporo Byrinns.

Oan1510 ocmaHHix docnidxeHb i nybnikayid. NMuTaHHA
YMOB YTBOPEHHS pofdoBuLy, Byporo Byrinns 3akapnatTts, re-
He3ucy pigkicHomeTaniYHoro 3pyAeHiHHSA, aHanisy BnnvBY
BYNKaHIYHMX i rigpoTepMarnbHUX npoueciB Ha hopMyBaHHsI
Oyporo Byrinng Ta pigkicHOMeTaniyHHOI MiHepanisauii B
HbOMY, a TakoX NPobnemMun BUIYyYEHHSI repMaHito, iHLWNX pi-
OKICHUX Ta piako3eMernbHUX MeTaniB BUBYana H1M3ka BiT4ns-
HAHWX | 3aKOPOOHHUX AOCIiAHUKIB.

MuTaHHsa Wo[o pigkicHoMeTanivyHoro 3pyaeHiHHA B oca-
noBux BaceliHax YkpaiHu, a Takox reoximii pigkicHux ene-
MEHTIB Yy BYrinni 3akapnatTa BUBYanM BiTYM3HSHI HayKOBLi:
oHuapyk O.B. (loHuapyk, 2017); IBaHeHko [.l. (IBaHeHko,
2018); CupopeHko M.I". (CupopeHko, 2019); lMetpos B.C.
(MeTpoB Ta iH., 2020). Npobnemun BUNY4YEHHS LiHHUX KOMMO-
HEHTIB 3 BYrinns, B TOMY YUCIi i repMaHisi, Ta BUKOPUCTaHHS
X SIK KPpUTUYHOT CUPOBMHM JOCHIAKYBanMcs y npausx BiT4m-
3HAHNX dhaxiBuiB (ByunHebka |.B. Ta iH., 2023); (Bnanga I.A.
Ta iH., 2011); (bynat A.®., Ta iH., 2021).

BrBYEHHIO MUTaHHS reHe3ncy Ta reoxiMiyHmx ocobnmeo-
cTel pigkicHomeTaniyHoro 3pyaeHiHHsS y Oypomy Byrinni
npucesiyeHi 1 poboTn 3akopdoHHMX aBTopiB: Smith J.A.
(Smith, J.A., et al., 2015); Mdller C. (Muller C. et al., 2017);
Wang, P. (Wang et al., 2019); Zhao, C (Zhao et al., 2021).

OCHOBHi BMCHOBKW MONEpeaHiX AOCNiAKEHb:

e y Oypomy Byrinni 3akapnaTtTts 3adikcoBaHO aHoma-
NbHO BMCOKI KOHLEHTPaLii repmanito, ranito, naHTany, iTpito,
iHAiO Ta IHWKWX PiAKICHMX Ta PiAKO3EMENbHNX eNEeMEHTIB;

® reHesuc pigkicHomeTaniyHoro 36arayeHHs 6yporo By-
rinnsi Mmoxe GyTu NOB'A3aHUN i3 ByNKaHiYHOO Ta rigpoTepma-
NbHOK aKTUBHICTIO;

e [oCniXeHHs reoximii Oyporo Byrinns ceigyaTtb npo
CYTTEBWIA BNMMB NOKaNbHUX TEKTOHIYHMX CTPYKTYP.

Monpwn 3Ha4YHWI BHECOK BHLLE3a3HAYEHUX AOCHIAKEHb,
3anMAaeTbCa BiOKPUTMM MUTAHHSA MPO TOYHI MexXaHi3Mu
dopMyBaHHSA pigKiCHOMETaniYHUX aHomanin, ixHin B3aemo-
3B'A30K i3 cTpaTurpadieto Byrinnsd Ta MOXIUBI LUNSXW noga-
NbLIOTO BUKOPUCTaHHA Takux poposwuu. Lle nigkpecnioe
HeoOXigHICTb HOBMX reoXiMiYHUX i MiHepamnoriyHuMx [ocni-
OXXeHb i3 BUKOPUCTaHHSAM Cy4acHUX METOAIB aHanisy Aans
BMPILLEHHS BKa3aHWX 3aBOaHb.

MeToau

HocniopkeHHs pigKiCHUX, PO3CiSHUX | KONbOPOBUX MeTa-
niB y 6ypomy Byrinni 3akapnatta y 1960—1980 pp. 3giiicHto-
Banu pi3Hi CTPYKTYpHI nigpo3ainu konuwHeoro MiHicTepcTaa
reonorii YPCP. 3a nepioa nonboBux pobit, nposegeHux 3a-
KapnaTCbKOI reosnioropo3sidyBanbHO NapTiel IHCTUTYTY
MiHepanbHux pecypciB (CMypHOB Ta iH., 1966), 6yno Bigid-
paHo i npoaHanizoBaHo noHag 3000 npo6 Byrinns
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i ByrneBMiCHMX 0CafoBUX i BynKaHoreHHuX nopia. MNepesa-
XHY KinbkicTb npo6 BigibpaHo 3 KepHOBOro Matepiany poao-
By, beraHb, BepesunHka, PokocoBo, HoBocenuug, Kpuea, a
TakoX Yy TipHWYMX BupoOGKax pogoBuwa InbHWUA (waxTa
Ne 33) Ta lNopbku (waxta Ne 29-6ic).

3 ByrneBMicHMX Bigknazis Bigbupanucs 3pasku, LWo xa-
pakTepusyTb MIKPOCKOMNIYHO BiAMIiHHI MITONOrYHI pi3HO-
BMOM, Y pas3i  BENUKOi  MOTYXHOCTi  MOHOTOHHOIoO
OypoByrinbHOro nnacTa — Bigbupanacs cepisa npob 3 iHTep-
Banom 1-2 M. Y BYrinNbHUX nnacTtax, 3a MOXNuBICTi, BUNPO-
OyBanucsa nigowea, cepeanHa i nokpienst nnacta. Bci
BiAibpaHi npobu cnpsmoByBanuca OO cnekTpanbHoi nabo-
patopii KOY im. LLeByeHka. HaniBkinbKiCHWUI cnekTpanbHUii
aHani3 NpoBoAMBCS Ha 32 eNleMeHTM.

KinbkicHi ximi4Hi BU3Ha4YeHHs1 repmaHito, MoniéaeHy, be-
punito, NiTito, ranito, iHWKMX PigKICHNX Ta pigKo3eMernbHUX Me-
TaniB BMKOHAHO B aHanitTM4yHux nabopaTopiax IHCTUTYTy
MiHepanbHux pecypciB (M. Cimcpeponons) Ta gocnigHoro
3aBofy IHCTUTYTY 3aranbHoi HeopraHiyHoi ximii (M. Ogeca).

BunpobyBanbHi poboTV 3 BUBYEHHS FrepMaHiEHOCHOCTI
Oyporo Byrinns 3akapnaTtcbka reofioropo3sigyBarnbHa eKc-
neguuia posnoyana Ha noyatky 1957 p. i npoBoauna napa-
nenbHO 3 MOLIYKOBO-pO3BigyBanbHUMK poboTamu  Ha
Byrinnga. Y 1960 p. KuiBcbkuin reonoropossifyBanbHUn
TpecTt cknae 3BiT "po pesynbTaTy NOLIYKOBO-BMNpObyBa-
NbHUX POBIT Ha repmaHin”, BMKOHAHMX 3akapnaTCbKo
reosioropo3BigyBarnbHOK ekcreauuieto Ha TepuTopii CtaHi-
cnaecbkoi Ta 3akapnatcbkoi obnacten YPCP npoTsarom
1958-1959 pp. Y 3BiTi HaBegeHo pesynbTaty no 2300 npo-
6ax cnekTpanbHoro aHanidy Ta 100 npobax Byrinns Ta no-
pig, Wo BMiLyoTb Byrinns. BogHovac HagaTbca BiGOMOCTi
npo cnekTporpacdiyHe BM3HAYEHHST PigKICHUX Ta pO3CistHUX
eneMeHTiB, 30kpema Oepunito, ranito, ckaHgito, iTpito, itep-
6ilo, NaHTaHy, WO TPannATLCA B 301i BYFiNmAs 1a BMiCHUX
nopofax. Y xypHanax cnektpanbH1UX aHanisis 3BiTy nogaHo
JeTanisauito Wwoao 25 xiMiyHMX enemMeHTiB. Taky KinbKicTb
BMOGpaHO HEBMMNAAKOBO, afyKe BiAMnoBigHO 4O YNHHUX Ha TOM
yac "TumyacoBux BKasiBOK LLOAO BUNPOOYBaHHs i nigpaxy-
HKy 3anaciB repmaHito Ta iHLWMX PiOKICHUX eneMeHTIB Yy po-
pouwax Byrinns" Bci npobwu notpibHo Oyno nignasaTu
HaniBKiNbKICHOMY cnekTpanbHOMy aHanidy 3 o60B'S3KOBOIO
petanisauieto no 30 XiMiYHUX enemMeHTax.

BapTto 3a3Hauntu, Wwo aBTopK Uiei cTaTTi y 2024 p. Bigi6-
panu npobu Ha pomoBULL NirHiTiB B INbHULI, WO €auHe
HUHI npautotoe y 3akapnatTi. JocnigkeHHs 3AjNcCHeHO 3a
MBB 081-0665-09 y LleHTpanbHin nadopatopii [ "YkpaiHcbka
reonoriyHa komnanist" Ta nabopatopii KuiBcbkoro HauioHarnb-
Horo yHiBepcuteTy imeHi Tapaca LleByeHka. Npy LboMy nigsu-
LLeHi BMICTM Ha 3a3Ha4yeHOMY POAOBMLLI NIrHITIB BiAMiYEHO
Mo Takux XiMiyHux enemenTtax sk Ti, Mo, V, Sr.

Pesynbtatun

B YkpaiHi posBigaHi noknagu Gyporo Byrinns 3ocepe-
OXeHi y [IHinpoBcbkoMy GypoByrinbHOMY GaceliHi Ta Tpbox
BYrneHocHux nrowiax: MNMpuaHictposcbkin, MNprkapnaTcobkKin i
BakapnaTcbkii. TakoX BigoMi BifOKpeMreHi pogosuwia y
[HinpoBcbko-[JoHeUbKi 3anaanHi.

Ha cborogHi 3aranbHuin obcsar poseigaHux 3anacie by-
poro Byrinns nepesuilye 8,5 mnpa T, 3 HUX 6anaHcoBi 3a-
nacu ctaHoBnATb 2 932,5 MnH T, NPorHo3Hi — 5 081,8 MnH T.

YKkpaiHa mae HanpaLbOBaHi TEXHOMOrii Ta 3Ha4YHWUIN JOC-
Big, BUA0OyBaHHs Oyporo Byrinmsa sk BigkpUTUM, Tak i nigse-
MHUM criocoboM. B okpemi poku noro B kpaiHi JoOyBanu 0o
12 MnH T. MoumHatoum 3 1990 p. BUAOGYTOK CKOpOYyBaBCS
LWBMAKUMW TEMNaMK i HUHI PaKTUYHO NPU3ynuHeHun. He-
3HayHun obcar syrinnga (200...300 Tuc. T/pik) Buaobysanm
[0 OCTaHHbOro Yacy nuwe Ha okpemux pogosuiax Onek-
CaHApPIACBbKOro reonoro-npoM1CIIOBOro panoHy.
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MpuunHamun 3HMXKeHHs obcsriB BUOOOYTKy € nepenycim
HefocTaTHi iHBecTUUil B ranysb, disndHe cTapiHHs obnag-
HaHHSA Ta BiACYTHICTb €NeKTPoCTaHLIN, SKi NpaLolTb Ha Oy-
POBYTINbHIA CUPOBUHI. Y TOW e vac uiHa Oyporo Byrinns
Mamxe y 2,5 pasa HWK4Ya 3a LiHy eKBiBaneHTHOro 3a Tensno-
€MHicTio obcsary HadpTm Ta y 1,3 pasa — rasy.

Bype eyeinns, Hanpsimu eukopucmaHHsi, dxepeJso
ompumMaHHsl pidKicHUX ma piOko3emMesnbHUX MemaJiie.
[ouinbHiCTb BUKOPUCTaHHSA Byporo BYrinmns B TENSOBINA eHe-
preTuui Ha uen 4ac niaTBepAXyeTbCs €KOSOrYHOK YNCTO-
TOl, sIKy 3abe3neyvyroTb Cy4yacHi TeXHonorii BUpoGHULTBA
eHeprii 3 6yporo Byrinns.

[o HepaBHboro Yacy (2010-2013 pp.) oTpMMaHHSA enek-
TpoeHeprii 3 6ypoBYriNbHOI CUPOBMHU CTAHOBWIIO Y Yexii —
63 %, Monbuwi — 42 %, HimeyunHi — 27 %. MouymHaoum 3
2000 p. B Hime4uunHi enekTpuyHa eHepria 3 LbOro Bugy na-
nvBa cTana HangeweBLUO i HaBiTb KOHKypyBarna 3 aToMm-
HOIO eNneKTPOEHEPTIEID.

HocnimkeHHs BUKopucTaHHA Oyporo Byrinns B YkpaiHi
nokasanu OoUinbHICTb 306iNbLUEHHs MOro BUA0GYTKY B KpaiHi
nepeBaxHO ANS BUPOOHMLTBA enekTpoeHeprii, nanmBHUX
OpukeTiB, NPCLKOrO BOCKY, BYIMENY>XHUX peareHTiB, copbe-
HTiB | FyMiHOBMX Npenapari..

[lo oCTaHHBOro OCHOBHMM HaMpPsSIMOM BUMKOPUCTaHHsI Oy-
poro Byrinns B YkpaiHi 6yno BupobH1UTBO BpUKeTiB i BUKO-
puctaHHa ix gk nobyTtoBoro nanveBa. OCHOBHUM
crnoxuBayem OpUKeTIB € CinbCcbke HaceneHHs Ykpainu. Yac-
TWHY BYrinns Hanpaenanu Ha TEL, ans BupobHuuTBa TEXHO-
noriyHoi napu 1 nonyTHO — enekTpoeHeprii. BoaHouac
BaXXNMBO BpaxoByBaTu HebesneyHi reonoriyHi npouecu
(Vyzhva et al., 2010). HeaHauHy YacTUHy BMKOPUCTOBYBanm
ONs BUNy4YeHHs 6iTymy 1 BUpobHMLTBa BYrneny>xHux peare-
HTiB Ha CemeHiBCbKOMY 3aBofi ripcbkoro Bocky. flo 2003 p.
BYFiNnsi  6pykeTn NOCTaBNANUCh Ha JlagumknHCLKY Tenno-
€MNeKTPOCTaHLit0, HUHI NOCTaBKW MPU3YMUHEHI.

Y 6ypomy Byrinni OnekcaHApIACbLKOro ripHUYONpoMUC-
NIOBOrO panoHy BCTaHOBMEHO MiABULLEHWUI BMICT repmaHito
(2,5...5,0 r/T). MNocTitHO NPUCYTHI TakoX NiABULLEHI KOHLEH-
Tpauii pigko3emernsHUX enemeHTiB (naHTaH — o 40 /T, iTpin
— no 10 r/1, iTepbin — go 20 r/1, uepivi — go 40 r/T), Wo cBia-
YNTb NPO pigKo3eMernbHY creuianisauiio BYrinnsa pogosuLL,.

HaykoBui Ogecbkoro Bigginy iHxeHepHoi akagemii Ykpa-
THX 3anponoHyBanu NNasMoxiMiYHy TEXHOMOTIK0 OTPUMAHHS
CUMHTETUYHOro pigkoro nanvea 3 6yporo Byrinns. Cobisap-
TICTb Takoro nanuea HWX4a, HXXK OTPMMYyBaHOro 3 HadhTOBOI
cvpoBuHK. BogHovac MoTopHi nanvea (6eH3H, An3enbHe
nanveo), oTpumaHi 3 Byporo Byrinns, 3a gi3anKo-XiMiYHUMK
BMacTUBOCTSIMU aHarnorivHi, OTpMMaHuM 3 HadTw, i cnanio-
BaHHS X y ABUryHax BHYTPILIHbOIO 3ropsiHHA He notpebye
IXHbOT Moamdikauii. MnasmoximiyHa TexHonoris nepepobku
BYIMEeBOAHEBOI CUPOBUHM 3a CYKYMHICTIO NapaMeTpiB He Mae
cBiTOBMX aHanoriB. OCHOBHi TEXHOMOrYHI MPoLEecK HOBOI Te-
XHOMOrii AOCNigXeHi 1 BUNpoOyBaHi Ha MNINIOTHUX YCTaHOB-
kax. 3anacu Gyporo Byrinns, MOTYXHOCTi ByrnegobyBHUX
WaxT i po3pisiB, NigNpUEMCTB 3 NEPBUHHOI Nepepobkn By-
rinnsi 4O3BONSAOTb HA Liii CUPOBUHHIM | BUpOGHWUIn 6asi op-
raHisyBaTu BWUIOTOBMEHHS CUMHTETWYHOrO piAKOro nanvea
o6carom 5 MnH T/pik 3 NepCcneKkTMBO MOETaNHOr0 HapoLLy-
BaHHs BMOoOyTKy Byrinns v BMpoOHULTBa nanvea.

LLlo cTocyeTbCs HAKOMUYEHHS PIAKICHWUX Ta piako3emenb-
HUX enemeHTiB y Byrinni. M.B. lonbawmigr ta K. MNetepc
(FTonbawmiar, 1938) BnepLle HaMITUNK WASIXM, WO BeAyTb
00 KOHUEHTPYBaHHSA MiKpOeneMeHTiB y BYrinni:

1. Hakonu4yeHHs nig vac XUTTeqisanbHOCTI pocnuH. Take
HaKOMUYEHHS ye XapakTepHe ans Gopy — Mikpoeneme-
HTa, L0 Bidirpae 3Hay4yHy porb Y XuUTTi 6araTboX pOCHMH.

2. HakonuyeHHs nig 4yac 3iTnioBaHHA Ta po3knagaHHs
pocnvHHoro martepiany: [licna BigMuWpaHHA  poOCnWH
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BiAOyBa€ETbCA BMMMBAHHS NErKOPO3YMHHUX HEOpraHiyHnX
YacTVH, Y 3B'A3KY 3 YUM HaKOMM4ylOTbCA (BIGHOCHO 3ararsib-
HOI KiNIbKOCTi HEOPraHiYHOi PeYOBMHWN) CKNafHIiWi PO3YMHHI
KOMMOHEHTU. TaknM LLNIAXOM MOXINBE KOHLEHTPYBaHHs 6e-
punito, iTpito, IHLIMX PigKICHO3EMENBHUX ENEMEHTIB.

3. HakonuyeHHs1 micns NoxoBaHHs MNacTiB POCIMHHOI peyo-
BWHM, LLIO BYrnedikyeTbCs, NOB'sA3aHe 3 BNAMBOM NiA3eMHUX BOA,
LLIO MICTSITb PiAKICHI €NeMeHTU (enireHeTUYHE HaKOMMYEHHS).

CborogHi Benvke 3Ha4eHHS HaAaeTbCs MOXITMBOMY KOH-
LLEHTPYBaHHIO PiAKICHUX i PO3CISIHNX eNeMeHTIB y Topd'ssHO-
60OMnoTHY CTagdilo, NPUHOMY, CyAsHYM 3 eKCrepUMeHTanbHUX
AaHWX Ta crnocTepexeHb Had NpUpogHUMK ob'ekTamu, Lew
npouec Bigirpae BupiLLanbHy ponb Y CUHFEHETUYHOMY HaKo-
NUYEHHI MiKpOeneMeHTiIB.

Llinkom npupogHo, Wo B NpoUeCi po3BuTKy 6acenHy Byr-
NEeHaKONUYEHHs XiMiYHi eneMeHTN NPUBHOCATLCA PO3YNHaMM
i 0CagKyOTbCSl OpraHiYHOK PeYOBUHOLO SIK Y Topdh'stHoMY 60-
noTi, Tak i BXe cdhopMoBaHOMY MracTi, i TOMy pifkicHe npoTu-
CTaBlEeHHS CUHIEHEeTUYHOCTI Ta enireHeTUYHOCTI 3pyaeHIHHA
y Byrinni He 6yno npaBomipH1uM. MoXHa roBopuTY Npo nepe-
BaXKHy pofib TOro Y iHwWoro. Tak, nig Yac BUBYEHHS TPETUH-
Horo Oyporo  Byrinns  Kapnoeapcbkoro — pogoBuua
BCTaAHOBWIMK, LLIO HanbinbLL BUCOKI BMICTU Bepunito 3yMOBMeHi
copbuieto LbOoro enemeHTa 3 LMPKYMOUMX I'PYHTOBUX BOA,
BYTifIbHOrO Nnacrta Ta 30HM NOpyLUeHb Y NPUNernmx rpaHitax,
LLIO CnyaTb Xeperiom Liporo piakicHoro enemeHTa.

Ha ginaHkax, Ae BYrinbHi NNacTu 3ansraiTb Y BOAOHEN-
POHVKHMX NOpOAax, BMICT Gepunito Ha oauH-4Ba NOPSAKM
HVXYMIA. 3BiACK BUNNMBAE LiNKOM OOI'pyHTOBaHWUIA BUCHOBOK
npo enireHeTMYHe HakonmuyeHHs Oepuniio B KaprnoBapCb-
KoMy Byrinni: [HWwuin npuknag — posnoain G6epunito Ha ofa-
HOMY 3 aMepUKaHCbKMX BYTiNbHUX POAOBULL,.

AMepuKaHCbKi JOCNIAHMKN BKa3yloTb, WO B LbOMY pasi
Mano Micue CMHreHeTMYHe HakonuyeHHs Bepwunito abo 3a-
BASKA MPWXMTTEBIN akymynsuii LbOro eneMeHta pocnu-
Hamu-TopchoyTBOptoBaYamu, abo wnaxom agcopbuii 3
PO34MHIB y TOPO-60N0THY CTagito.

HaBegeHun npuknag SCKpaBO MOKa3ye, WO Hakonu-
YeHHS! HaBiTb OOHOrO 11 TOrO X eneMeHTa 3anexHo Bif reo-
NOriYHMX YMOB Yy palioHi Moxe BigbyeBatucs pisHUMUK
wnaxamu. OgHak no3a 3anexHicTio Big nepeBadkHOi poni
TOrO YU iHLIOrO CNocoby HaKOMMYEHHS iCHYE HM3Ka YMOB, Lo
BM3HAYalTb CaMy MOXIMBICTb AOCArHEHHS HaA3BUYanHO
BMCOKMX BMICTiB MiKpoeneMeHTiB y Byrinni. Takumu 3aranb-
HUMK pakTopamm €:

1. Bucoka cop0uifiHa aKTUBHICTb POCIIMHHOI PEYOBUHM,
Lo ByrnedikyeTbcsi, Ta 6yporo Byrinns.

2. Mirpauisa MikpoenemMeHTiB y po34MHEHOMY CTaHi.

3. HasaBHiCTb JOCUTb NOTYXXHOro Axepena piakiCHMX Ta
poscisHux enemeHTiB y 6e3nocepenHin 6nu3bkocTi Big 6a-
CeWHy BYrfieHaKonnyeHHs.

BcTaHoBneHo, Wo peakuiiHa 34aTHICTb BYrinnsg, omxe i
noro copbuUiiHi MOXNMBOCTI, NagatThb 3i 36iNbLUEHHSIM CTY-
neHs Byrnedikauii.

Podosuuja 6ypozo eyzinns 3akapnamms. 3akap-
naTTs XapaKkTepu3yeTbCsa CKIagHO reosoriyHoo 6yaoBoto,
LLIO 3YMOBITOE Pi3BHOMAHITHICTb KOPUCHUX KONAnwH, BKIOYa-
toun Oype Byrinns, pisHi Buam OyaiBenbHWX marepianis,
PTYTb, anyHiT, PiAKICHI Ta pigKo3eMernbHi MeTanu.

Y 3akapnaTtcbkomy BYrfIEHOCHOMY pavioHi BifOMO noHag,
20 HeBenuKNX podoBULL | NposBIB Gyporo BYrinns i nirHitie,
npUypoYeHnx oo HeoreHoBUX Bigknagaie y Yon-MykadiBcbkin
Ta CONOTBUHCLKIN 3anagnHax.

Y [OepxaBHoMy GanaHci 3anaciB BpaxoBaHO TpU POLo-
BuLa 6yporo Byrinns (InbHUUbKe, JloxiBebke i KpmBcbke) Ta
OfiHE poJoBuULLEe repMmaHieBMICHUX MirHiTiB (biraHcbke).

3aranbHi 3anacu Gyporo Byrinns 1 NirHiTis cTaHOBNATb
noHag 39 mnH T. BMicT repmaHito y nirHiTax biraHcbKoro
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pogoBuLa carae y cepegHbomy 182 r/T. Lle egmHe B YkpaiHi
posBigaHe poAoBuWLlEe LbOro LiHHOrO Ans NPOMMWCIOBOCTI
HaniBNPOBIAHMKIB XiMiYHOrO enemeHTta. 3 pogosuL, Gyporo
BYriNnsi po3pobnseTbcsa nuie INnbHULBKE, Ha SKOMY BiaKpY-
TMM cnocobom BeaeTbcsl BUAOOYTOK CMPOBMHU. 3anacu po-
posuwa nepesuyoTb 27 MinH T (Cueun M. Ta iH., 2013).

OcHoBHa 4acTuHa 3akapnaTtCbKOi BYrNEHOCHO! MOLLi
po3TalloBaHa Ha TepuTopii Yxropoacbkoro, MykauiBcbKoro,
XycTcbkoro Ta beperiBcbkoro parioHis. Yci pogosuwa Ta
nposiBv BYrinns B 3akapnatTi NOB'A3aHi 3 Bigknagamm Heo-
reHoBoro BiKy. Bigknagu HeoreHy 3ansiraloTb 3 KyTOBUM Ta
cTpaturpaiyHNM HEY3roXKEHHAM Ha YTBOPEHHSX Maneo-
3010, ME3030H0 Ta NaneoreHy.

Csoro yacy BngobyTtok 6yporo Byrinns 3giicHioBanu He-
BEIUKI LUTOMbHI 3 MakCcumarnbHO JOO0BOI NPOAYKTUBHICTIO
40-50 T y panoHi cenuwy InbHMUA, Bunok, Kpuea, LasH.

3a cBoiM cTpaTurpadiyHUM MOMOXKEHHSAM BYINEHOCHI
BigkNnagn 3akapnaTCbKOi Mol MOXHa pOo3dinuTh Ha 4yo-
TMpW rpynu: 1) BYIMEHOCHI BiKNaamM TOPTOHCLKOro BiKy; 2)
BYIMEHOCHI Bigknagu cepegHboro capmarty; 3) BYrNEeHOCHI
BigKNaam naHHoHa; 4) BYrneHOCHI Bigknaam nesaHTuHa.

MpoTtskHicTe nnowi go 100 km 3a wmpuHm 10 kM. Kinb-
KiCTb MPOMMCIIOBUX NNacTiB 3MiHETLCSA Big 1 0o 5. MoTyx-
HicTb iX 3MiHioeTbes Big 0,7-1,0 M oo 57 M i cTaHOBNATb
3nebinbworo 1-2 M. MubuHa 3ansraHHs NPOMUCIIOBUX Mia-
CTiB 3MIHIOETLCS B LUMPOKUX MEXax — Bif, KiNbKOX MeTpiB A0
200-300 m. IHoai nnacTum Byrinns BUXOAATb Ha MOBEPXHIO.

leHesic pidkicHOMemarsni4yHo20 3pyOeHiHHs1 & O6y-
pomy eyeinni 3akapnammsi. 7k BXe 3a3Ha4yanocs BuLle,
OOCrigaXeHHs PiaKiCHUX, pO3CIAHUX | KONbOPOBUX MeTaniB y
Oypomy Byrinni 3akapnaTTs, iX reHe3ncy, a TakoX MOXIu-
BOrO BMJIMBY Ha iX KiNbKICHUI | SKICHWI CKNnag BYJIKaHIYHOT Ta
NOCTBYMKaHIYHOT OisiNbHOCTI, WO LWUMPOKO NPOSIBUMNNCA B He-
OreHOBUI Yac, MPOBOAWMM Pi3Hi CTPYKTYpPHI nigpo3ainu (reo-
noriyHi  naprii, ekcneguuii) konuwHboro MiHicTepcTBa
reonorii YPCP (CmupHoB n ap., 1966); (Jlesmukun, 1960).

MoLwmpeHicTb MikpoeneMeHTIB SOCNiAXyBanu He TifbKu
B Oypomy Byrinni (nirHitax), a 1 y ByrneBMiCHUX nopofax,
LLIO iAo 3MOry BUSIBUTU KOMIIIEKC MIKDOENEMEHTIB, SKi KOH-
LEHTPYIOTLCS B 3akapnatcbkomy 6ypomy Byrinni.

BapTo 3a3HaunTy, Wo npaBunbHe yB'A3yBaHHS NPOLECIB
HaKOMUYEHHS BYTNEHOCHO-0Caf0BMX TOBLL, i ByNKaHi3my He-
MOXnMBe 6e3 YiTKUX ysiBneHb Npo cTpaturpadito, TEKTOHIKY
i MarmaTusm.

MWTaHHs BM3HAYEHHS reHe3ncy pigkicHoOMeTaniYHoro
3pyaeHiHHA notpebye BUBYEHHS narneoreorpadiyHmx yMoB
y nepiog ¢popMyBaHHS BYrMEHOCHWX BidKnagis, BCTaHOB-
neHHst obnacTten 3HOCYy Ta XapakTepy BUBITPIOBaHHS nopig,
LLIO PO3MUBAIOTBLCS.

KinbkicHi Ta siKiCHi BIGMIHHOCTI Y Cknagi MiKpoeneMeHTiB,
SIK BCTAaHOBIIEHO B pe3ynbTaTi NpoBeaeHuX JoCnigKeHb, BU-
3Ha4yalTbCA cneundikolo BYNKaHIYHOI Ta rigpoTepMarnbHOi
[isNbHOCTI Y pi3HNX parioHax 3akapnaTtTs, a Takox ocobnu-
BOCTAMM naneoreorpadiyHnX ymoB (HOPMYBaHHS OKPEMMX
OypOBYTiNbHUX POAOBMULL.

3aBasiky BUKOPUCTAHHIO METOAIB MaTeMaTUYHOI cTaTuc-
TUKM, 30Kpema KoediuieHTiB paHroBoi kopensuii, Bganocs
HaMITUTW KOO eNeMEHTIB, HaKOMMYEHHS SKMX BigOyBaeTbCs
CMHXPOHHO, WO BiAKpPWMBAE HOBi MEPCMEKTUBU Y KOMMMEKC-
HOMY BMKOPMWCTaHHI 3aKapnaTCcbKoro Byrinns.

3icTaBneHHs BMICTY MiKpoenemeHTiB y Byrinni 3 knap-
Kamun B 3eMHil KOpi NepeKkoHNMBO CBigYaTbh NPO BUHATKOBY
ponb OpraHiYHOT pe4oBNHM B KOHLLEHTPYBAHHI PiAKICHWUX | po-
3CIIHUX eneMeHTiB.

Binomi B 3akapnatTi ByrinbHi pogoBsuLLia 3a3Bnyai HeBe-
nuki 3a po3Mipamu i 3aebinbLioro npeacraeneHi 6ypum By-
rnnsM 3 no4YaTKOBUM CTyNeHeM OOBYIIIOBaHHA, TOMY
BMKOPUCTaHHS iX ANsi eHepreTM4Hux Linen He 3aexam bysae
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BUrigHUM. TUM Yacom y BYrinni AesKnx 3akapnaTCbKux po-
OOBWLL BCTAHOBMEHO MiABULLIEHI BMICTU pigKiCHUX, pO3Cis-
HWX Ta PiOKO3EMENbHUX EMEMEHTIB, MPUYOMY KOHLEHTPALis
OESAKNX 3 HUX CTAHOBUTb MPOMUCIIOBUIA iIHTEPEC.

AKLo BpaxyBaTw, LLIO YTBOPEHHS NEPEBaXHOI BiNbLUOCTI
poAOoBULL Ta ByrnenposiBreHs 3akapnatTs Biabysanock oa-
HOYaCHO 3 aKTMBHOIO BYIKaHIYHOIO QiSINbHICTIO, TO CTae 3po-
3yMinMM  HeoOXigHICTb | aKTyanbHIiCTb  3B'A3Ky  MiX
BYIKaHI3MOM i HaKONNYeHHAM y BypoMmy BYrinni 3asHayeHnx
ernemeHTIiB. Y 3aranbHOMy BUMsAAi Lo npobnemy nocrasus
Mepenbman O.K. (MepenbmaH, 1964), Wo HaMiTUB HacTymn-
HWIA NaHLOT SBULLL: BYITKaHI3M i HAAXOOXXEHHS BYTNEKUCIIOro
rasy B atmocdpepy, NocuneHHst goTocuHTesy i GionoriyHoro
Kpyroobiry atomie — oopMyBaHHS! MOTY>KHOI KUCIOT KOpU BU-
BiTPIOBaHHS! | BUHECEHHS 3 HEl PYXOMUX eNeMeHTIB — Byrne-
YTBOpPEHHA B GonoTax i HaKoMUYeHHs y BYrinmi pigKicHMX
ernemeHTIB, BUMYXXEHVX 3 KOPY BUBITPIOBaHHS.

BusBneHHss 3aKOHOMIpHOCTEN HaKOMWYeHHs1 Mikpoerne-
MEHTIB B OPraHiyHMX YTBOPEHHSIX Mif Yac ByJKaHiYHOI Oisnb-
HOCTi JO3BOMNMUTb LiNecnpsiMoBaHO BECTM MOLUYKWM POSOBULL,
Oyporo Byrinns (MirHiTie) i3 NiABUEHMMU KOHLEHTpaLisiMu
PiOKICHMX, PO3CISIHWX, @ TaKOX PiAKO3eMenbHNX eNeMeHTIB.

MeTporpadivni fgocnimkeHHs MioueHoBoro Byrinnsa 3a-
kapnatTs (Xmapcbkuin, 1960) nokasanu, wo Gype Byrinns
TYT NPeAcTaBrneHe MirHitamu, TbMAHO-6NNCKYYMM LUTPUXY-
BaTUM BYTiNnAM, HaniBMaToBMM LUTPUXyBaTUM i MaToBUM
FMWHUCTUM  Pi3HOBMAOM. Hu3bkui cTyniHb Byrnedikauii
CrpusB enireHeTUYHOMY HaKOMUYEHHIO PiKICHWX, PO3CISIHNX
Ta KONMbOPOBUX MeTarniB y BYrinni 3akapnaTtcbkUxX pOLAOBMULL.
IHLIOO BaXXNMMBOK YMOBOI KOHLIEHTPYBaHHS MiKpoernemeH-
TiB y BYrinni € ix oopMa nepeHeceHHs y Boaax, LLO X1BUNN
Topdh'siHe 60noTo abo oMUBaNM BYriNbHWIA NNACT NiCNs KOro
NOXOBaHHS.

