BICHUK

KMIBCbKOIo HALIIOHAJIbHOIO YHIBEPCUTETY IMEHI TAPACA LUEBYEHKA

ISSN 1728-2713 (Print), ISSN 2079-9063 (Online)
reonorisa 3(106)/2024

3acHoBaHo 1958 poky

YOK 504+550+551+552+624
DOI: http://doi.org/10.17721/1728-2713.106

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

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

PEAAKLUIAHA KOJIErIS An6aHi A6aep Enb, a-p dinocodii, npoc. (PpaHuis); ApTeMeHko FeHHagii, a4-p reon.
HaykK, npod. (YkpaiHa); BaxmyToB BonoguMup, A-p reon. Hayk, CT. HayK. cniBpo6.
(YxpaiHa); Bonpap KceHis, a-p reon. Hayk (Monbwa); BecHaBep Anbgo, a-p dinocodii,
npod. (Itanis); Bxsa 301, A-p ¢is.-Mmat. Hayk, npod. (YkpaiHa); Ainaaporny Typrai,
A-p Pinocodii, npod. (TypeuunHa); e AoHaTtic Maypo, a-p cdinocodii, gou. (Itanis);
[Oy6uHa OnekcaHap, A-p reon. Hayk, aou. (YkpaiHa); 3arHitko Bacunb, a-p reon.-
MiHepanor. Hayk, npod. (YkpaiHa); 3auepkoBHui Bitanii, 4-p TexH. Hayk, npod.
(YkpaiHa); 3eHr KBiHrni, o-p dinocodii (Kutait); IBaHik OneHa, A-p reos. Hayk, npod.
(YkpaiHa); IBaxHeHKo OnekcaHap, A-p dinocodii, npod. (KasaxcraH); KapneHko Onekcii,
BA-p reon. Hayk, npod. (YkpaiHa); KopoHeoc AHTOHIC, A-p ¢inocodii, npod. (Mpeuis);
KopuariH IrHaT, a-p ¢is.-MaT. HayK, CT. HayK. cniBpo6. (YkpaiHa); KowwnsikoB Onekcii,
A-p reon. Hayk, npod. (YkpaiHa); Kypuno Mapis, a-p reon. Hayk, aou. (YkpaiHa);
Ji UnHweH, a-p dinocodii, npod. (Kutait); Jlosauubkuii Bcesonopn, a-p ¢is.-mar.
HayK, CT. HayK. cniBpo6. (YkpaiHa); Macnos Bopuc, a-p ¢is.-MaT. Hayk, npod. (YkpaiHa);
MeHbwioB OnekcaHAap, A-p reon. Hayk, CT. gocnigHuk (Bian. pepn.) (YkpaiHa);
MutpoxuH OnekcaHap, A-p reon. Hayk, npod. (YkpaiHa); Muxaitnos Bonoaumup, a-p
reon. Hayk, npod. (YkpaiHa); MiniHeBcbkuit FeHHapgi, A-p ¢i3.-maT. Hayk,
CT. HayK. cniBpo6. (YkpaiHa); MipoHuyk TeTsiHa, kKaHA. inon. Hayk, aou. (YkpaiHa);
HecrepoBcbkuii Biktop, A-p reon. Hayk, npod. (YkpaiHa); Orap BikTop, A-p reon. Hayk,
npod. (YkpaiHa); OniBis Mapk, a-p dinocodii, npod. (MopTyranis); Opnrok Muxaiino,
A-p reon. Hayk, npod. (YkpaiHa); MacTyweHko TersHa, kaHA. ¢dinon. Hayk, gou.
(YkpaiHa); Mepeitpa Mayno, a-p dinocodii, npod. (Jiutea); NMopTtHoB Bacunb, A-p
cinocodii, npod. (KasaxcraH); CnaccoB Cimo, a-p dinocodii, npod. (benbria);
Wa6aTtypa OnekcaHap, A-p reon. Hayk, pou. (3acr. ronoB. pen.) (YkpaiHa);
LLieBueHKO ONeKcCiii, A-p reosn. HayK, CT. HayK. cniBpo6. (YkpaiHa); LLUeBuyk BikTop,
A-p reos.-MiHepanor. Hayk, npod. (YkpaiHa); WmiaTr Bonbkmap, a-p dinocodii,
npod. (HimeuunHa); LLUIHIokoB Cepriii, A4-p reon. Hayk, Aou. (YkpaiHa)

Appeca peakonerii HHI "IncTuTyT reonorii”

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

® (38044) 521 33 38

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

3aTBepaXeHo BueHoto papoto HHI "IncTutyT reonorii”
30.08.24 (npotokon N2 1)
3apeecTpoBaHoO HauioHanbHOIO pafoto YKpaiHu 3 NUuTaHb TesiebaueHHs i pagioMOBNEeHHS

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

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

IHpekcyBaHHS Web of Science (kBapTunb 4, imnakT c¢aktop 0.3), Research Bib, Google Scholar,
Crossref

3aCHOBHMK KuiBCcbkuii HawioHanbHUK yHiBepcuTeT iMeHi Tapaca LlleBUeHka

Ta BuaaBseLlb BuaaBHuuo-nonirpacdiuHnii ueHTp "KniBcbkuit yHiBepcutet"

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

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




BULLETIN

TARAS SHEVCHENKO NATIONAL UNIVERSITY OF KYIV

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

GEOLOGY 3(106)/2024
Established in 1958

UDC 504+550+551+552+624
DOI: http://doi.org/10.17721/1728-2713.106

Published are the results of geological, stratigraphic, paleontological, hydrogeological, geophysical and
geoinformation research.
For scientists, professors, graduate and postgraduate students.

EDITOR-IN-CHIEF Vyzhva Sergiy, DSc (Geol.), Prof. (Ukraine)

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

Address USI "Institute of Geology"

90, Vasylkivska Str., Kyiv, 03022

& (38044) 521 33 38

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

Approved by the Academic Council of the USI "Institute of Geology"
30.08.24 (protocol N2 1)
Registered by the National Council of Television and Radio Broadcasting of Ukraine

Decision N2 1089 of 28.03.24
Identifier of printed media: R30-03800

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

Indexing Web of Science (Quartile 4, Impact Factor 0.3), Research Bib, Google Scholar,
Crossref

Founded Taras Shevchenko National University of Kyiv

and published Publishing and Polygraphic Center "Kyiv University"

Certificate of entry into the State Register
AK N2 1103 dated 10.31.02

Address PPC "Kyiv University"

14, Taras Shevchenko bivd., Kyiv, 01601

& (38044) 239 32 22, 239 31 58, 239 31 28
e-mail: vpc@knu.ua

© Taras Shevchenko National University of Kyiv,
Publishing and Polygraphic Center "Kyiv University", 2024



3MICT

FEO®I3UKA

MEHbLLOB Opekcaﬂ.qp, BOHOAP KceHis, BAXMYTOB Bonoaumup,
FMABALBbKUUN Omutpo, MONTAYEHKO €BreH
MarHiTHo-MiHeparnoriyHi BnacTUBOCTI IPYHTIB KUIBLLMHK, YPaXKEHUX BINCHKOBUMM JISIMM...coeeieiiiiiiiieaeeeaaiieieeaeaeeeneeeeeens 5

TULLIEHKO AHnppiit, BUXKBA Angpiit, MEJIbHUK Neonia, TEHAHOEP Monac ®arepni,
KITTEJNN Napc-Epik, XENbFrEBOCTA[ KpictiaH CBapBa
CyuacHa ceiicmivyHa 3D-3/iomMKa 1 06pobneHHs AaHuX Ha HagManux rmubuHax
Y MIBHIYHO-3aXIOHIN YACTUMHI HOPHOTO MOPST ... eeeeeeiieeeeauittieeaaeaaaaeteeeeaeeaaaantaeeeeaaaasaasaeseeeaaeeaaannsseeeaaaeeaaannssneeaaeeeaansnnneaaann 13

AXMEOOB Todik, XAIINTOBA Jlana
Bynosa Ta nito-dauianbHi ocobnunBoCTi Bigknaais kanakcbkoi cBUTK 3ux-IOBCAHCHLKOT MoLL
32 3D-AaHVMUN CENCMOPOSBBIOKM TA KAPOTEANKY ...vveeerurreeesureeesausteeesauseeaaaasseesaastetesaaseeeeaasbeeeaantaeeesnseeeeaabeeeeabbeeesanneeeesnneeeaas 19

KPYTIINOB BorgaH, JIEBOHIOK Ceprin, OPAC Ceatocnas, KAPIMEHKO IBaH
Ornsap Bi3eNCbKNX KONeKTopiB HeTpaauuiiHoro Tuny [AHinpoBcbko-[oHewubKoi 3anaamHm
Ta NOPIBHAHHS 3 [NiBHIYHOAMEPUKAHCEKMMU HETPAANLIMHUMU GPOPMALUISAMY .....ivieieiiiiee ettt e e abee e 28

PYCAYEHKO Haranisn, MACTYLUEHKO TeTtsiHa, BUXXBA Ceprin
MopaentoBaHHS CONAHO-KYMONbHUX CTPYKTYP Y MUBUHHOMY LIOMEHI 3 BUKOPUCTAHHAM TpacyBaHHS NMPOMEHIB
TQ @HAMI3Y CEMCMIMHMX @TPUOYTIB. .. .uueeiieieeeieititiieeeeeseettteeeeeeeseasaataeeeeaeeeaasstaeeeeaaeeesaassasaeeaeeesassssaeeaaeesaansnssneeeaeeeasnnssneeeannn 42