BuainsioTe ABi OCHOBHi (hOpMK HAKOMMYEHHS, 30Kpema
PiAKICHUX Ta PO3CIAHMX eneMEeHTIB Yy BYrinni: opraHiyHy Ta
HeopraHiyHy, MiHeparnbHy.

JocnigxeHHs PopM HAKOMUYEHHS MIKpOeneMeHTIB Y BY-
rinni Mae BaXnMBE 3HAYEHHS He TiNbKW NS BUPILLEHHA Ae-
AKX TEHEeTUYHUX MUTaHb, arne i Jae 3MOory AaTu OLiHKY
NepcneKkTUBHOCTI BYTiNNsA Ha TOW Yn iHWNA NPOMUCIOBO LiiH-
HUA eNeMeHT.

lMpoBeaeHi aHani3n NokasylTb, WO pAAn PiAKICHAX i po-
3CiiHMX eneMeHTIB XapakTepusyeTbCa NepeBaXKHO HaKkonu-
YEHHAM B OpraHivHin dopakuii Byrinna (repmaHiii, monioaeH,
ypaH, 6epunin, 6op, Migb, piakicHo3emenbHi MeTanu, mu-
W'sK, cpibrno, XpoM), iHLi X NOB'A3aHi 3a3BMYall i3 30MbHO
YaCTUHOMO (TUTaH, ranin, NiTii, cTpoHuin, 6apin). |, HapeLwrTi,
TpeTsa rpyna BUSBISAE HECTIKY POPMY HaKOMUYEHHS — Y pi-
3HMX POAOBULLAX, OTXKE N Y PidHMX YMOBaXx, dhopma mirpauii
LUMX eneMmeHTiB HeodHaKoBa, nepeBaxkae TO opraHiyHa, To
MiHepanbHa ¢opma. MNpuMiTHO, WO B L0 rpyny noTpanns-
H0Tb NEPEBaXHO KONbOPOBI METanu Ta enemMeHTH 3i 3MiHHO
BalEHTHICTIO, PYX/MBICTb Ta YMOBMW OCA[XKEHHSI SIKUX CU-
NbHO 3anexaTb Bif i3NKO-XiMIYHUX YMOB cepeaoBuLLa.

Tak, BaHagjin, Xpom, Hikenb, rani, 6epunin, LWHK, CBU-
Helb, ONOBO MEPEHOCHATLCS TONIOBHUM YMHOM Y ¢hopMi cy-
CMeH3in i nuwe 4acTkoBo B po3ymH. Ocobnmeo 4iTKO ue
BUSABMSETLCA Y BaHadito, XpOMy, ranito, Hikento. BupiwansHy
ponb y nepecyBaHHi OCTaHHiX rpae agcopouis unx enemeH-
TiB Miuenamu rmMHUCTUX YaCTUHOK, rigpokcuaamn 3anisa,
MapraHLto, antoMiHito.

Y migi, ypaHy, monibaeHy i 4acTKoBO BaHapfjilo i XxpoMy
CMOJYKN BULLMX CTYMEHIB OKUCHEHHSI 33 YMOB BWUCOKOOKU-
CHO-BIOHOBHOro noTeHUiany Mamke rigponi3yloTbCs, LWo
cnpuvsie iX mirpauii y posdMHeHomy cTaHi. HaBnaku, Bucoka
rigponisoBaHicTb BWCOKOOKUCHEHUX  CMOMyK  TaKuX
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eneMeHTiB, Sk kobanbT, Hikenb, CBUHELb Ta iHLWI BaXKi ene-
MEHTWU, 3HAYHO OOMEXYE IXHIO PYXIUBICTb.

AKTMBHa ByJfKaHi4YHa Ta NOCTBYKaHIYHA iAnNbHICTb Y Mi-
oueHi 3akapnatTs He nuvLie CNpUsnyM HaKOMWYEHHLO BYTiNms
(macoBa 3arnbernb POCAMHHOCTI), a 1 cTana NoTy>XHUM JXe-
penom 6araTboX PiAKICHUX Ta PO3CISHUX ENEMEHTIB, LLIO KOH-
LeHTpyloTbca y Byrinni. Pasom 3 TuM LWMpokuiA nposiB
rigpoTepManbHoi GifrnbHOCTI, WO TOPKHYNacs ByMNKaHIYHUX
nopifa, po3BUHEHNX B 06nacTax 3HOCY, MEBHUM YMHOM NO3-
Ha4MBCSH Ha AKICHOMY Ta KiflbKiCHOMY cknagi MikpoenemeH-
TiB y Oypomy Byrinni. Kucnum xapakrep rigporepManbHux
PO34MHIB 3yMOBUB NEPEBEAEHHS B PYXOMUI CTaH Takux pig-
KICHUX Ta pO3CiIHUX eneMeHTIB, SKi Y 3BMYaiHUX NnoBepxHe-
BMX YMOBaX 3€MHOi KOPW iHEPTHI YN ManopyxnuBi.

CepegHi Ta kucni naeu Buropnat-I'yTuHcbkoro xpebra,
3MiHa Akux BigOyBanacsa CMHXPOHHO 3 HAKOMUYEHHSM BifK-
nagis iNbHULbLKOI CBITW, 3yMOBUIN HAOXOMKEHHS Y BYTifbHI
NnacTu XxapakTePHOro KOMMIEKCY MIKPOENEMEHTIB.

BuHeceHHs pigKiCHUX | pO3CiSHUX eneMeHTIB 3 ByfKaHiy-
HMX nopia Morno BiabyBaTuca NOABIVHUM YMHOM: 3a paxy-
HOK  XiMiYHOro  BUBITPIOBaHHSA | 3aBOsSIKM  BMAMAMBY
BMCOKOAKTUBHUX rigpoTepMm. OuyeBMAHO, WO BUpillansbHy
ponb y Mobini3auii MikpoenemeHTiB rpanu rigpotepmarbHi
PO34YUHN.

Mix Tvm, gyxe cnabkuin BUHOC XapaKkTepHWUn Ans BaHa-
Ait0, XpOMy Ta TUTaHy, a Taki enemMeHTH SK ranin Ta LMPKOHIn
30BCiM HE NEePeXOANATb Yy PO3UUH.

MpoTe Big3Ha4aeTbCA 3pOCTaHHS Y Cip4aHO-KUCIOMY ce-
penoBULLI PyXIMBOCTI TAKOro iHEPTHOTO MirpaHTa, sik bepu-
nin. MNig yac anyHiTM3auii — npoueci, WO LWMPOKO NposiBUBCSA
Ha 3akapnaTtTi — i3 cepefHix Ta KUCNMX fnaB BUHOCATbLCS
Mifb, k0O6anbT, Hikenb, MonibAeH, iHAiA, ranin, Xpom, piakicHi
3emni. OueBMOHO, WO NoAibHI ABMLLA cnocTepiranucs i B Mi-
oueHi 3akapnaTTs.

[eskoro BiAMIHHICTIO MOXHa BBaXaTn marny pyxnvBiCTb
ranito i, MOXXnmeo, XxpoMy. MikpoenemeHTH, WO NepenLnun B
PO34MH, HAAXOAMNU pa3oM 3 NMOBEPXHEBMMU Bogamu B 6a-
CENHW BYIMEHAKOMUYEHHSs, Ae OcaJXyBanucsi poCIMHHOK
peYoBMHOI0, LLIO po3knagaeTbes. [NepeHeceHHs po3UnHEHNX
MiKpOeneMmeHTiB 3[4iCHIOBaNoca TakoX NiA3eMHUMU BO-
namu. Baaemogis 3b6aradeHumx pigkicCHUMU enemeHTamm no-
OaHnX BOf, i3 'yMiHOBUMU KMCNoTaMu BXe chopMOBaHMX Ta
MOXOBaHMX BYTiNbHUX MacTiB NpM3Bena Ao enireHeTUYHOro
KOHLEHTPYBaHHSA MiKDOEEMEHTIB.

Hu3bkun cTyniHb MeTamopdisaLii BepXHbOMIOLEHOBOrO
BYrinnsi 3akapnaTTsi, akKTMBHA MNOCTBYIKaHi4YHa QisnbHICTb Ta
BMCOKa MPOHUKHICTb BYrneBMiCHUX nopig (anesponitu, ni-
CKM, NyXKi TydiT) cnpmusnu enireHeTUYHOMY HaKOMUYEHHO
BaraTbox pigkicHMX Ta poscisHux enemerTiB. Mpo ue cBia-
YNUTb PO3NOAIN BMICTY MiKPOENEMEHTIB LLOAO Pi3HUX YacTuH
BYrinbHoro nnacty (InbHuubke pogosule). Hanbinbw 36a-
rayeHMMu € NigoLuBa i MoKpiBNsA nnacTa.

BMmicT e MikpoenemeHTIB B LeHTparnbHi YacTuHi B Ki-
nbka pasiB, iHOAI B AECATKN, HVXUYUIA, HdX Y nepuddepuydHnX
finsiHkax pogosuLla.

[JeLo iHWa kapTnHa cnocTepiraeTbCs B ariMacbkomy BY-
rinni BeraHcbkoro pogosuLa. Hag3suyanHo BMCOKA KOHLE-
HTpaLis repMaHito, MOPiBHAHO MiABULLEHI BMICTW CBMHLIKO Ta
MULL'SIKY MOSICHIOTLCA cneumdiko rigpoTepManbHoi Aia-
NBHOCTI B cepeHbOMY capmari.

Y poanmacbkuil Yac pyAOHOCHI TepMaribHi pO34nMHN Npu-
3Benu Jo yTBopeHHs beraHcbkoro 6apuT-nonimeTaniyHoro
pogosuLua. lisHiwa, MMoBipHO, anmackka rigpotepmarbHa
LisiNbHICTb BUSIBUNAcCst B anyHitusauii Benukmx obesirie By -
KaHOreHHMX nopig.

YTBOPEHHS BTOPWUHHMX KBapLUUTIB CynpoBOOXKYyBarnocs
BMHOCOM OBiNnblIOCTi PigKiCHUX, PO3CiSIHUX | KONbOPOBUX
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MeTaniB 3 HaCTYMHUM OCaKEHHAM iX y 6acenHax ByrneHa-
KOMWYEHHS, PO3TaLLOBaHUX NOPYY i3 NONAMU anyHiTusadii.

Cnig 3a3HaunTh, WO KiNbKICTb repmaHilo y BYrinbHUX
nnacrtax 3MeHLIYeTbCS B Mipy BigAaneHHs Big OiNsHOK, Ae
rigpoTepmarnbHa gisifibHICTb BUSIBUNAcs HaliHTEHCUBHILLE.

Posnogin uboro enemeHTy 3a MOTYXHICTIO nnacra He
nignopsAKoBYETbCA OyAb-AKMM MEBHUM 3aKOHOMIPHOCTSM,
SIK Lie 6yro BCTAHOBIMEHO i BEPXHBOMIIOLLEHOBOrO BYTiNns.
HawnimoBipHiLue, L0 HAKOMUYEHHS repMaHito Ta iHLWNX MiKpO-
enemeHTiB y Byrinni biraHcbkoro pogosuLLa Bigbysanocs B
TOpd'AHO-6ONOTHY cTagito.

AHania oTpumaHux OaHuX NEpPEeKOHNMBO CBiAYUTbL MPO
6e3nepeyHuin BNNMB BYIKaHIYHOI Ta rigpoTepmarbHoi fis-
NBHOCTI Ha OPMYBaHHSA pigKiCHOMEeTanYHHOro 3pyaeHiHHS
SIK y BEPXHbOMITIOLEHOBOMY, TaK i B cEpegHbOCapMaTCbKOMy
Byrinni 3akapnatTs.

Cneundika nposiBy Ta reoxiMmiyHa iHAMBIAyanisoBaHiCTb
BYIIKaHiYHOI Ta rigpoTepMarnbHOi OisnbHOCTI B cepeaHboMy
capmMarti Ta BepXHbOMY NIioLeHi 3yMOBWUNY N NEBHi BiAMIH-
HOCTI §IK Y KiNbKiCHOMY, TaM i B siKiCHOMY cknagi Mikpoene-
MEHTIB Y BYFiNni PisHNX pOAOBULL.

leoximiyHi ocobniueocmi pidkicHoOMemarsni4Ho20
3py0eHiHHs1 6ypo2o eyezinns 3akapnamms. MNpu y3arans-
HEHHi Ta cucTemMaTmM3aLii YNCNEHHUX AaHUX CNEKTParbHOro
Ta XiMi4YHOro aHanisiB 3'acyBanocs, L0 KOXHe KOHKpeTHe po-
AOBMULLE Y/ NEBHa rpyna poaoBuLL, Mae cneundivHni Kinbki-
CHWIA Ta SKICHUI cKnag, MiKpoeneMmeHTiB.

3 reoximiyHOro nornsiAy Le NosiCHIETLCH NULLE TUM, WO
Mirpauist i HaKOMMYEHHS XiMiYHNX efleMEHTIB KOHTPOMETLCA
AK KPUCTaNoOXiMiYHUMU BNACTMBOCTSIMA aTOMIB (BHYTPILLHI
YUHHMKW), TaK i i3MKo-XiMiYHMMKM yMOBaMu cepenoBuLLa
(30BHILLHI YMHHWKN).

30BHILLHI hakTopK, WO BM3HAYAKOTHCS reonoriyHo Ta
naneoreorpadiyHolo 06CTaHOBKOI, 3MiHIOKTLCH Y MPOCTOPI
Ta yaci, a Tomy okpemi 6ypoByrineHi pogosuLLa 3akapnartTa
XapakTepusyBanucb pisHMMU yMOBaMW HaKONMMYEHHS pigkic-
HUX Ta PO3CIHNX eNEMEHTIB.

Cepen Hambinblu NOBHO BMBYEHUX OYpOBYriNbHWUX POAO-
BULL, 3akapnaTTa MOXHa BUAINUTY ABi Pi3HOBIKOBI rpynu: BEPX-
HbornioueHoBy (BepesuHka, InbHUUS, PokocoBo TaiH.) Ta
cepefHbocapMaTCbKy (poaosuLLe B panoHi ¢. Mana biraHb).

BepxHbOMIOLIEHOBI pofoBMLLA NPOCTOPOBO TSAXilOTb [0
Buropnat-I'ytuHcbkoro xpe6Ta; ix dpopmyBaHHs BinbyBanocs
Ha (hOHi Ta 3a y4acTHO aKTUBHOI BYJIKaHIYHOI QiSNbHOCTI.

BiraHcbke popoBuLLe po3TalloBaHe i3 3axiAHOi YacTUHU
BakapnatTs, B Mexax beperoo-biraHcbkoi pyaHoi 30HM. Ha-

BiAOyBanocs CUHXPOHHO 3 LUMPOKMM NPOSIBOM rigpoTepmarb-
HOI OisiNbHOCTI, sika NpYBENna He TiNbku 40 YTBOPEHHS noriMe-
TaniyHoro (Beperoeo) i Gaput-nonimeTaniyHoro (BiraHb)
podoBwULL, ane 1N NeEBHMM YMHOM MO3HAYMIIacs Ha cKnagi pigki-
CHUX, PO3CISHUX Ta KONbOPOBUX MeTaniB y BYrinmi.

JliTonoriyHi gocnigxeHHsi BYrnmeHOCHMX TOBLLY BKa3yloTb
Ha pi3HWIA pevyoBU cknaa nopig, Wo po3MmsBanucs B anva-
CbKWI Ta iNbHULbLKWIA Yac.

BuBiTptoBaHHSA PIBHOTUMHMX MO MiHEPANbHOMY Ta XiMiy-
HOMY cKknagy nopig NpM3BOAUIIO A0 BUHECEHHS 3 HUX MEB-
HUX KOMIMFEKCIB MiKpOENeMeHTIB.

TakuMm YnHOM, crieumndpika BynKaHiYHOI Ta NOCTBYIKaHiY-
HOT AiSNbHOCTI y BEPXHbOMY MAioUeHi Ta cepeaHboMy cap-
Mari, a Takoxx 0cobrnMBOCTi pe4OBMHHOIO cknagy nopig, Wwo
cknaganu obnacti 3Hocy, 3yMOBMWIU Pi3HWIA Y KiNbKicCHOMY Ta
AKICHOMY CniBBIQHOLLUEHHI Ckrag MiKpoeneMeHTiB y Aocni-
OxyBaHoMy Gypomy Byrinsi.

CnpaBgi, 3icTaBneHHs cepefHix BMICTIB pigKiCHUX, po3-
CiSIHUX | KONMbOPOBUX MeTaniB y BEPXHbOMMAIOLEHOBOMY BY-
rinni  nokasye, wWo InbHUUBKE pogoBulle  36igHeHe
NOPIBHAHO 3 BYFINMAM iNbHULUBLKOT CBITU TakMMun enemeH-
Tamu, sik MonibaeH, ckaHain, Hikenb, koGaneT, iTpin, iTepbii,
naHTaH, mMigp, BaHagin (tabn. 1).

Y ToM xe Yac Byrinns biraHcbkoro pogosuLLa 3Ha4yHo 36a-
rayeHe repMaHieM: CepeaiHii BMICT LibOro eNeMeHTY B HUX Ha-
Garato BUWMIA, HiXX y Byrinni bepesmHcbkoro, INbHULBKOTO,
POKOCOBCLKOro Ta iHLIMX BEPXHENIOLEHOBUX POLAOBMLL,.

Cnig 3a3HaunTK TaKoX NiABULLEHI KOHLEHTPaLii CBMHLIO
B biraHcbkoMy Byrinni; y Byrinni iHWWX poaoBuLL Lien ene-
MEHT BUSIBNSAETLCA AYXeE PiaKo.

He Buknukae cymHiBy, LLO HaCTiNbK1 HagA3BUYaWHO BU-
COKi BMICTM repmaHito i CBUHLIIO reHEeTUYHO NoB'A3aHi 3 6a-
puT-noniMeTaniyHMmM POAOBMLLEM, LWO pO3TalloBaHe B
6esnocepeHin 6rm3bKoCTi Big BypoByrinbHOro 6acenHy.

dopMyBaHHSA pyaHUX Xun Bigdyeanocs, o4eBnaHo, abo
OLHOYACHO 3 BYINeHaKONNYeHHsIM, abo nepeayBarsno omy.

Cepen BepxHbOMMiOLEHOBMX OYpOBYriNbHUX POAOBWULL,
TaKkoX BiA3Ha4aloTbCs NEBHi BIOMIHHOCTI Y BMICTi pigKiCHUX
Ta pO3CiHUX ENIEMEHTIB, L0 3yMOBIIEHO, MabyTb, CTyneHeM
BioaaneHocTi GaceliHy ByrneHakonuyeHHst Big Buropnart-
l'yTvHcbKoro xpebrta. Hamnbinbw 36araveHi mikpoenemeH-
Tamu 6ype BYrinns INbHULBKOro poAoBMILLA, LLIO YTBOPUIIOCH
B IpwaBchkin naryHi, maxe 3 ycix 60kiB OTOYEHe BYJIKaHiu-
HUMK nopogamu xpebTa.

KOMUYyeHHsA cepeaHbocapMaTCbKOro Oyporo BYrinns
Ta6nuys 1
Pe3ynbTaTn aToMHO-eMiCiiHOro aHanisy InbHULUbKOro pogoBuila (< — BignoBigae Nnpoyepky)
g 3
T L§ .‘25 5
g:g-'&_.fg_ Ti (Mn| V | Zr | Ba|Cr|Zn|Ni|Cu|Co|Pb|Sn|Ag|Mo|Ge|Nb| Y |Yb| L |Ce|Sc|Li| Sr|Cd| Be | FX
4 % g = ﬂg,
= | Ha3ony [1750(496| 71 |<50(<400{<10{20 |<56| 8 [ 11| <5 | <2 ]|0,05] <1 | <2 |<15|<10| <1 |<30|<40|<10|<15| 88 |<5| <3
c
Tt g p:i;g:gy 349 | 99 | 14 |<10]<100] <2 | 4 |<1|1,6]2:2| <1 |<0,5/0,01[<0,2|<0,5| <3 | <2 |<0,2| <6 | <8 | <2 | <3 17,56/ <1 | <0.6 | 19:9®
o | Hasony [2220]563]109]<50(<400[<10]29[<5[<5] 8 | 5 | <2 [0,05] 2 | <2 [<15|<10] <1 [<30[<40[<10[<15| 72 [<5] <3
o
212 & p:i;gﬁy 288 | 73 | 14 |<10|<100| <2 {3,8|<1|<1| 1 [0,65|<0,5/0,01|0,26|<0,5| <3 | <2 [<0.2| <6 | <8 | <2 | <3 |9,338| <1 | <0,6 12,97
HocnidxeHHsi sukoHaHo & nabapomopii HHI "IHcmumym 2eonoeii” KHY im. T. LLlegueHka
Tabnuys 2
Pe3ynbTaTu aHanisy cknagy 3pas3kiB nirHiTiB InbHMUbKOro pogoBuula (KONbOPOM Bifi3HA4YeHO NiABULEHi KOHLEeHTpaLii)
Ne Mpob6a Fe | Ni |[Cu|Zn |Ga|Ge|As |Se | Br |Rb|Sr| Y |Zr [Nb Mo [Sn | W [Pb|Th | U
1 NlirHiT 3 kap'epy  |6533| 15 | 4 | 15| 3 0 7 0 2 0 |46 | 7 7 1 1 0 5 3 0 1
2 Tirdit 148400/ 28 | 11 |33 | 5 | 1 (16| 1|5 |8 |56|15[37| 2|20 |5 |6 |1]1
nogpiénexHumn
Mexa Bu3HayeHHs, r/T,| 200 | 20 | 15 |15 |10 |10 | 5 5 5 5 5 ) 5 5 5 - [100]| 5 5 5
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Ni Cu Zn Ga Ge As Se Br Rb Sr
JTirHiT nogpibnexHnn

B JlirHiT 3 Kap'epy

Y Zr Nb Mo Sn W Pb Th U

JocnidxeHHs1 sukoHaHo 8 LlenmparnbHil nabapomopii A4l "YkpaiHcbka 2eonozidyHa KomnaHis"

Tennun Ta BOMOrMIN KniMaTt cnpusaB iHTEHCUBHOMY XiMiY-
HOMY BUMBITPIOBaHHIO NaB Ta TyqiB, a Malxe NOBHa 3aMKHY-
TicTb narysm 3ymoBuna OCagKEHHSA 6araTbox
MiKpOeneMeHTiB Ha MOPIBHAHO BENUKIN AinsHLi.

Ha npotuBary InbHuubkomy copmyBaHHA PokocoBCb-
Koro pogosuLla Biabysanocs npu nepesaxaHHi i3snyHoro
BMBITPIOBaHHS Mopig 3HOCY, MPO WO CBigYMTb BENuKa Kirnb-
KiCTb 3epeH poMBIYHOro NipoKCeHy y BaxkKi chpakuii Byrne-
BMiCHMX nopig Ha InbHMUbkoMy pogoBuwi — 20 %, Ha
PokocoBcbkomy — o 80 i HaBiTb 90 %.

OueBnaHO, BaXNMBE 3HAYEHHS 118 NepeBaxat4oro Tiel
4K iHWOT bopMU BMBITPIOBaAHHS Marna nocTBYrKaHi4YHa Ais-
nNbHicTb. [lighomMu rigpoTepmu 3millyBanucs 3 noBepxHe-
BMMW BOAMMU i MOCUMOBANM iX akTUBHICTb, LLO NPU3BOAMIO
A0 iHTeHcudikauii XiMiYHOrO BMBITPIOBAHHS.

Taknum YMHOM, NMOPIBHAHO HUXYi BMICTU MIKpOENEMEHTIB
Y POKOCIBCbKOMY BYTiffli 3yMOBSEHi NaHiBHOK ponsito isu-
YHOrO BMBITPHOBAHHS MOPiA, PO3BUHEHNX B 0O6NacTax 3HOCY
B nepion opMyBaHHSA pogoBuLLa.

MpuBepTae yBary NOCTiIMHICTb cepeaHbOro BMICTY ranito
y BCiX BMBYEHUX OypoByrinbHWX pogosuwax. Lle cigumTb
Npo NeBHY iHEPTHICTb ranito B €K30reHHUX YMoBax, 30Kpema
B NPOLECi BYrMEHaKOMUYeHHS.

Lle ogHieto UikaBO OCOBNMBICTIO € MOXIMBICTb CUHX-
POHHOMO HaKOMWYEHHS Y BYFiNMi HU3KN PIOKICHUX Ta po3Cis-
HUX enemeHTiB. Bnepue Le 6yno BigMiyeHo, 3okpemMa npu
no6yaoBi NiTONoro-reoxiMiYHNX KONTOHOK CBEPAJIOBUH, a 3ro-
OOM — Npu 3iCTaBMEHHi y3aranbHEHUX OaHUX 3a Kinbkoma,
HanbinbLL NOBHO BUNPOOYBaHUMK POSOBULLAMMN.

Y BiTYUM3HSIHIN Ta 3apybixHin nitepaTtypi, NpUCBAYEHii goc-
NiMKEHHIO PIAKICHNX Ta PO3CISHNX eneMEeHTIB Y BYTiNMi, Takox
HepigKo 3a3HavaeTbes, WO NigBULLIEHMM BMICTaM OOHOTO ere-
MeHTa BianoBiaalTb HaMBWLLi KOHLEHTpaLi iHLWOoro.

OTxe, y NpoLeci BYrneyTBOPEHHS LINIKOM MOXITMBE BU-
HWKHEHHSI YMOB, CMPUATIIMBMX AN CNiNlbHOO HAKOMWYEHHS
LLiNoi HN3KM MIKpOENEMEHTIB.

MeToam matemaTuyHoi CTaTUCTMKW, 30Kpema Kopens-
LinHWiA aHanis, AalTb 3mMory 06'ekTUBHO BUpilyBaTh 6arato
reoxiMiyHMx 3aBAaHb, Y TOMy uucri npobnemy napareHe-
31CY eNEeMEHTIB.

Mpw ouiHUI CTIMKOCTI 3B'A3Ky BpaxoByBanu CyTTEBICTb KO-
eqilieHTa paHroBoi kopensuii (He 3Ha4vyLWwuin, 3HAYYLLWUNA,
JOYXXe 3HauyLLMI) Ta HAsIBHICTb 3aNeXHOCTi MiXX MEBHUMU Na-
pamMu eneMeHTiB Yy BCiX TpbOX pogoBuiax. Buxoasun 3
LbOro, MoOXHa BUAINUTA TPY TPynu:

1. Mapu enemeHTIB, WO XapakTepuayTbCs AOCUTb CTiln-
kum 3B'a3kom: Y-Yb, Be-Y, Be-Yb, Be-Mo, Mo-Yb, V-Zr.

2. MNapa enemeHTIB, L0 XapaKkTepn3yloTbCa MEHLU CTil-
KuMm 3B'A3kom: Be-Ni, Be-Zr, Be-V, Mo-Y, Mo-Ni, V-Yb.

3. Mapn enemeHTiB, L0 XapakTepusyrTbCA HECTINKNM
3B'a3koM: Mo-Zr, Cu-Ni, Cu-Y, Yb-Zr, Yb-Ni.
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OcobHsikoM cToiTh Ga, BMICT SKOro B 3051ax BYrinns He
KOpEreTbCA i3 BMICTOM XOAHOMO 3 MiKpOeneMeHTIB.

TakuMm 4YuMHOM, MeToaM KOopensAuiMHOro aHanisy ganu
3MOry JOCUTb TOYHO 06'EKTMBHO BCTAHOBUTU KOMMIIEKC MiK-
poeneMeHTIB, Lo CNiflbHO HakonuyyloTbesa y Byrinni: Be-Mo-
Y-Yb, Zr-V.

LlikaBo Big3Ha4MTW, WO OTPUMAHI AaHi NPO CUHXPOHHICTb
HaKOMUYEHHS OesKNX MIKpoeneMeHTiB obpe y3roaxyTbes
3 psIAOM reoXiMiYHOIT PyXJIMBOCTi B MPOLECi BYTMeYyTBOPEHHS:
Ge-Be-Mo-La-Y-Sc-Co-Ni-Sn-Zr-V-Zn-Cr-Ga-Pb.

Y ubOMy psfy eneMeHTH, Lo CTOoSATb 3MiBa, € BinbLy ak-
TUBHUMW Ta 3B'A3YIOTLCA NEPEBAXHO 3 OPraHiYHOK YacTu-
HOO BYriNns.

[unckycis i BUCHOBKMU

3akapnatTs, SK O4WH i3 perioHiB YKpaiHu, BijoMuin CBo-
MM noknagamu Gyporo BYrinns, WO MICTATb PiAKICHI Me-
Tanu, NpMBepTaE yBary HayKoBLiB [0 BMBYEHHSA MpOLECIB
IXHBOro hopMyBaHHS Ta po3noginy.

OTpumaHi peaynbTaTi cBigyaTb Npo Te, Wo 6YpoBYriNnbHI
nnactu 3akapnatta 36araqyloTbCs pigKicCHUMK Ta pigkose-
MernbHUMKU MeTanamu, TakuMmu SK repmaHin, iHgin, ranini
CTPOHLUN, ckaHngin, iTpi, iTepbii, naHTaH nig BNAVBOM Kinb-
KOX dpakTopiB:

1. TigpoTepmankHi npouecun: 3akapnaTTa Ma€e akTUBHY
reoTEeKTOHIYHY iCTOpIitlo, fka cnpusna uupkynauii rigpoTep-
ManbHUX PO34MHIB Yepe3 0cafoBi NOpoaw, WO NpUBENo A0
36arayeHHs pigkicHUMK MeTanamu.

2. MNocTocanosi 3miHW: opraHiyHa peyoBuHa Byporo By-
rinnst MoXe NornvMHaTh i HakonMyyBaTK MeTanu nig vac gia-
reHesy Ta kaTareHesy.

3. BmicHi nopoau: NpuCYTHICTb BYNKAHOreHHUX nopig y
perioHi € JoOaTKOBMM JXXeperioM pifgKiCHMX MeTanis.

JocnimkeHHs reoximii Oyporo Byrinns Takox cBigyaTb
npo CYTTEBWI BMNIUB NTOKaNbHUX TEKTOHIYHUX CTPYKTYp. Po-
3yMiHHSI reHe3ncy Ta reoXiMiYHuMx ocobnmBoCTel pigKicHO-
MeTarniyHoro 3pyaeHiHHa y OGypomy Byrinni 3akapnatTts €
Krno4oBUM Ansi ehEKTUBHOIO BUKOPUCTAHHS LUX PECYPCIB.

MopanbLui gocnigXeHHs B Ui ranysi CnpusaTMMYyTb po3-
pobui HoBMX MeToAiB BUOOOYTKY Ta mepepobku, a Takox
rMMBLIOMY PO3YMiHHIO reonoriYHMX MpoLeciB, WO NpUBO-
OATb A0 (bopMyBaHHS Takux YHiKanbHUX NOKnagis.

KomnnekcHun nigxig, Wwo BKOYae reoxiMivyHum, MiHepa-
NOFYHNIA, EKONOFYHNIA Ta EKOHOMIYHMIA aHani3n, 4acTb 3MOory
He nuLle 3po3yMiTU MeXaHi3u 3pyAeHiHHs, ane 1N ouiHUTK ne-
PCMEKTUBM BUKOPUCTaHHS LIMX PECYPCIB Y ManbyTHLOMY.

BHecok aBTopiB: Mwukona Bypnyubkuii — KoHUenTyanisauis,
hOpMyntoBaHHS igei i BU3HaYeHHs HaCTyMHWX 3aBAaHb AOCHIAKEHb,
METOLOMOris, HanMucaHHs (opuriHanmbHa JepHeTKa, nepernsag i
penaryBaHHsl); CraHicnaB JIMTBUHIOK — Banigauis OaHux, KiHUueBa
obpobka MaTepianis, HanncaHHs (Nepernsg i pegaryBaHHs).
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GENESIS AND GEOCHEMICAL FEATURES OF
RARE METAL MINERALIZATION IN THE BROWN COAL OF TRANSCARPATHIA

Background. OnJanuary 17, 2025, Law of Ukraine No 4154-IX "On Amendments to Certain Legislative Acts of Ukraine Regarding Updating
the State Program for the Development of Mineral and Raw Materials Base of Ukraine for the Period Until 2030 and Regulation of Certain issues
Regarding Minerals and Components of Strategic and Critical importance”, amending the Code of Ukraine on Subsoil and the National Program for
the Development of the Mineral and Raw materials Base of Ukraine for the Period Until 2030 was passed.

Current research is aimed at the complex study of coal deposits development with extraction of associated minerals and components. In addition,
the possibility of obtaining rare earth and other valuable components from brown coal and stockpiles is being considered.

Transcarpathia, as one of the regions of Ukraine, known for its deposits of brown coal, which contain rare metals and rare earth elements, attracts

attention of scientists.

Meth ods. The research on the genesis of rare metal mineralization, analysis of the influence of volcanic and hydrothermal processes on the

formation of brown coal and rare metal mineralization is focused on:

 analytical methods: use of modern analytical methods, such as inductively coupled plasma mass spectrometry (ICP-MS), to determine the

concentration of rare metals;

ISSN 1728-3817
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* modeling processes: development of models to describe the behavior of rare metals during carbonization and the influence of various factors
on their distribution;

* economic a 1t: assessmer 1t of the potential of the extraction of rare metals from brown coal as an additional reservoir of valuable
elements.

It should be noted that rare metal mineralization in brown coal is an important object of investigation due to its economic significance and unique
geochemical characteristics.

During the period of field work, the Transcarpathian Geological Survey Party of the Institute of Mineral Resources selected and analyzed >3000
samples of brown coal and carbonaceous sedimentary materials and volcanic rocks. What is important is the number of samples collected from core
material (Began, Berezinka, Rokosovo, Novoselytsya, Kriva), as well as from Girnichy extractions (linytsia - mine No. 33, Gorbki — mine No. 29-bis).

Based on the results of various analyses, it was established that some rare and rare earth metals are associated with organic parts of coal, some
are concentrated in the ash part and thereby enrich terrigenous material with microelements, which gradually become present in brown coal.

Results. The clear and simple differences in the storage of microelements, as established by analyses, are determined by the specificity of
volcanic and hydrothermal activity in various regions of Transcarpathia, and by the peculiarities of paleogeographic formation of coal deposits.

The study of the forms of accumulation of microelements in brown coal is of great importance not only for the development of certain genesis,
but also allows us to assess the prospects of brown coal for its industrial value.

Recently, a number of methods of mathematical statistics, including coefficients of rank correlation, have been able to identify a number of elements, the
accumulation of which is generated synchronously, which opens up new prospects for a complex history of Transparpathian brown coal.

The combination of microelements in brown coal and clarke in the earth's crust clearly indicates the role of organic matter in concentrating rare
metals and rare earth elements.

Conclusions. The results show that the brown coal seams of Transcarpathia are rich in rare and rare earth metals such as germanium,
indium, gallium, strontium, scandium, nitrium, terbium, lanthanum under the influence of several factors:

1. Hydrothermal processes: Transcarpathia has an active geotectonic history, which resulted from the circulation of hydrothermal vents through
sedimentary rocks, which led to the enrichment by rare metals.

2. Post-sedimentary changes: Organic brown coal deposits can become clayey and accumulate metals during diagenesis and catagenesis.

3. Local rocks: The presence of volcanic rocks in the region is an additional source of rare metals.

Investigations into the geochemistry of brown coal also indicate the ongoing influence of local tectonic structures.

The understanding of the genesis and geochemical features of rare metal mineralization in the brown coal of Transcarpathia is the key for the
effective development of these resources.

Further study will involve the development of new methods of extraction and processing, as well as the deeper understanding of geological
processes that lead to the formation of such unique deposits.

A comprehensive approach, including geochemical, mineralogical, ecological, and economic analyses, will allow not only understanding the
mechanisms of mineralization, but also assessing the prospects for using these resources in the future.

Keywords: critical mineral ore, germanium, drilling and coal deposits, rare earth and rare metals, volcanic and hydrothermal activity.

ABTOpPM 3asBMSIOTL NPO BiACYTHICTL KOHMNIKTY iHTepeciB. CnoHcopu He Bpanu yyacTi B po3pobrieHHi gocnimkeHHs; y 36opi, aHanisi um
iHTepnpeTauii AaHWX; Y HanMCaHHI pyKonucy; B pilleHHi Npo nybnikauito pe3ynbTaris.
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NMEPCNEKTUBU 3BJ1IbLIEHHA PECYPCHOIO NOTEHUIANY
MIHEPAJIbHUX PAOOHOBUX BO[, Y BIHHULIbKIX OBNACTI

(MpedcmaeneHo YneHom pedakyiliHol konezii 3-pom 2eon. Hayk, npog. O.€. Kownsikoeum)

B cTyn. lMepcnekmusu 36inbweHHs1 MiHepasibHO-CUPOBUHHOI 6a3u YKkpaiHu € OOHier0 3 OCHOBHUX cmpamegili po38UMKy Hawoil
KpaiHu sik cb0200Hi, makK i 8 MT080€HHULl nepiood.

IMumanHs 36inbweHHs KinbKocmi 3a2anbHUX 3ameepodXeHuUX 3arnacie MiHepasbHUX padoHO8UX 800 3a paxyHOK 8i0Kpummsi Hoeux
podoesuw, cbo200HiI, Yepe3 8UCOKY 8apmicmb, NIPaKMUYHO He po3anssdaembcs. [[pome demarnbHull aHai3 3 Memor MOX/ueo2o0 36inb-
WweHHs eKcnlyamauiliHux 3anacie Ha 6a3i exe po3eidaHux podosuuy — € docums NepPcrneKmMuUeHuUM.

HaHa po6oma nidnadae nid odHy i3 ckradoeux nnaHy 0ocsi2HeHHS CiflbHO20 Kpauw,020 MalibymHb0o20, yxeasieHo20 4YneHamu Opaa-
Hi3auii 06'edHaHux Hauil y 2015 p. (17 yineli cmanozo po3eumky). Mamepian, suknadeHuli y cmammi, eioHocumscsi 3o 3 nyHKkmy, a
came — 3abe3neyeHHs1 300PO8020 CrIOCO6Y Kummsi ma CripusiHHs 6s1a20mnos1yy4to Onsi ecix y 6ydb-sikomy eiui.

PadoHoei MiHepanbHi 800U € 6anbHeo102iYHUMU NiO3eMHUMU 800amu, W0 Maroms JliKyeasbHi eflacmueocmi npu eHympiluHLoOMy
4Yu 308HIWHBLOMY 3acmocyeaHHi. Baxnueum ¢hakmopom nid Yac ekcrimyamauii makux niézeMHux eod € ix eidnoeidHicmb KOHOUYisIM,
mo6mo ecmaHoeJIeHUM 2paHU4YHO dornycmumum KoHUeHmpauisim (Gani— IOK), siki € YUHHUMU Ha CbO200Hi.

B pi3Hi nepiodu Yacy e mexax BiHHuUUybkoi o6nacmi nposodunuck pi3Hi cmadii po3eidku podosuwy MiHepanbHUX padoHosux 800 —
8i0 nowykosux pobim do demarnbHoi po3eidku. Tomy OemanbHutli aHani3 diegux podosuuy, OUiHKa rMepcreKkmus ix po3wupeHHs 4u 36i-
JIbUWEHHS1 eKcriilyamayiliHux 3arnacie, auU3Ha4eHHs1 PecypCcHO20 romeHyiasny ycmaHos, siKi cneyianizyrombcsi Ha 8u0o6ymKy padoHo8ux
nid3eMHux 00 €, Ha OYMKy asmopie, 8a/1u8UM 3a80aHHSIM.

M e T o A u. [aHe docnidxeHHs1 NpoeedeHO Ha nidcmaei demanbHO20 aHanisy ¢hoHdosuUX Mamepiasiie ma NopieHAHHA ¢hakmMuYHUX
pe3ynbmamie emicmy padoHosux MiHepasibHUx 800 pi3HuUX podosuwy y Mexax BiHHuubkol o6nacmi.

Pe3ynbTaTtun. 3aedsku npoeedeHum GOCIiOXKEeHHsIM ecmaHoesieHo, Wo 8 Mexax KypopmHoi dinsiHku, sika po3mawoeaHa e
M. Hemupie, e nomenuian Ao 36inbweHHs1 ekcrutyamauiliHux 3anacie MiHepanbHuUx padoHoeux eod. [JaHe meepdxeHHs1 6a3yembcsi Ha
aHanisi 0aHux nonepedHwoi (1985 p.) ma demasibHOT (2004 p.) PO368i0OK.

B v c HoBKWU. [JocnidxeHHs1 Noka3anu, wio 36inbweHHs1 ekcrnslyamayiliHux 3anacie miHepasbHuUx paGoHo8ux 800 MOXJIuee 3a pa-
XyHOK Heditoyoi (Ha cb0200HI) ekcrityamayitliHoi ceepdnosuxu Ne 6-P. I1id yac demanbHoi oyiHKu ekcrilyamauyiliHux 3anacie ceepdso-
GUHY 6UKITIOYUIIU 3 NiOPaxyHKy 3arnacie yepes nepesuweHHs1 emicmy Himpamie (>65 m2/0m°) 32i0Ho 3 anyzeeum cmaHOapmom YKpaiHu
(F'CTY) 42.10-02-96 "Bodu miHeparnbHi nikysanbHi. TexHiyHi ymoeu". [fpome nidsuwieHuti emicm Himpamis, HaregHo, He € pe3ybmarom
3abpydHeHHs Yinb08020 800OHOCHO20 20PU30HMY, a € weuduwe Hacnidkom padionizy eodu. binbw demanbHi docnidxeHHs yiei Npo-
6nemu moanu 6 npueecmu 0o yOOCKOHaNeHHs1 YUHHUX HOpMamueHuUXx eaumo2 00 MiHepasbHUX 800, siKi 8UKOPUCIMOBYHOMbCSI came O

308HiWHBLO2O 3acmocyeaHHs.

Knw4yoBi cnoBa: padoH, MiHepanbHi padoHoei nid3eMHi eodu, podosuuje, 3anacu, sskicmb ni03eMHuUX 600.

Betyn

3a pokn HesanexHocTi B Mexax BiHHuMUbKOI obnacTi,
ctaHom Ha 01.01.2025 p. po3BigaHo Kinbka pogoBuLL, pago-
HOBMX MiHepanbHNX BOA, A€ MiATBEPMAXEHO nNapameTpu
NOCTINHMX KOHAMLIM | BOAW BigNOBiAalTb Cy4aCcHUM HopMa-
TUBHUM [0OKyMeHTaM. Hwx4ye HaBeneHO KOpOTKMM aHanis
LX poaoBuLL,.

1. B. lNoronnHa "MNpeaBapuTtenbHas passefka MuHepa-
NbHbIX PadoOHOBbLIX BOA4 Ha YrpuUHOBCKOM y4dacTke XMmenb-
HMKCKOro mectopoxaeHus 3a 1990-1993 rr. (XMenbHMKCK1I
p-H BuHHMLKOM obnacTn)." Kuis 1994 p.

2. M. MintoxiH, A. LepemeTa "3BiT Npo pesynbratu ge-
TanbHOI PO3BiAKU 3 NiApaxyHKOM eKcnnyaTauiliHUX 3anacis
MiHepanbHUX pagoHoBMX Bog HemupiBcbkoro poposuLla
(canatopini "ABaHrapa") BiHHUUBKOT obnacTi, npoBeaeHoi B
1997-2002 p.p." 2005 p.

3. M. NNaweHko "leonoro-ekoHoMiYHa oujiHka OCTpiBHOI
AiNsHKM XMiNbHULBKOro poAaoBuLLa MiHEepanbHUX pagoHO-
Bux Bog, 2005-2007 p.p." 2005 p.

4. 1. Wym "leonoro-eKkoHOMIYHA nepeoLiHka ekcnryaTa-
LiMHWMX 3anaciB Nig3eMHUX MiHepanbHUX pagoHoBux Bog o-
nopkiscbkoi AinsHkM (cB. NeNe 1981-1, 1983) ta ainsHkn
KypopTHa (cB. NeNe 5-pk, 8-pk, 18-pk) XMinbHMLBKOTO pofo-
BMLA Yy M. XMinbHUK BiHHMUBKOT obnacTi”.
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Cnig 3a3HauMTW, WO Ha CbOrodHi B Mexax YkpaiHu gie
FCTY 42.10-02-96 "Bogn MiHepanbHi nikyBanbHi. TexHivHi
ymoBK". [JO NPUAHATTSA LIbOro JOKYMEHTY BMICT pafoHy BUMI-
ptoBaBcs y HKu/am3, Bxe nicna 1996 p. — y Br/am3. 3rigHo i3
umm FCTY MiHepanbHMMM palOHOBUMUN BOAAMW BBaXatoTbCs
Ti, AIKi MaKOTb BMICT paaoHy, BULLWK 3a 185 Br/ame.

Mema. TlepcnektvBn  30inNblUEHHS  MiHepanbHo-
CMPOBUWHHOI 6a3u kpaiHW B NICNABOEHHWIA Nepiog € OAHiEt i3
KMIO4OBMX CTpaTerit pO3BUTKY €KOHOMIKM Ta couianbHOi iH-
dpacTpykTypu Ykpainu. Tak, MiHepanbHi pagoHoOBi BOOMU, LLO
MaloTb YHiKanbHi nikyBanbHi BNAcTMBOCTI, MOXYTb MOCICTU
OofOHe 3 KM4YOoBUX Miclb y peabiniTauii BiiCbKOBMX Ta LMBI-
NBHOrO HacereHHsi, PO3BUTKY KypOpPTHOI cchepu Ta BNpoBa-
[KeHHs1 6anbHeonoriYHOro MeANYHOTO TYPU3MY.

Mpotsirom XX—XXI cT. Ha TepuTopii BiHHMUbLKOT obnacTi
NpoBOAMMMCL  MOLUYKOBi  reornoropossigyBanbHi  gocni-
[PKEHHS 3 BUSIBINIEHHS Ta BUBYEHHS MiHEPaNbHNX PaJOHOBUX
BoA. lNMpoTe ui gocnigaXeHHs Ta YNHHA HOPMaTUBHO-NPaBOBa
6asa YkpaiHM He BpPaxoBYIOTb Cy4YaCHUX KpUTEPIiB OLHKM
AKOCTI MiA3€eMHMX BOZ, Ta NEPCNEKTUB NOAANbLIOTO BUKOPU-
CTaHHSA Takux BOA BracHe Ansi 30BHiLLUHbOIO 3aCTOCYBaHHS.
Tak, 0OQHVM 3 BaXXNUBKX, ane HeAoCTaTHbO BUBYEHUM 3anu-
LWaeTbCA NUTaHHS QOPMYBaHHA Ta TpaHcdopmadil Ximiy-
HOro cknagy pagoHOBMX BOA Y Npoueci ekcnnyaTtadii, Bnnve

© LWapikoB Ceprin, Yomko Amutpo, 2025



FEONOTISA. 2(109)/2025

~ 83 ~

NPUPOAHNX Ta @HTPOMOTEHHUX YMHHWKIB HA 3MiHY AKICHUX
NMOKa3HWKIB i, IK HAcmniaokK, 30iNbLUEHHSA peCypCHOro NOTEHLi-
any AieBnx poAoBuLL, i3 MOXITUBICTIO iX PO3LLMPEHHS.

ToX BUBYEHHS! MUTaHb CUCTEMHOTO aHani3y CTaHy, MoTeHL-
any Ta AMHamik1n MiHeparnbHUX pagoHoBMX Bog BiHHMLBKOT 00-
nacti gk yactuHu [MiBHiYHO-3axigHoro perioHy YkpaiHCbKoro
KpUCTaniyHoro wuta 3 MeTor 36epexeHHs!, 36inbLueHHst Ta
6e3MneYHOro BUKOPUCTaHHS € akTyanbHO Npobrnemoto.

O2ns0 nimepamypu. Y ctaTTi, ony6nikoBaHii B
"International  Journal of Environmental Analytical
Chemistry" (Seid, Turhan, Bakir, & Kurnaz, 2023), aHanisy-
HOTbCSA KOMMNIEKCHI XiMiYHi aHaniavn npob 6yTunbLoBaHoi Boau
Ha BMICT pagoHy. 3aranom 6yno npoaHaniaoBaHo 49 3paskis
MiHepanbHoi 6yTunbLoBaHOi BoAM Bif, 22 GpeHAiB, siki npoaa-
10TbCsl B TypeuunHi. BctaHoBneHo, Lo BMICT pagoHy B LiMX
npobBax KonueaeTbca B Mexax 30,6—57,6 mbk/am?, i3 cepe-
OHIM 3HauyeHHsaM 43,1+6,1 mBk/am3.

[onaTtkoBO NPOBOANNUCE BUMIPHOBAHHS NOKasHuKiB pH,
COITOHOCTI Ta 3aranbHoi KinbKOCTi PO3YMHEHWX TBEPAUX pe-
YoBWH. 3a pe3yrnbTaTamu LbOro OCNiAKEHHS BCTAHOBIEHO,
WO BCi OTPMMaHi 3HAYeHHS — Yy MeXax pPeKOMEeHAOBaHUX
HopM BcecBiTHBOT opraHisauii 0XopoHun 300poB's Ta €Bpo-
nericbkoro Coro3y Ans nuTHOI Boaw, i 6GyTunsoBaHa BoAaa,
Lo gocnigxyBanacb, He CTaHOBUTb PU3WKY ANS XUTTA Ta
3[0POB'st HACENEHHS.

KomnneKkcHi JoCnimKeHHs Woa0 pexMMHUX crioctepe-
)KEHb 33 BMiICTOM pafioHy y MUTHMX BOgax NPOBOAsTh i B Yk-
paiHi. Tak, y ctatti BysuHHoro Tta MwuxannoBoi (2022)
npeacTaBneHo pe3ynbTaTy MOHITOPMHIOBMX OOCNIAKEHD 3a
20-piuHniA nepio WOAO0 KOHUEHTpaUin pagoHy-222 y NMUTHIN
BoAi YkpaiHu 3a nepiog 3 2003 no 2021 p. 3aranom npoaHa-
nizoBaHo 1228 3pa3kiB BoAw i3 cBepANOBUH Y 23 obnacTsx
YkpaiHu. Y pesynbTarti uMx AocnigkeHb BCTAHOBMNEHO, LWO B
11 % 3paskiB BMIiCT pagoHy-222 nepesuLLy€E BCTaHOBMNEHY
AepXaBHy Ta EBPONECbKY HOPMY AN MMTHOI BOAM, SKa CTa-
HoBuTb 100 Br/AMmS.

HamBuLi KoHUeHTpauii BMICTy pagoHy-222 BUSIBNEHO B
perioHax, posTalloBaHUX Ha YKpaiHCbKOMY KpuUcTaniyHoMy
wunTi, 3okpema B KuiBcbkini, XKutommpcebkin, Yepkacbkin Ta
BiHHMUBKI obnacTax. Cnifg Big3Ha4MTy, WO came B Linx 06-
nacTtax posTawoBaHi Hanbinbl BigOMI pogoBuLla MiHepa-
NbHUX PagoHOBUX BOA,.

ABTOpW CTaTTi HAronoOLWYyTb HA HeobXigHOCTI AeTarnb-
HOrO BUBYEHHS PadioakTMBHOCTI NiA3€MHUX BOA Y LMX peri-
OHax Ta BMPOBaIXEHHs 3axoAiB AN MOKPaLLEHHS
pagiauinHoi 6e3neku NUTHOI Boan. TakoX NigKPECNOETLCS
BaXMNMBICTb PO3LUMPEHHS MOHITOPUHIY Ha iHWIi Hegocni-
OXeHi (ManogocnimxkeHi) mxepena BogonoctavyaHHs Ang mi-
Himi3auil pagiauiiHOro BNNMBY Ha HaceneHHs.

Y cratTi Hikinenosoi, Kncunescbkoi Ta Conogosoi (2010)
HaBedeHO aHamni3 Cy4acHOro CTaHy HOPMaTUBHO-MPaBOBOI
6asn YkpaiHn Wwopo MiHepanbHUX BOA, Ta 3anporioHOBaHO
Lwnsaxu ii BoockoHaneHHs. Ocobnuey yBary aBTopu Npuainumnm
came po3pobui ririeHiYHMX HOpM i HopMaTKBiB, siki 6 BignoBi-
Janu MbkHapoOHUM Ta €BPOMNEVCbKMM CTaHgapTam 3 ypaxy-
BaHHSIM HaLliOHarnbHMX 0COBNMBOCTEMN.

ABTOpPM 3a3HayatoTb, O Ha CbOroAHi B YKpaiHi Aianu
ctaHgaptv [epxaBHun ctaHgapT Ykpainm (OCTY) 878-93
"Boou MiHepanbHi nuTHI. TexHiuHi ymosn" ta MCTY 42.10-
02-96 "Boan miHepanbHi nikyBanbHi. TexHi4Hi ymoBu", sKi
perynoBanu BUMoru 4o pacoBaHux MiHepanbHWX Bog, Ta fi-
KyBanbHUX BOA, LLO BMKOPUCTOBYIOTLCSI B CAHATOPHO-KypO-
PTHIN NpakTuLi NpU 30BHILLHLOMY 3aCTOCYBaHHI BignoBigHO.
OpHak Ui cTaHgapTu NnoTpebyoTh OHOBMNEHHS BiAMOBIAHO 4O
MiXXHapOOHUX BUMOT.

BigsHavaeTbCs, WO NepLIMM KPOKOM Y BUPILLEHHI LibOro
nuTaHHA mMae ByTn po3pobka Ta 3aTBEePAXKEHHS TirEHIYHUX
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HOpMaTuBiB, SKi BU3HAYalTb nNapameTpu Ge3neyHocTi Ta
SAKOCTi MiHepanbHUX BoA. Taki HopMaTuBM MakTb CTaTu OC-
HOBOI AN CTBOPEHHS HOBWX CaHITAPHO-TirieHiYHUX BUMOT
[0 MiHepanbHUX BOA Ta NIAMNPUMEMCTB, LLO 3anMaloTbCs iX
BMPOBHWLTBOM, chacyBaHHSIM, BUKOPUCTaHHAM Y TikyBanbHUX
Linsx npu BHYTPILUHbOMY Ta 30BHILUHBOMY 3aCTOCYBaHHI.
Po3pobka Takux HOpMaTuBIB CNpUATUME MiOBULLEHHIO Hafjn-
HOCTi OLiHKM MOTEHUNHNX PU3UKIB NS 340POB'S HACENEHHSsI
Ta 3abesneyeHHI0 BIANOBIAHOCTI YKPAiHCLKUX CTaHAapTiB
[0 MKHapOOHUX.

ABTOpPW CTaTTi TAKOX MOPYLUYIOTb MUTAHHS LLOAO BMPO-
BaPKEHHS HOBMX pedakLin HauioHanbHUX CTaHgapTiB Ha ni-
KyBanbHi Bogu, Wwo 6yayTb BpaxoByBaTW B Cy4acHi HayKOBi
[OCSITHEHHSI Ta NpaKkTUYHWUIA Aocsia. Lle no3sonuTs 3abesne-
YNTU BUCOKMI PiBEHb KOHTPOJHO SIKOCTi Ta 6€3neYHOCTi MiHe-
panbHUX BOA, O BUKOPUCTOBYIOTLCS.

Y BMCHOBKax aBTOpW 3BITY BiA3Ha4aloTb NPO HEOOXIAHICTb
npoBedeHHs pedopM LWOAO BAOCKOHAINEHHsT HOPMAaTUBHO-
npaBoBoi 6a3un YkpaiHu y copepi MiHepanbHNX BOA, LLO € BaX-
NIMBUM KPOKOM NSt iHTerpauii BITYN3HSHUX CTaHOapTiB 40 MiK-
HapOAHOro NPaBOBOro MoJsisi Ta 3abe3neyYeHHs1 BUCOKOI SIKOCTi
Ta 6e3neyHOCTi MiHepanbHUX Bog, Ars CNOXUBaYiB.

PesynbTaTtn

3rigHo 3 N'CTY 42.10-02-96 "Boamn MiHepanbHi nikyBanbHi.
TexHiyHi ymoBmn" AK TOKCUYHNX KOMMOHEHTIB MiKyBanbHUX Mi-
HepanbHUX BOA LLOAO KOHLUEHTpaUii BMicTy HiTpaTiB (Mo NO3Y)
mae 6yTu He GinbLu sik 50 mr/ams. MpoTe gaHe TBepmkeHHs 6a-
3yBarnocb Ha 3abpydHEHHI LiNbOBMX BOAOHOCHMX FOPU3OHTIB
nig BMMMBOM CiNlbCbKOrOCNoAapCbKoi OisnbHOCTI, NobyToBMX
CTiYHUX BOA, BiOxoniB TBapMHHMLUTBA — TOGTO Mae MicLe SIBHO
BMPaXXEHU aHTPOMNOreHHW BNMAYB Ha nig3emMHi Bogu. Tak, nig
yac gertanbHoi po3Bifkv OCTpIBHOI AiNsiHKU XMifbHULIBKOrO po-
Josuwa MiHepanbHUX pagoHoBux Bog 6yno 3adpikcoBaHo nia-
BULLIEHWIA BMICT HiTpaTie o 150 mr/ams.

MpoTe aHTponoreHHUn hakTop A58 PpOoAOBMIL, MiHEparb-
HUX pagoHOBUX BOA He € 6asoBmM. Ha pogoBuwiax miHepa-
NbHUX  pagoHOBUX BO4 MoXe BigbyBaTucs  gesika
mMeTamopdisauisi XimiyHoro cknagy crnabomiHepanizoBaHux
rigpokapboHaTHMX KanbLieBMX BOA, @ TaKOX PO3YMHEHUX Y
BOAi rasiB 3aBAsKy NpoayKTam pagionisy Boau.

PosunHeHi y BoAi rasu nig BNNMBOM BUNPOMIHIOBaHHS ne-
pexoasTb y 3B'A3aHUI CTaH, HanpuKnag iHepTHUIA a3oT nepe-
TBOPIETLCH HA aMOHIMHWA, HITPUTHUW Ta HITPATHUN iOHW.
Pagioni3 ninsemHux Bog, 3yMOBIEHWIN BUAINEHHSIM €Heprii B
pagiauiitHoMmy noni 3emni, BUKIUKaE reHepyBaHHS KUCHIO Ta
YTBOPEHHS BOAHIO. Y Takux BUNagkax nigBULLLEHWUIA BMICT HIT-
paTiB y BoAi He Moxe BYTN NOKa3HMKOM iX 3abpyAHEHHS.

Tox npuBeAeHHs HOpMaTUMBHOI 6a3u [0 €AMHOro 3Ha-
YeHHs1 abo BHECEHHS NEBHUX KpUTEPIiB came AN pOAOBULL
MiHepanbHUX pagoHOBUX BOA € OAHUM i3 HEBUPILLEHNX Nn-
TaHb CbOrOAEHHS.

MpoTtarom 1997-2002 pp. npoBoavnu OeTarnbHy pPO3-
BiaKy pinsHku "KypopTHa" HeMupiBcbkoro pogoswmila (cBep-
anosuun Ne 5, 10-P) miHepanbHuX pafoHOBUX BOA, ANis
30BHILLHBOrO MikyBaHHs y HemMupiBcbkomy parnoHi BiHHWLb-
koi obnacrti (MintoxiH, & LepemeTta, 2005).

Hinanka "KypopTtHa" Hemupiscbkoro pogoswuiia, Brac-
HMKOM SKOro € 3akpuTe akuioHepHe ToBapucTBO "YKpnpo-
¢o3gopoBHMLA" (mani  3AT "Ykpnpodo3gopoBHuua")
poaTalloBaHe Ha NiBOeHHO-CXiaHINn okonuui M. Hemupis Bin-
HMLbKOT 06NnacTi, y napKoBil 30Hi caHaTopito "ABaHrapa”, Ha
nisomy 6epesi p. YcTa. 3rigHo 3 403BOMOM Ha KOPUCTYBaHHS
Hagpamu (NiLeH3iern — Ha MOMEHT OLjiHKM), POAOBUILLIE PO3K-
pute aBoma ceepgnosuHamm: Ne 5, 10-P.

Cnig 3ayBaxuTtu, WO Ha po3rnag [epxaBHoi KoMmicii Yk-
paiHM no 3anacax kopucHux konanuH (OK3) nogaBanuch
eKkcnnyaTauivHi 3anacu TakoX i no cBepanoBuHi Ne 6-P.
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B 1 C H U K KuiBcbkoro HauioHanbHoro yHisepcurety imeHi Tapaca LlleBueHka

MpoTe, 3Baxawun Ha MiABULLEHMA BMICT
(>65 mr/am®), ix BUKIMIOYEHO 3 MigpaxyHKy 3anacis.

3aranom y mexax pogosuLLa npobypeHo Ta AOCNIMKEHO
e ceepanosuHu, 3okpema Ne 6-P, aki B npoueci nonepea-
HbOI Ta geTasnbHOI PO3BiAKM BUSBMIMCL abo manogebit-
HUMM abo HEKOHAULUINHUMK  BiAMOBIAHO [0 YMHHOIO
3aKoHO4aBCTBa.

Memoduka nposedeHHsi pobim.

3rigHo 3 TEXHIYHUM 3aBOaHHAM Ta BigNoBiAHO 4O cTagin-
HOCTI NPOBEAEHHS reorioropo3sigyBanbHUX pobiT BUKOHAHO
Takui KOMNMEeKC pobiT Ha poaoBULL:

1. BuByeHHs, 36ip i aHani3 poHAoBUX MaTepianis.

Oanuii Bug pobiT € ayxe Baxnueum. akTnyHo Oyab-sika
reonioro-eKOHOMiYHa OLiHKa NMOYUMHAETLCS 3 BUBHEHHS (DOH-
OoBMX MaTtepianiB. ABTopu npoaHanisyBanu Asa 3BiTU:
LLIOAO nonepeaHbOoI PO3BiAKM Ta NOLWYKY MiHepanbHUX pago-
HOBMX BOA Yy MEXax pogoBsuLLa.

HopnaTtkoBo 6ynu 3i0paHo hakTUYHI AaHi, L0 CTOCYTLCS
PEXMMHUX CNOCTEPEXEHD (OaHi CTAaTUYHUX | AUHAMIYHMX pi-
BHIB, 3aranbHuii BOAOBIAGIp No poaoBMLLY), Ta BCi HAAABHI Xi-
MiYHi aHaniau npo6 BoaM 3 eKcnnyaTtauiliHUX CBEepAnOBUWH
Ne 5, 10-P Ta iHWKMX cBepAnOBUH POAOBULLA, SiKi HE YBINLLNK
00 nigpaxyHKy 3anacis.

2. CaHiTapHo-rigporeonoriyHe Ta ekonoriyHe obcTe-
XXEHHS panoHy poaoBMLLa.

B nepiog npoBeneHHsi nonboBux pobit y 1997-2002 pp.
BMKOHAHO OOCTEXEHHS! paloHy pOAOBULLA, @ CamMe B MeXxax
Il Ta lll 30H caHiTapHOi OXOpOHW. BCcTaHoBNEHO, WO rigpore-
OnoriyHa cuTyauis ekcnnyaTauinHux ceepanosuH Ne 5, 10-
P 3aranom nosuTtueHa.

3. Komnnekc peXXMMHUX CnocTepexXeHsb.

Ha 4ac npoBefgeHHs1 reonoro-eKOHOMIYHOI OLiHKW1 Crho-
CTEPEXEHHS 332 PEXMMOM MiA3EMHMX BOA HA POOOBMULLI Be-
NCb MOCTINHO (3aMipy CTaTUYHUX Ta AWHAMIYHWX PIBHIB,
KOHTpPOIb 3a BoAoBia6opom). [logaTkoBO Bigbvpanuch ximi-
YHi aHani3n Npob Boau Ha pi3Hi KOMMOHEHTU, @ 0COBNMBO Ha
pafoH. 3aranomM Ha MOCTiViHIN OCHOBI BUKOHYBaBCS TaKWi
KOMMJIEKC OOCiAXEHb:

e 3aMipy piBHIB MO BCiX BOA03abipHUX CBEPANIOBUHAX,
sKi nepebyBatoTb Ha H6anaHci caHaTopito "ABaHrapa” (MiHe-
panbHi pagoHOBI Ta rocnofgapcbKo-NUTHI NoTpebn);

* 3amipu OebiTiB CBEPANOBUH;

e KOHTPOIb 3a 3aranbHUM BoAoBIA60POM No poaoBuLLy;

e Biaobip nNpo6 BOAWM Ha CKOPOYEHWIA/MOBHUIN XiMIYHWUIA
aHanis, BU3Ha4eHHs1 Mikpob6ionoriyHMX OocnimpkeHb, BU3Ha-
YEHHs1 BMICTY pagoHy;

4. MNpoBeaeHHs gocnigHUX BigKayok.

OocnigHi po6oTn Ha pogoBuLLi NPoBOAUNK Yy ABa €Tanu:
nepwwuin — 1997-1998 pp. — gocnigHi NonLOBI rigporeonori-
YHi po6oTun; 1999 p. — nepue nipivyusa 2000 p. — kamepanbHi
poboTu; apyrun — 2000-2001 pp. — gocnigHi NonboBi rigpo-
reonoriyHi po6oTtu; 2002 p. — kameparnbHi poboTK.

Ha neplwomy eTani nposenu JocnigHi Bigkavku TpuBani-
cTio no 15 gi6 koxHa sk 3 ekcnnyaTauiiHux cBepanoBUH
Ne 5, 10-P, Tak i 3i cBepANOBWH, SIKi BUKOPUCTOBYIOTLCS 5K
rocrnoaapCbKO-MUTHI.

Ha gpyromy eTani nposenu Bxe AoChigHO-eKcrnyaTaviniy
Biakauyky no ceepgrosuHax Ne 5, 10-P i3 Bogosinbopom, Lo Bi-
ONoBigany NepcnexkTyBHiIN NoTpebi HaapokopucTyBaya.

HocnigHa Bigkadka i3 ceepgnosuHu Ne 10-P npoBoaum-
nacs B uinogo6osomy pexumi 3 aebitom 120 m3/a (5 m3/roa)
i TpmBana 20 gi6. CtatuyHum piBeHb carae 15,5 M, 3a 3a3Ha-
YeHoro AebiTy 3HWKeHHs piBHS cTaHoBMIO 14,0 M.

Mo ceepanosuHi Ne 5 nposoaunu ABi Bigkayku. [docni-
OHa Bigkayka i3 ceepgnosuHn Ne 5 BigbyBanack y uinogo-
Gosomy pexumi 3 gebitom 120 m3/g (5 m3/rog) i Tpusana

HiTpaTiB
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193 pobun. CtatnyHMm piBeHb carae 4,59 M, 3HUKEHHS pPiBHSA
cTaHoBMIo 23,8 M 3a 3a3Ha4yeHoro AediTy.

Opyra Bigkauka nposogunack 3 naebitom 40 m3/p
(5 m3/roa), npautosana no 8 roguH Ha o6y i Tpusana 30 ai6.
CtatnyHui piBeHb csraB 4,59 M, 3HWXKEHHS1 PiBHSI CTaHo-
Buno 23,8 M 3a 3a3HayveHoro Aebity.

OCHOBHOIO METOH MPOBEAEHHS AOCMIAHUX BiOKAYOK B
ekcnnyaTtauinHmx ceepgnosuHax Ne 5, 10-P ak B 3Buuan-
HOMY, TaK i B ekcnnyaTauinHOMy pexxumax 6yno Bu3Ha4yeHHs
PO3paxyHKOBMX FApOreosioriyHnx napaMeTpiB BOAOHOCHOIO
FOPU30HTY TPILLMHYBATOI 30HWM KpUCTaniyHux nopig Aokemo6-
pit0 Ta BCTAHOBIIEHHSA SIKICHMX MOKa3HMKIB Mig3eMHUX BOA.

HocnigHi BigKaykn NpoBOAMNMCH 3a 3aranbHOMPUNHSA-
TO MeToauKow. 3a iX pesdynbTaTamy BU3HAYUIIM OCHOBHI
riaporeonoriyHi napameTpu, a came BOAOMNPOBIAHICTb €KC-
nnyaTauinHux ceepanosuH (tabn. 1).