FEONnOrid poaoBULL KOPUCHUX KONANWH

MUXAMNIIOB Bonoaumup
BucokonepcnekTnBHi 06'ekT MiHepanbHO-CUPOBUHHOT 6a3n YkpaiHu.
YacTrHa 2. HEMETAMIUHI KOPUCHI KOTTAIMHM .....ceiie et iietteeeeaaeeaeeteeee e e e e e e aaeaeeeaaaaaaamnsaeeeaaaeae s nsseeeeeaeaeaansneseeeaaeaaannnsseeeaaeeaaannsnns 47

NYKOMCbKWUM Bnagucnas, KYPUIIO Mapis
FpHU4o-reonorivyHi nepeaymoBu edhekTUBHOT po3po6KM pooBULL ByAiBENBHOIO KAMEHHO
Ta WwebeHeBOI CUPOBUHM B MeXax NOLUMPEHHS NBOA0BUKOBUX BIAKITAZIB .. ..eveeiveeeeasieeeeeaiereesaneeeaaanseeessanseeessnneneeanseeeenns 57

JINTBUHIOK CrtaHicnas
MpakTnyHe 3acTocyBaHHSA METOAMKU NepeBefeHHs Ta 3iCTaBMNeHHS Pi3HUX KnacudikauinHnx cuctem
OL|iHIOBaHHA MiHEepanbHMUX PeCcypciB Ha NPUKNaAi BiTYN3HAHNX POAOBULL TPAMITY T8 MiLi...eeierveeeeiriiiieeniiee e e esiiee e 62

riaPOreonorid, IKEHEPHA TA EKOJIOTNYHA reonoriq

KOLWNAKOBA TetaHa, KOLLUIIAKOB Onekcin
3MiHM XiMiYHOro ckragy NUTHUX NiA3eMHUX BOA XEPCOHCLKOro poaoBumLla
32 JaHUMW TPUBATMX CMOCTEPEKEHD Y JOBOEHHT HACU .....eeeeeeiieeieiieeaaiteeeeaaeeeaesaueeeeeaneeeeeaanseeesanneeeeaseeeesanseeeesnneneeeanseeenans 69

F'YCEWMHOB Oxaman, TATIEB Annaxsepgai
XapakTtepuctuka BNnuBY 3MiH KriMaTy Ha TeMnepaTypy NoBiTpsi Ha TepuTopii A3epbanmkaHy

B NePiof, MMOBANBHUX KITIMATUMHMX BMIH .....uuvieeeeeeeiiiiirieeeeeeeesitteeeeeaeseaaataseseaeeeesastsssseasesesaasssseesaeesaaasssseseeassaaassssnneaaeeaanns 76
HIMELUb Onekcanap, HIMELb OAMmutpo, HOMKO OAmutpo, YOAJIOB Irop
OcobnuBocTi rigpporeonoriyHmx i TepmobapryHux ymoB BantoxiBcbkoro HagpTorasokoHAEeHCaTHOro POAOBULLA ............. 83

FEOIHPOPMATUKA

BUXBA 305, AEMUOOB Bcesonon, BUXKBA AHgpin
CraTtnctuyHe mogentoBaHHa aaHux y 3D obnacTi 3 "kybiyHo" kopensauinHow dyHKLiE
Ha npvknagi reodisnyHOro MOHITOPUHIY PIBHEHCBHKOT AEC .......uiiiiiiiiii e 90

3ALIEPKOBHWW Bitaniit, E OOHATIC Maypo, MNIYKO Mioamuna,
CAXHIOK Cranicnas, OO0APYYK Haranisa, MIPOHYYK TetsiHa
BukopuncTaHHA TEXHOMNOTIN AUCTAHLUINHOIO 30HAYBAHHSA ANS MOHITOPUHIY MICBKMX OCTPOBIB TEMIMA .ovvvvveveveieeeeeeeeeeeeeeenes 99



CONTENTS

GEOPHYSICS

MENSHOV Oleksandr, BONDAR Kseniia, BAKHMUTOV Volodymyr,
HLAVATSKYI Dmytro, POLIACHENKO levgen
Magnetic mineralogical properties of Kyiv region soils, affected by War ... 5

TYSHCHENKO Andrii, VYZHVA Andrii, MELNYK Leonid, TEGNANDER Jonas Fagerli,
KITTELL Lars-Erik, HELGEBOSTAD Kristian Svarva
State-of-the-art 3D acquisition and imaging in ultra-shallow water in the northwestern part of the Black Sea.................. 13

AKHMEDOV Tofik, KHALILOVA Lala
Structure and litho-facial features of the qala suite deposits of the Zykh-Hovsan area according
to 3D seismic and Well 10gGING ata........ooo oottt e e e e e e e e e e e e e e et e et e e e e e e e nnneeeaaaeeaan 19

KRUHLOV Bohdan, LEVONIUK Serhii, IURAS Sviatoslav, KARPENKO Ivan
Review of visean unconventional reservoirs within Dnipro-Donets depression and comparison

to North American unconventional fOrMAatIONS ............ooiiiiiiiii e e e e et e e e e e e snsbaeeeaaeeean 28
RUSACHENKO Natalia, PASTUSHENKO Tetiana, VYZHVA Serhii
Salt-dome structures modeling in depth domain using ray tracing and seismic attribute analysis.............cccccccoriiiinn. 42

MINERAL RESOURCES

MYKHAILOV Volodymyr
Highly prospective object of the mineral and raw material base of Ukraine.
Part 2. NON-Metallic MINEIAIS .........coo ittt e ettt e e e et ettt e e e e e e e e aaeee e e e e e s aneeeeeeeeeaaannnteeeeeaeeeaannnns 47

LUKOMSKYI Vladyslav, KURYLO Mariia
Geological and mining conditions for the effective development of construction

and crushed stone deposits within the distribution of glacial sediments .............ccoi i 57
LYTVYNIUK Stanislav

Practical application of the methodology of conversion and comparison of different classification systems
of assessment of mineral resources on the example of domestic graphite and copper deposits ...........ccceevviieiniieeiiiieenee 62

HYDROGEOLOGY, ENGINEERING AND ENVIRONMENTAL GEOLOGY

KOSHLIAKOVA Tetiana, KOSHLIAKOV Olecsii
Changes in the chemical composition of drinking groundwater of the Kherson deposit according
to long-term observations iN Pre-War tIMES ......ccooiiiie i nnnen 69

HUSEYNOV Jamal, TAGIYEV Allahverdi
The changes of the air temperature characteristics in the Azerbaijan territory during global climate changes period ...... 76

NIMETS Olexandr, NIMETS Dmytro, CHOMKO Dmytro, UDALOV Igor
Features of hydrogeological and thermobaric conditions of the Vlachivske oil and gas condensate field ........................ 83

GEOINFORMATICS

VYZHVA Zoya, DEMIDOV Vselolod, VYZHVA Andrii
The statistical simulation of dataset in 3D area with "cubic" correlation function
on example Rivne NPP geophysical MONItOIING .......cooueiiiiiiee ettt e e e e ettt e e e e e e ettt e e e e e e e e ennaneeeaaeeann 90

ZATSERKOVNY!I Vitalii, DE DONATIS Mauro, PLICHKO Liudmyla,
SAKHNIUK Stanislav, ODARCHUK Natalia, MIRONCHUK Tetiana
Using remote sensing technologies for monitoring urban heat islands ..o 99



BUMNYCK 3(106)
FTEOPI3UKA

YOK 550.382.3
DOI: http://doi.org/10.17721/1728-2713.106.01

Onekcangp MEHbLUOB', a-p reon. Hayk, CT. 4OCHIAHUK
ORCID ID: 0000-0001-7280-8453
e-mail: menshov@knu.ua

Kcenis BOHOAP'?, n-p reon. Hayk
ORCID ID: 0000-0002-4946-7707
e-mail: kbondar@igf.edu.pl

Bonoaumup BAXMYTOB?, a-p reon. Hayk, npod., 4n.-kop. HAH YkpaiHu
ORCID ID: 0000-0003-3804-9953
e-mail: bakhmutovvg@gmail.com

Omutpo FMABALbKWUIA3, kaHg. reon. HayK, CT. HayK. cniBpo6.
ORCID ID: 0000-0002-9901-7827
e-mail: hlavatskyi@gmail.com

€sreH MONAYEHKO?, kaHa. reon. Hayk, CT. HayK. cniBpo6.
ORCID ID: 0000-0002-3316-4605
e-mail: poliachenkoib@gmail.com

'KuiBcbkui HauioHanbHUM yHiBepcuTeT imeHi Tapaca LLieBuyeHka, KuiB, Ykpaina
2lHcTuTYT reodpiznkm MonbcbKoi akagemii Hayk, Baplaga, Monbwa
3lHcTUTYT reocpismkm im. C. |. Cy660TiHa HauioHanbHOT akageMii Hayk YkpaiHu, Kuie, YkpaiHa

MATrHITHO-MIHEPANOTrIYHI BNTACTUBOCTI 'PYHTIB KUIBLUMUHM,
YPAXEHMUX BIACbKOBUMM OIAMMU

(MpedcmaeneHo 4YneHoM pedakyiliHoi Koneail 0-poM 2eos. Hayk, npogh. C. A. Buxeoro)

B cTyn. OOHuM i3 Hebe3neyHux ensueie Ha O0BKINs, BUK/TUKaHUX eilicbkoguMu GisiMu e YKpaiHi, € decmpyKuisi ’pyHMoe8o20 rno-
Kpuey, a came lio20 3a6pydHeHHs1, nepepo3nodin 2eHeMuUYyHUX 20PU30HMI8, YWinbHEeHHs, 3MiHa (hi3UKO-XiMiYHUX a2POHOMIYHUX MOKa3-
Hukie mowjo. HakonuyeHuti doceid nokasye, wo 6inbwicmse i3 Yux npoyecie 8idobpaxarombCsi Ha Ma2HIMHUX e1lacmueocmsix rpyHmis.

MeToaun. 3acmocosaHo MemoduKy MagHimHux docidxeHb, wo nepedbaqyae NosHUlU criekmp rMosbLosux i 1abopamopHux
docnidxeHsb.

Pe3ynbTaTtu. Ha ocHoei po3pobrneHoi iaepamu Ons criesiOHoweHb ideanbHoi (6e32icmepe3ucHoi) MazHimHOI cripuliHamnu-
eocmi 3o HU3bLKOYacmomHoi MazHimHoi cnputiHamnueocmi (YARM/xIf) ma ideanbHoi MazHimHOI cnpuliHsimnueocmi Ao YacmomHoi 3a-
nexxHocmi MazHimHoi cnputivamnueocmi (YARM/xfd) 6yno po36pakoeaHo Opi6HO3epHUCMi Ma2HIMHIi YacmuHKU Jlimo2eHHo20 ma
6aKkmepiasibHO20 NMOX00XeHHSs1 y rpyHmax docnioHux dinsiHok Kuiewuru. Ansi Cmapux lNempisyie 6yso ideHmugbikoeaHo suwie 0GHy
2pyny 3paskie. Y [Jlemudoei eusieunu 9dei 2pynu: 6inbuwy, no3HavyeHy 3e/1eHUM KOJIbOPOM, i MeHWY, rno3Ha4yeHy YepeoHuM. Hapewmi, Ha
dinsiHyi AocnidxeHHs1 O3epa 6ys10 su3HavyeHo Oei ekeieasieHMHi 2pynu. 3a pe3yslbmamamu MepMOMaz2HIMHO20 aHaizy MazHimHoi
cnputiHamaueocmi 6ysno ideHmucgbikoeaHo He3euy4HuUl Ons1 rpyHmie "xeicm" nicnsi 600 °C, wjo eka3ye Ha eMicm Memasiego20 3asli3a.
Bmicm eaxxkux memariie y Ma2HimHitli ¢ppakuyii rpyHmie 3 06°ckmis 8ilicbkogo20 ypaXeHHs1 3anexump 8id cknady crinasie 36poi, wo
8paxkae KOHKpemHe Micuye.

B ncHoBKkwM. [1id 4yac subyxy pisHux murie 6oenpunacie ymeoprorombCs yraMKu HernpasusibHoi hopMu Yyepe3 3Ha4YHUl MexaHi-
YHuli ennue, a dodamkoee HazpieaHHs1 8 npouyeci npuzeodums 60 ymeopeHHs 3ani3Hux cegepyn. Ljeli cknadHull ¢ghizuko-ximidHUl npo-
yec euHUKae eHaclidok e3aemModil eucokomemrepamypHuUX 2asie, nusly ma poasnnaesieHo2o Memarsy. 3a3Ha4eHi o6'ekmu ycniwHo
ideHmudgbikyrombcsi Ha OCHo8i ekcripecHux i dewesux MazHImHuUX memodie.

Kno4yoBi cnoBa: mMazHimHa cnipuliHimnueicms, rpyHm, 8aki Memasnu, HaMaz2HiyeHicmb, gilicbkosi Oil.

Bctyn

MoBHOoMmacLTabHe BTOPrHEHHs B YKpaiHy 3aBaae HE3BO-
pPOTHOro KatacTpodiyHOro BNAMBY Ha [OOBKiNMs, 30Kpema
3abpyaHI0YY Ta NOLLKOAXYHUM I'PYHTOBUIA NOKPUB. Binck-
KOBI [ii CNpUYMHAIOTE He nuile di3nyHe NOripLUeHHsT CTaHy
r'pyHTIB, @ i iXHE XiMiyHe 3abpyaHeHHs. [psive BnyyYaHHs
CHapsgiB, 3ropina BiliCbkoBa TexHika Ta HadTonpoayKTu
PYWHYIOTb eKocucTeMy, 3abpyaHIoYN MPYHTU | Bogy Bax-
KMMU MeTanamMmm Ta TOKCMYHUMK eneMeHTamu. OCHOBHVMM
xepenaMmm XiMiyHoOro 3abpygHEHHS! I'PYHTIB € BUTIKaHHS
nanvea Ta MacTWUilbHUX MaTepianiB 3 BiICbKOBOI TEXHIKM,
BMKOPUCTaHHs1 OOMOBUX XiIMIYHUX peyoBWH, (HananM, 6invn
docdop), BubyxiBka, LLO MICTUTL TPOTUI i FEKCOreH, a Ta-
KOX TOKCUYHI peYOBUHW, SKi BUOINAKOTBLCS Nif Yac 3ropaHHA
Boenpunacis i BiNCLKOBOT TexHiku. ['pyHTM Takox 3abpyaHio-
I0TbCA BaXKKVMMW MeTanamu, LWo noTpannsioTb i3 3anviikamm
©oenpunaciB Ta BilCLKOBOI TEXHIKM, cepen sikux antomiHin (Al),
ko6anbT (Co), muw'sk (As), Hikenb (Ni), kagmini (Cd), migb (Cu),
xpom (Cr), pTyTb (Hg), uuHk (Zn) Ta iH.

HakonuyeHuin 4ocBig, CBigUMTb, LLO npouecyt AeCTPYKLl IPyH-
TOBOrO MOKPWBY, @ CamMe MOro 3abpyaHeHHsl, nepepo3noain

FEHETUYHUX TOPU3OHTIB, YLUNbHEHHS, 3MiHa (i3VKO-XiMiYHUX
arpoHOMIYHMX MOKA3HUKIB TOLLIO, BiHODpaXaroTbCsl y MarHiTH1UX
BracTnBocCTaAX rpyHTiB (Salazar-Rojas, Cejudo-Ruiz, & Calvo-
Brenes, 2024; Hu et al., 2022). MarHeT3Mm I'pyHTIB 3anexuTb
Bid BMICTy MarHiTHMX MiHepaniB (MarHeTukiB) pi3HOro noxo-
[PKEeHHs1. Y KOHTKECTi BMNMBY BINCLKOBUX A NPUNYCKaeTbCA
HasABHICTb MarHeTVKiB I'PYHTOTBIPHOIO (MEAOreHHOro), aHTpo-
MOreHHOro Ta TEXHOreHHOro (30Kpema W BiiCbKOBUWA BMMMB)
noxomkeHHA. OTxe, y NPONOHOBaHIN CTaTTi MU PO3ITSIHEMO
came MarHiTHO-MiHeparnoriYyH1 ckrag, rpyHTiB, WO 3a3Hanu
BMNMBY BIMICLKOBKX i, 3 METOO MOLUYKIB 3B'A3KIB i3 4eCTPYyK-
TUBHUMM SIBULLL@MMW Y I'DYHTaX.

Y 3a3Ha4yeHOMY KOHTEKCTI Ha Npuknagax HeaBHix pobiT
PO3KPUEMO Cy4aCHMWI CTaH NPOGeMU KOMMIEKCYBaHHS Mar-
HITHWUX (Hanp., XIf) 1 iHwwKx (Hanp., ICP, pXRF) meTogis ans
BMBYEHHHA 3a0pydHEHHs 'pyHTOBOro MOKpuBy. MarHiTHi
[OCNIOXEHHS € LiHHMM METOA0M BU3HAaY€HHSA MPOCTOPOBOro
pO3MnoAiny reoximidyHoOro 3abpyoHEHHS T'PyHTY Ta MOBITPS
i 3abesneuvyloTb igeHTUIKaLUilO aHTpOMNoreHHoi emicii
Hebe3neyHnx ynbTpagucnepcHux vactnHok (Bucko et al.,
2011). KombGiHauisi BM3HAYEHHs €NeMeHTHOro cknagy

© MeHbuwoB OnekcaHap, Bonaap KceHis, BaxmytoB Bonogumup, Masaubkuin AMmutpo, NMonsyeHko €BreH, 2024
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metoaom ICP i marHiTHOT cnpunHaTnmeocTi (xIf) xapaktepu-
3y€ CTPYKTypy MpOCTOPOBOro 3abpyaHeHHs i 30arayeHHsi
NOTEHUIAHO TOKCMYHMMMK Baxkkumu MeTanamu (Cu, Zn, Pb,
As, Sb, Cd i Hg). Y niBaeHHo-cxigHin genbti Hiny (Guda
et al., 2020) pocnigxyBanu rpyHT# nobnmay npomMmncroBmx
30H i3 piBHSIMW 3a0pyAHEHHS, L0 3HAYHO BapilolTb, BUCO-
KOIO KOHLIEHTpALI€EI0 Y BEPXHIN YaCTUHI I'PYHTY BaXKKUX Me-
TaniB i ABHOK TEHAEHLIE CMafaHHs y rmmbwmx wapax.
MynbTAOMEHHI MarHiTHi YaCTUHKU BKa3yloTb Ha BHECEHHS
aHTPOMOreHHOro MaTepiany Ha 3Banuiliax aBTOMOOBINbLHOro
Opyxty (Barbosa et al., 2020). IHWKMK cnoBamu, € BCi nig-
CTaBW Ans 3any4eHHsa MarHiTHUX 1 iHWKWX MeToAiB 3 METOI0
BM3HAYEHHsI piBHSA 3abpyAHEHHS BHACMiAOK BINCbKOBUX AilA.