Ta6bnuys 1
Po3paxoBaHi AaHi BogonpoBigHOCTi N0 AOCNiAHUX BigKaykax
Ne cB-H BogonposigHicTb, M?/g
5 12,3
10-P 13,9
CepegHe 13,1

5. Komnnekc nabopaTtopHux JOCNIoKEHD.

[nsa Bu3Ha4yeHHs1 napameTpiB NOCTINHMX KOHAULIN y Npo-
ueci reonoropossigyBanbHmx pobiT BigibpaHo npobu Boau
Ha pi3Hi KOMMOHEHTW, OOO4ATKOBO MpOaHamni3oBaHO XiMiYHi
aHanisu, HagaHi 3aMoBHUKOM. 3aranom Yy 3BiTi npoaHaniso-
BaHO Npobu Boau 3a nepiog 1984-2001 pp., a came:

® MOBHMWI XiMiYHMI aHani3 — 132 npobu;

e BMICT pajiauinHux enemeHTiB — 126 npo0;

e MOMbOBI BU3HAYeHHs1 pagoHy — 505 npob;

e BMICT HiTpaTiB — 94 npobw;

e MOSbOBI BU3HAYEHHsI HiTpaTiB — 271 npoba.

leonoziyHa ma 2idpoeeornoziyHa 6ydoea podosuwia. Y
CTPYKTYPpi YKpaiHCbKOrO LWuTa panioH pobiT 3aiMae 3axigHy
okpaiHy [JHicTpoBcbKo-By3bkoro merabnoka B MicLi 34neHy-
BaHHA [Moginbcbkoro Ta CepeaHbobysbkoro Gnokie | no-
psaky. Mae TpusapycHy OyooBY: HWXHIA spyc cknageHuin
PaHHLOAOKEMOPINCLKUMN MeTaMopgiYHMMK Ta ynkTpame-
TamopivHMMN nopogamu, coopMOBaHUMM NPOTSTOM Kiflb-
KOX TEKTOHIYHMX LMKIIIB i 3@ pi3HUX TepMOAMHAMIYHNX YMOB.
Maiixe nosctogHo (3a BUHATKOM AINSHOK Y AONUHAX PivoK)
BiH NEPEKPUTMIA 0Ocagammn MOKPUBHOIO i YETBEPTUHHOIO SIpY-
ciB. MNOKPUBHMIN KOMMMEKC PasoM 3 MOBCIOAHO PO3BUHEHOIO
NAOLLMHHOK KOPOK BUBITPIOBAHHA Mae MOTYXHICTb A0 nep-
WNX OeCATKiB MeTpiB. [eHeTUYHO Le Ayxe pi3HOopigHi no-
poau — Bi4 KOHTMHEHTAINbHWUX MWH i NICKIB 4O MOPCBLKUX
BarHsKiB, WO PO3BWHYTI Ginblue Ha niBAeHHOMY 3axopi Te-
puTopii. YeTBepTuHHI Bigknagn npeacraeneHi cybaksanb-
HUMUK | NnecoBUMK chbaLlianbHUMK pisHoBMAaMU. PainoH pobiT
pO3TaLLlOBaHWUIA Y MeXax rMUOUHHOIo po3romy, Lo po3ginsie
CTPYKTYpHO-chopMaLliiHi 30HK (brioku | nopsiaky).

MeTamopdiuHi yTBOpeHHs npeacTaBneHi nopogamm ra-
CUMHCBKOro yrbTpaMeTamopiyHOro KOMMIeKcy, a came
nnariorpaHiTamu Ta nnariomirmatutamy GioTUTOBMMM.

KanHo30MCbLKi BigKknageHHA MakTb MPakKTUYHO MOBCHO-
[OHe MOoLWMpeHHs | NpeacTaBneHi BigknagamMmm HeoreHy i yet-
BEPTUHHOI CUCTEMM.

HemwupiBcbke pogoBuLLe MiHEpanbHUX PaoOHOBUX BOA Y
TEKTOHIYHOMY MnaHi Hanexutb 0o nepeTuHy MyxoBeLbko-
MoHacTtupeuboro Ta JlagmxmH-Bpaunascbkoro posnomis.
3a MexaMu TEKTOHIYHMX PO3MOMIB KpucTaniyHi nopoaun €
NpakTU4HO 0e3BOAHMMMU, HWDKYE 30H TPILUHYBATOCTI Cro-
CcTepiraetbCcs nepexia 40 MOHOMITHUX Nopig KpuctaniyHoro
dyHOAMEHTY.
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Hemupiscbke pogosule (ginsHka "KypopTtHa") poataluo-
BaHe B NiBOEHHO-3axigHi YaCTUHI raporeonoriyHoi NPoBiHLi
ckragyactoi obracTi  YKpaiHCbKOro KpWUCTarniyHoro Limta.
B mexax pogosuLya BUBYEH] Taki BOAOHOCHI FOPU3OHTH:

e y CyyacCHMX antoBianbHUX Bigknagax 3annas i OHULL
6anok;

e y cepeaHbO-BEPXHbOUYETBEPTUHHMX €0JI0BO-AENtoBia-
NbHUX Bigknagax (BoAoAinis i ix cxvnis);

e y Bigknagax 6anTcbKoi CBiTK;

o y TPILLUMHHUX 30HAX KpUCTanivYHMX nopig AoKkeMopito.

3Baxatoun Ha Ton akT, WO B MeXax pofoBULLLa eKCry-
aTauiiHUM € BOOOHOCHMWIN FOPU3OHT TPILLMHYBATO! 30HWN KpU-
cTaniyHux nopig [okembpilo, HWx4Ye HaBOAMMO Oro
OeTarnbHy XapakTepuCTUKY.

BodoHocHuti 2opu3oHm mpiujuHy8amoi 30HU Kpucmarii-
YHUX 1opi0 OoKemMOpiro PO3KPUTUIA eKcnnyaTauinHumMun ceep-
anosvHamn Ne 5, 10-P Ta MicTUTb nikyBarnbHi pagoHOBI
BOAM, AKi 3 1995 p. caHaTopin "ABaHrapa" BUKOPUCTOBYE ANst
nikyBarnbHWX NOTPE6 30BHILLHLOIO 3aCTOCYBaHHSI.

[ns pogosuLL, NOB'A3aHMX i3 nopogamu KpucTaniyHoro dy-
HOAMEHTY, BaXXIIMBE 3HaYEHHS Mae ix (Mopig) TPILLMHYBATICTb.
Y mexax ainsHky "KypopTHa" iHTeHCMBHA TPILLMHYBATICTb Kpu-
cTaniyHMX nopig reHeTUYHO Ta NPOCTOPOBO MOB'sI3aHa i3 30HOH0
MyxoBeubko-MoHacTMpeLBbKOro posnomy, Lo NepeTuHae po-
OOBMLLE 3 MIBHIYHOrO 3axoAy Ha NiBHIYHWI cxia. Tak, y 1984 p.
Ha cTagil monepeaHboi PO3BIOKM B Mexax po3romy 6yro npo-
OypeHo ceepanioBuHn Ne 7-P, 8-P, 11-P.

3a Mexxamu Liboro po3romy akTMBHa TPILLMHYBATICTb Pi3KO
3MEHLUYETbCH, LIO NiATBEPAXYETbCA Maike 6e3BoaAHUMMU
ceepanosuHamu Ne 9-P, 14, 15, wo npobypeHi Ha BiacTaHi
60-100 m Big MyxoBeLbko-MoHaCcTUpPeLbKOro po3nomy.

3asHaveHun akT CBigYNTL NPO BMCOKY aHi3oTponito di-
NbTPaUiNHNX BMACTUBOCTEN KpUCTaniyHMX nopig gokemopito
B Mexax pogoBuLla. AGCONIOTHI BiOMITKM CTaTUYHUX PiBHIB
nia3emMHnx Bog HemMmpiBcbKoOro poaosumLLa 3MiHIOKTBECH Bif
243,1 m (ceepgnoBuHa Ne 11-P, po3milieHa Ha niBHiYHOMY
cxopi) no 227,1 m (Ha niBgHi ceepanosuHa Ne 6-P). 3aranom
nig3emMHUA CTiK y NiBHIYHO-3axi4HiA Ta NiBHIYHIA YacTMHaX
KypopTHOI AinsiHKM cnpsMoBaHWI Ha NiIBAEHHWI CXid y Ha-
npsiIMKy Ao 30Hu MyxoBeLbko-MoHacTupeLbKkoro posnomy. |
HaBnaku, y NiBAeHHO-CXiAHIV Ta niBAeHHin YacTuHax Kypop-
THOI [OiNsiHKN BiH CNPAMOBAaHWUA Yy MNPOTUMEXHY CTOPOHY,
TOGTO Ha NiBHIYHMI CXig Ta NiBHIY — B HANPSAMKY 40 30HU My-
XOBeLbKO-MOoHaCcTUpeLIbKOro po3noMmy, a TakoX OO TEKTOHi-
YHoro "By3na" — nepetuH MyxoBeubko-MoHacTUpeLbKoro Ta
JTapgmxumH-BpaunaBcbKoro po3nomis.

Haibinblw Bogo3barayeHMMN € CBEPANOBUHU, PO3TaLLO-
BaHi B 30Hi BnnuBy MyxoBeLbko-MoHacTMpeLbKoro pos-
nomy. 3a Mmexamu posnomy ebitm cBepanioBMH CTAHOBNATL
meHwe 0,01 gmd/c.

Ha cTagii nonepegHboi po3eigku (1987 p.) nposogunuce
noiHTepBarnbHi BUNPobyBaHHA ekcnnyaTauiiHuX cBepaso-
BWH, WO cknanu B ocHoBHomy 10-30 m, pigwe 10-50 m ak-
TUBHOI TpiwmHyBaToCTi nopia. Tak, nig 4Yac npoBedeHHs
rpynoBoi gocnigHoi Bigkayku no cesepanosuHax Ne 6-P, 8-P
00 CMOCTepexHOi Mepexi goganu ceBepanoBuHyu Ne 9-P,
10-P, 11-P, 14. INMpwn gocarHeHHi makcumansHoro Aebity Ha
piBHi 408 M3/4 3HKEHHS PIBHS Y CNOCTEPEXHIUX CBEPASIOBU-
Hax He crocTepiranocb, TakoX NPOTAroM BCIiEl ekcnnyara-
UirHoi Bigkaykm (99 mib) 3HWXKeHHs piBHA He Oyno. Llen
aocnig 3avBuin pas NiATBepOXKYE TBEPOKEHHS Mpo Te, Lo
peXuM piBHIB MiA3eMHMX BOA MO BOOOHOCHOMY FOPU3OHTY
KpucTaniyHux nopig gokemopito GinbLUo Mipoto 3anexuTb
Bif, iHiNbTpaLii aTMocdepHUx onaais.

Ona niaTBepmKeHHs UbOro TBEPOKEHHS Ha Apyromy
etani gocnigHux pobiT npoBoaunu Bigkayky i3 CBepAnoBUHN
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Ne 5 npotarom 194 nobu, Ae Sk CnocTepexHi BMCTynanm
ceepanosuHn Ne 6-P, 8-P. Peakuii He BigGyBanocs.

BmicT pagoHy y Boai, a came Moro MakcMmarbHa KOHLEH-
TpaLis, cnocTepiraBcs y CBEpASIOBMHAX, PO3TALLOBAHMX Y 30Hi
caMme TeKkToHi4Horo "By3na". Lie ceepanosuHu Ne 6-P, 7-P. o
csepanoBuHi Ne 7-P 3a gaHumm nonepenHboi po3BigkM KOH-
LeHTpauis pagoHy ctaHosuna 60 HKu/om® (2220 Bk/om3).

BignogigHo 0o AeTanbHOi po3Bigkn BOAW Y BOOQOHOCHOMY
FOPU30OHTI JOKEMOPINCHKMX Nopig MOXHA BiAHECTU A0 OyXe
cnabopagoHoBux (BmicT pagoHy noHan 10 HKu/gm® a6o
370 Bk/am®), wo Hanexatb Ao Myxoselbko-MoHacTupeLb-
Koro Ta JlaguxunH-bpaunaBcbKoro po3nomis.

Mo3a mexamMu UMX PO3NOMIB Ta TEKTOHIYHOro "By3na",
cnaboTpilumHyBaTi OoKeMOpIACLKI Mopoau MICTATb NpakTu-
YHO npicHi BoAW, A€ BMICT padoHy CTaHOBUTb MeHLUe
5 HKu/gm® abo 185 Bk/am3.

Tak, KOHLeHTpaLia pagoHy y cBepanoBmHax Hemupisch-
koro pogosuwa (O YK "Nemiroff'), wo posTtawoBaHi Ha
npoTunexHomMmy 6oui p. Ycta, 3a gaHumm possigku 2012 p.
cTaHoBuUTb <1,0*10712 Br/am3.

Y ubOMYy X 3BiTi Binbmpanucb Npobu Ha BU3HAYEHHS BMi-
CTY HiTpaTiB i3 p. YCTs Ta 3 YeTBEPTUHHOIO BOAOHOCHOIO ro-
PU30HTY. BMicT HiTpaTie i3 kpuHuui ctaHoBue 14 mr/gmd,
p. Ycts — 0,6 mr/gm3. Buxogsaum 3 LUbOro MoxHa 3pobutu Bu-
CHOBOK, LLIO AXepeno 3abpyaHeHHs LinboBoro BO4OHOCHOMO
FOPU3OHTY TPILLMHYBATOI 30HU KpUCTariyHWX nopia Aokemo-
pito BiACYTHE i NiABULLEHNA BMICT HIiTpaTiB y CBEpANOBMHAX
ainadkn "KypopTHa" € Hacigkom pagionisy Boau.

SkicHa xapakmepucmuka OinsHku "KypopmHa" Hemupi-
8CbK020 podosula MiHeparbHUX padoHO8UX 800.

MiHepanbHi pagoHoBi Boau ainsHku "KypopTtHa" Hemumpi-
BCbKOro poposuia ceepanosunHamm Ne 5, 10-P poskpusatotb
BOLOHOCHWIA FOPU3OHT TPILLIMHYBATOI 30HU KpUCTaniyHmx no-
pig AokeMbpito Ta yHKUIOHYIOTb Ha TepuTopii caHaTopito
"ABaHrapg" 3 1992 p., BUKOPUCTOBYHTLCA B liKyBanbHil
NpakTuLi ANs 30BHILLUHBOrO 3aCTOCYBaHHS.

Mig3eMHi pagoHoBi BOAM B MeXax rigporeosoridyHoi npo-
BiHLiT YKpaiHCbKOro KpUCTanivyHoro wmTta reHeTUYHO Ta npo-
CTOPOBO MOB'A3aHi 3 TPILLUMHYBATUMM 30HAMU KpUCTaniyHmX
nopig nokem6pito. PagoHoBi BOAU B LIMX TPILLMHAX CTPOKATI
3a netporpaciyH1UM CKIagoM i Hanexarb 3a3Bu4an 4o rHen-
ciB, rpaHiTiB Ta ix MirMaTuTiB, rpaHOAIOPUTIB, YAPHOKITIB,
aM@iboniTiB Ta iHWKX Pi3HOBUAIB MarMaTUyHKX, yrbTpame-
TamopivHMX Ta MeTaMopdiYHUX Nopia.

3rigHo 3 [OoBigKOK MPO KOHAMLiT NapameTpyu MOCTiNHMX
KoHauuis ans ginaHky "KypopTtHa" Hemupiscbkoro pogosuiia
(cBepanosuHu Ne 5, 10-P) miHepanbHOT pagoHOBOT BOAM Taki:

® BOAM € rigpokapboHaTHi MarHieBo-HaTpieBi;

e 3aranbHa MiHepanisauis — go 1,0 r/am?;

e KOHLlEHTpaLis pagoHy y Boai — 185-740 Bk/ams;

e BMICT HiTpaTiB — 4o 65 mr/am3;

¢ 3HayeHHs pH 6,8-7,4 oa. pH;

e TemnepaTtypa Bog — Big 8 °C go 12,0 °C.

3a pesynbTaTtamv NPoBeAeHNX XiMiYHMUX AOCNifKEHb N0
cBepanoBuHi Ne 5 BcTtaHOBreHo, WO 3a cniBBigHOLEHHAM
OCHOBHMX aHIOHIB i KaTiOHIB Nig3eMHi BOAN BOAOHOCHOIO ro-
PW3OHTY TPILMHYBATOI 30HU KPUCTanNiYHMX Nopig AokeMopito
HanexaTb 00 cnabBomiHepanisosaHux (0,65-0,8 r/amd)
rigpokapboHaTHUX MarHieBo-kanbLieBUX, ayxe crnabopago-
HoBux (303,4-799,2 Br/amd).

3a pesynbTatamy NpoOBEAEHUX XIMIYHUX AOCHigKEeHb
no cesepanoBuHi Ne 10-P BcTaHOBneHo, WO 3a chiBBigHO-
LUEHHAM OCHOBHMUX aHIOHIB i KaTiOHIB NiA3eMHi BoAW BOAO-
HOCHOrO rOpPM30HTY TPIWMHYBaATOi 30HU KpUCTanivyHMX
nopig [okemo6pilo HanexaTb 00 crnabomiHepanisoBaHMX
(0,651-0,848 r/gm3) rigpokapboHaTHUX MarHieBo-
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KanbLieBumx, gyxe cnabopagoHoBux (225,7-662,3 bk/am3)
Ta cnabopagoHosux (802,9-943,5 Bk/am3).

B pesynbTati pagioxiMmiyHnx BunpobyBaHb BCTAHOBIEHO
BiAMNOBIAHICTb SIKOCTi BOAM MO NOKa3HWMKaXx LWoA0 napameTpis
KoHaumL,i.

Luckycin i BACHOBKM

3a pesynbratamm BMKOHAHMX EONOropo3sigyBanbHUX
pobiT Ha ainaHui "KypopTtHa" Hemupiscbkoro pogosuiia mi-
HepanbHWX pagoHoBUX BoA Y M. Hemupis, y panoHi BiHHK-
LbKOT 0bracTi, MoXxHa 3pobUTK Taki BUCHOBKMU.

BukoHaHO Komnnekc nabopaTtopHux rigpoxiMiyHnX goc-
nigkeHb 3 BUSBMNEHHA Ta BCTAHOBIIEHHS KOHAMLiINHOCTI
MiHepanbHUX pagoHoBuUX BoA AinaHku "KypopTHa" Hemu-
piBCbKOro pogoBsuLla. BMicT pagoHy y Boai no cBepanosu-
Hax Ne 5, 10-P ctaHoBuTb 185-740 Bk/amd.

B mexax pogosuia postawoBaHa ceepanosuHa Ne 6-P,
LoAo SKoi He MiATBEepAXyBanuCb napameTpu MOCTIMHUX
KOHOUUIN, a camMe — nepeBuLLEeHHA BMICTY HiTparTiB
(>65 mr/am®) srigHo 3 Bumoramu MCTY 42.10-02-96 "Boou
MiHepanbHi nikyBasnbHi. TexHiYHi ymoBKn".

3abpynHEHHA BOLAOHOCHOMO TFOPWU30HTY TPILLUMHYBATOl
30HM KpUCTaniyHux nopig AOoKeMOpito — HEe aHTPOMOreHHUM
UYMHHWK, @ pagionia Bogu. MNpoTe ue TBeEpOKEHHS NOTpebye
O0OaTKOBOrO BMBYEHHSI B MeXax pO3BigaHWX pOOOBMLL
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MiHepanbHUX Mig3eMHMX BoA, Ae 3adikCOBAHO MEPEBULLIEHHST
BMICTY HIiTpaTiB 3rigHO 3 HOpMaMmn YMHHOIO 3aKOHOOABCTBA.

Moxnvee gogaTkoBe 3pOCTaHHS KiNbKOCTI MiHEpanbHUX
pafioHOBWX BOA 3a paxyHOK 36inbLUeHHS Yacy poboTu ceep-
ONOBWH 3 7 roauH (siK 3aTBepa)eHo) Ao 8—9 roavnH Ha Jo6y.
OpHak AaHui NyHKT NoTpebye AOBUBYEHHS.

PopoBuile mae noteHuian Ao 36inblueHHs ekcnnyaTta-
LiHMX 3anaciB 3a paxyHok cBepanoBuHu Ne 6-P. Y ubomy
BUMaAKy HeOoOXiAHO NpUAINUTM 4OOATKOBY yBary MUTaHHIO
OO NepeBuLLIEHHS HITpaTIB Yepes npouec paaionisy Boaw.

KinbkicTb ekcnnyaTauiiHux 3anacis MiHepanbHUX pago-
HOBMX BOA Ha MOMEHT npoBeaeHHsA pocnigxkeHbs (2004 p.)
6yna obmexeHa ceepanosuHamu Ne 5, 10-P. BignosigHo ao
npotokony K3 Ykpainu Big Ne 863 Ha niactasi 4oBiakM Npo
KoHauUil Ha MiHepanbHi Bogu ceepanosuH Ne 5, 10-P (Bu-
para OK "YkpHAOIMPTaK MO3 Ykpainu") 3a ymosu nepepu-
BYACTOro BOAOBIAOOPY nNpoTaroMm 7 rogmH Ha poby, Gyno
3aTBepAKeHO BanaHcoBi ekcnnyaTauinHi 3anacu MiHeparnb-
HUX PaAOHOBMX MiKyBamnbHMX NiA3EeMHUX BOA 3aranbHoaep-
XKaBHOro 3HayeHHA Yy BigknNagax TPiWWHYBATOl 30HM
KpucTaniyHux nopig gokeMopito, WO npuaaTHi 4ns BUKOPUC-
TaHHA B MiKyBanbHi NpakTULi NPy 30BHILUHLOMY 3aCTOCYy-
BaHHi. Y BiACOTKOBOMY 3Ha4eHHI KinbKiCTb ekcnnyaTtauiiHux
3anaciB MoXHa 36inbLUMTK Mavixe BABidi (puc. 1).

56 56

KATEIOPIA B

KATEIOPIA C1

KATEIOPIA B+C1

ECepanosuHa Ne5 @ CeepanosuHa Ne10-P - @ CsepanosuHa Ne6-P

Puc. 1. NMoTeHuinHi 3anacu ginsHku "KypoptHa" HemupiBcbkoro pogoBuila MiHepanbHUX pagoHOBUX BOA Y BiACOTKOBOMY BUrNAAi

Ak BuOHO 3 pesynbTaTiB AeTanbHOro aHanidy AinsHku
"KypopTHa" Hemupiscbkoro pogosuila MiHepanbHUX pago-
HOBMX BOA, NOTeHLUian Ao 306inblEeHHs1 ekcnnyaTauiiHux 3a-
nacie € HaBiTb Ha BXe pO3BiAaHMX poOgOBMLLAX.

PogoBuile poskpvBae BOOOHOCHUIA FOPU3OHT TPILLUHY-
BaTOI 30HM KpUCTaniyHMX Nopig AoKeMOpito Ta KOpU iX BUBI-
TptoBaHHSA. BogosbarayeHicTb nopig 3anexuTb nepegyciMm
Bif iX TpiwmHyBaToCTi. CTyniHb TPILMHYBATOCTI KpucTaniy-
HUX [OOKEMOPIACbKUX MOpig — LUEe OCHOBHWIA YWMHHWKK, LLO
CMpUsie HaKOMUYEHHIO Ta LMPKyNauii niag3eMHUX BoA, BU3Ha-
yae ix Bogo3barayeHicTb, 3yMOBIIHOE B3AEMO3B'A30K TPILLMH-
HUX BOA4 MiX cobow Ta rigpaBniyHWMM 3B'A30K 3 iHLIMMK
BULLE3anernMMm BOAOHOCHMMMU FOPU30OHTaMMU.

BignosigHO 0O YMHHOMO 3akOHOAABCTBA PadOHOBUMM
BBaXXaloTbCs NiA3eMHi BOAW, BMICT fiKyBarbHOro KOMMoHe-
HTa B AKX nepesuwlye abo gopisHioe 185 Br/ame. 3rigHo
3 MiHeparnbHi pagoHOBI BOAW MaloTb Taki KpuTepii 3a niky-
BafbHUMW BrAcTUBOCTAMM i3 BMICTOM crneumdidHMX KOM-
NOHEHTIB:

e nyxe cnabopanoHosi — 185-740 Bk/am?;

e crniabopapoHosi — 740-1480 Bk/am3;

e cepeaHbopanoHoBi — 1480-7400 Bk/am3;

e BUCOKOpaOoHoBi — >7400 Bk/omd.

ISSN 1728-3817

Tabnuuys 2
KpwuTepii 3a nikyBanbHMMM BNacTUBOCTSAAMU CBEPASIOBUH
ainsaHku "KypopTtHa" M. Hemupis
BuicT PAROWY. | K, Bam®
LinsaHka "KypopTHa" HemupiBcbkoro pogoBuila
MiHepanbHUX pagoHOBUX BOA
5 Oyxe

10-P 185-740 cnabopa/oHOBi

Ne cBepanoBuHu

BHecok aBTopiB: Ceprin LLapikoB — koHUenTyanisauis, opma-
MbHWIA aHarni3, HanMcaHHs (opuriHanbHa YepHetka); Omutpo Yomko —
Banigauis AaHvX, HanucaHHs (Nepernsag, i pegaryBaHHs).
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PROSPECTS FOR INCREASING THE RESOURCE POTENTIAL
OF MINERAL RADON WATERS IN THE VINNYTSKA REGION

Background. Prospects for increasing the mineral resource base of Ukraine are one of the main strategies for the development of our
country today and in the post-war period.

At present, increasing the number of total approved reserves of mineral radon waters by opening new deposits is not a priority component, as it
is costly. However, a detailed analysis of the possible increase in the number of operational reserves based on already explored deposits is promising.

This work refers to one of the components of the plan for achieving a common better future approved by the members of the United Nations in
2015 (17 sustainable development goals). The material presented in the article refers to point 3, namely — Ensuring a healthy lifestyle and promoting
well-being for all at any age.

Radon mineral waters are balneological underground waters that have healing properties when used internally or externally. An important factor
during the exploitation of such groundwater is their compliance with the conditions, i.e. the established maximum permissible concentrations
(hereinafter referred to as MPC), which are in force at the present time.

At different periods of time, various stages of exploration of mineral radon waters were carried out within the Vinnytsia region, from exploratory
work to detailed exploration. Therefore, a detailed analysis of existing deposits, an assessment of the prospects for expanding or increasing
operational reserves, and determining the resource potential of institutions specializing in radon groundwater are important tasks.

M e th o ds. This study was conducted on the basis of a detailed analysis of stock materials and a comparison of the actual results of the content
of radon mineral waters with other deposits within the Vinnytsia region.

Results. As a result of the conducted studies, it was found that within the Resort area, which is located in the city of Nemyriv, there is a
potential to increase the operational reserves of mineral radon waters. This statement is based on the analysis of data from the preliminary (1985) and
detailed (2004) exploration.

Conclusions. Studies have shown that an increase in the operational reserves of mineral radon waters is possible due to the inactive (at
the moment) operational well No.6-R. During a detailed assessment of operational reserves, this well was excluded from the calculation of reserves
due to the excess of nitrate content (>65 mg/dm®) according to the Industry Standard of Ukraine (GSTU) 42.10-02-96 "Medical mineral waters. Technical
conditions”. However, the increased nitrate content is not the result of contamination of the target aquifer, but is a consequence of water radiolysis. More
detailed studies of this problem could lead to the improvement of the current regulatory requirements for mineral waters specifically for external use.

Keywords: radon, mineral radon groundwater, deposit, reserves, groundwater quality.
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AHANI3 YMHHUKIB EKONOrIYHOI HEGE3NEKU
ANA HAKONMUYYBAYA TOB "PYBEDKAHCbKUMA KPACUTENDb"

(MpedcmaesneHo 4reHoM pedakyiliHoi Koseaii 0-pom 2eos. Hayk, npog. O.€. Kownskosum)

B c Ty n. [lpucessseHO YUHHUKaM eKoJl02i4HOT Hebe3rneKu, CrIPOMOXXHUM He2amueHOo eIJTUHY MU Ha CMaH HaKornu4yea4a elucOKOMi-
HepaisizoeaHux cmokie TOB "Py6ixaHcbkuli Kpacumens". AkmyanbHicmb po6omu 3ymMmoesieHa HasieHUMU eKoJI02i4HUMU rpobriemMamu,
wo cynpoeodxyroms dogzompusary eKcrsayamauiro mexHo2eHHo20 06 'ekma.

M e T 0 A u. Y docnidxeHHi eukopucmaHo aHai3 HasieHoi iHghopmayii Npo 2eonoz2o-2idpozeosioziyHi yMosu palioHy ma mexHi4Hul
cmaH o06'ckma Hakonu4yeHHsl. OyiHka ekoslo2i4HUX pu3ukie 30ilicHroeaiacsi Ha OCHoei nimepamypHux OXepest, KapmozpagidHux mame-
pianie i mo2iyHO20 aHani3y ennuey NPUPOOGHUX i MeXHO2eHHUX YUHHUKI8. 3 021510y Ha eidcymHicmb Adocmyny 0o 06'ekma, eukopucmaHo
nioxid yMmoeH0o20 ModesTi08aHHs1 MOXJTIUBUX CUEHapiie ernuey 3 ypaxyeaHHsIM YUHHUKIie Hebe3neKu.

P e 3ynbTaTu. OcHOBHI YUHHUKU Hebe3neku, 8idnogioHo do ix MoxodeHHsi, NodineHo Ha NPUPOJdHi i mexHo2eHHI. BcmaHoeneHo,
wo ennue NPUPoGHUX YUHHUKIE Hebe3neku 3ymossieHull ocobnusocmsamMu mepumopii po3miujeHHs mexHo2eHHo20 06°ckma ma anoba-
JIbHUMU 3MiHamu kiiimamy. OnucaHo OCHOBHI MPoyecu, siki CIMaHoe81simb MomeHUyiliHy 3a2po3y NoWUpPeHHs1 Pe408UH 3 HaKonu4vyea4da sik
3 60Ky eHOo2eHHOI NMpupPodHoI cki1adoeoi (2eono2iyHoi 6ydosu mepumopii, 2idpo2eosio2iyHUX yMO8), makK i eKk302eHHOI (KniMamu4Hux
ma eidposozi4Hux ymos). 3ayeaxeHo, W0 po3mallyeaHHs HaKornu4vyeaya e 30Hi ennuey [lieHiYHOGoOHeybKO20 Hacyey crpusie nowu-
PEHHIO pevyoeUH 3 Hakornu4vyeada e 2eosio2iyHoMmy cepedoeuuwyi (I'C). 3asHayeHo, w0 cmaH criopyd Yacmkoeo eidobpaxae nposieu
erniugy neeHuUx YUHHUKiIe, Mpome rnodasnbwa ix Ois MOXe CcrPo8oKyeamu aeapiliHy cumyauito Ha HakonuYyeadi.

B 1 c H 0 B k u . [IpoaHanizoeaHi mexHo2eHHi YUHHUKU Hebe3reKu ceid4yamb npo HU3KYy Hecrnpusimueux npouyecie, nomeHuyitiHa 3a-
2po3a sIKux rnoe 'sizaHa 6e3nocepedHbLO 3 MOPYWEHHSIM YMO8 eKcrlyamauii 06'ekma. lpu yboMy 8i03Ha4YeHO HasieHiCMb O3HaK, siKi 8Ka-
3yI0mb Ha MOWKOOGXKEHHs1 criopyd ma KoMyHikauil. BuzHayeHo, ujo came 8ilicbKosi YUHHUKU Hebe3rneKu, siKi Harexamb 00 MexXHO2eHHUX,
Maromb HUHI Halleuwyuli cmyniHb iMogipHocMi pyliHieHO20 enyuey Ha Hakonu4yeay. 3ayeaxeHo, w0 nepebyesaHHsi mepumopii nid KoH-
mpoJsieM CMoOpPOHHIX Oci6, a came — oKynauyiliHux cusi, cghpopmyeasnio docums Hebe3rne4yHy cumyauiro, epaxoeyro4u pe4oeuHHUU cki1ad
sioxodie. binbwe moeo, yi o6cmasuHu aHyroPMb 6yOb-sIKi WIISIXU PO38 'si3aHHS ICHYIOYUX eKoJIo2i4HUX npobnem npuseasioi mepumo-
pii, yHemoxnuemoro4u docmyn Ao o6'ekma.

Knw4yoBi cnoBa: YuHHUK Hebe3neku, Hakonuvyeay eioxodie, 3abpyOHIo8asibHi Ppe4yo8UHU, Mi2pauisi, HABKO/TUWHE MPUPOCHe

cepedosuuye, 2eosoziyHe cepedoeuuie, nid3eMHi 600U, PU3UKU BUHUKHEHHS agapiliHoi cumyaujii.

Bcrtyn

AkmyanbHicmb i nocmaHoeka npobsiemu. HasiBHIiCTb
€KOomnoriYHnx Npobnem B OCTaHHi AeCATUMITTA € NOWNPEHUM
ABMLLEM AN TEXHOrEHHO-HaBaHTaXKEHUX PErioHiB YKpaiHu.
Xo4 cydacHui Kypc KpaiHu 3ararnomM crnpsiMmoBaHui Ha 36a-
naHcoBaHe NpUpPOAOKOPUCTYBaHHS (36epexeHHs Ta BigHOB-
TNEHHSI NPUPOAHUX EKOCUCTEM, EHEProedeKTUBHICTb TOLLO),
cdopMoBaHa MpPOTAroM TPMBAroro Yacy kpu3oBa €Korori-
YHa cuTyauis 3anuwaeTbes rocTpoto npobnemor. Ocob-
NMBO MOKa30BO L& CMOCTEPIraeTbCsl B MiCLsX, siKi MaloTb
NPUPOAHY "CXUNBHICTL" 4O PO3BUTKY NPOMUCIOBOCTI — Has-
BHICTb Y Hapax NokKnagis KOpUCcHMX konanuH. [locutb 4acTto
came B TakuMx ymoBax y XX CT. BUpOCTanu uini npoMUCoBI
arnomepallii, WO HUHI NMULWUIN NO COBi BENUKY KiNbKiCTb He-
6e3neyHnx Ta aBapiiHMX TEXHOrEeHHNX 06'eKTiB.

Bigomo, Lo Ana npoM1McnoBUX arnoMepaLii ogHieto 3 oc-
HOBHMX NPOBMeM € HasBHICTb TEXHOreHHUX 06'ekTiB (BiOCTIN-
HUKIB, HaKOMWUYYyBaYiB, 3BanuLL BiAXoAis Towwo). Ix npobrnema
nonsrae B TOMy, O Lji 06'eKTn € JyKeperiom NOCTiHOI eKoro-
riyHoi HeGes3nekn He3anexHo Big Toro, nepebyBatoTb BOHU B
ekcnnyaTaudii Y € NoKMHYTUMK. Binblue Toro, TeXHOreHHi 06'-
€KTU NigaaTbCsa BNAUBY Pi3HNX YNHHMKIB, LLO NPOBOKYE 1 aK-
TUBI3ye 36inNblUeHHs MaclTaby HeraTMBHOrO BMNMBY Ha
HaBKOMMULLHE npupoaHe cepenosuile (HIMC).

OnuncaHa BuLLEe cuTYyaLlis xapakTepHa ans JincmyaHcbko-
Py6ixaHcbkoi npommncnoBoi arnomepadii, sika € 4acTUHOMO
Hanbinbworo ByrneeBMaobyBHOro perioHy YkpaiHu — [oH-
6acy. Y neBHOMY CEHCi HasiBHICTb TOBLL, BYTinns BU3Hauuna
ManOYTHIN IHTEHCUBHUI TEXHOTEHHUI BNJIUB Ha il TepUTO-
pii. TomMy nicnsa cTaHOBNEHHS1 OCHOBOMOJIOXHOI AN JAHOro
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perioHy ByrinbHOi NPOMMUCMOBOCTI TYT chopMyBanach noty-
XXHa noniueHTpuyHa NpoMucnoBa arnomepadia. Ak Hacni-
OOK — TpuBane TEXHOTeHHe HaBaHTaXeHHs 3YMOBMIIO
KOMMMEKC ekonoriyHmx npobnem sk 3aranom gnst HMC, Tak i
onga C. OgHak akueHTyBaHHA Ha npobrnemax Ta puaukax,
noB'a3aHux 3i ctaHoM 'C, € nNpiopuTeTHMM Yepes 1oro 3aa-
THIiCTb 3aTpumyBaTV 3abpyaHIOBanbHi PEYOBUHM B Mia3em-
HiM ToBLLi (Y rpyHTax, nig3eMHUX BOAax TOLLO), @ TaKOX
Yyepes CKMNafHiICTb reonoro-TeKToHiYHOI 6ya0BMU, L0 NPU3BO-
OUTb 00 CKNagHWX Pi3HONNaHOBUX Hacnigkis.

C B mexax JlucmyaHcbko-PybixkaHCcbKoi npomMmucnoBoi
arnomepadii 4OCMTb HEOOHOpPIOHE | CKNagHe — TEeKTOHIYHa
OynoBa [JoHbacy Buainuna npuMpogHi i NPOMUCIIOBI panoHu
(BoHpapuyk, 1949). YMoBHa niHia po3noginy npoxoguTs no
p. CiBepcbkuin [JoHeUb: Ha NpaBobepexcki ropbucTa piBHMHA
3 BUXof4amu kapboHy Ha [ieHHY NOoBEpPXHIO cchopmyBanu ni-
OrpyHTS Ans ByrneBnaobyBHOT AisnNbHOCTI; NiBoGepexoksa —
Lie TepacoBaHa piBHWHA, CKIafieHa NoTY>KHOI TOBLLE BEP-
XHbOKPENOAHUX Ta YeTBEPTUHHUX BiAKMaAiB y BEPXHin vac-
TUHI pospidy. Tomy niBobepexoka ABnse COOOK BenuKy
KOHLIEHTpaL,il0 TEXHOreHHMX 00'eKTIB, a TakoXX Bogo3abopis
nig3emMHuX Bof.

Ha npuknagi TOB "Py6ixaHcekuii Kpacutens" (gani —
"KpacuTens"), Wwo po3TalloBaHe Ha niBobepesxcki, cnocTtepi-
raeTbCs pe3ynbTaTt Takoi KoHUeHTpauii. Tak, BHacnigok 6a-
raTopi4Hoi AisnbHOCTI nignpuvemMcTBa BiAOYNUCb HeraTuBHI
3miHn B C (3abpygHeHHs, cydosia Ta iH.) (Hikonaeea,
2020; MixankoBa, KoHoHeHko, & Ynanos, 2022; AkoBnes,
Cnnogutenb, & YymaueHko, 2021; Cokonos, Ypanos,
& KoHoHeHko, 2021). Hacnigkm TEeXHOreHHOro BMINBY

© MixankoBa HiHa, Yaanos Irop, 2025
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0cobnMBO MOKa30BO BigoOpaxeHi B MiA3eMHin rigpocdepi.
Yepes 3abpyaHEHHsT Mig3eMHMX BOA HA AaHil TepuTopii nikei-
A0BaHo Bogo3abopu 3aBoackkuin, KatepnHuHebkui, MpukaHa-
NbHUIA Ta MEPEeKIioYEeHO NULLE Ha TEXHiYHE BMKOPUCTaHHS
3abpyaHeHoi Boay JlIHLOBCHKMIA, NPUYOMY LLIOAO OCTaHHBLOTO
BXE CKNafeHOo NPOEKT NiKBiAaLiNHOro TamMMnoHaxy.

HakonnuyBay "Kpacutensa" i Ha cbOrogHi € mxepenom
3abpyaHeHHsa 'C, He3Baxaroum Ha dakT nikeigadii nignpu-
emctBa (Hikonaesa, 2020; CtaH ... wopiyHuk, 2021). Tomy
BaXXNMBO OOI'PYHTYBaTK Ta knacudikyBaT OCHOBHI YMHHUKM
Hebe3nekn Ans HakonuyyBaya, Lo AacTb 3MOry BUAIMWIU
OCHOBHi pU3MKM Ta HaWakTyanbHiWwi Npobnemyn TeXHOreH-
Horo o6'ekTa.

AHani3 nonepedHix docnidxeHb i nybnikayid. IcHy-
BaHHS NPOMUCNOBMX BiaxodiB (y BUrMNs4i HakonMyyBadis Yum
3BanuLy) Sk gxepeno 3abpyaHeHHs NpUpOAHOro cepeno-
BYLLA € AOCUTb NOLUMPEHUM NPeAMETOM AOCnigKeHHs B 6a-
ratbOX perioHax CBiTy. Taki AocnimpkeHHst 3ae0binbLioro
NpoOBOAATLCS 3 METOK BU3HAYEHHSA OCHOBHWUX HANPSIMKIB i
MacwTabiB Mirpauii 3abpyaHtoBanbHUX peqoBuH. 3aranom
HarpoMa/pkeHHs1 NPOMMUCIIOBUX BiAXOAIB XapaKkTepHe Ans
GaraTbox KpaiH Yyepe3 BUKOPUCTaHHS MiHIMHOI eKOHOMIYHOI
mMoAeni B MUHyNoMy. HuHi cBiTOBa cninbHOTa BNPOBaaXye
KOHUenuito 36epexeHHs pecypciB Ta eKOnoriYHoro npmpogo-
KOPUCTYBaHHS, TOMY A 6araTboX po3BUMHYTMX KpaiH npob-
nema iCHyBaHHS TeXHOreHHux o0'ekTiB, O 3abpyaHHOTbL
NpupoAHe cepefoBULLEe, € BIAMYHHSM MUHYNoro. Xod, Ha-
npvknag, Ans kpaid €C, siki AaBHO BNPOBagKYTb €DEKTMB-
Hi meToaM ynpaeniHHA Hebe3neyHumn  Bigxodamu,

\

\, M. Py6ixHe

\\_,

N

Pyinmn
npoMMangaH4yuka
TOB «Pyb6ixancbknun
Kpacurtens»

*cranom Ha 2009 p. s

.‘\hT}'ll'lei ,J(]Hi 00 CKIaAy HAKOMHYEHHX BLAXOAIB HE BlaOMI

HOMEp cekuii
Hakonu4yBaya

npobnemMa iCHyBaHHS i HaBITb 3POCTaHHA KiNbKOCTI BigXxoais
BCe e € akTtyanbHoto (EU actions ... waste, 2023).

3aranom HasBHi NOrNAAM LWOAO iCHYBaHHS NPOMMUCITOBUX
BiAXodiB sk gxepena 3abpyaHeHHs 3BOOATLCS [0 KiNbKOX
Bapiauii po3B'sisaHHA NPOGNEMU: OYMLLEHHS, HelTpanisa-
uis, yTunisauisi Bigxoais Ta 3aranbHa ekonoriyHa peabinita-
List TepuTopii; Nnepepobka i NOBTOPHE BUKOPUCTAHHS 3aans
nepeTBOpPEHHS BiAXOAiB y pecypc; nepeksanidikauis i no-
BTOpHa byHKUioHanbHicTb 06'ekta Towwo (Del Giudice et al.,
2020; Santucci et al., 2018; Srivastava et al., 2023).

Mpobnema HakonuuvyBaya "Kpacutens" dpparmeHTapHO
BMCBITNIOBanach y aesiknx podotax (HazapeHko, & 3anuesa,
2014; MiwykoBa, 2018). JocuTb AeTanbHO NpoaHanizoBaHo
npobrnemy Liboro TEXHOreHHoro o6'ekTa B Mexax npoekTy Ko-
opanHaTopa npoekTisB OBCE B YkpaiHi "3MiLHEeHHs cnpoMo-
XKHOCTIi ANsi MOHITOPWHTY Ta yNpasniHHA BOAHWMMW pecypcamu
Ha cxogi Ykpainn" (Hikonaesa, 2020). ABTOpu Haganu peko-
MeHaaLji WoaAo HakonuyyBaya: HerTpanisauisa Bigxogie, Ha-
NexHe 3aKpuUTTS CeKUii, WO He eKkcrnyaTyloTbes, Ta
nofanbLua peKkynbTUBaLlisi MOPYLUEHNX 3eMerb.

Bigomo, wo HakonunyyBay PybikaHCbkuii po3TalloBaHuii
Ha okonuui M. Py6ixHe JlyraHcekoi obnacrti (puc. 1). O6'ekT
B 2009 p. nepegaHo Big NiANPUEMCTBA XiMiYHOI ranysi —
"KpacuTenb" Ha 6anaHc nignpMeMCTBa XXUTOBO-KOMYHanb-
Horo rocnogapctea (XKKI) — KI "Py6ixaHcbke BUPOGHUYE
ynpasniHHA BOONPOBIgHO-KaHari3auinHoro rocnogapcraa”
Py6GixaHcbkoi micbkoi pagu (gani — KM "PBYBKI™) (Hikona-
eBa, 2020). Tomy gesiki cekuii BUKOPUCTOBYHOTLCA ANS Bif-
XopaiB i AoOCi.
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B CEKLisAX HaKonuuyBaua:*
« amiak (NH,)

« xyopucTHii amoniii (NH,CI)

« Miztb cipyanokuciaa (CuSO,)

« coza kaabimHoBana (Na2COs)
« OikapOonar Harpiwo (NaHCO,)
= Tiocyabar Harpito (Na,S.0,)
« rigpocynbdia Harpiio (NaHSO,)
« iaknii Harpii (NaOH)

« XiopucTHii Hatpii (NaCl)

« cipkoBosieHb (HzS)

« CMOJIH T iHILI CHOMYKH

Puc. 1. OrnsgoBa kapTa-cxema HakonuvyBayva "Kpacurtensa"
(3Bepxy 306paxeHo po3milLeHHs1 06'ekTa B JlucuyaHcbko-Py6ixxaHCbkili npoMucnoBin arnomepalii)
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Ak ob6'ekt HebGe3anekn [oCNigKYBaHWA HakoNMyyBau
cknagaetbcss 3 wectn cekui: NeNe 2, 5,6 — He AitoThb,
NeNe 1, 3, 4 — pitoTb, BogHOYac pi3Hi cekuii nepebyBatoTb B
ekcninyaTtauii 45-81 pik. Ob6csAr BuganeHux BigxoAiB Ha
01.01.2009 — 1 757,903 Tuc. M3. Ha cboroaHi HeBigomi da-
KTUYHWUIA 3aranbHui obcsr, disuyHi 1 XiMibHi BNacTUBOCTI Ha-
KonuyeHux Biaxoais. HassHi aaHi 10-pivyHOI OaBHUHWM He
BigoOpakaloTb NOTOYHMI CTaH Yepes ix baraTopivyHe 3milly-
BaHHSA MiXX COOOI Ta NONOBHEHHS iHWNMMX BUOaMW Bigxoais
KM "PBYBKI™ (myn Ta nicok) (Hikonaesa, 2020). Cutyauito
CYTTEBO YCKITAOHIOE BeeHHs1 BOMOBUX Aii B AaHi MicLeBO-
CTi Ta TMUMYacoBa OKynaujisi TepuTopii po3TallyBaHHS HaKo-
nuyyBada. ToMy gocnigkeHHst 6eanocepenHb0o Ha TepUTOpIi
o6'ekTa He MOXyTb OyTV 34iCHEHI HANBIVXKYMM HacoMm.

BudineHHs1 po3e'sizaHux paHiuie YacmuH 3a2ajibHoi
npo6nemu. BpaxoBytoun, Wwo JlucuyaHcbko-PyGixaHcbka
npoMuCroBa arfioMepauis, 40 sIKOi HaneXxuTb OOCHiaXy-
BaHa TEPUTOPIS, € NPUKIIaAOM PErioHy 3 TEXHOTEHHO nepe-
BaHTaxxeHuM BnnmBoM Ha HIMC B3arani i C 30kpema,
aBTOPM BBaXanu 3a HeobxigHe B Ui cTaTTi 3pobuTn cnpoby
BM3HAYNUTU | CUCTEMATU3YBATM YNHHWKWN E€KOMOTiYHOT Hebes-
neku ansa HIC, nos'a3aHi 3 TakMm cknagHUM TEXHOTEHHUM
06'ekTOM, SK Hakonuuysay 3asogy "Kpacutens". Moro mo-
XHa po3rnsgaTu sik TMNOBMIM Npuknag anga scboro [JoHbacy,
BPaXOBYHO4M KiNbKICTb NPOMUCIIOBUX NIGNPUEMCTB Ha L Te-
puTopii, SKi NpauBany ECATKM POKIB i KOMMNIIEKCHO BMNN-
Banu Ha ekonoriyHun ctad HMC 9k nig 4ac cBoei
NPOMWCIOBOI AiANBbHOCTI, TaK i Nicna 3akpuUTTa (LUer TepMiH
Ha cborofHi csirae maike 20 pokiB).

Memoro cmammi € BU3Ha4€HHSA OCHOBHUX YMHHUKIB HE-
6e3neku, Lo 34aTHi CNPOBOKYBaTW BMHWKHEHHST aBapilHOI
cuTyauii Ha HakonuyyBadi. OCHOBHMM 3aBOaHHsIM BOAHOYAC
Oyno BUKOHaTV aHani3 06paHnX YMHHWKIB, BPaxXOBYHOYN OCO-
OnMBOCTI TepuTOpii PO3MILLEHHSI TEXHOreHHOro ob'ekta Ta
BiAXxoAiB, 3 iX noTeHLUinHoto Hebeanekoto ansa HIC.

PesynbtaTtu

"Kpacutenb" 6yB ogHWM i3 HanbinbLumx nignpvemcts Jn-
cuyaHcbKko-Pyb6ixkaHcbkol npoMucnoBoi arnomepadii i 3ginc-
HIOBaB BMPOOHWNYY AisiNbHICTE Maixe CTONITTS (3acHoBaHe
B 1915 p.). Micue posTaluyBaHHS NignpuemMcTsa 3yMOBeHe
HasBHICTIO [)Kepen CUPOBUHW, Nanuea Ta BOAM, LLUO € OCHO-
BHMM NPVHLUMMOM PO3MILLEHHSA MPOMMCIOBUX OB'EKTIB (ILLyK,
& Mapkmin, 2011). HasBHICTb OCHOBHUX HEOOXIQHUX pecyp-
ciB, YTBOPEHMX BHACMiQOK CKMaAHMX reorioro-TEKTOHIYHMX
npouecis, Aana 3Mmory copmMyBaTh Ha Uil MiCLLEBOCTI Be-
nuKy arnomepadito.

3ynuHimMocs fgeTanbHille Ha reonoro-TeKTOHIYHNX 0cob-
NMBOCTAX MPUNErnoi TepuTopii, aaxe perioH Mae JoCUTb
cknagHy byposy.

B reocTpykTypHOMY NnaHi TepuTopis arnomepadii poara-
LLIOBaHa Ha CTUKY KiNlbKOX reoforivYHuX perioHiB. 3 niBHIYHOro
3axofy Ha BiACTaHi KinlbKOX AeCATKIB KioMeTpiB po3Tallo-
BaHe NiBAEHHO-CXiQHE 3aKiH4YeHHS LieHTparnbHoro rpabeHy
[HinpoBcbko-[JoHEeUbKOI 3anagmHK, Ha NiBHIYHUIA cXig — niB-
OeHHWIA cxun BopoHesbkoi aHTeknian, 10610 Ctapobink-
cbko-Minnepiscbka MOHOKMiIHaNbL. 3 niBAEHHOro 3axony
npunsirae cknagyactui fJoH6ac, obmexeHun MNiBHiYHOOOHE-
LbKMM HACcyBOM, LUO MPOCTEXYETbCH B3[AOBX MpaBoro 6e-
pera piyku CiBepcbkuii [loHeub.

MiBHIYHOOOHELIBKUIA HAcyB € perioHanbHUM PO3pPUBOM,
TOMy no obuaBi CTOPOHM BiA HBOrO CKNanucb Pi3Hi TEKTOHI-
YHi ymoBu. 3 niBgeHHoro 3axoay (Mix MNiBHIYHOLOHELBLKUM i
Map'iBCbkMM HacyBamu) pO3TalLOBYETbLCH CBOepigHa ni-
O30Ha KkpanoBux Opaxicknagok — OpaxiaHTukniHanewn, Lo
YeprytoTbes 3 GpaxicuHkniHanamu. Lis nig3oHa HanexuTs 4o
obnacTi cyuinbHOI cknagyacTocTi. Ha niBHiYHMIA cxig Big
MiBHiYHOOOHELLKOTO  HacyBy MO  NIBAEHHOMY  Kpai
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NNaTtgopMHOro Cxvny po3TallOBYHTLCH YPMBYACTI CKNaaku
y BUIMSAj NaHLoXKa Kynonis, pO3AineHnx Hecknag4acTuMmum
iHTepBanamu. KynonbHi cknagku oOMEXytTb Mia30HY
KparoBux Gpaxicknagok 3 niBHoYi Ta Ctapobinbcbko-Minne-
piBCbKY MOHOKIMiHanNb 3 niBgHsi, 6yay4y NPOMIXKHOK 30HOH
Mix cknagyactum [loH6acoMm Ta cxunom nnaTopmMu.

To6To lNiBHIYHOAOHELLKUIA HacyB siBNsie COOOL0 perioHa-
NbHE MOPYLUEHHS, SIKe 3a FrEHETUYHOI CYTHICTIO € HacyBaH-
HAM cknagyactoro [foHbacy Ha nnatopMHWUIA  CXUN
BopoHesbkoro kpuctaniyHoro macmey. Tomy B penbedi Te-
pUTOpIi cnocTepiratTbes Piski BiAMIHHOCTI B TICHI 3anexXHo-
CTi Big niTonoriyHoro cknagy nopia: Mexa YMOBHO
npoxoauTb no p. Cisepcbkuii [loHewp.

MpaBobepexcks p. CiBepcbkuin [JoHeLb sBNsie coboto BU-
CO4MHY 3 OKpeMUMM BepLunHamu fo 205-215 m (abc. BiaM.), y
CKNEniHHAX SKMX BiOCMOHIONTLCSA KaM'sHOBYTINbHI Bigknaguw.
Y Hanpsmky go p. CiBepcbkuin [JoHeupb Usi BUCOYMHA obpuBa-
€TbCS 11 YTBOPIOE NPABUI KPYTUI | BUCOKUIA CXui fonuHu p. Ci-
BEPCbKU [JOHeLb, MOpi3aHWin BENUKOK KiMbKICTHO FMMOOKMX
spiB | 6anok. 3anaraHHs nopia kapboHy y ckneniHHEBUX YacTu-
Hax 3 BMXOAaMM BYrinnsi Ha NOBEPXHIO 3yMOBWUMO MOSIBY Ha
npaBobepecki ByrneBnaobyBHOT AisinbHOCTI.

JliBo6GepexHa yacTuHa TepuTopii Pi3ko BiApPi3HAETLCS Big
npaBobepexoks i ABnse coboio PiBHUHHY HA3OBUHY, LLIO NPO-
cTAraeTbea B34oBX pycna p. Cisepcbkuin [loHeub cmyroto
0o 15-20 km. 3annaBHa Tepaca TArHeTbLCSA B3O0BX PiUKM CY-
LinbHOK cMyroto 3aBLwmpLlku Big 1,5 oo 3,5 kM. Penbed 3a-
nnasu ckrnagHun. Y nNpupycrioBii YacTUHI HaKONUYyHTbCA
HaHOCMK, SIKi yTBOPIOOTb NPMPYCroBuii Ban. Y cepeHin 4ac-
TUHI 3annaBu BiA3HAYa€ETbCHA BenuKa KinbKiCTb CTapuub Ta
03ep, NnoB'A3aHnx npotokamu 3 p. Cisepcbkuii [loHeub. Ab-
COIOTHI BiAMITKM Ti noBepxHi cTaHoBNATL 40-50 M.

Buiie Ha cxuni JONUHM po3TalloBYETLCA HaA3anmnaBHa
Tepaca, WwupuHa akoi carae no 3 km. Lli asi Tepacu € Hux-
HiMW B OOMNWHI PiYKM i CTAHOBAATb Pyny akyMynsaTUBHUX
anioBianbHUX Tepac.

MiBHiyHiLWe Ha niBobepexcki po3TalloByOTLCA OinbLu Aa-
BHi BMCOKi Tepacw, L0 MOCTYNOBO MepexoasTb BOAOPO3-
OinbHI nnaTo.

TpeTa 3a paxyHKOM Tepaca Mae NOBEPXHIO 3 BiAMITKaMu
6nm3sbko 100-120 m. Bcei Tpu Tepacu cknageHi nilaHo-cyr-
NUHUCTUMM Ta NiWAHUMK BigKnagamu, ki NigcTMnarTbes
MeprenbHO-KpenasHUMM MOpoAaMn  KPenaoBOi CUCTEMM.
BoOoHOCHWIA TOPU3OHT MeprenbHO-KpenasiHoi TOBLi B Me-
Xax perioHy MiCTUTb HanipHi Boau, WO BiANOBiAalTb BUMO-
ram [Ans rocnofaapcbKo-MUTHOTO BOAOKOPUCTYBaHHA. Y
3B'sI3KY i3 MM caMe BOAW MepreribHO-KpenasiHoro BOAOHOC-
Horo ropu3oHTy (MKBI') ctanu oCHOBHUM [XepernomMm BoAo-
nocrayaHHs ansa micuesmnx noTpeb.

OTxXe, CTPYKTYPHO-TEKTOHIYHI Ta reonorivyHi yMoBu Tepu-
TOpIi AOCNiAXXEHHs1 CTBOPWM NepeayMoBM ANs YiTKOro pos-
noginy  MambyTHbOrO  TEXHOTEHHOTO  BTPYYaHHS i
KOpUCTYBaHHS Hagpamu. Tak, BUXOAU BYrinmst 3yMOBWIM No-
YaToK NPOMMCIIOBOrO BYrNeBnAoOYyTKY Ha npaBobepexKi
p. CiBepcbkuii loHeub. Ha 6a3i ByrinbHOT BUHMKNX Mignpu-
€MCTBa XiMiYHOT, MaLLIMHOBYAIBHOT Ta iHLUUX rany3en Npomum-
CNOBOCTI K Ha NpaBobepexcki, Tak i Ha nisoMy 6epesi. Tomy
ansa notpeb BenuKoi KinbkocCTi NigNpMeEMCTB Ta cchopMoBa-
HMX HaceneHunx NyHKTiB Oyno cnopyaxeHo Bogo3abopu Ans
ekcnnyaradii 3anaciB npicHux nig3emuunx sog 3 MKBI. Bia-
NoBiOHO 40 LbOro MOXHa CTBEPAXKYBaTH, LLO 0OCAr BUKOPU-
cTaHHsa ['C sk MiHepanbHO-CMPOBMHHOI 6a3u Ta OCHOBY Ans
cnopyxeHHs Bynisens i cnopya AOCUMTb BUCOKWI Anst Aa-
HOrO perioHy.

BukopuctoBytoun 'C ansi cBoix notpeb, NoACTBO BHO-
CUTb Y HbOTrO BEMNUKi 3MiHW, MEPEBaXKHO HeraTuBHi, MOpyLUye
n pywvnye noro (CeuHko, & Cusun, 2003). Taka TeHgeHLUis
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Bnactmea i JincmyaHcbko-PybixxaHcbkil armomepadii, Bpaxo-
BYHOUM Pi3HOMAHITHICTb MPOMMCIOBUX NiIANPUeEMCTB. Tak, CTpi-
MKW PO3BUTOK NPOMUCIIOBOI arfioMepaldlii 3 4acom CrpuYnMHMB
KOMMIEKC HeraTMBHUX HacniakiB sk ansa FC 3aranom, Tak i onsa
cknagosux HIMC (noBepxHeBi BoaW, aTMocdepHe NoBiTps). 3a
oCTaHHi 57 pokiB 0bcsArv BUpoObHMLTBA € BKparn Manmmm (s i
KiNbKICTb NiANPUEMCTB, LLO MpaLoloTh), ane opMyBaHHs He-
CNPUSITIMBOIO BMNAUBY TPUBAE.

B paHin poboTi NponoHyeTbLCs NpoaHanisyBaT came Ha-
KonmdyBad nikesigosaHoro 3asogy "Kpacutens" sk npuknag
nianprveMCTBa, LLO TPUBanuii Yac He MpaLioe, ane vyepes Bia-
CYTHICTb HanexXHoi pekynbT1saLii Teputopii 4oci € Aepernom
3abpyaHeHHs MC. Ona JincnyaHcbko-PybixkaHcbkoi arnome-
pauii KinbKiCTb NiKBiAOBaHUX Ta, MEHLLOKO MipOI0, 3aKoHCep-
BOBaHMX NPOMUCIIOBMX NIANPUEMCTB 3 KOXHUM AECATUMITTAM
cTpiMko 3pocTtae. Tomy "KpacuTenb" po3rnsagaeTbCa B KOH-
TEKCTi TMMOBOro Ans LpbOro perioHy npvknagy, konu nianpu-
€MCTBO TiKBiJOBAHO HepauioHanbHO (BMpPOOHMYI criopyan
3HeCeHi, a Bigxoam 3anuLaloTbCs HeYTUMI30BaHMN Ta Y Bia-
KPUTOMY OCTYNi ANsi CTOPOHHIX OCi0).

TepuTopist po3TallyBaHHs MPOMKUCIIOBOrO NiANPUEMCTBA
"Kpacutenb" B reomopdonoriyHoMy nnaHi npuypoyeHa ao
niBoGepexHOT YacTUHM 3annaBu Ta NepLumMx Hag3annaBHUX
Tepac p. CiBepcbkuii oHeub. NpommargaHumk Kpacutens
po3miweHun Ha BigcTaHi ~1,5 kM Big perioHanbLHOro nopy-
weHHa — [iBHIYHOQOHELBKOro HacyBy, cam HakonuyyBau
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YMOBHI NO3HaYeHHA:

- Micue3HaxoakeHHs Bogosabopis
nia3emMHnx soa

- MIHIT TOKY NiA3EeMHUX BOA,
A Bagosx [MiBHiYHO-[lOHELbKOrO Hacysy,
= L0 MIMOBIPHO CMPURAIOTH PO3MNOBCIOAXKEHHIO

3a0pyOHIOIYMX PEYHOBUH 3 HAKONWUYyBaya

- rigpoi3on’e3un BEPXHLOKPENAAHOTO BOAOHOCHOTO

rOPU3OHTY Ta ix abCONOTHI BIAMITKM
(Ha nepiop, iHTEHCUBHOrO BoaoBiabopy
npu poBoTi TOB «PyBixkaHcekuin Kpacutenes»)

6nuxye (~0,5-0,7 km). OgHielo 3 roNnOBHUX XapaKTePUCTUK
MiBHIYHOOOHELLKOrO HacyBY € HasIBHICTb 30HM APOGNEHHs
nopig, sika posTalloBaHa Ha BiacTaHi 1,5-3 kKM HaBKpyru
Hboro. Lia 30Ha mae 3MmiHeHi inbTpauiiHi BNacTMBOCTI i
MOXe TpaHcrnopTyBaTu 3abpyaHEHHS Ha BenuKi BiACTaHi
(MixankoBa, & Yaanos, 2024).

PosTawyBaHHsi HakonuyyBaya B 30Hi BNnuBY [liBHIYHO-
[OOHeLbKOro HacyBy NOsiCHIOE Aesiki npouecu B 'C, wWo 3ymo-
BMIOKOTb MOLUMPEHHS 3abpyaHIOBaNbHUX PEYOBMH BULLE MO
noToKy A0 BoAao3abopiB. Tak, e B MUHYIOMY CTOSITTi Npu
OOCnifXeHHSX BiACTeXyBaBCs MOTIK, AKUMA NapanensHui 4o
MiBHiYHOOOHELLKOrO HacyBy i nae OO AinsHkM o3. [losre i
nani B Hanpsimky Ao BonoguHcbkoro Bogosabopy (puc. 2).
ICHyBaHHS LIbOro NOTOKY MOXe ByTu NoB's3aHe, No-nepLue, 3
nigBULLEHOO TPiLLMHYBAaTICTIO nopig Y 30Hi MiBHIYHOAOHELb-
KOro HacyBy i, no-gpyre, 3 "nignuparoymMm" BNAVMBOM MEHLL
NMPOHWKHMX Mopig kapboHy 3a HacyBOM; KpiM TOro, BiAMITKU
PiBHS MiA3eMHMX BOA Y palioHi HakonmMyyBaya npnbnnsHo Ha
5 ™ BuWi, Hix Ha BonoguHcbkoMy Bogo3abopi. Tomy e B
1980-x p. dikcyBanocb 3abpyaHEHHS NMUTHUX BOJ, Y OESKNX
cBepAoBMHax Bogosabopy, 6yno BXMTO 3axodiB oo yc-
YHEHHs1 Ljei npobnemun. BapTo 3asHauuTy, WO Ha TOW vac
BiobyBanacb iHTeHcMBHa BUpOBHUYa QisnbHICTb Nignpnemc-
TBa, TOMY 3a0pyAHEHHs NLLMO B TOMY YMCHi i BiA npoMMan-
AaH4yuvKa (BTpaTu 3 KOMYyHiKaLin).
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Puc. 2. KapTta-cxema HanpsiMKiB pyxy nifA3eMHUX BOJ BePXHLOKPENAAHOrO BOAOHOCHOIO FOPU3OHTY
B paloHi Hakonu4yyBa4ya TOB "Py6ixaHcbkuin Kpacutenn"

Y CbOroAHiLLHIX pearnisix OCHOBHY Hebe3neKky CTaHOBUTb
HakonuyyBad Bigxoais "Kpacutens". baratopiyHuii TepMiH
ekcnnyaTtauii uboro 06'ekta 6e3nepeyvHo BNVHYB Ha CTaH
crnopya, TOMy il NEeBHUX YMHHUKIB MOXYTb CMpPOBOKYBaTh
aBapiliHy cuTyauito. Mirpauis 3abpyaHioBanbHUX pPeyYoBUH
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npy UbOMY MOXe ByTu cripsiMoBaHa He TiMbKy HanpsiMKOM
[0 piyKu, a i BULLe MO NOTOKY — 0 BOAo3abopy.

Tomy BaxnnBO npoaHaniayBaTi OCHOBHi YMHHWKM Hebe-
3MeKku Ans HaKkonu4yyBaya, 1 BU3HAYUTU Ti, LLO HeCyTb Haw-
GinbLui prsuku Ans cTinkocTi 06'ekTa.
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B 1 CH U K KuiBcbkoro HauioHanbHoro yHisepcurerty imeHi Tapaca LleBueHka

OCHOBHI Y/HHVKM HeGe3nekn po3noAineHo Ha NPUPOAHI
Ta TEXHOreHHi, BIAMOBIAHO OO0 XapakTepy iX BUHWKHEHHS
(puc. 3). OyeBMOHO, WO BNMB KOXHOI CKMNagoBOi LMX

IIpupoaui
|

YUHHHHKH Hebe3neKH

YMHHMKIB 3BOANTHCS A0 MMOBIPHOCTI MOLUMPEHHS 3a0pyaHio-
BanbHMX PEYOBUH 32 MEXi CeKUin HakonnyyBa4va. Tomy pos-
rMaAHeMo ixX getanbHo.

Texnorenui
|

— Knimamuuni ymoeu N
(inteHcnsri onaaw, mrropmosi  BHYTPIilIHI
BITPH, Mepenaj Temneparyp)

HasBHicTb y Biaxoaax

— i i i v pot
Flr)p(n()emm L HEOC3NICYHHX PEHOBHH

('i'dTOIl,'lCIIlIFIs"[li,-'l’lU]lJlL’lIlJFl
4epes MOBEHI, aBOJIKH,
CHIFOTAHCHHS; CeJIl)
- = - [EPEHOBHEHHA €MHOCTI
— leonociuna dydosa
(MpocajiKu TPYHTY, 3CYBH,
KapcToBI MPOLECH)
+ celicMibHICTb (3eMIeTpycH)

— Fiopoceonoziuni ymogu
(3B'A30K Mi’K BOTOHOCHUMH

TOPH30HTAMH, JA€MPECiinl Miiiku) 4

3 eKCILIYATALiCI0 00'€KTA

(ropoYHX, TOKCHUHHX TOLLLO)
[Topymenns ymoB excnnyarauii:

- 3MIllYBAHHS PEUOBKH, SKI
MOBHHHI 30epiraTucs okpemo

| |
— : L s S
noB A3aHl __, 3oBHimHI BilicbkoBi
I
[loTpamisanus Teputopii
J10 30HH AKTHBHHX
DoMOBHMX J1Ii

He3a10Bi1bHNI CTAH cropya —
(nopyueHus 13001811);
-3HOC TPYOONPOBOIB
-HEeCTIHKICTb OrOPOLKYIOHHX
KOHCTPYKILIH (6opTn, 1amom,
rpedii)

Hwosipua sincyruicts —
riJIpOI30MSILIIHHOTO eKpaHy

4

IoTenuiiini pu3HKH BHHHKHEHHS

A aBapiitnux curyauii A

- MOIIKOPKEHHA CYLIBHOCTI rpelii 13 BUJIMBOM BMICTY
- MOPYLIEHHS 13011 JIHUIIA (IPOCOYYBAHHS BIIXO/LIB)

- BUOYXH Ta MOKexki

Puc. 3. OCHOBHi Y4HHUKM ekonori4YHOi HeGe3neku AnsA HakonuyyBaya TOB "Py6ixaHcbkun Kpacurtens"

TMpupodHi YUuHHUKU Hebe3neku MOXyTb 3AiNCHIOBATU
HEeCnpuATNMBMIA BNNMB HenepeabadvysaHoro macwitaby, He-
3BaXKalo4M Ha BUCOKMI pPiBEHb OCBOEHHS NPUPOAY NIOACTBOM.
3po3ymino, Wwo nepen po3MilleHHsIM 06'eKTa MiABULLEHOT He-
6e3nekn NpoBOANTLCS peTerbHe AOCHiMKEHHS NPUNernoi Te-
puTopii. MeTa Takux gocnimpkeHb — BUSIBNIEHHS 0cOGnmnBocTen
TepuTopii (reonoriYHnX, TEKTOHIYHUX TOLLIO), BU3HAYEHHS Ha-
SBHUX pU3MKiB 3i cTopoHn HIMC Ta obpaHHA MakcumansHO
©6e3neyvHoro micus Ans po3milleHHst ob'ekta. MNpoTe npupoaHi
YMHHUKN Hebe3nekn CTBOPIOITb PU3MKM BUHWKHEHHST aBapin-
HUX CUTyaUi i Ha CbOrogHi, kKonn HakonmdyBad Kpacutens
NPOoICHYBaB Kiflbka AeCATUNNITb.

MpupoaHi YNHHUKM HeGe3nekn NoaineHo 3a nigrpynamu:
KniMaTu4Hi YMOBM, rigpororiyHi ymoBu, reonoriyHa b6ygoBsa
Ta rigporeonoriyHi yMosu. Ix BUSHAYEHO 3anexHo Bif MicLs
posTallyBaHHs 00'ekTa.

KnimamuyHi YuHHUKU Hebe3mneku NoB'A3aHi nepesa-
XHO 3 MOCUMEHHAM HenepenbadyBaHOCTI NMOrO4HUX YMOB.
Mpunerna go Hakonu4yyBava TEPUTOPISt HANEXuTbs 4O CTe-
NoBOi 30HM 3 MOMIPHO Tennum knimatoMm. OgHak CTpiMka
3MiHa Knimarty, WO crnocTepiraeTbCsl NPOTArOM OCTaHHIX ge-
CATUNITb, BigobpaxaeTbCs B AeLL0 HETUMOBUX ANs AaHOT Mi-
CLIEBOCTi NMOroHMX YyMOBaXx.