Onsa igeHTudikyBaHHA MiHepanis 3aniza MarHiTHi me-
TOOM 3a3BMYall CynpoOBOOXKYIOTLCS pe3ynbTaTaMu CKaHyto-
Yoi enekTpoHHOi Mikpockonii (SEM) i eHeprogmcnepcinHoi
cnektpockonii (EDS) (Maity et al., 2021). NapameTpun marHit-
HOrO ricTepes3ncy BKa3yloTb Ha HAsIBHICTb Y 3pa3kax KpyrnHo-
3epHUCTUX NceBaoofHoaomeHHuX (PSD) i 6aratogoMeHHNX
(MD) 3epeH MarHeTWTy, LLO BMHWKIX BHACMiAOK aHTPOMo-
reHHoro 3abpyaHeHHs (Menshov et al., 2023). € 6araTo po-
OiT, y SKUX MarHiTHy CNpUNRHATIUBICTL BUKOPUCTOBYIOTb SIK
HabnuxeHy OUIHKY 3abpyaHEHHsI I'PYHTY BaXXKUMU MeTa-
namu. Hanpuknag, Bucoki Ta 3HauHi kopensdii (0,41-0,89)
MiXK MarHiTHOH CMPUNHATIAMBICTIO Ta KOHUeHTpauismu Fe,
Zn Ta PLI 6ynn 3apeecTpoBaHi B CakcoHii (Rachwat et al.,
2017). MarHiTHi meToou € ePeKTMBHMMM AN BU3HAYEHHS
PiBHs1 3a6pyAHEHHS BaXKKMMMW MeTanamu 1 ineHTUiKyBaHHs
3anisoBMiCHMX MiHepanis y BYMWYHOMY MUY, WO MIiCTUTb
MeTarneBe 3ani3o 1 kapbign 3anisa (Gorka-Kostrubiec et al.,
2023). Y pob6ori (Jordanova et al., 2021) 3a pe3synbTatamu
Kopensauii Mk MarHiTHOK CNPUNHATAMBICTIO 1 iHOEKCOM 3a-
ranbHoro 3abpyaHeHHs (PLI) BM3HayYeHO rpaHu4Hi nokas-
HWKM MarHiTHOI CNPUAHATAMBOCTI, WO BiAMNOBIAATb Pi3HUM
kateropisam PLI. Llen nigxig Bu3HaHO yCniluHUM Anst MOHITOpY-
Hry i kapTorpadyBaHHS 3 BUCOKOK MPOCTOPOBOI) Ta YaCOBOD
po3ainbHOK 3aaTHiCTio. [Ns OUiHIOBaHHSA PiBHSI 3a0pyaHEHHS
GinbLuoi YacTrHn micta JeHiani (TypeyynHa) 6yno npoBeaeHo
GaraToBMMIPHWIA CTAaTUCTUYHUIA aHani3 (KnacTepHWUiA aHani3) i
aHarni3 ronosHmx komrnoHeHTiB (PCA) Ta BCTaHOBMEHO 3B'A30K
MiX 3a0pyAHEHHSIM BaXXKUMK MeTanamu, BenuinHamm MarHit-
HOI CNPUMHATIMBOCTI Ta pe3ynbTatamun hriyopecLeHTHOro
XRF-aHanisy (Oudeika et al., 2020).

BaxxnvBumM 3aBOaHHSM € BM3HAYEHHS J)Kepena aHomarb-
HWUX MarHiTHUX i reoxiMiyHMX NapamMeTpiB y FpyHTax sik HacMidoK
NITOreHHOro, NELOreHHOro YN TEXHOrEHHOTO 3abpyaHEHHS. Pe-
3ynbtath (Szuszkiewicz et al., 2016) BkasytoTb, LLIO CMiBBiAHO-
weHHa X/Fe moxe OyTm HagiiHum iHAMKaTopom  Ans
BM3HAYEHHS 3MiH MOXOPKEHHSI MarHiTHOro curHany B npoinsx
rpyHTy. YiTke po3yMmiHHS pusnKy Ans 300pOB'S ynbTpagmcnep-
CHWMX YaCTMHOK BUMarae igeHTUMIKyBaHHS aHTPOMOreHHNX
30BHILLHIX Mkepen 3a reoxiMiyHMM CKrnagom martepiany nuny
(Kelepertzis et al., 2019). OaHi 3i ctonuyHoi 30HK AdpiH BKasy-
I0Tb Ha Te, L0 aHTPOMOreHHi MarHiTHi YaCTUHKW, SKi YTBOPHO-
HOTbCS BHACTIOK 3ropsiHHS Ta BUXITOMHMX rasiB TPaHCMOPTHUX
3acobiB, € Haf3BMYaNHO NOLUMPEHVMN.

MonepegHi pe3ynbTaty NOEQHAHHA MArHiTHMX i reoxi-
MiYHUX MeTOoAiB, SK YHiBepcanbHWM iHCTPYMEHT Ans BU-
BYEHHSs1 3a0pyAHEHHS i 3B'A3KY 3 BICbKOBUMMW LisiMU, HAMU
Oynu npepnctaeneHi B gocnigpkeHHax (Bondar et al., 2023;
Menshov et al., 2024). MeToto nponoHoBaHoi poboTu € no-
PiBHSIHHA pes3ynbTaTiB MarHiTHUX BUMiptoBaHb i gaHnx XRF
Onst NiNoTHOI Komnekuii 3paskiB, 3ibpaHnx Ha KONMULIHLOMY
noni 60to, MicLi ypakeHHs1 pakeTu Ta MiCLi 3HULLEHHSI HEPO-
3ipBaHux 6oenpunacis Ha niBHiY Big Knesa ans BusiBneHHs
3abpyaHeHHs1, MOB'A3aHOrO 3 BiNHOH).

ISSN 1728-3817

06'ekmu docnidxeHHs. [ocnigxyBaHa TepuTopist pos-
TalwoBaHa Ha BigcTaHi 35—40 km niBHiYHiWe Knesa, y mexax
ByuyaHcbkoro Ta Buwropoackkoro p-Hie KniBcbkoi 0bn., Ha
npasomy 6epesi p. OHinpo (puc. 1). Hanbnwx4immmn Hacene-
HMUMK NyHKTamMu € cena demugis, O3epa 1a Ctapi MNeTpiBui.
3HayHa YacTuHa uiei Teputopii BKkpuTa nicamu. liBHiYHO-
3axigHa JyacTtuHa KuiBcbkoi 065. Mae nepeBa)HO PiBHUHHUIA
penbed, po3nineHun JonMHaMm pidok, apamm Ta 6ankamu.
TyT nowmpeHi NicoBi MacuBW, NEPEBaXXHO XBOMHI Ta MiLLaHi.
PerioH Garatum Ha BogHi pecypcu. Lle, 3okpema, piyku
(OHinpo, IpniHb, TeTepiB), o3epa Ta ctaBku. MNoniroH OJemu-
niB siBnsie coboo BMPBY BiA BMOYXy pakeTu B COCHOBOMY
nici, noniroH O3epa — nacoBuLe No3a Aa4YHUMN AiNsiHKaMM,
noniroH Ctapi MeTpiBui — mMicue 3HULWEHHS Goenpunacis.

TNangwadTHi ymoBu € xapaktepHummn ans Nonicbkol
30HM Ykpainn. [pyHTM nepesaxHo Umbric Albeluvisols
Abruptic 3a knacudikauieto WRB (WRB, I. W. G., 2014).
Knimat noMmipHO-KOHTUHEHTanbHWM 3 TEnnuUM i BOMOrMM
nitom i M'akoo 3umol. CepefHbopiyHa TemnepaTypa
+6,5°...+7,5°C. PiyHa «inbkicTb onagiB cTaHOBUTb
550...650 mMm. BignoBigHo [o knimMaTu4dHOI Knacudikauii
KenneHna, knimat pocnigxyBaHoi TepuTopii HanexuTb Ao
3oHu Dfb (Lohmann et al., 1993), wo o3Hayae NOMipHO Xo-
NOAHWUI (KOHTUHEHTanNbHUI) KNiMaT 3 TeMnepaTyporo NUMHA
18-23 °C, a ciyng: -10-0 °C.

3a 6inbLw nowmpeHoto B YkpaiHi knacudikauieto r'pyHTIiB
CokonoBcbKkoro (ame. puc. 1), niBHIYHO-3axigHa YacTuHa
KuniBcbkoi 06n. mae pisHOMaHITHWUIA I'PYHTOBUIA MOKPUB, 3Y-
MOBMEHUN 1T reorpadiyHMM po3TallyBaHHSM, penbedoMm i
KniMaTU4HUMKU ymoBamu. [epHOBO-NIA30MUCTI I'PYHTH, LLO
nepeBaxarTb Ha MiBHOYI Ta 3axoAi, BiA3HA4YalTbCs HU3b-
KOO POAIOYICTIO Ta CXWUMbHICTIO A0 eposii. OniasoneHi Yyop-
HO3eMW, LIO 3yCTpivalTbCA B LEHTPanbHUX i NiBOEHHMX
parioHax, 6inbLU poAYi Ta MeHLU CXWUIbHi A0 epoaii. Jly4Ho-
YOPHO3EMHI 'PYHTHU, SKi XapaKTepHi 418 OMWH PiYOoK, € Ayxe
pogtounmm. llilwaHi rpyHTU XapakTepusyloTbCs HU3bKOK
poAtodicTio Ta noTpebytoTb yHeceHHs 1obpue. TopdoBo-
OONOTHI r'pyHTU 3ycTpivaloTbCcs B HM3MHAX i noTpebyoTb
OCYLLEHHS1 Ta BanHyBaHHS. Tun rpyHTy BnnvBae Ha BUOGIp
CiNbCbKOrocnoAapchknx KynbTyp, siKi MOXHa BUPOLLYyBaTh
Ha Ui TepuTopil.

Mig yac 3axonneHHss KuiBcbkoi 061. YyacTuHa gocnigxyBsa-
HOI TepuTOpii BXoguna 4o OKynoBaHUX TEPUTOPIN (puc. 2).