HuHi cnocTepiraeTbest TeHAEHUiS A0 36iNbLUEHHS iHTEHCU-
BHOCTI CUMbHWX 3MNMB, rpady, rpos, LUKBanis; piska 3aMiHa no-
roAauv Ta piski nepenagn Temnepatyp; 36inbLIEeHHS KiNbKOCTI i
TPUBAIOCTi CNEKOTHMX NEPIOAIB Ta NOCUMEHHST MOXEXHOI He-
6esneku (IBaHoTa Ta iH., 2020). ToMy NOCUMNEHHSI BNAMBY KIi-
MaTUYHMX YMHHUKIB HeGEe3nekm 36inbLUye PU3NKN BUHUKHEHHS
aBapinHUX cMTyaUil, MOB'A3aHUX 3 HAKOMMUYyBaYyeM.

Hanpuknag, 6Ginblua iHTEHCUBHICTL onagiB Moxe npua-
BECTU 10 NePENOBHEHHSI EMHOCTI CEKLii Hakonu4yyBaya, po-
3amuBy ix pgamb. Bwucoki niTHi TemnepaTypu pokamu
CMpUsItOTb BUMApPOBYBaHHIO 3abpyaHIOBaNbHUX PEYOBUH i3
A3epkana HakonuyysadiB B atmocdepHe nositps (Hikona-
eBa, 2020). LWtopmosi BiTpM i WKBanu npu3BOAsTbL A0
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BMHOCY NuUnyBaTWX Ta NilaHmx pakLin i3 BMICTYy Hakonuyy-
Baya (MixankoBa, & KoHoHeHko, 2024).

Piski nepenagu Temneparyp, 0cobnmBo B3NMKY, aKTUBI-
3YH0Tb Npouecu 4isYHOro BUBITPIOBaHHS. AK MexaHi3m pym-
HyBaHHS MOBEPXHi MiHepaniB, BMBITPOBaHHs nocnabnoe
nopoau i CTBoptloe 3arposy cTikocTi cnopyd. Ocobnusy He-
6e3neky mae piskuin nepexig Temnepatypu vyepes 0 °C, wo y
CBOIO Yepry aKkTuBI3ye pyriHyBaHHS 60OpTiB Hakonu4yyBaya.

3p0o3yMmino, WO 3 KOXKXHUM HaCTYMHUM OECATUNITTAM He-
nepenbadyBaHiCTb NOrOAHNX YMOB 3pocTaTtume. Y 3B'A3Ky 3i
3MiHOIO KniMaTy, sika MOMITHO BMpa)KeHa BXe B Cy4acHMWX
yMOBax, CMocTepiraTMMeTbCa NOCUMEHHS BNNMBY KNiMaTuy-
HUX YMHHWKIB HEGE3MNeKn Ha HakonM4yBau.

FidponoeiyHi YuHHUKU He6e3mneKku noB'A3aHi 3 Hag-
NULLKOM BOSOrM BHACMAOK PI3HOMaHITHUX FigpOnorivYHNX
sBULL (MOBEHI, ceni ToLo).

HakonuyyBay posTawoBaHuin gocutb 6nm3eko o p. Ci-
Bepcbkuii foHeub (0,7-1,4 kM), Ha nororomy niBobepexoki
(Hikonaesa, 2020). Take posTallyBaHHS CTBOPIOE Mepeay-
MOBM PU3NKY MiATOMNMEHHST HANBNMKYMX OO PIYKU CEKLiN Ha-
konm4yyBa4a. MpuYnHOI0 LIbOro MOXyTb OyTW Taki siBULLa Ta
npoLiecy, sik NOBEeHi, NaBOAKM, CHIroTaHeHHs Towo. B Takomy
BUMNaaKy Hebesneka nonsrae B 3MiLLyBaHHi NOBEPXHEBUX "un-
cTux" Boa 3 HeGE3NeYHUMM pevoBUHAMMU, LLIO MICTSTBCS B Ce-
Kuii, i noganbLomy 3abpyaHeHHi TepuTopii Takor BOAOH.

BapTto 3ayBaxuTu pusmk hopmyBaHHsi Takoro rigposoriy-
HOro aBULLIA, 9K Cenesun NoTik. Bpaxosyoun MicusaMmn HeHa-
NEeXHWUIA cTaH Aamb Hakonu4vyBaya, y pasi iHTEHCMBHMX OOLLiB
iCHyE 3arpo3a BUHUKHEHHSI CEerieBoro NoToKy B panoHi NEBHOI
cekuii (Hikonaesa, 2020). BogHovac MoxnuBe 3abpyaHEHHS
TepuTopii sik nokansHo — B 100-150 m 6insi HakonuyyBaya,
Tak i 6inblw MacwTabHo — NOTpannsiHHA 3abpyaHEHUX peyo-
BWH A0 p. CiBepcbkuii [loHeLb (3a yMOBW NOBEHi).

Feosno2iyHi YUHHUKU Hebe3neKu NoB's3aHi 3aranom i3
MOPYLUEHHAM CTIMKOCTIi FipCbKMX Mopia. Y pavoHi Hakonu4y-
Baya Le 3arpo3a BUHMKHEHHS HebesneyHux reonoriyHnx
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ABUWLL, Y NPUNOBEPXHEBIN YacTuHi nitocdepn (Hanpuknag,
3CYBM, KAPCTOBI MPOLIECU, MPOCAAKU I'PYHTY Ta iH.). Mpuyomy
NposiBU AesKMX NPOLLECIB CNOCTEpIiralTbCs BXe 3apa3 y He-
BENUKMX MacwTabax. Tak, 3a gaHumu 3BiTy (Hikonaesa,
2020), Ha pambax cekuin Py6GixaHCbKOro Hakonuyysada
CrnocTepiratoTbCa 03HaKU 3CyBHUX MpoueciB. Xo4 cami aa-
MOV JOCTaTHBLO LUMPOKi (OPIEHTOBHO 4 M), ane 3 4YacoMm Bce
Oinblue 3a3HalTb HECNPUATIMBUX TEOMONYHUX (E€K30reH-
HWX) NPOLLECIB Yepe3 HeJOoCTaTHI TEXHIYHUIA Jornsag 3a cTa-
HOM Hakonu4yyBaya.

BapTo 3a3HauMTu HeCnpuATAMBUIA BNUB 3 BOKY CercMi-
YHOCTI. TepuTOopisi po3TallyBaHHsI HAKOMM4YyBaya HanexuTb
[0 ceicMivyHO Hebe3neyHoro perioHy i3 3Ha4eHHAM POHOBOIT
cencMivyHoi iHTeHcuBHOCTI 5 6aniB 3rinHo 3 [BH B.1.1-
12:2014 (BygiBHuuTBO..., 2014). Hakonnyysay € NocCTiiHO0
rigpoTexHivyHow cnopypoto (3rigHo 3 ABH B.2.4-3:2010),
TOX BOYEBMAb Mif Yac NPOEKTyBaHHSA 6yno BpaxoBaHo 3MiHu
NPUPOAHUX YMOB, SIKi MOXYTb MPUBECTM 4O PO3BUTKY Ta aK-
TUBI3aLii HeraTMBHUX (i3NKO-TreONOriYHMX, FeOAMHAMIYHNX
npoueciB y ocHoBi cnopyau (MapoTexHiyvHi..., 2011). MNpoTe
NIOACBKNIA hakTop Koperye cerncMiyHy cTabinbHicTb Micue-
BOCTI. Lle noB'si3aHO 3 HAsIBHICTIO BYriNbHUX LLAXT, po3TaLlo-
BaHMx B 5-10 km (WO BignNoBigae posmipam cepeaHboro
LIAXTHOrO Nonst), SKi 3aKpUTI LUASXOM MPUNUHEHHSI BOAOBIA-
nuBy. Ak BiaoMO, "MOKpa" KOHCepBaLis LWaxT CynpoBOOXKY-
€TbCA KOMIMIIEKCOM Pi3HOMaHITHUX Hacnigkie (iHxeHepHo-
reonoriyHux, rigporeonoriyHux Ta iH.) (Yaoanos, 2016; by-
3uno, & MaennyeHko, 2014; Pyabko, & MnaxoTHin, 2015;
Ypanos, & KoHoHeHko, 2016). ToMy 3pocTatoTb pU3nKn ak-
TUBI3aUil CEeNCMIYHOCTI Ta NosIBY NoKarbHUX 3eMNeTpyciB —
nig3eMHux rigpomexaHiyHmx nowtosxis (Pyabko, & Akos-
nes, 2020). Taki NOWTOBXMN CTAHOBNATL 3arpo3y CTINKOCTI ri-
OPOTEXHIYHMX cropya HakonudyBaya. B upomy Bunagky
reonoriYHni YHHUK Hebesnekn Mae TEXHOreHHe NiarpyHTs.

riopozeosnocivyHi YuHHUKU He6e3neKu noe's3aHi nepe-
BaXKHO 3 pM3nKamy notpannsHHA Hebe3neyHux peyoBuH i3
HakonuyyBaya [0 BOAOHOCHMX rOpu3oHTiB. Boponocta-
YaHHs M. PyBixkHOro Ta npunernmx HaceneHux NyHKTIB 34il-
CHIOETBLCA 3a paxyHOK ekcnryaTauii Bogosabopis nig3emMHmx
Boa. lMpuyomy BepxHbOKpenasiHUMA BOOOHOCHWUIA FOPU3OHT
O0CUTb HE3aXULLIEHUI, X04a € OCHOBHUM eKcniyaTauintHUM
rOPU30HTOM.

Y 3B'd3Ky 3 rigporeosioriyHUMM YyMOBaMu, L0 CKIanuchb y
pPanoHi po3MiLLleHHS HakonuyyBaya, iCHye NocCTilHa 3arposa
3abpyaHeHHs nig3eMHUX BoA 3 NoBepxHi. Mix antoBianbHUM
i BEPXHbOKPENAAHUM BOLOHOCHUMW FOPU30OHTaMU 3ansirae
Lap rMUHUCTUX Meprenis (entoBiit), AK1 € CrabonpPOHNKHUM
i po3ginse ui ABa ropusoHTWU. EnoBin MicusiMu BIiACYTHIN,
TOX iCHYE B3aEMO3B'A30K antoBianbHOro i BepXHbOKpenas-
HOro BOLOHOCHUX rOPU30HTIB. Y 3B'A3KY 3 6araTopiuyHO eKc-
nnyataudieto HakonmdyBada (45-81 pik) icHye Bucoka
MMOBIPHICTb BTpaTK MOro rigpoi3ondauinHuX BNacTUBOCTEN.
Takum YMHOM, HacnigKoOM € NpocoYyBaHHs Hebe3neyHux pe-
YOBWH i3 HaKOMM4YyBaya 4Yepes r'pyHTM Oro OCHOBM 0 He3a-
XWLLEHNX BOAOHOCHWNX ropuaoHTiB (Hikonaesa, 2020).

IHLWMM rigporeonoriyHUM YMHHMKOM Hebe3nekun e hopmy-
BaHHs1 AEeNPECiNHNX NiNOK BHACNIAOK AOBrOTPMBAnNmMX i iHTEH-
CYBHMX eKcrnnyaTauiiHux Ta BUPOOHNYMX BiAKAYOK MiA3€MHUX
Bog (Hikonaesa, 2020). Mpwn yTBOPEHHI Nilikv B parioHi po3Ta-
LyBaHHA HakonuyyBaya iCHye iMOBIPHICTb MiATAryBaHHSA He-
6e3neyvHnx pevoBrH Npw iX iHpINbTpaLii 3 NOBEPXHI.

Y Bunagky, konu 3abip nig3eMHWX BOO HE KOMMEHCY-
€TbCA iHINbTPaLieo aTMochepPHMX onagdiB i yTBOPHETLCA
AenpeciiHa ninka, cnocTepiraeTbCsa 3HMXKEHHS PiBHSA Miase-
MHUX BoZ. [Npun UboOMy 3pocTaloTb PU3MKM NPOCIAAHHS IPYH-
TiB, PYNHYBaHHA  CMoOpyd, KOMYHiKauin Ta  iHWKX
HeCnpuUATAMBUX HaCNIAKiB.
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Ane 3aranom copmyBaHHSA AenpeciHUX NINOK SK YWH-
HVK Hebe3nekn came AN HaKomnuyyBaya HYHI He € O4ikyBa-
HuM. [lo-nepwe, piBeHb  BMPOOHMYMX noTpeb y
Bog03abe3neyeHHi HaraTokpaTHO 3HU3MBCS Yepes nikeiga-
uito nignpuemcrtea "Kpacutens". Tomy 3abip nig3emMHux Bog
He 34iCHIOETbCA Y Benuknx Macwrtabax y panoHi po3mi-
LWeHHa npoMMarngaHyukie "Kpacutensa" ta HakonudyBaua.
Mo-gpyre, Bogo3abopu M. PybixHe 3a micuem posTaluy-
BaHHA MOXHa BU3HAuYUTM AK npupycrosi. OueBMaHO, WO
npupycnosi Bogo3abopu nigseMHux Bog HanbinbL 3abesne-
YeHi XXMBMNEHHAM i, No cyTi, 3abupatoTb BOAY 3 PiykM, NOHU-
XYHOUM TUM camuMm i BOOOHOCHICTb.

TexHO2eHHi YUHHUKU Hebe3rneKu 3yMOBIeHi pe3ynbTa-
TaMu iHXXeHepHOI OisanNbHOCTI NOACTBa B MUHYNIOMY 4Yaci, a
TaKOX Cy4acHWM TEXHOreHHVWM BNAMBOM. BoHW xapakTtepu-
3yl0TbCA 30e6inbLoro WeMAWMMY HAOYHUMW NPOsIBaMM Ha-
CNigKiB MOPIBHAHO 3 NPMPOAHUMW YNHHUKAMMU.

TexXHOreHHi YMHHMKM Hebes3nekn NOAINATLCA Ha BHYTPILL-
Hi, 30BHILLIHi Ta BIAICbKOBI.

BHympiwHi YyuHHUKU Hebe3neku noB's3aHi 6esnocepe-
OHbO 3 eKcnilyaTalielo HakonuyyBaya, a came i3 BMICHMMU
peyoBUHaMU cekUili HakonuyyBaya. [Jo Takux YMHHWKIB BigHO-
CATb HasiBHICTb y Bigxogax Hebe3neyHux pevyoBuH Ta Mnopy-
LLUEHHS YMOB eKcnnyaTauii Hakonuyysava.

HasieHicmb y eidxodax Hebe3ne4yHUX pe408UH 3yMO-
BNeHa crneuundiyvHIcTIO i pi3HOMaHITHICTIO BUPOOHULUTBA KO-
nuwHboro ximiyHoro nignpuemctea "Kpacutenb". HuHi
CeKUji pi3HOK MiIpOK HamoBHEHI BigX04aMu, siki MIiCTATb He-
6e3neyHi (TOKCUYHi) pedoBrHK. [esiki 3 cekuin YacTkoBo abo
MOBHICTIO OCYLUEHi Nif BNANBOM KNiMaTUYHUX YAHHUKIB.

Y cknagi BuganeHux sigxodis 14 pokiB TOMy MiCTUNUCb
Taki Hebe3neyHi peyoBMHM, SK: amiak, XMOPUCTUIA aMOHIN,
Miflb CipyaHokucna, coaa kanbLuHoBaHa, bikapboHat HaTpito,
Tiocynbat HaTpito, rigpocynbdig HaTpito, iAKUIA HaTPIn, Xrno-
PUCTUIA HATPIN, CIPKOBOAEHb, CMOSM Ta iHLWUI OpraHivHi Ta He-
opraHivHi crnonykn (Hikonaesa, 2020). 3Bu4yainHo, neBHa
KINbKICTb pPEYOBMHM BXe Bunapwnach, 3abpyaHiolun npu
uboMy atMocdepHe noBiTps. [1poTe Takui pPeyOBUHHWIA
CKnag CTaHOBWTb 3arpo3y 3abpyaHEHHsI NPUNErnoi MicLeBo-
CTi 3@ YMOBW NOPYLUEHHSI FrepMETUYHOCTI CEKLiN.

lMopyweHHs1 ymoe8 ekcrislyamauii Hakonu4yea4da npu-
nyckae Aesiki NOTEHUiNHI 3arpo3u 3 6oky Biaxodis, WO € B
cekuiax. 3po3ymino, wo crneumdiyHMin cknag Bigxonis ne-
penbayaB PO3MiLLEHHS iX MO OKpeMUX CeKuisx. Arne NMoBIp-
HICTb 3MillyBaHHA PeEYOBWH, sKi MOBWHHI 36epiraTucs
OKpeMO, 3poCTac i3 CTyneHeM noripLUeHHs i30NAuUinHUX Bna-
ctuBocTen cnopyAd. lMpouec 3millyBaHHS Takux BigXOAiB
MOXe CMpPOBOKYBaTK XiMiYHi peakLii MixX pe4yoBMHaMU, BHa-
CnigoK YOro WoHaMMeEHLNA HeraTuBHUIA BNAMB — Lie 3abpy-
OHEHHs aTMocdepHOro noBIiTPS NPV BUNApOBYBaHHI 3
noBepxHi. B LUbOMy pasi iCHye NMOBIPHICTb NepenoOBHEHHSA
€MHOCTI HakonuyyBada (OKPeMOi CekKuii), WO ChpuUYnHUTL
6inblW MacwTabHi Hacnigku, ocobnmMBo 3a HAsABHOCTi BOOAHO-
Yyac iHTEHCMBHWX NaBOAKIB YM CHIFrOTAHEHHS.

306HiwHi YUHHUKU Hebe3mneKu TakoX MOB'sA3aHi 3 eKc-
nnyarauielo HakonuyyBada, ane CTOCYKTbCA CTaHy Woro
cnopya. MNprknagom Takux YAHHKKIB MOXYTb ByTU: 3HOC Tpy-
6onpoBofiB, HECTINKICTb OropoAXyBanbHUX KOHCTPYKLIN,
nopyLUeHHs i3onsauii 6opTiB Ta AHMLA TOLWO.

Ak Bxe Oyno 3asHayeHO Bulle, HGaraTopiYHUI TEepMiH
ekcnnyaTauii 06'ekTa Ta BigCyTHICTb HAaNEXHOro TEXHIYHOro
o6cnyroByBaHHsS MPOTArOM OCTaHHIX AECSATUNITb NPU3BENN
00 NosiBM KOMMNMEKCY HeraTUBHUX NPOLECiB Ha TepUTopii Ha-
KonuyyBa4a. Ak Hacnigok — HUHI Mae MicLie 3HOC KOHCTPYK-
uin i Tpybonposogis. Tomy Ha TepuTopii HakonudyBaya
CnocTepiralnTbCa HAKOMUYEHHS PiauH (Bigxodis) y HeBiaBe-
OEeHNX ang uboro Micusx.
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3a 30BHIWHIMW O3HaKamMu 3aranbHU CTaH HaKoMu4y-
Baya MOXHa BM3Ha4MTK sik 3aHeabaHmin. HecTilikicTb oropo-
OXyBanbHUX KOHCTPYKLUN noaekyau BupaxkeHa Yy BUrNsAi
BUIyYeHHs mMaTepiany fam6, 3cyBHMX npoueciB Ha aambax
Towo (Hikonaesa, 2020). VimoBipHa BTpaTta i30nsuiiHNX
BMNacTUBOCTEN Cropy CNpUSiE NOLUMPEHHIO 3abpyaHIoBarb-
HMX PEYOBUH 3a MEXi CEKLi HakonMyyBaya Yyepes NpocoYy-
BaHHs [0 rpyHToBux BoA. OueBuaHOW € 3aranbHa
BMCHAXEHICTb CTaHy HakonuyyBada 4yepes Benuvkuii TepMiH
ekcnnyaTtauii 3 HegocTaTHIM piBHEM TEXHIYHOro o6cnyroBy-
BaHHsi, @ TaKOX Yepe3 Aii CTOPOHHIX Ocib Ha Ui Teputopil
(MixankoBa, & Yganos, 2024).

Takum YMHOM, BHACHiZOK ONUCaHUX BULLE NPOLLECIB MO-
)KHa BBaXkaTW, WO HasiBHICTb iH(iNbTpadii 3abpyaHoBanb-
HUX PEeYOBMH 4Yepe3 [JHuLie B MiA3eMHi BOAM 3BOAUTb
HaHiBELb CEHC riapoi30nsLiHOro ekpaHa HakonuyyBeaya.

Bilicbkoei YuHHUKU Hebe3neKu 3yMOBMNEeHi BeAEHHSIM
BiICbKOBUWX il y perioHi NpoTarom octaHHix 10 pokis. CyT-
HICTb TaKMX YMHHWKIB 3BOAUTBLCSI 40 TPbOX OCHOBHMX MpoLie-
ciB: 06CTpIniB 3 pi3HOro 030po€EHHS, MiHYBaHHS TepuTopii Ta
obnawTyBaHHA 060POHHMX Cnopya.

HesanexHo Big TMny o6CTpiniB (apTnnepincekunin, pakeT-
HWIA, CTpINeLbKniA TOLWO), BIlyYaHHs Ha TEpUTOPID HaKonu-
yyBaya 6€3yMOBHO MatoTb PYMHIBHUI XapakTep Ans Cnopya.
Ak pesynbTaT — iIMOBIpPHI NOPYLUEHHS LiniCHOCTI pe3epByapis
Hakonu4yyBaya Ta ix OropofxyBarnbHUX KOHCTPYKLUiA. To6To
06CTpiNM MOXYTb MPU3BOAUTU SK MiHIMYM 0O PO3KUOAHHS
Hebe3neyHux ans HIMC pevyoBnH Ha gecAaTKM MeTpiB Big Mi-
cus 30epiraHHs. B ripwomy Bunagky Takvii BNMB Mae nep-
CMEKTUBY BUTOKIB PEYOBMH 3 EMKOCTEN HakonuyyBa4a, Lo
CNPVYNHUTB X LWBWAKY Mirpadito, B TOMy Yucni i A0 nigsem-
Hux Bog (MixankoBa, & KoHoHeHko, 2022). O6cTpiny 3aaTHi
CMNPOBOKYBaTW NOXEXi HA CEKLiAX, sIKi HMHI MOBHICTIO abo Ya-
CTKOBO OCYLLEHI, y Takui cnocid 3abpyaHtooun atmoccepHe
noBiTpst He6Ee3NeYHNMM peYOBNHAMN.

MiHyBaHHSA TepuTopii HakonuyyBaya ¢opMye noOTeH-
LiHy 3arpo3y AeToHauii LMX MiH y noganbLiomy i, Bigno-
BiHO, NOpYLUEHHs uinicHocTi abo pynHyBaHHA GopTis
cekuin. Taki ) HacnigkM MoxyTb OyTu B pasi obnaluTyBaHHs
06OpOHHMX cropyA Ha TepuTopii HakonudyBada (Hanpu-
Knag, WUpOoKi AINSHKN MK ceKkUigmu).

HuHi 36epiraeTbcs BUCOKa BipOrigHICTb BNUBY BiiCbKOBUX
YMHHKKIB Hebe3nekn Ha TepuTopii HakonuyyBaya y 3B'sI3Ky i3
BE[lEHHSIM aKTUBHMX BiiCbKoBUX Aiji. 3 TpaBHsi 2022 p. M. Py6i-
XKHE Ta MOro oKomnuLi TMMYacoBO OKymnoBaHi. PanoH posaTaluy-
BaHHS  HakonuyyBaya HeogHopasoBo nepebysaB  nig
obcTpinamu, Wo NiaTBEpOXKYHOTb CYMYTHUKOBI 3HIMKM. Tak, Ha
kapTi Google 306paxeHO XaoTMYHO pO3TalloBaHi BUPBU pi3-
Horo AiameTpy 6esnocepenHbO Ha TepuTopii HakonuyyBaya.
BoHu BigoGpaxatoTb cnigu BnyyYaHb 6oenpunacis, Lo € niac-
TaBOI CTBEPPKYBAaTW NPO OYEBUAHY HASBHICTb HAcMiaKiB Ans
cnopyg, Ta HMC (sk MiHiMyM, po3KMaaHHsi PEYOBWH 3 EMHOCTI
HakonuyyBaya, BibpauiiHe HaBaHTaXXEHHS! Ha crnopyam TOLLO)
(Mixankoea, & Yaganos, 2024).

TakvM YHOM, PO3MMSAHYTI BULLIE NPUPOAHI | TEXHOTEHHI YMH-
HUKN €KOOori4YHOI HeGe3nekn CTBOPHOOTL MOTEHLIVHI pU3nKn
BUHUKHEHHS aBapiHUX CUTYyaLii, NoB'a3aHMX 3 Hakonu4ysa-
Yem. 3aranom BOHM 3BOAATLCA A0 TaKkWX CLEHapiiB PO3BUTKY
CcuTyaUii BigMOBIAHO 4O HANPSMKY MOLUMPEHHST 3a0pYAHEHHS:

 MOLUKOXKEHHS CYLiNbHOCTI 4aMbu — BUMMB BMICTY Ha-
konunyysada B HIMC 3 noganblioto Mirpadieto Hebe3neyHux
CMonyK A0 I'PYHTIB, MOBEPXHEBMX Ta NiA3EeMHUX BOS;

® MOPYLUEHHS i30MsUil AHULLA — NpPOCOYyBaHHS Hebes-
NeyYHnX pevyoBUH, Lo MICTATLCA Y cknagi Bigxoais, Ao nigse-
MHWX BOS;

e BUOYXM, NOXEXi Ha HakonuyyBayi — MOTpanmnsHHA
00 aTMocdepHOro NOBITPS BENUKOI KiNbKOCTI HEGe3neyHnx
PEYOBUH.
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3BMYaliHO, € BipPOrigHICTb NOEQHAHHA CLEeHapiiB aBapiii-
HUX CUTYyaLi Yepes cknagHi 06CTaBUHM Ha TepuUTopii Hako-
nuyyBaya. Taki noegHaHHs MOXyTb OyTV BHacnigok BNnvBy
SIK KiNMbKOX YMHHMKIB HeOe3neku, Tak i ogHoro (Hanpwvknag,
BiICbKOBUX AilA).

B cyuyacHuMx ymoBax came TEeXHOTreHHi YMHHUKM Hebes-
neky 3yMOBIIOWTb Hanbinbly BipOrigHICTb BUHWUKHEHHS
aBapiiHMX cuTyauin Ha HakonudyBadi. Hacamnepepq ue no-
B'AI3aHO 3 JOCTYNOM CTOPOHHIX OCib Ha noro TepuTopito. Ye-
pe3 BiACYTHICTb HamneXHOro KOHTPOI MPOTArOM NEBHOro
nepiogy 4Yacy Ha TepuTopii HakonuMyyBada 34iiCHIOBanMch
HenpaBOMipHIi Aiil CTOPOHHIX oci6 wono o6'ekta. BHacnigok
LUboro 3acpikcoBaHO HeCaHKLUiOHOBaHe BWUIyYEHHSA maTtepi-
any namb Ta NpoBefeHHs1 HEBIAOMMX TEXHOMONYHMX POBIT
Ha AinsHkax Hakonudyeaya (Hikonaesa, 2020). Omxe, Aaii
CTOPOHHIX OCi® MOXYTb CNPOBOKYBaTW MOPYLUEHHS LiniCHO-
CTi cnopyA Ta, 9K Hacnigok, noTpannsaHHs Bigxoais y HIC.

Y pagsi BigCyTHOCTi MPSAMOI 3arpo3v BUHUKHEHHST aBapinHoOi
cuTyauji BHaCmMifoK BXe HasiBHMX MOLUKOMKEHb Aambu, Taki
OinNsiHKN cTaTb "BpasnuBMMKn” MicUSMU Ans Hakonuyysaya.
To6To B pasi iIHTEHCUBHOIO BMAMBY YMHHMKA Hebe3neku (Ha-
npuknaz, NpUpoaHOro — NiATONNEHHS, JOBrOTPUBaNuX onazis
TOLLO) iCHY€E BMCOKa MMOBIPHICTb MpopuBY AaMbu came B paii-
OHi NOLLKOAXKEHOI AinsiHkM. CBOeYacHe BUSABIEHHST TakuX fi-
NSIHOK Ta 3AIMCHEHHS 3ax0fiB LWOAO YCYHEHHS! MOLLKOMKEHb
[acTb 3MOry CyTTEBO 3MEHLUMTU PUSUKN BUHUKHEHHS aBapiii-
HWX CUTYyaLin Ha Hakonu4yyBsadi.

[o uboro x acnekTy BapTo BigHeCTu nepebyBaHHsA Tepu-
TOpil HakonuyyBava B TMMYaCOBIW OKynadii, Npo Lo BXe
Oyno 3a3HayeHo paHiwe. MNepebyBaHHsI CTOPOHHIX ocib Ta
MOBHa BiACYTHICTb KOHTPOIO 32 TEXHOrEHHUM 06'€KTOM yHe-
MOXIMBIIOE MiHIMi3aL|ilo BXe ICHYIOUNX pU3KMKIiB. Y 3B'A3KY i3
UMM OKynauist HUHI € Hanbinbw HebesneyHum i Henepenba-
YyBaHUM YMHHUKOM Hebesnekn Anst HakonuyyBaya.

Ouckycis i BACHOBKMK

MpoaHanisoBaHa ekonoriYHa cuTyawis, noe'a3aHa 3 6araTto-
piyHOIO ekcrnnyaTauieto HakonudyBada CTidHMX Bopg "Kpacu-
Tensa", Bka3ye Ha psg HeraTMBHMX HACMigKiB, MacluTabu sikux
3MiHIOBanuch Ta 3pocTany nig Yac akTMBHOIO (OYHKLiOHYBaHHSA
nignpuemcTaa. Ha cyyacHomy eTani (3aBog MnikeidoBaHoO) iCHY-
BaHHS TEXHOrEHHOro 06'ekTa 3anuLLaeTbCs akTyarbHOK Npo-
6nemMolo — B 30HI BMNMBY HakonuyyBava BiAOyBacTbCHA
KOMIMIIEKCHE HaBaHTaXeHHs1 Ha KomnoHeHTu HIC.

AHanisyoun BMMMB HakonudyBaya, y CTaTTi BCTaHOB-
NIEHO Ta OXapaKTepPU30BaHO YMHHWKWU €eKornoriyHoi Hebes-
nekn Ans uporo ob'ekTa, SKi 3a XapakTepoM BUHUKHEHHS
noainsaTbCa Ha NPUPOAHI | TexHoreHHi. Kpim Toro, BeaeHHst
aKkTMBHUX OOMOBMX Aii Ta OKynauis TepuTopii NpOTArom
OCTaHHIX TPbOX POKIB NPU3BENN 4O MOSBU BiICbKOBUX YWH-
HUKIB HeGe3neku, Lo 3aranom Hanexartb 40 TEXHOTEeHHMX.
BuaineHi YAHHUKM € He NPOCTO MOTEHUiMHO Hebe3neyHMun
— X BNSIMB YacTKOBO BigoOpa)kaeTbCcsl HA caMmoMy 00'ekTi Ta
NpuUNernMx TEPUTOPISX, TOMY Lie NPMHLUMMNOBO HOBUI NOrnsg
Ha uel HakonuyyBaY. Bnnue npupogHux i TEXHOrEHHUX YNH-
HWKIB 4aCTO B3aEMONMOB'sI3aHNI — LibOMY CMIPUSIE CKNaaHIiCTb
TEeXHOreHHoro o6'ekta i CBOEPIAHICTb TepUTOPIi (reonorivHi i
rigporeonoriyHi ymoBu, TEKTOHIYHa ByaoBa).

Hakonudysau e 3 noyartky poboTu nignpreMcTaa BMiLLly-
BaB arpecyvBHi Biaxoau (amiak, igKui HaTpin, XNOpUCTUI aMOHIl
Ta iH.), a ix 3'eAHaHHs 6e3nocepeHbO 3AIMCHIOTL BMUB Ha
nia3emMHi Boaun, B TOMy Y1CHi MUTHI (3akpuTi Ta/abo nepeBeeHi
Ha TexHiYHe BOOOKOPUCTYBaHHA Bodo3abopum). Ha cborogHi
CKnapj BigxodiB CyTTEBO BiOpIi3HAETLCA Bif NO4aTKOBOro, MpoTe
noTeHLjan Hebe3nekn 3anuwaeTbcs BENUYE3HNM. TOMy MOHI-
TOPUHT Takux ob'ekTiB — Ge3nocepeHbO Hakonuyyeada "Kpa-
cutensa" i oMy nodibHMX — Ue Ayxe BaxnvBa CKrnagosa
€KOMoriYHoI Be3nekn NpUnernnx TepUTopIn.
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BHecok aBTopiB: HiHa Mixankosa — KoHUenTyanisauis, Hanu-
CaHHs (opuriHanbHa YepHeTka); Irop YaanoB — KoHuenTyanisauis,
HanucaHHs (nepernsg i peparyBaHHs).
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ANALYSIS OF FACTORS OF ENVIRONMENTAL HAZARD
FOR THE WASTE STORAGE UNIT LLC "RUBIZHANSKYY KRASYTEL"

Background. The article is devoted to environmental hazard factors, that can negatively affect the condition of the highly mineralized
wastewater storage of LLC "Rubizhansky Krasytel”. The relevance of the work is due to the existing environmental problems, that accompany the
long-term operation of the man-made facility.

Methods. The study employed an analysis of available information on the geological and hydrogeological conditions of the area and the
technical state of the waste accumulation facility. Environmental risk assessment was carried out based on literary sources, cartographic materials,
and logical analysis of the influence of natural and technogenic factors. Given the lack of access to the site, a conditional modeling approach was
applied to simulate potential impact scenarios considering identified risk factors.

Results. The main hazard factors, according to their origin, are divided into natural and man-made. It is established that the influence of
natural hazard factors is due to the peculiarities of the territory where the man-made facility is located and global climate changes. The main processes
that pose a potential threat to the spread of substances from the storage tank are described, both from the endogenous natural component (geological
structure of the territory, hydrogeological conditions) and exogenous (climatic and hydrological conditions). It is noted that the location of the storage
facility in the zone of influence of the North-Donetsk thrust contributes to the spread of substances from the storage facility in the geological
environment. It is noted, that the condition of the structures partially reflects the manifestations of the influence of certain factors, but their further
action can provoke an emergency situation on the storage tank.

Conclusions. The analyzed technogenic hazard factors indicate a number of adverse processes, the potential threat of which is directly
related to the violation of the conditions of operation of the facility. At the same time, the presence of signs indicating damage to structures and
communications is noted. The article determines that military hazard factors, which are technogenic, currently have the highest degree of probability
of destructive impact on the storage facility. It is noted that the territory being under the control of third parties, namely the occupation forces, has
created a rather dangerous situation, taking into account the material composition of the waste. Moreover, these circumstances nullify any ways to
solve the existing environmental problems of the adjacent territory, making access to the facility impossible.