MeToau

Bin6ip npob r'pyHTY cynpoBoaKyBaBCsl BUMipHOBaHHSIMM
nosboBOoi 06'€MHOT MarHiTHOT CMPUNHATIIMBOCTI 3a AOMNOMO-
roto noptatmsHoro kanametpy PKM-7. [utomy marHiTHy
CNPUAHATIIUBICTB X BU3Ha4anu B nabopaTopHMX yMOBax 3a [o-
nomoroto MFK1-FB Kappabridge. TepmomarHiTH1iA aHanis ma-
FHITHOI CMPUMHATAMBOCTI BMKOHyBanu 3a gonomoro KLY5S
Kappabridge 3 npucraBkamm CS4 i CS-L BignosigHo ons Buco-
kmx (20-700 °C) i Hu3bkux (-195-0 °C) Temnepatyp. I3oTepmi-
YHa 3anuWKoBa HaMarHiveHictb HacuyeHHs (Mrs) ©Oyna
oTpumana B noni 1 Tn 3a 4ONOMOro0 iMMYNbCHOro MarHiTn3a-
Topa MMPM10 (Magnetic Measurements, Benuka BputaHis).
[na BumiptoBaHHs GesricTepe3ncHOl 3arnuLLIKOBOT HamarHive-
HocTi (ARM) Bukopuctosysanu LDAS5/PAM1 AF Demagnetizer
(AGICO, Yexis) 3 makcumansHUM 3miHHUM nonem 100 mTn Ta
SQUID (2G Enterprises, CLLUA). Oani 6yno po3paxoBaHo 6e3-
ricTepe3ncHy MarHiTHy cnpunHaTiueicTe XARM. CnieigHoO-
weHHs XARM/X, Mrs/y i ARM/Mrs BUKOPUCTOBYEMO SK Yy TMBI
[0 po3Mipy 3epHa napameTpu. Brcoki 3Ha4eHHs BKasyloTb Ha
BiAHOCHe 3b6arayeHHs ogHoAOMeHHUMMU (SD) vacTuHkamu,
TOAI SK HM3bKi 3HAYeHHs BiAMNOBigalOTb NepeBaXkanbHUM
MD- Ta/abo SP-4yacTuMHkaMm. [eTanbHille MeToaMKn mMarHi-
TOMiHepanoriYyHMx BUMIpIOBaHb HaBedeHo B poboTax
(Evans, & Heller, 2003; Maxbauer, Feinberg, & Fox, 2016).
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I'pyHTU BocnigxyBsaHoi TepuTopii

LEGEND

1 — [lepHOBO-NPMXOBaHONIA30NUCTI MillaHi Ta FMMUHUCTO-NILWAHI FPYHTH

2 - flepHOBO-cna6o- Ta-cepeAHbONIA30NUCTI NiluaHi Ta MUHUCTO-NILLaHI 'PYHTH

4 — [lepHOBO-CepeAHLONIA30NUCTI CyNillaHi Ta CYrNUHHI FPYHTH

6 — [lepHOBO-NPMXOBaHONIA30NUCTI Ta cNaboniA30NUCTi FMUHUCTI NilaHi Ta IMUHUCTO-NILaHI FPYHTH

8 — lepHOBO-CepeAHbLO- Ta CUINbHONIA3ONUCTI MMNHUCTI CynillaHi CYyrnuHHI FPYHTH
136 — Topd'AHO-60N0THI FpyHTK. MNicku cna6o3aaepHoBaHi cnaborymocoBi Ta rymocoBi. Topch'sHUKM HU3WUHHI

138 — Topdh'AHUKN HU3UHHI

159 — [lepHoBi orneeHi niwaHi Ta rMMHOCTO-NiWaHi rpyHTU. Topd'AHNMKU HU3UHHI

162 — [lepHOBI orneeHi cyniwaxi rpyHTU. Topd'AHUKM HU3UHHI

[epHoBo-cepeaHbLO- | cnaboniasonucTi cynillaHi i CYyrnUHKOBI FPYHTH

Water

Puc. 1. O6'ekTn pocnimkeHHA Ta knacudikauis rpyHTiB 3a COKONOBCbLKUM

PesynbtaTtun

[Jiarpama, HaBepeHa Ha puc. 3, 3anponoHoBaHa Ang
cnieeigHoweHb XARM/xIf Ta xARM/xfd 3 meToto ineHTudika-
Lii ApiOHO3EPHUCTUX MarHiTHUX YaCTMHOK NITOFEHHOro Ta
GioreHHoro noxomkeHHs (Oldfield, 1994). na Ctapux MeT-
piBUIB iAeHTUdIKOBAHO NuLle odHY rpyny 3paskiB (3eneHun
konip). Ana Oemuoosa mu Buginunu Aei rpynu: 6inbLuy, no-
3HaYeHy 3efIeHUM KOMbOPOM, i MEHLLY, NO3Ha4YeHy 4YepBo-
HUM KomnbopoM. HapelwwTi, ABi ekBiBaneHTHi rpynu Gynu
BM3HA4eHi Ha AinaHui gocnigxeHHsa Os3epa.

Paniwe 3akopaoHHi ByeHi (Oldfield, 1994; Evans, & Heller,
2003) 3anponoHyBanM MeToauKy po30opakyBaHHS ApibHO3ep-
HUCTUX ynamKoBMX i OakTepianbHMX MiHepaniB y rpyHTi
(Menshov, 2018). [locnigHWKn BUKOpMCTany oanH Habip 3pas-
KiB 1 YCMilWHO BW3HauYMnW ABi rpynu, WO MNpeacTaBnsioTbh
OeTpUTHI Ta GakTepianbHi YacTHkn. Lono Ctapux MNeTpiBui
MW 3MOINW BUSIBUTW nuLe ogHy BuObipkoBy rpyny (puc. 3). Le
BKa3ye Ha [OMiHyBaHHA OAHOrO MarHiTHOro dhaktopa MiHepa-
NOYTBOPEHHs (puc. 3 a). YpaxoBytounm OCOBNMBOCTI MOMIrOHY
Crapi NeTpiBUi MY BUCYHYNW FiNOTE3Y, LLO TEXHOrEHHI MarHiTHi
MiHepanu NoBWHHiI ByTu pesynbTaTom 3abpyaHEHHS BHACNiZoK
3HELIKOMKEHHA BoenpunaciB  LWIMASXOM  iXHBOro  MigpuBYy.

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

BoaHouac BuaineHHs gBox rpyn MiHepanis (nosHadeHi 3ene-
HMM i YepBOHWM KOMNbopamn Ha puc. 3 b i 3 ¢) € ceigYeHHaM
TOro, WO MarHiTHi MiHepanuM MiCTATb GiOreHHUIA MarHeTuT,
OTPUMaHWUIA i3 MarHiToTakTdHUX ©OakTepin (MikpoaepobHe
cepeposuLle 3rigHo 3 (Linford et al., 2005)), a Takox ynamko-
BUA MarHETUT TEXHOTEHHOIO MOXOMKEHHS. IHTepnpeTyBaHHs
BCiX 3pa3kiB pa3om (puc. 3 d) € manoiHdopMaTUBHUM.

Onsa ineHTMdiKyBaHHA MarHiTHUX MiHepaniB y rpyHTax
Oynu 3anyyeHi gaHi TepMoMarHiTHOro aanisy (puc. 4).
3 MeToHo NiABuLLEHHS iHOpMaTMBHOCTI Aocnigy Hamm 6yno
BMAINEHO MarHiTHy ppakuito 3 rpyHTIB 3 YCiX QindHOK. Y
LbOMY Jocnifgi AeTanbHile po3rnsgaHeMo pesynstatv Ans gi-
nsaHku Ctapi MeTpiBui. 3MiHKM MarHiTHOI CNPUAHATIMBOCTI B
nianasoHi temnepatyp -195-0 °C (HM3bKOTEMMEPATYPHUN
aHani3) 6ynu He3Ha4YHUMWU, Lo XapakTepHo Ans ApibHo3ep-
HUCTMX okcuais 3anisza (Eyre, & Shaw, 1994). BigcyTHicTb
nepexony Bepses (Tv) cBiguMTb NpoO BiACYTHICTb CTEXeome-
TPUYHOIO MarHeTuTy, WO MoXe ByTU HacnigkoM mMarremitu-
sauii (Ozdemir, & Dunlop, 2010), konu Temneparypa
BepBes noBHiCcTIO npurHivyetbcs, abo BiobyBaeTbcsa KaTi-
OHHa 3aMiHa, TOBTO Ha KpUBUX Mepexig He cnocrepiraemo
(Jackson, & Moskowitz, 2021).
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a) Crapi MNeTpisui, 6) Oemnais, B) O3epa, r) yci pasom
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PesynbTaTv BUCOKOTEMNEPATYPHOro aHanidy Ans 3pas-
KiB, BigibpaHux Ha BigcTaHi 125 M Bifg kpato kpaTepa, 4EMOH-
CTPYKOTb $K XapakTepHy MOBediHKy [Ans [PyHTIB, TaK i
Bi3yanisyloTb iHLUi O3HAKW, SIKi MW BBaXKaemMO MOB'A3aHUMMU i3
3abpyaHEHHSM BHacnigok BUOyXxiB. XapakTepHUMy 03Hakamm
€ Te, WO Ha KPUBUX OXONMOMXKEHHST CUTHANM CUMBHILLWIA, HiX Ha
KPVBMX HarpiBaHHs, Yepes yTBOPEHHS1 HOBOI CUINIbHOMArHiTHOI
dasn. Ha kpuBux HarpiBy cnocrepiraemo HeBenwuike nigBu-
LLIEHHS1 MarHiTHOI CNPURHATAMBOCTI Hbk4de 280 °C, Lo MOXHa
iHTepnpeTyBaTu siK NOCTYNoBe PO36r10KyBaHHs ApiGHO3EpHM-
CTUX oAHOAOMEHHUX (SD) yacTuHOK, siki € SD 3a kiMHaTHOI
TemnepaTtypu, ane nepexofsaTb y cyneprnapamarHiTHAN cTaH
3a nigsuLLeHVX Temnepatyp. [NoganbLie NigBULLEHHS MarHiT-
HOI CNPUWHATNMBOCTI crocTepiraemo B AianasoHi 280-
400 °C, o 0OyMOBMNEHO YTBOPEHHSIM HE3HAYHOI KiflbKOCTi
HoBoro cpepimarHiTHoro matepiany. MNoganblue NiABULLEHHS
Mix 400 i 500 °C 3 nikom 6nmsbko 520 °C MoxHa noB'si3atu 3
edhekToM [onkiHCoHa (NoBHMM abo YacTkoBuMM) ansa SD mar-
HETUTY, LLO Hk4MIA 3a Touky Kiopi marHetuty (Tc = 580 °C)
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(Dunlop, & Ozdemir, 1997). MNig yac NOAANbLIOTO HarpiBaHH
MarHiTHa CNpUMHATIMBICTL Pi3KO Cnagae Ao KiHUEeBOI Temne-
patypu 590-605 °C. KprBa OXONOMKEHHS KOXHOIO 3paska
HabaraTo BULLA, HX MOro Kp1Ba HarpiBaHHs, BEMWYMHW Mar-
HITHOI CNPUMHATIMBOCTI  3HA4YHO 36iNbLUYIOTECS  HUXYE
580 °C, WO MW iHTEPNPETYEMO 5K YTBOPEHHS MarHeTuTy y
npoueci HarpiBaHHS1.