Keywords: hazard factor, waste storage facility, pollutants, migration, environment, geological environment, groundwater, risks of an
emergency situation.
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RISK CONSIDERATIONS IN THE STUDY OF INVESTMENT ATTRACTIVENESS
OF GEOTHERMAL ENERGY OBJECTS

(MpedcmaeneHo 4neHom pedakuyiliHol konezii 3-pom 2eon. Hayk, npogh. B.A. Muxalinosum)

Background. The article explores a comprehensive approach to risk assessment affecting the investment attractiveness of
projects in the field of geothermal energy. This involves the combination of various objective prerequisites, opportunities, and limitations
arising during the process of attracting investments in the development of geothermal energy, which can create conditions for the rational
and effective use of available resources (natural, human, informational, technological, capital, etc.). Special attention is given to local,
regional, and techno-environmental risk factors.

Methods. The study utilizes methods that combine financial and economic analysis, risk assessment, technical expertise,
examination of the regulatory and legal environment, and market conditions. The core of the research involves the calculation of financial
indicators such as Net Present Value (NPV), Internal Rate of Return (IRR), Discounted Cash Flows (DCF), and payback period, which help
assess the potential profitability of a project. The technical assessment includes environmental expertise and an analysis of the
sustainability of geothermal resource use, particularly the depth of deposits and temperature potential. At the same time, it is crucial to
study the regulatory framework concerning subsoil use and tariff regulation. This approach ensures the validity of investment decisions
and minimizes risks.

R e s ults. During the study, the authors proposed an improved method for assessing investment risks in geothermal energy, taking
into account a comprehensive analysis of the interconnection between local, regional, and techno-environmental factors. A method for
ranking risks based on their impact on project effectiveness was also developed, along with recommendations for their minimization. The
proposed methods improve the accuracy of forecasting and the justification of investment decisions in this field.

Conclusions. It is analytically substantiated that the Levelized Cost of Energy (LCOE) with risk adjustments allows for
accounting for all possible losses and uncertainties, just as NPV evaluates financial attractiveness and helps determine whether investing
is worthwhile. It is also determined that considering regional and local risks provides a more realistic assessment of investing in
geothermal energy. Promising areas for future research in this field include the development of more precise risk assessment models
using modern digital technologies, such as machine learning and big data. Moreover, improving methods of environmental monitoring
and developing effective strategies for minimizing technogenic risks is important. Research on the impact of climate change on the stability
of geothermal resources, as well as improving the legislative and regulatory framework to stimulate investment in the sector, can
contribute to the sustainable development of geothermal energy.

Keywords: geothermal energy, subsoil use, investment attractiveness, risks, renewable energy, environmental safety, risk

management, development prospects.

Background

Fundamental and applied works on determining the
investment attractiveness of renewable energy facilities,
including geothermal energy as a component of it, have
been carried out both in Ukraine and worldwide for a long
time. Theories of investment and the evaluation of the
effectiveness of investment projects are dedicated to the
works of authors (Tatarenko, & Poruchnyk, 2000; Suprun, &
Yukhymchuk, 2009; Chorna, Smirnova, & Buhrimenko,
2017; Karpov, & Horbachenko, 2013). The analysis of
strategic investment directions in renewable energy in the
context of national economic development has been
conducted in the works (Drach, 2023; Sivitska, 2014;
Dyachuk et al., 2019). Structural analysis of the costs for
implementing a wind power plant investment project is
presented in the works (Hlushchenko, 2023; Ivanchhenko, &
Tuchynskyi 2007; Stehly, Tyler, Duffy, & Patrick, 2021).
Separate studies focus on modeling and analyzing the cost
of electricity from renewable sources (Tochenyi, Reztsov, &
Tuchynskyi, 2010). Research on the investment
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attractiveness of mineral resources and the evaluation of
risks has been presented in the works of many authors
[Mykhailov et al., 2023; Rudko, Karli, & Tolkunov, 2022;
Kumar, 2022; Lukawski, Silverman, & Tester, 2016;
Savchuk, 2024; Zurian, Levchenko, & Pidtilok, 2015).

Research on the efficiency of using the thermal potential
of the environment and the upper layers of the Earth's crust
in Ukraine is described in the works (Morozov, 2019). Active
research is underway to study the physical features and
energy efficiency of using water from underground horizons,
with a focus on technical, economic, and ecological analysis
of implementing geothermal systems of this type (Zurian,
2023a; Zurian, 2023b).

The results of recent publications confirm the promising
direction of research into the technical, economic efficiency,
and profitability of implementing geothermal energy projects,
including the use of low-potential thermal energy from the
upper layers of the Earth for heating, cooling, hot water
supply, and meeting technological needs of consumers. At
the same time, the problem of economic-mathematical
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modeling for assessing the economic attractiveness of heat
supply technologies based on the use of geothermal energy,
taking into account all possible risks of using this type of
renewable energy, remains relevant.

Problem Statement. The analysis of scientific
publications and practical experience in the application of
methods for evaluating investment efficiency, taking into
account risks, will contribute to enhancing the level of scientific
research on the prospects of geothermal energy development
and the investment attractiveness of relevant projects.

Results

The investment attractiveness of geothermal energy
objects is the combination of various objective preconditions,
opportunities, and limitations that arise in the process of

attracting investments in the development of geothermal
energy, which can create conditions for the rational and
effective use of available resources (natural resources,
human resources, information resources, technologies,
capital, etc.). The main criteria for the investment
attractiveness of geothermal energy objects should be the
values of Net Present Value (NPV), Internal Rate of
Return (IRR), Capital Expenditure volumes (CAPEX),
payback period, and the levelized cost of energy (LCOE).
Corresponding calculations are carried out taking into
account the current and forecast market conditions, the
characteristics of the investment regime, as well as
geological, technological, ecological, economic, and political
risks (Fig. 1).

INVESTMENT ATTRACTIVENESS OF GEOTHERMAL ENERGY OBJECT

GEOLOGICAL-ECONOMIC EVALUATION
OF A GEOTHERMAL ENERGY OBJECT
(NPV, LCOE, payback period)

- Mining and Geological

EVALUATION OF THE
INVESTMENT REGIME

T A
(_,_

Characteristics of the Object;
- Technological
Characteristics of the Object;
- Environmental

Characteristics of the Object;

\'4

INVESTMENT RISKS

Regulatory Regime

Tax Regime

- Costs for Geological
Exploration and
Development.

b

(Geological Risks Environmental Riskq

hﬂining and Geological Rislﬂ Technological Risks
\

j Economic Risks
»1 Regional Risks — )
’ L Political Risks
L.

Fig. 1. Investment Attractiveness of Geothermal Energy Projects

It is proposed to conditionally divide the main factors of
the investment attractiveness of geothermal energy objects
into two major groups. Thus, the factors related directly to
the underground water extraction objects for thermal energy
purposes are local (geological, mining-geological,
technological, techno-economic, and ecological), while
those related to the region in which the implementation of
the projects is planned are regional (regulatory, economic,
geographical, and natural-geographical) (Table 1).

Before making a decision regarding the implementation
of a geothermal energy project, the potential subsoil user
attempts to analyze as much available information as
possible (geological, economic, regulatory) in order to
assess the level of investment potential and investment risk.
Therefore, the issue of accounting for risks when studying
the investment attractiveness of geothermal energy projects
is the focus of this research.

Today, several traditional methods for calculating risks
that affect the investment attractiveness of geothermal
energy projects exist. These methods are based on
economic, geological, technological, and environmental
analysis. For example, the scenario analysis method
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(Shelikhov, & Masalska, 2015). Today, technological
forecasting has become an essential tool for decision-
making, at least at the strategic level for management bodies
at all levels. However, besides decisions related to the
development of the organization, scenario analysis can also
be used to address issues related to the investment
attractiveness of geothermal energy projects. For instance,
this method allows for the consideration of different project
development scenarios depending on changes in key risk
factors (such as fluctuations in reservoir temperature, initial
well flow rates, and electricity prices). For each scenario,
possible financial outcomes and risk levels are assessed.
Another applicable method is the Monte Carlo method,
which is used to model uncertainties by performing random
trials multiple times within the defined parameters (geological,
technological, economic). This allows for the estimation of the
probability of achieving certain economic indicators (NPV,
IRR). Using the sensitivity analysis method, one can
determine which factors have the greatest impact on the
project's effectiveness. This is done by changing the values of
specific parameters (for example, extraction costs, electricity
tariffs) and assessing their influence on financial results.
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Table 1

The main factors of the investment attractiveness of geothermal energy objects

Factors Related to the Geothermal Energy Object

Factors Related to the Location of Project Implementation

Geological:
- Features of the object's structure, composition of rocks, type
and characteristics of the deposit, water volume, etc.
Mining-Geological:
- Depth of the water-bearing horizon, initial formation pressure
and temperature, initial well flow rate and filtration parameters,
operating depression, extraction coefficient, etc.
Technological:
- Chemical composition, presence of accompanying
components, extraction and product preparation technologies,
extraction coefficient of useful components, etc.
Techno-Economic:
- Methods and systems of operation, production cost, capital
and operational expenses, profit size, profitability level of the
object's operation, risk capital (cost of geological exploration
works), etc.
Ecological:
- Economic value of areas being alienated, possible
environmental consequences from breaching the integrity of
subsoil, water regime, etc., and costs for minimizing the
negative ecological impacts of the object's operation.

Regulatory:
- Organizational and legal regime of subsoil use, its state
(public) regulation,
- Stability of the political system; stability and predictability of the
state's investment policy, general and mining legislation,
conditions under which investors can carry out exploration,
development, and extraction of minerals (concessions,
production-sharing agreements, joint ventures, service
contracts), export rights for extracted products, etc.

Economic:
- Product price, demand and consumption levels in local and
external markets, tax regime, availability of sales markets, level
of competition, etc.

Natural-Geographical:
- Geographical, geomorphological, and climatic conditions of
the area, type of terrain, availability of infrastructure (proximity
to transport infrastructure, processing plants, communication
routes, availability of electricity and water resources), availability
of workforce, etc.

It is also possible to forecast and systematize the main
risks (geological, techno-economic, environmental, political)
and assess their potential impact on the investment
attractiveness of the project using risk factor analysis.
Among classic methods, the discounted cash flow method
can be mentioned. Although this method is mostly used for
evaluating the financial efficiency of a project, it can also be
used for accounting for risks by adjusting the discount rate.
The higher the level of risk, the higher the discount rate
applied to adjust future cash flows.

Furthermore, considering that modern geothermal
projects increasingly use GIS technologies and underground
reservoir modeling for more accurate assessments of
geological and hydrothermal risks, traditional methods place
the main emphasis on financial calculations, geological
analysis, and technological factors. However, today, with the
development of digital technologies, machine learning, big
data, and digital modeling methods are increasingly being
applied to more accurately assess risks and the investment
attractiveness of geothermal projects.

Each of the traditional methods for assessing risks in the
field of geothermal energy has certain drawbacks. The general
problems inherent in these approaches include a high degree
of uncertainty in the initial data, limited consideration of
interdependencies between risks, insufficient adaptation to
changing conditions, high subjectivity of assessments,
complexity in calculations and resource intensity, as well as
inadequate consideration of environmental risks and the impact
of an unstable regulatory environment.

Thus, none of the traditional methods are perfect. The
best results are achieved through their combination and the
use of modern digital technologies. To improve the accuracy
of risk assessment, it is necessary to consider the
multidimensional relationships between factors and to
continuously update data in light of real changes in the
geothermal energy sector.

Given the above, it can be argued that modern
approaches to risk assessment in the field of geothermal
energy should focus on improving forecasting accuracy,
accounting for interrelationships between risks, and
adapting to changing conditions. In our opinion, key methods
that could improve risk assessment include:

1. The use of artificial intelligence and machine
learning. This approach allows for the analysis of large
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volumes of data to identify hidden dependencies between
risk factors. Automatic training of models based on historical
data on geothermal projects can enhance the accuracy of
forecasting geological, technological, and financial risks. For
example, neural network algorithms can predict the
likelihood of seismic tremors, fluid leaks, or decreased well
flow rates based on geological and hydrothermal data. Deep
learning can help determine optimal field development
parameters with minimal risks.

2. The use of geographic information systems (GIS)
and reservoir digital modeling. This approach allows the
creation of detailed 3D models of geothermal systems for more
accurate forecasting of reservoir behavior and visualization of
risks associated with fluid movement, seismic processes,
potential leaks, and other environmental threats. For example,
GIS systems help combine geological, climatic, and economic
data to create integrated risk maps, while underground
reservoir modeling can predict the longevity of geothermal wells
and potential operational problems.

3. The use of Bayesian networks for assessing
complex risks. This approach allows for considering the
interrelationships between various risk factors (e.g., the
dependence between changes in formation pressure and
the risk of hot water breakthrough into other horizons), as
well as performing dynamic updates to forecasts as new
data arrives. For instance, Bayesian models can assess how
changes in reservoir temperature will affect the longevity of
wells and the economic feasibility of the project.

4. Integration of environmental and social factors
into risk analysis. This enables more accurate
consideration of the impacts of geothermal projects on the
environment and local communities, as well as the
assessment of effects on the ecosystem.

The authors have proposed a comprehensive approach to
assessing risks that impact the investment attractiveness of
geothermal energy projects. Special attention is paid to local,
regional, and techno-environmental risk factors. Local risks
include geological (features of the object's structure, rock
composition, resource volume, etc.), mining-geological
(deposit depth, temperature regime, filtration parameters),
technological (chemical composition, extraction
technologies), techno-economic (production costs,
profitability level), and environmental aspects (disruption of
subsaoil integrity, costs for minimizing environmental impacts).
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Among regional factors, political (state regulation, stability of
investment policy), economic (tax regime, competition level),
and natural-geographical (infrastructure conditions, resource
availability) factors are considered. Additionally, techno-
environmental risks are analyzed, including the potential for
thermal water leakage, contamination of aquifers, seismic
risks, and ground surface deformations.

In the course of the study, the authors proposed an
improved methodology for assessing investment risks in
geothermal energy, which considers a comprehensive
analysis of the interconnection between local, regional, and
techno-environmental factors.

A generalized mathematical model of the economic
attractiveness of geothermal energy projects is proposed,
based on the discounted cash flow method, determination of
production cost considering the life cycle of the energy
installation, calculation of the normalized production price of
energy products, and capital expenditure indicators, taking
into account risk.

One of the most important indicators of the effectiveness
of an investment project is the Net Present Value (NPV).
This indicator represents the sum of all cash flows
discounted to the present moment (as of the date of the
investment project evaluation): The net present value is
calculated using the formula.

The equation for calculating NPV considering risks is
proposed to be written in the following form:

NPV =yn1 St (1)

=0 (14’
Where St — the net cash flow in period t, i.e., the sum of all
revenues minus the sum of all expenses for that period; i —
the discount rate for one period (usually a year).

Very often, the discount rate (NPV) is calculated using the
NBU's (National Bank of Ukraine) discount rate. The NBU's
discount rate ranged from 10 % to 25 % in 2022—-2024. As of
January 25, 2025, it stood at 14.5 % (National, 2024).

The authors suggest applying a risk premium to the
discount rate depending on the probability of an unwanted
loss/hazard occurring (Table 2).

Table 2

Risk premium to the discount rate based on the probability of unwanted loss/hazard occurrence

Risk Premium to Discount Rate (%)
Risk Probability of Unwanted Probability of Unwanted Probability of Unwanted
Loss/Hazard Loss/Hazard Loss/Hazard
From 0 % to 30 % From 30 % to 70 % From 70 % to 100 %
Geological Risk 1%-3 % 3 %7 % 7 %—10 %
Mining-Geological Risks 1%-3 % 3 %7 % 7 %—10 %
Technological Risks 1%-3 % 3%7% 7 %10 %
Economic Risks 1%-3 % 3 %7 % 7 %—10 %
Environmental Risks 1 %3 % 3 %7 % 7 %—10 %
Political Risks 1%-3 % 3 %7 % 7 %10 %
Regional Risks 1%-3 % 3 %7 % 7 %10 %

This table reflects the potential risk premium applied to
the discount rate, depending on the probability (0% to 30%)
of experiencing undesirable losses or hazards. The risk
premium will vary based on the likelihood of each specific
risk occurring, impacting the overall investment evaluation of
geothermal energy projects. The actual risk premium values
for each risk type should be filled in based on the project-
specific risk assessment and factors.

In this article, it is proposed to account for the risk factor
in the NPV calculation by adding a "total risk component" in
addition to the NBU base interest rate, depending on the
factors and evaluation criteria according to Tables 1 and 2.

To account for the risks associated with the
implementation of geothermal energy projects, the authors
propose calculating the risk premium added to the discount
rate using the following equation:

r;'.r. = rref + rgﬁa + rmin + rte('h + rﬁcam + renw +r ]70l+rreg 4 (2)

where: rcr. — discount rate considering risk; rret — NBU base
interest rate; rgeo — geological risk (probability of insufficient
flow rate, temperature drop); rmin — mining-geological risks
(pressure, depth, resource extraction); riech — technological
risks (equipment efficiency, availability of supporting
components); recon — €conomic risks (competition, energy
prices, taxes); renv — environmental risks (pollution, thermal
water leakage, seismic risks); rpo— political risks (regulatory
changes, legislative stability); rey — regional risks
(infrastructure remoteness, transportation costs).

Thus, the equation for calculating NPV considering risks
is proposed to be written in the following form:

NPV = 37 St 3)

t=0 (14 (i+re, )t
An important component of evaluating the investment
attractiveness of geothermal energy projects is the
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calculation of the Levelized Cost of Energy (LCOE), which
takes into account all key parameters.
Zn C,+0O +R +E,
= (1+7)
zn El ’
= 1+r)
where C: — capital costs for construction and well drilling in
year t; Or — operational and technical costs in year t
(maintenance, extraction, energy preparation); Rt — costs for
risk management and environmental measures; E: — amount
of energy produced in year t; r — discount rate; n — total
lifetime of the installation (years).

The discount rate is usually taken as the NBU (National
Bank of Ukraine) rate.

An integrated risk factor coefficient Rris also used, which
includes risks that impact the economic attractiveness of the
geothermal energy project. This indicator is used when
considering risk in the normalized production price.

The corresponding equation, which accounts for risks in
the normalized cost of energy production, looks like this:

LCOE =

(4)

LCOE*=LCOEX(1+R,), (5)
where Rr— integrated risk factor coefficient:
R/ = O‘)leer) +O,R,,, +OR, , +OR,, +
+(‘0Renw + (D5R pol+w7Rreg ’ (6)

Each of these components determines the risk by
direction: Rgeo — geological risk (probability of insufficient
flow, temperature drop); Rmin — mining-geological risks
(pressure, depth, resource extraction); Reech — technological
risks (equipment efficiency, availability of supporting
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components); Recon — €conomic risks (competition, energy
prices, taxes); Renv — environmental risks (pollution, thermal
water leakage, seismic risks); Rpo— political risks (regulatory

changes, stability of legislation); Rreg — regional risks
(distance of infrastructure, transport costs).

Table 3

Risk surcharge in the normalized cost of energy production depending on the probability
of undesirable loss/threat occurrence

Risk Premium to Discount Rate (%)
Risk Probability of Unwanted Probability of Unwanted Probability of Unwanted
Loss/Hazard Loss/Hazard Loss/Hazard
From 0 % to 30 % From 30 % to 70 % From 70 % to 100 %
Geological Risk 0,01-0,03 0,03-0,07 0,07-0,1
Mining-Geological Risks 0,01-0,03 0,03-0,07 0,07-0,1
Technological Risks 0,01-0,03 0,03-0,07 0,07-0,1
Economic Risks 0,01-0,03 0,03-0,07 0,07-0,1
Environmental Risks 0,01-0,03 0,03-0,07 0,07-0,1
Political Risks 0,01-0,03 0,03-0,07 0,07-0,1
Regional Risks 0,01-0,03 0,03-0,07 0,07-0,1

Each component is determined by the probability of the
risk occurrence P; and the possible economic impact Ii:
R =PxI,, 7)
For example, if the probability of contamination of the
aquifer Penv = 0.1, and the cost of the consequences
(penalties, restoration) lenv=5 million UAH, then:
R, =0.1x5=0.5milion UAH

The lifetime of the installation is modeled as a function of
productivity reduction over time:

E =E, xe™, 8)
where Eop — initial capacity of the installation (MW); A —
coefficient of productivity reduction due to reservoir and
equipment degradation.

The reduction in productivity affects capital expenditures
and the need for modernization:

C,=Cy+C,ppn (1+B1) s 9)

where 3 — rate of increase in maintenance costs over time.

Thus, the investment efficiency can be evaluated
through the Net Present Value (NPV), which is determined
by the formula:

(Reyt—Ct—0¢—R¢)

NPV = T, G0, (10)

where C¢ — capital expenditures for construction and well
drilling in year t; Ot — operational and technical costs in year t
(maintenance, extraction, energy preparation); Rt — costs for
risk management and environmental measures; r — discount
rate; n — total lifetime of the installation (years); Revt — revenue
from energy sales in year t:

R,, =P XE,, (11)
where Pe — price per 1 MWh.

The project can be considered investment-attractive if
NPV>0.

The results of a comprehensive analysis of the
investment attractiveness of geothermal energy projects,
taking risks into account, should provide the potential
resource user with the necessary information for making a
decision regarding the feasibility of implementing the
respective project. On the other hand, such studies are
necessary for an adequate assessment of the development
prospects of geothermal energy and for improving
investment and regulatory frameworks, as well as for the
development of relevant state policies.

Discussion and conclusions

The authors propose the category of investment
attractiveness for geothermal energy projects. The factors
affecting investment attractiveness are identified, which are
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directly related to the underground water extraction objects for
thermal energy needs. These include local factors (geological,
mining-geological, technological, techno-economic, and
ecological) and those related to the region where the projects
are to be implemented — regional factors (regulatory,
economic, geographical, and natural-geographical).

The use of NPV and LCOE calculation methods, taking
risks into account, is analytically justified for assessing the
investment attractiveness of geothermal energy projects. It
is proposed to use a risk premium to the discount rate when
calculating the NPV of geothermal energy investment
projects, depending on the probability of undesirable loss or
danger, with possible values of this premium identified.

Considering regional and local risks provides a more
realistic evaluation of investment in geothermal energy.

Further research perspectives include the development
of more precise risk assessment models using modern
digital technologies, including machine learning and big
data. Moreover, improving methods of environmental
monitoring and developing effective strategies for
minimizing technogenic risks is crucial. The results of the
evaluation of investment attractiveness of geothermal
energy projects may be of interest not only to resource
users but also to institutions and organizations studying the
prospects for the development of this industry. Enhancing
the regulatory and legal framework to stimulate
investments in the geothermal energy sector should
contribute to the sustainable development of the economy
and strengthen energy security.

Authors' contribution: Oleksii Zurian — conceptualization,
methodology, writing (original draft), Andriy Tolkunov -
conceptualization, methodology, writing (original draft); Tetiana
Omelchenko — data validation, writing (review and editing).

References

Bertrand, G., de Oliveira, D., Wellmer, F.-W., Hollis, J., Kovalenko, N.,
Malyuk, B., Mykhailov, V., & Wittenberg, A. (2023). Strategic minerals of
Ukraine and their investment attractiveness. BRGM-Orleans.

Chorna, M. V., Buhrimenko, R. M., & Smirnova, P. V. (2017). Cost
management [in Ukrainian]. [HopHa M. B., CmipHoBa 1. B., Byrpimexko P. M.
(2017). YnpaeniHHa sumpamamul).

Drach, S. (2024, May 30). The future of "green energy" in Ukraine.
Biz.ligazakon.net [in Ukrainian]. [Opay, C. (2024, 30 TpaBHs). ManbyTtHe
"3eneHoi eHepreTukn" B YKpaiHi. Biz.ligazakon.net] https://biz.ligazakon.net/
analitycs/224285_maybutn-zeleno-energetiki-v-ukran

Dyachuk, O., Podolets, R., Yukhymets, R., Pekkoiev, V., Balik, O., &
Simonsen, M. (2019). Final report: Long-term energy modeling and
forecasting in Ukraine: Scenarios for the action plan for implementing
Ukraine's energy strategy until 2035. Kyiv-Copenhagen [in Ukrainian]. [As4yk O.,
Moponeub P., Oxumeup P., Mekkoes B., banuk O., CimoHceH M. (2019).
BaknoyHut 38im. [Jogzocmpokose eHepeemuyHe MOOeo8aHHs ma fMpo2Ho-
3yeaHHs 8 YKpaiHi: cueHapii Onsi nnaHy Oili peanizauii EHepeemu4yHoi



~102 ~

B 1 C H WU K KuiBcbkoro HauioHanbHoro yHisepcurety imeHi Tapaca LlleBueHka

cmpameeii  YkpaiHu Ha nepiod 0o 2035 poky. Kwuis-KoneHrareH].
https://ens.dk/
sites/ens.dk/files/Globalcooperation/ongterm_energy_modelling_and_foreca
sting_in_ukraine_ukrainian.pdf

Hlushchenko, Y., Korohodova, O., Chernenko, N., & Moiseienko, T. (2023).
The path to Industry 5.0: A green economy evolution and energy innovations
for sustainable development. Economic Bulletin of NTUU "Kyiv Polytechnic
Institute”, 26. https://doi.org/10.32782/2307-5651.26.2023.3

Ivanchhenko, I. V., & Tuchynskyi, B. H. (2007). Structural analysis of costs
for the implementation of a wind power station investment project. In Materials
of the VIII International Conference "Renewable Energy of the 21st Century”
(pp. 118-123). AR Crimea. [in Ukrainian]. [IBaHueHko, I. B., & TyumHcbkui, B. T
(2007). CTpyKTypHUIA aHani3 BATpaT Ha peani3auito iHBECTULIAHOIO NPOEKTY
BiTPOBOI enekTpocTaHuii. Mamepianu VIl MixHapoOHoi koHgbepeHuii "BidHO-
enosaHa eHepaemuka XXI cmonimms"” (c. 118-123). AP Kpum].

Karpov, V. A., & Horbachenko, S. A. (2013). Analysis of entrepreneurial
projects. ONEU [in Ukrainian]. [Kapnos, B. A., & lNop6a4yeHko, C. A. (2013).
Ananiz nionpuemHuybkux npoekmi. OHEY].

Kumar, L., Hossain, M. S., Assad, M. E. H.,, & Manoo, M. U. (2022).
Technological advancements and challenges of geothermal energy systems: A
comprehensive review. Energies, 15(9058). https://doi.org/10.3390/en15239058

Lukawski, M. Z., Silverman, R. L., & Tester, J. W. (2016). Uncertainty
analysis of geothermal well drilling and completion costs. Geothermics, 64,
382-391. https://doi.org/10.1016/j.geothermics.2016.06.017

Morozov, Y. P., Chalaev, D. M., Nikolaievska, N. V., & Dobrovolskyi, M. P.
(2019). Efficiency assessment of utilizing the thermal potential of the environment
and Earth's upper layers in Ukraine. Renewable Energy, 4(63), 80-88
[in Ukrainian]. [Moposos, tO. IN., Yanaes, A. M., Hikonaesckka, H. B., & [Jobpo-
BonbCbkuiA, M. M. (2019). OuiHka edpeKTUBHOCTi BUKOPUCTaHHS TEMIOBOIO NOTEH-
Liany JOBKINMs Ta BepxHix wapis 3emni B YkpaiHi. BiOHoemoeaHa eHepaemuka,
4(63), 80-88]. https://doi.org/10.36296/1819-8058.2020.4(63).80-88

National Bank of Ukraine. (n.d.). Monetary policy decisions archive
[in Ukrainian]. [HauioHanbHuit 6aHk Ykpainn. (6.4.). Apxie MoHemapHux
piweHs]. https://bank.gov.ua/ua/monetary/archive-rish

Rudko, H. I., Karli, V. E., & Tolkunov, A. A. (2022). Concept of sustainable
development in subsoil use as a tool for the investment attractiveness of
Ukraine's subsoil resources. State Commission of Ukraine on Mineral Reserves.
Bukrek [in Ukrainian]. [Pyaeko, I". I., Kapnu, B. €., & TonkyHos, A. A. (2022). KoH-
uenuyis cmarnoeo po3gsumky 8 HaBpPOoKopUCMYy8aHHI SIK IHCMpyMeHm iHeecmu-
yitiHoi npusabnusocmi pecypcie Haop Ykpaitu. [epxaBHa koMicis YkpaiHu no
3anacax KOpUCHMX konanuH. bykpexk].

Savchuk, V. (2024). Management under uncertainty: Business intelligence
for executives. Laboratoriya [in Ukrainian]. [CaBuyk, B. (2024). MeHedxmeHm
8 ymMosax HesusHayeHocmi. Business Intelligence dnsi TOlis. NaGopaTopis].

Shelikhov, S. V., & Masalska, O. O. (n.d.). Scenario analysis as the
methodological foundation of information security incident management
[in Ukrainian]. [LWenixo., C. B., & Macanbcbka, O. O. (6.4.). CueHapHuli aHani3

Onekcin 3YP'AH, a-p TexH. Hayk

ORCID ID: 0000-0002-2391-1611

e-mail: alexey_zuryan@ukr.net

IHcTuTYT BigHOoBNOBaHoI eHepreTukn HAH Ykpainu, Kuis, YkpaiHa

Anpgpin TONKYHOB, kaHa. reon. Hayk

ORCID ID: 0000-0002-9904-9693

e-mail: schreibikus@ukr.net

IHcTuTYT BigHOBRNIOBaHOi eHepreTukn HAH Ykpainu, KuiB, YkpaiHa

5K MemodoriozidHa OCHO8a KepyBaHHs iHyudeHmamu iHgpopmauitiHoi 6e3neku].
https://ir.nmu.org.ua/jspui/bitstream/123456789/148761/1/masal_shelihov.pdf

Sivitska, S. P. (2014). Strategic directions for investment in alternative
energy in the context of national economic development. Youth Economic
Digest, 1(1), 76-80 [in Ukrainian]. [CiBiubka, C. . (2014). CtpaTeriuHi Ha-
NpsiM1 iHBECTYBaHHS anbTepHATVBHOI EHEPreTUKN B KOHTEKCTi PO3BUTKY Ha-
LioHanbHOi ekoHoMikn. MonodixHuli ekoHomidHUU O0aldxecm, 1(1), 76-80].
http://nbuv.gov.ua/lUJRN/med_2014_1(1)__17

Stehly, T., & Duffy, P. (2021). 2020 cost of wind energy review [Technical
report]. Golden, CO: National Renewable Energy Laboratory. NREL/TP5000-
81209. https://www.nrel.gov/docs/fy220sti/81209.pdf

Suprun, S. D., & Yukhymchuk, S. V. (2009). Assessment of the
effectiveness of investment projects of enterprises. Finance of Ukraine, 4, 82—
87 [in Ukrainian]. [CynpyH, C. [., & FOxumuyk, C. B. (2009). OuiHka edekTns-
HOCTi iHBECTULNHNX NPOEKTIB nianpuemcTs. @iHaHcu YkpaiHu, 4, 82—87].

Tatarenko, N. O., & Poruchnyk, A. M. (2000). Investment theories. KNEU
[in Ukrainian]. [TaTtapeHko, H. O., & Mopy4Huk, A. M. (2000). Teopii iHeecmu-
uiti. KHEY].

Tochenyi, V. A., Reztsov, V. F., & Tuchynskyi, B. H. (2010). Modeling and
cost analysis of electricity from a wind power station. Energy: Economics,
technologies, ecology, 1, 3-10 [in Ukrainian]. [Touenui, B. A., Pe3uos, B. ®.,
& TyumHebkuia, B. T. (2010). MogentoBaHHs i aHani3 cobiBapToCTi enekTpoe-
Heprii BITPOBOI enekTpocTaHLii. EHepeemuka: ekoHomika, mexHoroeil, eko-
noeis, 1, 3-10].

Zurian, O. V. (2023a). Techno-economic and environmental analysis of
implementing a geothermal heat pump system. Ecological Sciences, 5(50), 37-47
[in Ukrainian]. [3yp'sH, O. B. (2023). TexHiko-eKOHOMIYHWIA Ta eKOIoriYHMIA aHani3
BMNPOBaDKEHHS reoTepMaribHOI TEMNOHACOCHOI cucteMu. ExoroeiyHi Hayku, 5(50),
37-47]. https://doi.org/10.32846/2306-9716/2023.ec0.5-50.6

Zurian, O. V. (2023b). Techno-economic advantages of using open and modular
hydrothermal heat pump systems. Bulletin of the Kremenchuk National University
named after Mykhailo Ostrohradskyi, 4(141), 57—70 [in Ukrainian]. [3yp'sH, O. B.
(2023). TexHiko-ekOHOMIYHI NepeBaryt BUKOPUCTaHHS BIAKPUTMX Ta MOAYIbHUX ri-
[ApoTepMarnbHUX TEMMOHACOCHUX cucTeM. BicHUK KpemeHdyubkoz2o HauioHarb-
Hoeo yHigepcumemy imeHi Muxatina Ocmpoepadcekoeo, 4(141), 57-70].
https://doi.org/10.32782/1995-0519.2023.4.7

Zurian, O. V., Levchenko, O. I, & Pidtilok, O. M. (2015). To the issue of
accounting for uncertainty and risk in the geological-economic analysis and
cost assessment of deposits. Mineral Resources of Ukraine, 1, 38-47
[in Russian]. [BypbsiH, O. B., Nesyexko, O. L., & Muatunok, O. M. (2015).
K Bonpocy y4eta HeonpeaeneHHOCTVW W puUcka B reosioro-3KoHOMUYECKOM
aHanuse 1 CTOMMOCTHOW OLEHKe MeCcTopoXaeHWn. MuHeparbHble pecypcbl
YkpauHsl, 1, 38-47].

OTpumaHo pepakuiet xypHany / Received: 17.03.25
MpopeueH3oBaHo / Revised: 31.03.25
CxBaneHo go aopyky / Accepted: 23.04.25

KuviBcbkui HalioHanbHUI yHiBepcuTeT imeHi Tapaca LLleByeHka, KuiB, YkpaiHa

Tetaina OMEJIbYEHKO, kaHA. eKOoH. HayK, CT. HaykK. cniBpo6., ekcnepTt
ORCID ID: 0009-0004-8097-5787
e-mail: omelchenko.t@gmail.com

HaykoBo-gocnigHuubkuii LeHTp "EkoYkpaiHa" FO HaykoBa yctaHoBa "LiudpoBa areHuis «E-Exonorisi»”, KuiB, YkpaiHa

BPAXYBAHHA PU3UKY NPU OOCHIAXKEHHI IH__BECTI/ILI,II7IHO'I' NMPUBABIIUBOCTI
OB'EKTIB FrEOTEPMAJIbHOI EHEPTETUKU

B c Ty n. Po3ansHymo komnsekcHul nioxid 0o ouiHKu pu3sukie, wo ennuearoms Ha iHeecmuuyiliHy npueabnueicms npoekmie y cgpepi 2eomep-
ManbHOIi eHep2emuKu, sik — CyKynHocmi pizHux o6'ekmueHux nepedymos, Moxnueocmel i 06MexeHb, W0 8UHUKalOMb y NMpouyeci 3any4yeHHsl iHeec-
muyili y po3eumok 2eomepmasibHOI eHep2emuku, 30amHux cmeopumu ymoeu Onisi payioHallbHO20 Mma egheKmueHO20 8UKOPUCMAaHHS Hasi8HUX
pecypcie (npupodHux, nrodcbKux, iHghopmayiliHux, , mexHosogzill, kanimasny ma iH.). Ocobnuegy yea2y npudineHo noKaabHUM, pe2ioHarbHUM ma me-
XHIKO-€KOJ102iYHUM YUHHUKaM PU3UKY.