BogHo4vac Ha KpuBMX NPOCMIAKOBYEMO HE3BUYHWUIA ANS
rpyHTiB "xBicT" nmicna 600 °C ax go 680 °C, wo Bkasye Ha
BMIiCT MeTaneBoro 3anis3a. BigaaneHiwi Big micusa kpatepy
3pasku r'pyHTY He Noka3yoTb Liel XBiCT. 3pas3ok i3 dhpakuieto
1-100 mkm gemoHcTpye TemnepaTtypy Kiopi (Tc) 650 °C, xa-
pakTepHy ans marremity (Dunlop, & Ozdemir, 1997). Kpusa
OXOMMOKEHHS TaKOX Nokasye 3a3HadveHy Tc, Lo CBigunNTb
npo TepMmiyHy cTabinbHiCTL BiANOBIAHOrO  MiHepany.
HanimoBipHilwe ua marHiTHa ¢asa € TepmocTabinbHUM
OAHOAOMEHHUM | NCeBOOOAHOAOMEHHMM  MarreMitTom
(SD-PSD) (Gehring et al., 2009). OTxe, y 3pa3kax MiCTUTbCS
AK ppakuiqa 3anisa, Tak i Mmarremir.
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Puc. 4. Pe3ynbTati TepMoMarHiTHoOro aHanisy MarHiTHoi CnpMMHATIMBOCTI AnA 3pa3kiB noniroHy Crapi MeTpiBui:
a) 1 m Big KpaTepy Bubyxy, 6) 25 m Big kpaTepy BUOYxy

PesynbTaT MiKpOCKONIYHMX OOChiAXeHb 3paskiB r'pyH-
TiB i3 micusa BUByxy Ans npyknagy npointocTpyemo Aansi no-
nirony Crapi MeTpiBui (puc. 5). BuaBneHo BeNUKYy KinbKiCTb
chepyn i pparmeHTiB poamipom Big 1,5 Ao 100 mkm (puc. 5).
YacTunHa cdep Mae rnagky nosepxHio. YacTiwmmu € nopo-
XHUCTI cdhepynu 3 NOMITHUMMK AipKamu, WO 3anuunucs
nicna gerasadii (Magiera et al., 2011). Bonu matoTb eHue-
danoigHy, TabnmyHy abo ckeneTHy NOBEPXHIO.

BMmicT Baxkkux meTaniB y MarHiTHii dopakuii rpyHTiB 3
06'eKTiB BIICbKOBOrO YpaXkeHHs 3anexuTb Big cknagy cnna-
BiB 30poi. Y ckmagi MarHiTHUX cdep "W ynamkis

nepeBaxatoTb 3pa3ku, HAaCUYEHi 3ani30BMICHUMW FMagKMMm
KynbKamu, LLO MiCTSATb HEBENUKY KinbKicTb Ti, Ta KyTactumu
dparmeHTamu, ski Mictatb Zn, Cr ta Al

Y Hawomy BUNaaKy yTBOpPEHHs1 cchepyn i ynamkiB Takox
noe'sisaHe 3 BMCOKOTEMMNEPATYPHUMU MpoLiecamu, Lo Bia-
OyBatoTbCa nig yac Bnbyxy. MpoTe HasaBHICTL arnomepartis
cchepyn GinbLLIOro po3mipy 3 BNaaBMeHUMU B HUX MEHLUNMU
cdepynammn BKasye Ha Te, LIO, KPiM TEPMIYHOrO BMIUBY,
BaXXNMBY porb Y hopMyBaHHi MOpPd0sorii YacTMHOK Bigirpa-
Bario TaKOX 3HaYHe AMHAMIYHEe HaBaHTaXXEHHS.

Counts

0.00
——— 50 UM

Element Mass%
CK 6.77
O 36.08
NaK 023
MzK 0.15
ALK 1.51
SiK 082
KK 0.07
K 0.02
FeK 54,35
Total 1

1.00 200 3.00 4.00 5.00 8.00 9.00 10.00

keV

Puc. 5. Pe3ynbTaTn ckaHyBaHHSA eNeKTPOHHUM Mikpockonom (SEM)
i pesynbTaTy MikpoaHanily YacTUHOK I'PYHTIB gocnigHoi AainsiHku Crtapi MeTpiBui
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Iunckycis i BUCHOBKM

CrabinbHi ogHogomeHHi (SSD) yacTuHku Gynu BusiBNeHi B
rpyHTax AJ1si BCIX AOCHIMKyBaHNX AINAHOK, TOA sk r'pyHTM y CTa-
puvx MNeTpiBUAX MICTATE SK rpy603epHUCT, Tak i ApiGHO3epHUCTI
3epHa. Bucokuin BMIiCT cynepnapamarHiTHux (SP) yacTtuHok
NigTBEPAXYE NOCTINHI I'PYHTOTBIPHI Mpouecu, 3okpema 1y
BEPXHbOMY LUapi FPYHTY (BEPXHiA TyMYCHWUIA TOPU3OHT A).
OTmxe, y rpyHTax Ctapux MNeTpiBLUiB NPpOABNATLCA SIK TEXHO-
reHHi, Tak i r'pyHToBi npouecu. MarHiTHO-MiHepanoriyHi gaHi
ceiguatb Mpo Te, WO AocnigpkyBaHa fJingHka Crapi
MeTpiBLi AEMOHCTPYE MarHiTHUIA CUrHarnm, KU MOXHa iHTep-
npeTyBaTh K TEXHOTEHHWIA.

Y Hawomy BUNagKy TEXHOTEHHWIA CUTHarmn € ekBiBaneH-
TOM CMPUYNHEHUX BiNHOKO aHOMani MarHiTHUX napameTpis
Ta piBHA 3abpyaHeHHs rpyHTy. 3 iHworo 60Ky, MarHeTuam
r'pyHTiB gocnigHux AinsHok Oemuais n Osepa 3a3Budan
NnoB'A3aHWN i3 I'PYHTOBMMU NPUPOSHMMM MpoLiecaMmn, Xapak-
TepHumu gns Monicca Ykpainu. IHoai ineHTugikyemo me-
Tanm, siki € BENUKMMM (Ha3BiMO iX MakpopiBHEM BiiCbEKOBOIO
TEXHOreHHOro 3abpyaHEHHS) YacTUHKaMK, Lo MOoB'sA3aHi 3
mMaTtepianamu Bubyxy. BogHo4ac nepepos3nogin reHeTU4YHmX
rOpu30HTIB I'pyHTY BHacnigok 6ombapayBaHb i BUByXxiB pa-
KeT € BaxnuBolo iHdopmaLieto i BigobpaxaeTbecs y Bapia-
LisX MarHiTHUX BEMUYKH.

MNig yac BMByxy pi3HMX TUNiB 6Goenpunacis yTBOPHOOTLCS
yrnamKu HenpaBuIbHOI hOpMM Yepe3 NOTYKHE MeXaHiYHe Ha-
BaHTaXeHHs, a 40AaTKOBa HasABHICTb BUCOKOTEMMNEepaTypHOI
KOMMOHEHTU NpoLecy NpU3BOAUTb 4O YTBOPEHHS METaneBmx
cchepyn. Lle cknagHum goisnko-XiMivyHMI NpoLiec, WO BUHMKAE
BHACNiAOK B3aeMofii BUCOKOTEMMNEPATYPHUX rasis, nuny Ta
po3nnasneHoro Metany. i BNIMBOM BUCOKMX TemnepaTyp
MeTanesi Cknafosi 6oenpunacie po3nnaensalTLCH, Nepexo-
Asun B pigky dasy. Noganbla B3aemogia pigkol dasn 3
HaBKOMULLHIMW MaTepianamw, pi3ke 3HKEHHS TUCKY Ta LBMaKa
KOHZEHcaUjisi rasonofibHNX peyYoBMH CNpUSIOTL LUBUOKOMY
OXOJOXXEHHIO MEeTarneBoro po3yvHy B CepefoBuLli 3 MiHi-
ManbHOK KiMbKICTIO KUCHIO, WO 3abesnedye hopmyBaHHs
cdepuyHux abo KynbonogibHMUX CTPYKTYp pi3HOI Mopdbororii
Ta cknagy (Fialova et al., 2006; Kutchko, & Kim, 2006).

BHecok aBTopiB: OnekcaHap MeHbLIOB — iged, aHani3 Ta iH-
TepnpeTtauia gaHux, HanucaHHA cTatTi; KceHis bongap — iges,
aHani3 Ta iHTepnpeTauis 4aHux, MarHiTHi BUMiptoBaHHs; Bonogummp
BaxMyToB — KOHUenTyani3auis, HanucaHHa (nepernsag i pegary-
BaHHs); AMnTpo MMaBaubkuii — meTogonoris, Banigauis AaHnX, BUMI-
ptoBaHHS; €BreH MNonsyeHko — hopmanbHWUA aHanis, MeTogonorisi.

Mopsika Ta mxepena ciHaHcyBaHHA: [OCNioKEHHSI BUKOHY-
Banucs 3a npoektom PAN.BFB.S.BWZ.394.022.2023, skun peani-
3yeTbCA B MeXax Nporpamu MigTPUMKN YKPaiHCbKMX AOCHIAHULBKMX
konekTuBiB MNonbCcbkoi akageMii Hayk, L0 BUKOHYETBCS Y cniBnpadli
3 HauioHanbHoto akapewmieto Hayk CLUA. Mu BosiuHi 3a HajaHy Mo-
XIMBICTb KOPUCTYBATUCA anapaTtypoto IHCTUTYTY reodianku MNonb-
cbkoi akapgemii Hayk (KLY5, MMPM10), wo 6yna 3akynneHa
3aBasku npoekty EPOS-PL (Ne POIR.04.02.00-14-A003/16) y cnis-
diHaHCyBaHHi 3 €Bponencbkum Coto3om i3 poHais ERDF.

Cnuncok BUKOPUCTaHUX axepen

MeHbuwos, O. (2018). Ponb marHeToTakTU4HUX GakTepint y dopmMyBaHHi
NPUPOAHOr0 MarHeTu3my rpyHTiB YkpaiHu. BicHuk Kuigcbko20 HauioHarb-
HOo20 yHigepcumemy iMmeHi Tapaca LllegueHka. [eonoeisi, 80(1), 40-45.

Barbosa, J. Z., Poggere, G. C., Teixeira, W. W. R., Motta, A. C. V., Prior, S. A.,
& Curi, N. (2020). Assessing soil contamination in automobile scrap yards by
portable X-ray fluorescence spectrometry and magnetic susceptibility.
Environmental monitoring and assessment, 192(1), 46.

Bondar, K., Bakhmutov, V., Menshov, O., Poliachenko, le., & Hlavatskyi, D.
(2023). Detecting War-Related Pollution of Soils Using Magnetic and Geochemical
Methods. First Results from Recaptured Outskirts of Kyiv. 17th International
Conference Monitoring of Geological Processes and Ecological Condition of the
Environment, 1-5. https://doi.org/10.3997/2214-4609.2023520209

Buéko, M. S., Magiera, T., Johanson, B., Petrovsky, E., & Pesonen, L. J.
(2011). Identification of magnetic particulates in road dust accumulated on
roadside snow using magnetic, geochemical and micro-morphological
analyses. Environmental Pollution, 159(5), 1266-1276.

Dunlop, D. J., & Ozdemir, O. (1997). Rock magnetism: fundamentals and frontiers.
Cambridge university press. https:/doi.org/10.1017/CBO9780511612794

ISSN 1728-3817

Evans, M., & Heller, F. (2003). Environmental magnetism: principles and
applications of enviromagnetics. Elsevier.

Eyre, J. K., & Shaw, J. (1994). Magnetic enhancement of Chinese loess —
the role of yFe203? Geophysical Journal International, 117(1), 265-271.

Fialova, H., Maier, G., Petrovsky, E., Kapitka, A., Boyko, T., Scholger, R.,
& MAGPROX Team. (2006). Magnetic properties of soils from sites with
different geological and environmental settings. Journal of Applied
Geophysics, 59(4), 273-283.

Gehring, A. U., Fischer, H., Louvel, M., Kunze, K., & Weidler, P. G. (2009).
High temperature stability of natural maghemite: a magnetic and
spectroscopic study. Geophysical Journal International, 179(3), 1361-1371.

Goérka-Kostrubiec, B., Swietlik, R., Szumiata, T., Dytlow, S., & Trojanowska, M.
(2023). Integration of chemical fractionation, Mdssbauer spectrometry, and
magnetic methods for identification of Fe phases bonding heavy metals in street
dust. Journal of Environmental Sciences, 124, 875-891.

Guda, A. M. et al. (2020). Suitability of magnetic proxies to reflect complex
anthropogenic spatial and historical soil heavy metal pollution in the southeast
Nile delta. Catena, 191, 104552. https://doi.org/10.1016/j.catena.2020.104552

Hu, X. F., Li, M., He, Z. C., Cui, L., Liu, R., Wang, X. D., & Wang, Z. H.
(2022). Magnetic responses to heavy metal pollution of the industrial soils in
Shanghai: Implying the influences of anthropogenic magnetic dustfall on
urban environment. Journal of Applied Geophysics, 197, 104544.

Jackson, M. J., & Moskowitz, B. (2021). On the distribution of Verwey
transition temperatures in natural magnetites. Geophysical Journal
International, 224(2), 1314-1325.

Jordanova, N., Jordanova, D., Tcherkezova, E., Georgieva, B., &
Ishlyamski, D. (2021). Advanced mineral magnetic and geochemical
investigations of road dusts for assessment of pollution in urban areas near
the largest copper smelter in SE Europe. Science of the Total Environment,
792, 148402. )

Kelepertzis, E., Argyraki, A., Botsou, F., Aidona, E., Szabd, A., & Szabd, C.
(2019). Tracking the occurrence of anthropogenic magnetic particles and
potentially toxic elements (PTEs) in house dust using magnetic and
geochemical analyses. Environmental pollution, 245, 909-920.

Kutchko, B. G., & Kim, A. G. (2006). Fly ash characterization by
SEM-EDS. Fuel, 85(17-18), 2537-2544.

Linford, N., Linford, P., & Platzman, E. (2005). Dating environmental
change using magnetic bacteria in archaeological soils from the upper
Thames Valley, UK. Journal of Archaeological Science, 32(7), 1037-1043.

Magiera, T., Jabltonska, M., Strzyszcz, Z., & Rachwal, M. (2011).
Morphological and mineralogical forms of technogenic magnetic particles in
industrial dusts. Atmospheric Environment, 45(25), 4281-4290.

Maity, R., Venkateshwarlu, M., Mondal, S., Kapawar, M. R., Gain, D., & Paul, P.
(2021). Magnetic and microscopic characterization of anthropogenically produced
magnetic particles: a proxy for environmental pollution. International journal of
environmental science and technology, 18, 1793-1808.

Maxbauer, D. P., Feinberg, J. M., & Fox, D. L. (2016). Magnetic mineral
assemblages in soils and paleosols as the basis for paleoprecipitation
proxies: A review of magnetic methods and challenges. Earth-Science
Reviews, 155, 28—48. https://doi.org/10.1016/j.earscirev.2016.01.014

Menshov, O., Bakhmutov, V., Hlavatskyi, D., Poliachenko, I., & Bondar, K.
(2024). Magnetic Imprint in the Soils as a Consequence of War Impact in
Ukraine. 85th EAGE Annual Conference & Exhibition (including the Workshop
Programme, 1-5. https://doi.org/10.3997/2214-4609.202410637

Menshov, O., Vyzhva, S., Horoshkova, L., Tonkha, O., Ivanik, O., Pereira, P.,
... & Eiben, H. (2023). Distribution of soil magnetic susceptibility as a pollution
indicator in the urban and tourist city of Lviv, Ukraine. Environmental Earth
Sciences, 82(21), 486.

Lohmann, U., Sausen, R., Bengtsson, L., Cubasch, U., Perlwitz, J., &
Roeckner, E. (1993). The Képpen climate classification as a diagnostic tool
for general circulation models. Climate Research, 177-193. https://doi.org
/10.3354/cr003177

Oldfield, F. (1994). Toward the discrimination of fine grained ferrimagnets by
magnetic measurements in lake and near-shore marine sediments. Journal of
Geophysical Research, 99, 9045-9050. https://doi.org/10.1029/93JB03137

Oudeika, M. S., Altinoglu, F. F., Akbay, F., & Aydin, A. (2020). The use of
magnetic susceptibility and chemical analysis data for characterizing heavy
metal contamination of topsoil in Denizli city, Turkey. Journal of Applied
Geophysics, 183, 104208.

Ozdemir, ©., & Dunlop, D. J. (2010). Hallmarks of maghemitization in low-
temperature remanence cycling of partially oxidized magnetite nanoparticles.
Journal of Geophysical Research: Solid Earth, 115(B2).

Salazar-Rojas, T., Cejudo-Ruiz, F. R., & Calvo-Brenes, G. (2024).
Magnetic and Chemical Testing in Plants, Road Dust and Soil, as Indicators
of Atmospheric Pollution. Water, Air, & Soil Pollution, 235(9), 601.

Szuszkiewicz, M., tukasik, A., Magiera, T., & Mendakiewicz, M. (2016).
Combination of geo-pedo-and technogenic magnetic and geochemical
signals in soil profiles—diversification and its interpretation: a new approach.
Environmental pollution, 214, 464—477.

Rachwat, M., Kardel, K., Magiera, T., & Bens, O. (2017). Application of magnetic
susceptibility in assessment of heavy metal contamination of Saxonian soil
(Germany) caused by industrial dust deposition. Geoderma, 295, 10-21.

WRB, I. W. G. (2014). World reference base for soil resources 2014.
International soil classification system for naming soils and creating legends
for soil maps. World Soil Resources Report, 106.