Me Toaun. Bpobomi eukopucmaHo Memodu, siki NOEOHyromMb ¢hiHaHCOB0-€eKOHOMIYHUU aHani3, OYiHKy pu3ukie, mexHi4Hy ekcriepmusy, eU84YeHHs
HopMamueHo-npaeosozo cepedosuuya ma puHkosux ymos. OcHogy cmaHoeumb Po3paxyHOK ghiHaHCOBUX MoKa3HUKie, makKux sik Yyucma npueedeHa ea-
pmicms (NPV), eHympiwHsi Hopma peHma6ensHocmi (IRR), duckonmoeaHri 2powoei nomoku (DCF) ma nepiod okynHocmi, wjo 0aroms 3Mo2y oyiHumu
nomexuyitiHy doxiOHicmb npoekmy. TexHi4Ha oyiHKa 8KIIHO4YaE eKOsI0_2iYHY eKcriepmu3y ma aHasi3 cmasiocmi UKOPUCMaHHS 2e0mepmMasibHO20 pecypcy,
30Kpema 2/1ubuHU 3ans2aHHs ma memnepamypHo20 nomeHyiany. BodHo4ac eaxsiueum € su84eHHs HOPMamueHOo-NPasos8oi 6a3u W00 8UKOPUCMAaHHS
Hadp i mapughHoz2o peaynosaHHs. Takuli nidxio 3abesneqyye ob6rpyHmosaHicmb iHeecmuuyitiHux piweHs i MiHiMi3ayiro pusukis.

Pe3ynbTaT. Y x00idocnioxeHHs 3anponoHoeaHo 8 0CKOHaneHy MemoOuKy OUiHKU pu3ukie iHeecmyeaHHs1 8 2eomepMasibHy eHep2emuky,
sIKa 8paxoeye KOMIIIEKCHUU aHani3 83aeMo38 13Ky JIOKasIbHUX, pe2ioHanbHUX i MexXHIKO-eKo102i4HUX YUHHUKIie. Takox po3pobrieHo nidxid do paH-
JKyeaHHsl pu3ukie 3a cmyrneHeM ernsiusy Ha egpekmueHicmb NPoekmy ma po3pobrieHo pekoMeHOauii wodo ix MiHimizauii. 3anponoHosaHi Memodu
daromb 3Mo2y nideuwjumu MoYHicmMb NPo2Ho3ye8aHHs1 ma o6rpyHmoeaHicms iHeecmuuyiliHux piweHs y yiti ceepi.

BucHoBKU. AHanimu4Ho o6rpyHmoeaHo, ujo LCOE 3 kopuz2yeaHHsIM Ha pu3uku 00360JIsie epaxyeamu eci Mo)Jiuei empamu ma Heeu3Ha-
4eHocmi, sik NPV oyiHroe ¢piHaHcoey npueabnueicmb ma donomazae eu3Ha4umu, 4u eapmo iHeecmyeamu, MaKoX eU3Ha4eHo, W0 ypaxyeaHHs pe-
2ioHanbHUX i NoKanbHUX pu3ukie 3abe3sneyye 6inbw peanicmu4Hy OUIHKY iHeecmyeaHHs1 8 2eomepmMasnibHy eHepzemuky. [lepcrnekmueHumu
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Hanpsimamu nodanbwux AocnidXeHb y yili 2any3i € po3pobka 6inbw mMoyHux modesiell OUiHKU pPU3UKie i3 8UKOPUCMAHHSIM CyYacHUX yugposux
mexHoso2ili, 30KkpeMa MaWUuHHO20 Hag4YaHHsI ma eeslukux daHux. Takox eax/ueum € 8 0CKOHa/leHHsI Memodie eKos102i4H020 MOHIMopuUHay ma po-
3po6ka eghekmueHuUx cmpamezili MiHiMi3ayil mexHo2eHHUx pu3ukie. [locnioxeHHs annuey 3MiH Knimamy Ha cmabinbHicms 2eomepMasibHUX pecyp-
cie, a makox e00CKOHasleHHs1 3akoHodae4oi ma HopmMamueHoi 6a3u Onisi cmuMyJsIl08aHHs1 iHeecmuuyili y 2any3b MOXymb CHpuUsimu cmasnomy
po3eumky 2eomepmarsibHOI eHep2emuku.

KnwuoBi cnoBa: 2eomepmanbHa eHepzemuka, HaOpokopucmyeaHHsl, iHeecmuyiiiHa npueabnueicmb, pusuKu, iOHoe08aHa eHepze-
muka, ekosio2iyHa 6e3neka, ynpaesniHHs pusukamu, NepcreKmueu po3eumky.
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iHTepnpeTaLii AaHVX; y HaNMUCaHHi PyKoMucy; B pilLeHHi Mpo nybrikavilo pe3ynbTaris.
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SPATIAL ANALYSIS OF THE FLOODED LAND AREA
OF THE KHERSON REGION NATURE RESERVE USING REMOTE SENSING DATA

(MpedcmaeneHo 4YneHoMm pedakyiliHol Koneaii 0-poM 2eos. Hayk, cm. docnidHukom O.l. MeHbwosum)

Background. The ongoing war in Ukraine has become the largest armed conflict in the world in the last decade, causing
unprecedented destruction and devastation of the country's natural landscapes. The disaster caused by the explosion at the Kakhovka
hydroelectric power station inflicted irreparable damage to the ecologically important and valuable lands of the Kherson region natural
reserve. The aim of the work was to study the flooded land areas of the natural reserve of the Kherson region, Ukraine, which were affected
by the collapse of the Kakhovka hydroelectric power station dam, using remote sensing data.

Methods. The paper highlights the features of using remote sensing (RS) for geoinformation modeling of the impact of the
Kakhovka hydroelectric power station dam collapse on the lands of the Kherson region natural reserve. In addition, data from the Ministry
of Environmental Protection and Natural Resources of Ukraine, Open Street Map, and Landsat 8 satellite images were used for the work.
The method of geoinformation modeling in the QGIS, Sentinel Hub, and ArcGIS environments was used for data processing.

Results. The study found that more than 80 % of the area was flooded in half of the studied nature reserves (19). In this study,
special attention was paid to the Nyzhniodniprovsky National Nature Park, which is the largest in area and is actually located on the front
line. The area of flooding was 89 %, which indicates the extent of damage caused by the flooding. This paper describes the algorithm for
processing geospatial data, Landsat. To analyze the changes that the park's landscapes have undergone, changes in vegetation indices
were assessed.

Conclusions. The paper concludes that there is a pressing need for further monitoring and development of comprehensive
measures for the rehabilitation of the affected areas. It is proposed to use the modeling results to plan measures for the protection and
restoration of natural complexes affected by human-made disasters. These results will serve as the basis for further research, which
will include studying the dynamics of changes in the state of the land areas of the nature reserve. This approach will allow a more
accurate assessment of the consequences of the disaster event and the development of effective measures for the restoration and

preservation of these lands.

Keywords: flooded lands, RSE, Kakhovka reservoir, nature reserve lands.

Background

Armed conflicts and hostilities negatively impact the
environment, infrastructure, and human lives. Modern wars
have a greater impact on ecosystems than previous, less
industrialized wars, due to the greater potential of modern
weapons to cause environmental damage (Tignino, 2011).
Consequences of war can manifest both directly, as damage
to water resources and contamination by weapon residues,
and indirectly, as increased frequency or intensity of
destructive processes. Such processes can occur naturally,
for example, erosion, or anthropogenically (e.g., industrial
pollution). Water supply and treatment facilities, water
distribution and sewage systems often become direct and
indirect victims of war (Francis, 2011).

On February 24, 2022, Russia launched a full-scale
invasion of Ukraine, an event that triggered unprecedented
destruction and devastation of the country's natural

landscapes (Tomchenko et al., 2023). The Kherson region,
like the country's other regions, faced enormous problems
caused by the use of military force by the aggressor country.
The south of Ukraine had long been known to suffer from a
shortage of water resources, with the Kherson region being
no exception. That is why, in the late 1950s, the Kakhovka
Reservoir was created by constructing the Kakhovka Dam
on the Dnieper in order to improve local water supply and
meet the needs of agriculture, industry and energy.

In June 2023, however, the Russian occupation troops
destroyed the Kakhovka Dam, using damage to civilian
infrastructure as a weapon against Ukraine. This disastrous
event has become a problem of special scientific interest,
highlighted in numerous studies by researchers, ecologists,
and public activists. The Kakhovka Dam destruction inflicted
great damage to the region, affecting water management,
agriculture, as well as the lands of the nature reserve, which
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make an important component of the land cover in the
Kherson region. Moreover, these lands are both a regional
jewel and an attraction for tourists, which, in turn, have an
impact on the economy of the region (Afanasyev, 2023).

The impact of the Kakhovka hydropower plant (HPP)
demolition on the lands of the Kherson region is a major
issue because land is an important natural resource of the
country; therefore, it is necessary to monitor and analyze
changes in land use and land cover for territorial
development planning, ensuring sustainable development,
and preserving biodiversity (Vyshnevskyi et al., 2023).

One of the most adverse effects of warfare on land cover
is the destruction or damage to agricultural lands, forests,
water bodies, and other natural areas (Tsiupa, & Plichko,
2023). Military operations, the use of heavy weapons and
explosive devices can lead to soil destruction, water
pollution, and the destruction of forest cover (Strokal et al.,
2023). Being an important natural resource, the lands of the
nature reserve play a role in both regional and national
economy, as well as contributing to the development of
ecosystems and biodiversity of nature.

Literature Review. Floods are natural phenomena that
are an integral part of the hydrological cycle. Most floods are
caused by the interaction between extreme unexpected
weather events and the geohydrological characteristics of
the catchment (relief, land use, geomorphology, and human
intervention). In order to fully understand the consequences
of the explosion at the Kakhovka HPP and develop a system
of measures for remedying them, one should carefully study
the results of research on similar topics in other countries
(Kastridis et al., 2021).

The experience gained by the colleagues from Brazil,
who are investigating the problem of vegetation degradation
in their study, is of great use to this research. They applied
an improved method based on NDVI values obtained from
satellite images and tested in the Uberaba River Basin
Environmental Protection Area (Valle Junior et al., 2019).

Flooding, in terms of its development dynamics and
territorial  distribution, is the most prevalent among
exogenous geological processes in Ukraine. This is a
complex process, which is characteristic mainly of
economically developed territories. Flooding affects more
than 2 thousand cities, towns, and rural settlements with a
population of up to 16 million inhabitants. Flood threats have
become particularly high in Mykolaiv (52 % of the total area
of the region), Odessa (40 %), and Kherson (36 %). Among
urbanized territories facing the greatest risk of flooding are
the Dnipropetrovsk, Donetsk, Zhytomyr, and Odessa
regions (Tymochko, 2009).

Of interest is also the method of assessing the benefits
of a flood warning system, as well as the method of
assessing flood hazard zones, which was applied to the
Koyliaris River basin in Greece. The implementation of this
idea may help to mitigate the adverse effects of flooding now
that the water level of the Dnieper River is no longer stable
after the collapse of the dam (Kourgialas, & Karatzas, 2011).

In recent years, world scientific publications have paid
close attention to the topic of human-induced flood damage.
In papers on water pollution due to infrastructure damage
(Mason etal., 2011; Biswas, 2000), the authors report
extensive damage to treatment facilities as an example of
human-made disasters. For instance, in Afghanistan, the
irrigation system was seriously damaged during military
operations, which resulted in the loss of viable agricultural
land and biodiversity, and is still contributing to the loss of
livelihoods and food security (Hussona, 2019).

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

In a recent paper on a flood disaster caused by a dam
failure (Latrubesse et al., 2020), the authors used Sentinel-1
and Shuttle Radar Topography Mission (SRTM) imagery to
determine the extent of the flooded areas. Analysis of satellite
imagery, supported by field observations, showed that the
flood inundated an area of ~46 km? of villages and farmland
in the Wang Ngao River, a tributary of the Mekong River basin.

A study by Tavus et al. (2022) analyzed the extent of
flooding and damage caused by the Sardoba Dam breach,
which flooded parts of Uzbekistan and Kazakhstan. As a
result of the dam breach, large areas were flooded, posing
a serious threat to human lives, settlements and agricultural
areas, the natural environment, etc. The authors
recommended that a combination of Sentinel-1 and
Sentinel-2 data be applied for flood mapping.

Scientists from the Institute of Land Use of the NAAS,
Ukraine (Dorosh et al., 2023) developed a methodology for
determining the areas of flooded lands affected by the
collapse of the Kakhovka HPP dam and the area
downstream of the Kakhovka reservoir. The methodology
involved the use of satellite imagery, geoinformation
technologies, and artificial intelligence technologies. The
study results showed that the total area of flooding,
according to ESA WorldCover land cover classes, was about
65 thousand hectares.

Another paper (Vyshnevskyi et al., 2023) examined the
flooding of large areas caused by the Kakhovka dam
destruction, including numerous settlements, agricultural
lands, and natural ecosystems. The authors concluded that
the collapse of the dam would lead to a shutdown of water
supply to irrigation systems, which, in turn, would have a
catastrophic impact on agriculture in southern Ukraine.

A study conducted by Magas et al. (2023) also analyzed
the hydrological conditions of the Dnieper-Bug estuary
region deriving from the collapse of the Kakhovka HPP dam
and assessed its impact on the water resources and
territories of Ukraine's southern regions. The major resulting
hydrological phenomena observed included flooding of
territories, destruction of civil infrastructure, residential
buildings and households in the settlements, industrial and
agricultural facilities, restriction of access to drinking water,
deterioration of the ecological and epidemiological situation,
destruction of the top soil, damage to vegetation, destruction
of unique biodiversity, and loss of human lives.

The impact of military operations on freshwater resources
and water infrastructure during the first three months of the
war in Ukraine was analyzed in a paper by Shumilova et al.
(2023), whose results showed that much of the water
infrastructure, such as dams on reservoirs, water supply and
water purification systems, and underground mines, were
damaged or are currently under threat from military
operations. A number of papers revealed major negative
effects of military operations on the state of water bodies and
their quality (Strokal, & Kovpak, 2022; Khan, 2022). Although
considerable amount of research has been devoted to
human-made flooding events, few attempts have been made
to analyze the long-term effects of the Kakhovka HPP
accident on the lands of the Kherson region nature reserve.

The purpose of the study is to investigate the lands of
the Kherson region nature reserve flooded as a result of the
explosion at the Kakhovka hydroelectric power station, using
remote sensing data.

The object of the study is the lands of the nature reserve
of the Kherson region, Ukraine.

The Kherson region nature reserve includes natural
territories and objects (biosphere reserves, national natural
parks, reserves) and artificially created objects (botanical
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gardens, dendrological and zoological parks, and monuments
of landscape art). These objects, depending on their ecological,
historical, cultural and scientific value, are of national or local
importance (Ministry of Environmental Protection..., 2020).

Methods

To achieve this goal, Landsat 8 satellite images taken on
June 9, 2023 were used. One of the best ways to determine
the area of flooding is to calculate the Normalized Difference
Water Index (NDWI), proposed by McFeeters in 1995. The
NDWI relies on the contrast between reflected near-infrared
and visible green light to enhance the presence of these
water bodies, effectively minimizing the visibility of soil and
terrestrial vegetation features (McFeeters,1995).

To determine the condition of the park after the dam
breach, the Normalized Difference Vegetation Index (NDVI)
was used:

NDVI=(NIR-RED)/(NIR+RED)

The result produced by the formula is a value ranging
from —1 to +1. If reflectance is low (or values are low) in the
red channel and high in the NIR channel, this will generate
a high NDVI value, and vice versa. In general, the NDVI is a

I 4

Input raster

Simplified output

standardized way to measure healthy vegetation. High NDVI
values are indicative of healthier vegetation. On the contrary,
low NDVI values are associated with lower density or lack of
vegetation (EOS Data Analytics, 2022).

The next step was to convert the raster data (the NDWI
index) to vector. For each polygon of the created vector, the
corresponding value of the source class or each pixel of the
raster is recorded in the attribute table (Raster to Polygon,
2021) (Fig. 1).

In addition, in this study, we used data from the Ministry
of Environmental Protection and Natural Resources of
Ukraine on the ecological state of the territories of the
Kherson region for 2020, which provides a detailed account
of the composition and area of the NPF lands. The actual
area of the NPF lands as of 2020 was obtained from the
environmental passport of the Kherson region (Ministry of
Environmental Protection..., 2020). Data from the Open
Street Map cartographic portal was used to overlay the NPF
layer on satellite images. The method of geoinformation
modeling in the QGIS, Sentinel Hub, ArcGIS environment
was used to process the data.

Legend
| 1
O -2
NoData

Non-simplified output

Fig. 1. Raster to vector conversion with various simplified settings

Results

Figure 2 presents a classified (reduced) NDWI Landsat
8 image as of June 9, 2023, i.e. the day when the flood
reached peak values. It was found that the most flooded
areas were those located on the left bank of the Dnieper
River, in the area of Hola Prystan. Furthermore, the
expansion of the Inhulets River bed became noticeable,
which in turn led to an increase in water levels in the villages
of Inhulets, Ulyanivka, Darivka, and Yasna Polyana (Fig. 2).

N

Legend
NDWI
0.6 - -0.3 dry dehycratad surlstes
B 0.3 - 0.2 e aquecus surtaces
I 9.2 - -0.08 - Nooded wet areas
I 006 - 0.3 water sustace

|
012525 50 Kilometers

Fig. 2. NDWI water index of the flooded area according
to Landsat 8 images as of June 09, 2023
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To identify the lands of the nature reserve that were
affected by flooding, Landsat 8 images were downloaded,
the NDWI index was converted into vector format, after
which the intersection of the NDWI layer and the reserve
layer was found using ArcGIS tools. The next step in the
analysis of the obtained data and Open Street Map data was
to calculate the area of the flooded reserve lands (Table 1).

Table 1 presents the effects of the explosion at the
Kakhovka HPP on the areas of land of the Kherson region
nature reserve. The landmarks that suffered the most severe
damage from flooding included: the Tsiurupynskyi Sosnovyi
Bir ("Pine Forest") protected area of local importance, 95 %
of which was flooded; Kozatske Dzherelo, a hydrological
natural monument of local importance — 89 %; the part of
Hopry Lake hydrological monument of local importance —
97 %; Bilozerski Dzherela, a hydrological monument of local
importance — 94 %; and Ozero Solyane ("Salt Lake")
Hydrological Reserve of national importance — 97 %. Among
the least affected areas, on the other hand, were the
Korsunskyi General Zoological Reserve of local importance
and Hopry Sanatorium Park, a park-monument of landscape
art of local importance, with a flooded area of 18 % and
14 %, respectively. These data indicate a number of serious
issues caused by the dam collapse, considering the
importance of the lands of the Kherson region natural
reserve for both the economy and the development of
ecosystems and biodiversity of nature. As a result of the
blast, rare ecosystems have been lost, and a large number
of rare plant and animal species inhabiting the reserve are
under threat of extinction.

Figure 3 shows a map of the location of the objects of the
Kherson region nature reserve where the area of flooding
was more than 85 %.
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Table 1
Comparison of land areas of the Kherson region natural reserve fund before and after flooding

. Area, Area %,
Ne Name of the object ha of inundation, ha | flooding
1 | Aleksandrivskyi Landscape Reserve, of national importance 989.827 626.44 63
2 | Shiroka Balka Botanical Reserve, of local importance 114.312 95.3 83
3 | Sophiivskyi Botanical Reserve, of local importance 204.074 161.811 80
4 | Inguletskyi lyman ("Estuary") Botanical Reserve, of local importance 50.022 37.584 75
5 |Korsunskyi General Zoological Reserve, of local importance 3,390.228 619.179 18
6 | Bakaiskyi Zholob General Zoological Reserve, of local importance 1,627.117 1,010.714 62
7 | Bobrove Ozero ("Beaver Lake") Landscape Reserve, of local importance 49.351 43.631 88
8 | Tsiurupynskyi Sosnovyi Bir ("Pine Forest") Protected Tract, of local importance 284.77 269.90 95
9 |Ponyativske Poselennya Zmii ("Snake Settlement") Zoological Natural Monument, 5.613 3.758 67

of local importance
10 | Krynkivske Poselennya Bobriv ("Beaver Settlement") Zoological Natural Monument, 5.758 2.848 49
of local importance
11 | Kozatske Dzherelo Hydrological Natural Monument, of local importance 0.018 0.016 89
12 | Bilozerski Dzherela ("Springs") Hydrological Natural Monument, of local importance 0.039 0.037 94
13 | Part of Hopry Lake Hydrological Natural Monument, of local importance 5.009 4.858 97
14 | Shaby Botanical Reserve, of local importance 20.33 18.311 90
15 | Nyzhniodniprovskyi National Nature Park 82,850.50 73,955.82 89
16 | Bakaiskyi Forest Reserve, of national importance 411.797 188.35 46
17 | Ozero Solyane ("Salt Lake") Hydrological Reserve, of national importance 122.264 118.12 97
18 | Hopry Sanatorium Park, park-monument of landscape art of local importance 17.994 2.45 14
19 | Stanislavskyi Landscape Reserve, of national importance 659.271 526.454 80
N
W — |
8

NDWI

Legend

:] -0,8 - -0,3 dry dehydrated surfaces
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Fig. 3. Map of the nature reserve features with more than 85 % of the area flooded.
The map details the following nature reserve features marked with numbers:
1 — Tsiurupynskyi Sosnovyi Bir ("Pine Forest") Protected Tract of local importance;
2 — Kozatske Dzherelo Hydrological Natural Monument of local importance; 3 — Bilozerski Dzherela ("Springs") Hydrological Natural
Monument of local importance; 4 — the part of Hopry Lake hydrological monument of local importance;
5 — Shaby Botanical Reserve of local importance; 6 — Ozero Solyane ("Salt Lake") Hydrological Reserve of national importance;

7 — Nyzhniodniprovskyi National Nature Park
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In this paper, special emphasis is placed on the study of the
Nyzhniodniprovskyi National Nature Park, which is the largest
in area and is actually located on the current front line. There is
no access to the territory, with the left bank still occupied by the
enemy and the right bank recaptured. The river basin, with
50 islands in it, is the territory of the park, the direct combat zone
where the front line passes. Hence, the use of remote sensing
data is feasible (Hordiichuk et al., 2024).

The ecosystem of the national park suffered critical
damage after the explosion of the dam at the Kakhovka
HPP. In the first days after the explosion, the water rose by
6 meters 15 centimeters throughout the territory of the
national park and all the living organisms that inhabited the

area, including the Red Book flora and ichthyofauna, were
all washed away (Tomchenko et al., 2023). According to the
Ministry of Environmental Protection and Natural Resources
of Ukraine, the flooding of the territory destroyed the habitat
of more than 1,000 species of flora and 1,140 species of
fauna (Ministry of Environmental Protection, 2020).

Analysis of the data obtained revealed an area of
73,955.8 hectares of the park territory inundated. By
contrast, before the dam destruction, the total park area
measured 82,850.506 hectares. The percentage of flooding
reached nearly 90%, which indicates the scale of the tragedy
caused by Russia's military actions (Fig. 4).

0 &

Legend
m Nyzhniodniprovsky Nature Park
NDWI
[ ]-06--03 dry dehydrated surfaces
I:l -0,3 - -0.2 non aqueous surfaces
I:l -0,2 - -0,06 - flooded wet areas
- -0,06 - 0,3 water surface

20 Kilometers

Fig. 4. Territory of the Nyzhniodniprovsky National Nature Park (park territory and flooded area)

The next step was to study the change in the NDVI
vegetation index values during the flood peak and after it
(according to Landsat 8 data). To compare the index values,
15 dates closest to the flooding period were taken, of which
8 main ones were placed on the graph (Fig. 5).

Figure 5 shows uniform NDVI index values until June 3,
2023, which show little fluctuation within the period. However,
after June 8, 2023, a rapid decrease in the index value is

1
0.8
0.6
04
0.2

0

-0.2

noticeable, which may indicate the flood peak. After that, the
index values begin to increase, showing slight fluctuations. This
suggests that the water level became unstable, with a sudden
increase on certain dates in some areas of the park. Therefore,
the damage caused could be assessed as rather extensive.
However, the graph shows that the NDVI values nearly reach
the values observed before the accident. Thus, the park's
ecosystem is gradually recovering.

23.07.1984 29.07.2021 01.06.2023 03.06.2023 08.06.2023 09.06.2023 25.06.2023 16.04.2024 03.06.2024

Fig. 5. Changes in NDVI values during and after the flood peak (based on Landsat 8 data)

Fig. 6 shows the dynamics of the NDVI index change
before and after the accident. A significant decrease in the
vegetation index values is observed. This may indicate
extensive damage to vegetation due to flooding and a

ISSN 1728-3817

subsequent decline in the groundwater level due to a drop
in the water level in the Kakhovka reservoir. Thus, the
areas that previously had a higher moisture regime are
being drained.
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June 3, 2023

Fig. 6. NDVI index values obtained using Landsat 8 images

Discussion and conclusions

Using satellite images and geographic information
systems (GIS), an analysis of changes in the state of the
land areas of the Kherson region nature reserve after the
destruction of the Kakhovka HPP was conducted. During the
study, 19 nature reserve objects were analyzed, among
which the most affected by flooding were the Tsiurupynskyi
Sosnovyi Bir ("Pine Forest") protected area — 95 %; the
Kozatske Dzherelo hydrological natural monument — 89 %,
the Bilozerski Dzherela hydrological monument — 94 %, the
part of Hopry Lake hydrological monument — 97 %, the
Ozero Solyane ("Salt Lake") Hydrological Reserve — 97 %,
and the Nyzhniodniprovskyi National Nature Park — 90 %.

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

In this study, special attention is paid to the
Nyzhniodniprovskyi National Nature Park, due to the
economic, natural, and cultural value of the protected area,
the percentage of its affected area, and the park's having
actually become the zone of combat. According to the
results of the study, changes in the NDVI vegetation index
values were observed during the peak flood period and after
it, with the lowest index values recorded on June 8 and 9,
2023. However, since June 25, 2023, NDVI values have
been increasing, which suggests that the park's ecosystem
is gradually recovering.

The results obtained show the devastating impact of the
Kakhovka Dam collapse on the local environment, which
may lead to the disruption of ecosystems, loss of biodiversity



~110 ~

B 1 C H WU K KuiBcbkoro HauioHanbHoro yHisepcurety imeHi Tapaca LlleBueHka

and natural resources, as well as a threat to the life and
health of the local population.

To restore the damaged ecosystems and prevent similar
tragedies in the future, a number of solutions suggested
should include a detailed survey of the affected areas, the
development of an ecological restoration plan, the provision
of international assistance, and the strengthening of
international law.

These results could make the basis for further research,
which will focus on the dynamics of changes in the state of
the lands of the nature reserves. This approach will ensure
a more comprehensive assessment of the effects of the
disastrous event on the lands and the development of
effective measures for their restoration and preservation.

The flooding triggered by the dam destruction is also
likely to have a detrimental impact on the coastal
ecosystems. For example, the slopes of the Dnieper River
valley may be eroded due to increased erosion activity and
changes in the water flow regime. This can lead to soil
erosion and damage to vegetation. The sudden rise in water
levels led to the flooding of large areas of the floodplain, the
destruction of vegetation and increased riverbank erosion.
After the water recedes, the soils will be subject to erosion,
salinization and pollution, which will lead to their degradation
and a decrease in fertility for a long period.

Changes in the coastline of the Dnieper River and
floodplain lakes, soil erosion, and other factors may reduce
the attractiveness of the NNP and adjacent areas for
recreation. However, an integrated approach to the
restoration of these areas will allow creating new conditions
adapted for ecotourism, bird watching, and other types of
recreation on the site of the former floodplains.

A drop in prices for land plots adjacent to the National
Nature Reserve may be predicted, as the areas that have
been flooded or are subject to intense erosion tend to lose
their value for recreation and construction. In addition,
changes in the riverbed, water regime, erosion, bank
redevelopment, instability of the level of surface and ground
water will cause some areas to lose their commercial value.
The destruction of infrastructure, such as roads, bridges,
and communications, may reduce interest in purchasing
land for commercial or residential purposes.
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'KniBcbKkui HauioHanbHWiA yHiBepcuTeT iMeHi Tapaca LLlesyeHka, Kuis, YkpaiHa
2yniBepcuTeT Yp6iHo "Kapna Bo", Yp6iHo, ITanis

NPOCTOPOBUN AHATI3 Nnoiy NiATONIEHUX 3EMEJIb NPUPOAHO-3ANOBIAHOIO ®OHAY
XEPCOHCBKOI OBJIACTI 3A JAHUMU OUCTAHUIMHOIO 3OHAYBAHHSA 3EMITI

B c Ty n. BiliHa, ska mpueae e YkpaiHi, cmana Halb6inbwum 36poliHUM KOH¢/Iikmom y ceimi 3a ocmaHHe decsimusiimmsi, wjo cnpu4yuHue 6e3-
npeyedeHMHi pyliHyeaHHs ma crycmouweHHs1 NpupodHux naHlwagmie kpaiHu. Kamacmpodba, cnpuyuHeHa subyxom Ha Kaxoechbkili F'EC, 3aedana
HernonpaeHoi WKoAU eKoJI02i4HO 8aXSIUBUM i UiHHUM 3eMJisiM npupodHo-3anoeioHo20 ¢hoHAy XepcoHcbkoi o61acmi. Memoro po6omu 6ysno dociii-
O)KeHHs niow, nidmonseHux 3emesb MPupPodHo-3anoe8idHo2o ¢hoHAy XepcoHcbKoi o6nacmi, w0 nocmpaxadasu eHacs1i0oK pyliHyeaHHs1 damb6u Kaxoe-
cbkoi FEC 3a dornomozoro daHux ducmaHyiliHo2o 30HOyeaHHs1 3emili.

Me Toau. BuceimneHo ocobnueocmi eukopucmaHHsi OUCMaHyiliHo2o 30HOyeaHHs ([3) dnsa 2eoiHghopmayiliHo2o ModesntoeaHHs ennuey Ha-
cnidkie niopuey damb6u Kaxoecbkoi FTEC Ha 3emni npupodHo-3anoeidHo20 ¢poHAy XepcoHcbkoi o6nacmi. Takox Onsi po6omu eukopucmaHo OaHi
MiHicmepcmea 3axucmy doekinnsi ma npupodHux pecypcie YkpaiHu, Open Street Map, cynymHukoei 3HiMku Landsat 8. [Jnsi o6pobneHHs1 0aHuUx 3a-
cmocoeaHo Memod 2eoiHghopmauiliHo2o MoOdesnoeaHHs1 8 cepedoeuuwii QGIS, Sentinel Hub, ArcGIS.

PesynbTaTtu. B xodi docnidxeHHss cmaHo8JIeHO, w0 noHad 80 % nnowi 3amonneHHs1 3a3Hana nosioeuHa i3 docnidxyeaHux nPUPoOHo-
3anoeidHux o6'ckmie (19). B po6omi ocobnuey yeazy npudineHo HayioHanbHomy npupodHomy napky "HuxxHboOHinpoeckkuli", Askul € Hal6inbwum
3a nnouwjero i hakmu4HO po3mauiogaHuli Ha NiHiT 60liogo20 3imkHeHHs1. [Tnowa 3amonneHHs cknana 89 %, wo 2oeopumsb nNpo wkody, Ky cnpu4u-
Huso 3amonseHHs. Y mekcmi onucaHo anzopumm o6pobku 2eonpocmoposux daHux, Landsat. ns aHanisy 3miH, wo 3a3Hanu naHowaghmu napky,
OujiHeHo 3MiHU eezemauitiHux iHOeKcie.

BucHoBku. B pobomi3pobrieHO 8UCHOBOK MPo He0b6XiOHicmMb Nodanbwo20 MOHIMOpPUH2y ma po3pobKu KoMneKkcHuUx 3axodie 3 peabini-
mauyii nocmpaxdanux mepumopill. 3anponoHo8aHo euKkopucmoeyeamu pe3ysbmamu ModesiroeaHHs1 Onsl nNnaHyeaHHs1 3axodie i3 3axucmy ma eio-
HOBJIEHHSI NPUPOOHUX KOMIJIEKCiI8 8 yMo8ax maKux mexHO2eHHUX kamacmpog. OmpumaHi pe3ynbmamu cmaHymb ni0rpyHmsm 0ns1 nodanbuwux
docidxeHb, W0 8KIIIOYaMUMyMb 8USYEHHS1 OUHaMIKU 3MiH cmaHy nsiow, 3emesib npupodHo-3anoeidHoz2o ¢poHdy. Takuli nidxio dacmb 3mo2y 6inbw
noeHo oyiHumMu Hacnioku nodii ma po3pobumu eghekmueHi 3axo0u Onsi eiOHO8IeHHs1 Ma 36epeXXeHHs1 Yux 3eMerlb.

Knw4yoBi cnoBa: nidmonneni 3emni, 133, Kaxoecbke sodocxoeuuwie, npupodHO-3anoeioHuli ¢poHO.
ABTOpM 3asiBNAOTb NPO BiACYTHICTb KOHMMIKTY iHTepeciB. CnoHcopw He Gpanu yyacTi B po3pobneHHi AocnigXeHHs; y 36opi, aHanisi
4y iHTepnpeTauii AaHWX; y HanncaHHi pykonucy; B pilLeHHi Npo ny6nikauito pesynbTaTiB.
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OpwriHan-makeT BUrotoBrneHo BugaBsHuyo-nonirpacdiyHmm ueHtpom "KuiBcbkui yHiBepcurtet”

ABTOpK onybnikoBaHMX MaTepianiB HECYTb MOBHY BiANOBIAaNbHICTL 3a NiAbip, TOYHICTL HaBeAeHMX hakTiB, UUTaT, EKOHOMIKO-CTaTUCTUYHUX
AaHuX, BiANOBIAHOI rany3eBoi TepMIHOMOrii, BNacHWX iMeH Ta iHWuX BigomocTen. Pegkoneris 3anuwae 3a cobol npaBo CKOpo4vyBaTh
Ta pefaryBaTtu nogaHi matepianu.

Opinions, statements, accuracy of the quotations, economic and statistical data, terminology, proper names and other information are made
on the responsibility of the authors. The Editorial Board reserves the right to shorten and edit the submitted materials.
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