References

Barbosa, J. Z., Poggere, G. C., Teixeira, W. W. R, Motta, A. C. V., Prior, S. A,,
& Curi, N. (2020). Assessing soil contamination in automobile scrap yards by
portable X-ray fluorescence spectrometry and magnetic susceptibility.
Environmental monitoring and assessment, 192(1), 46.



FEOJIOriA. 3(106)/2024

~11 ~

Bondar, K., Bakhmutov, V., Menshov, O., Poliachenko, le., & Hlavatskyi, D.
(2023). Detecting War-Related Pollution of Soils Using Magnetic and
Geochemical Methods. First Results from Recaptured Outskirts of Kyiv.
17th International Conference Monitoring of Geological Processes and
Ecological Condition of the Environment, 1-5. https://doi.org/10.3997/2214-
4609.2023520209

Buéko, M. S., Magiera, T., Johanson, B., Petrovsky, E., & Pesonen, L. J.
(2011). Identification of magnetic particulates in road dust accumulated on
roadside snow using magnetic, geochemical and micro-morphological
analyses. Environmental Pollution, 159(5), 1266—1276.

Dunlop, D. J., & Ozdemir, ©. (1997). Rock magnetism: fundamentals and frontiers.
Cambridge university press. https:/doi.org/10.1017/CBO9780511612794

Evans, M., & Heller, F. (2003). Environmental magnetism: principles and
applications of enviromagnetics. Elsevier.

Eyre, J. K., & Shaw, J. (1994). Magnetic enhancement of Chinese loess —
the role of yFe203? Geophysical Journal International, 117(1), 265-271.

Fialova, H., Maier, G., Petrovsky, E., Kapicka, A., Boyko, T., Scholger, R.,
& MAGPROX Team. (2006). Magnetic properties of soils from sites with
different geological and environmental settings. Journal of Applied
Geophysics, 59(4), 273-283.

Gebhring, A. U,, Fischer, H., Louvel, M., Kunze, K., & Weidler, P. G. (2009).
High temperature stability of natural maghemite: a magnetic and
spectroscopic study. Geophysical Journal International, 179(3), 1361-1371.

Gérka-Kostrubiec, B., Swietlik, R., Szumiata, T., Dytlow, S., & Trojanowska, M.
(2023). Integration of chemical fractionation, Mdssbauer spectrometry, and
magnetic methods for identification of Fe phases bonding heavy metals in street
dust. Journal of Environmental Sciences, 124, 875-891.

Guda, A. M. et al. (2020). Suitability of magnetic proxies to reflect complex
anthropogenic spatial and historical soil heavy metal pollution in the southeast Nile
delta. Catena, 191, 104552. https://doi.org/10.1016/j.catena.2020.104552

Hu, X. F., Li, M., He, Z. C., Cui, L., Liu, R., Wang, X. D., & Wang, Z. H.
(2022). Magnetic responses to heavy metal pollution of the industrial soils in
Shanghai: Implying the influences of anthropogenic magnetic dustfall on
urban environment. Journal of Applied Geophysics, 197, 104544.

Jackson, M. J., & Moskowitz, B. (2021). On the distribution of Verwey
transition temperatures in natural magnetites. Geophysical Journal
International, 224(2), 1314—1325.

Jordanova, N., Jordanova, D., Tcherkezova, E., Georgieva, B., &
Ishlyamski, D. (2021). Advanced mineral magnetic and geochemical
investigations of road dusts for assessment of pollution in urban areas near
the largest copper smelter in SE Europe. Science of the Total Environment,
792, 148402. .

Kelepertzis, E., Argyraki, A., Botsou, F., Aidona, E., Szabd, A., & Szab¢, C.
(2019). Tracking the occurrence of anthropogenic magnetic particles and
potentially toxic elements (PTEs) in house dust using magnetic and
geochemical analyses. Environmental pollution, 245, 909-920.

Kutchko, B. G., & Kim, A. G. (2006). Fly ash characterization by SEM—
EDS. Fuel, 85(17-18), 2537-2544.

Linford, N., Linford, P., & Platzman, E. (2005). Dating environmental
change using magnetic bacteria in archaeological soils from the upper
Thames Valley, UK. Journal of Archaeological Science, 32(7), 1037—1043.

Magiera, T., Jablonska, M., Strzyszcz, Z., & Rachwal, M. (2011).
Morphological and mineralogical forms of technogenic magnetic particles in
industrial dusts. Atmospheric Environment, 45(25), 4281-4290.

Oleksandr MENSHOV', DSc (Geol.), Senior Researcher
ORCID ID: 0000-0001-7280-8453
e-mail: menshov@knu.ua

Kseniia BONDAR'?2, DSc (Geol.)
ORCID ID: 0000-0002-4946-7707
e-mail: kbondar@igf.edu.pl

Maity, R., Venkateshwarlu, M., Mondal, S., Kapawar, M. R., Gain, D., &
Paul, P. (2021). Magnetic and microscopic characterization of
anthropogenically produced magnetic particles: a proxy for environmental
pollution. International journal of environmental science and technology, 18,
1793-1808.

Maxbauer, D. P., Feinberg, J. M., & Fox, D. L. (2016). Magnetic mineral
assemblages in soils and paleosols as the basis for paleoprecipitation
proxies: A review of magnetic methods and challenges. Earth-Science
Reviews, 155, 28—48. https://doi.org/10.1016/j.earscirev.2016.01.014

Menshov, O., Bakhmutov, V., Hlavatskyi, D., Poliachenko, I., & Bondar, K.
(2024). Magnetic Imprint in the Soils as a Consequence of War Impact in
Ukraine. 85th EAGE Annual Conference & Exhibition (including the Workshop
Programme, 1-5. https://doi.org/10.3997/2214-4609.202410637

Menshov, O., Vyzhva, S., Horoshkova, L., Tonkha, O., lvanik, O., Pereira, P.,
... & Eiben, H. (2023). Distribution of soil magnetic susceptibility as a pollution
indicator in the urban and tourist city of Lviv, Ukraine. Environmental Earth
Sciences, 82(21), 486.

Menshov, O. (2018). The role of magnetotactic bacteria in formation of
natural magnetism of Ukraine soils. Visnuk of Taras Shevchenko National
University of Kyiv. Geology, 80(1), 40—45 [in Ukrainian].

Lohmann, U., Sausen, R., Bengtsson, L., Cubasch, U., Perlwitz, J., &
Roeckner, E. (1993). The Képpen climate classification as a diagnostic tool
for general circulation models. Climate Research, 177-193. https://doi.org
/10.3354/cr003177

Oldfield, F. (1994). Toward the discrimination of fine grained ferrimagnets by
magnetic measurements in lake and near-shore marine sediments. Journal of
Geophysical Research, 99, 9045-9050. https://doi.org/10.1029/93JB03137

Oudeika, M. S., Altinoglu, F. F., Akbay, F., & Aydin, A. (2020). The use of
magnetic susceptibility and chemical analysis data for characterizing heavy
metal contamination of topsoil in Denizli city, Turkey. Journal of Applied
Geophysics, 183, 104208.

Ozdemir, O., & Dunlop, D. J. (2010). Hallmarks of maghemitization in low-
temperature remanence cycling of partially oxidized magnetite nanoparticles.
Journal of Geophysical Research: Solid Earth, 115(B2).

Salazar-Rojas, T., Cejudo-Ruiz, F. R., & Calvo-Brenes, G. (2024).
Magnetic and Chemical Testing in Plants, Road Dust and Soil, as Indicators
of Atmospheric Pollution. Water, Air, & Soil Pollution, 235(9), 601.

Szuszkiewicz, M., tukasik, A., Magiera, T., & Mendakiewicz, M. (2016).
Combination of geo-pedo-and technogenic magnetic and geochemical
signals in soil profiles—diversification and its interpretation: a new approach.
Environmental pollution, 214, 464—-477.

Rachwat, M., Kardel, K., Magiera, T., & Bens, O. (2017). Application of
magnetic susceptibility in assessment of heavy metal contamination of
Saxonian soil (Germany) caused by industrial dust deposition. Geoderma,
295, 10-21.

WRB, I. W. G. (2014). World reference base for soil resources 2014.
International soil classification system for naming soils and creating legends
for soil maps. World Soil Resources Report, 106.

OTtpumaHo pepakuieto xypHany / Received: 18.05.24
NMpopeueH3zoBaHo / Revised: 27.07.24
CxBaneHo po Apyky / Accepted: 30.08.24

Volodymyr BAKHMUTOV?, DSc (Geol.), Prof., Corresponding Member of the National Academy of Sciences of Ukraine

ORCID ID: 0000-0003-3804-9953
e-mail: bakhmutovvg@gmail.com

Dmytro HLAVATSKYI3, PhD (Geol.), Senior Researcher
ORCID ID: 0000-0002-9901-7827
e-mail: hlavatskyi@gmail.com

levgen POLIACHENKO?, PhD (Geol.), Senior Researcher
ORCID ID: 0000-0002-3316-4605
e-mail: poliachenkoib@gmail.com

Taras Shevchenko National University of Kyiv, Kyiv, Ukraine
2Institute of Geophysics, Polish Academy of Sciences, Warsaw, Poland

3Institute of Geophysics of the National Academy of Sciences of Ukraine, Kyiv, Ukraine

MAGNETIC MINERALOGICAL PROPERTIES OF KYIV REGION SOILS, AFFECTED BY WAR

Background. Oneof the dangerous effects on the environment caused by the military actions in Ukraine is the destruction of the soil. This
includes its pollution, redistribution of genetic horizons, compaction, change of physical and chemical agronomic indicators, etc. Accumulated
experience shows that most of these processes are reflected in the magnetic properties of soils.

Methods. The applied magnetic method includes a full range of field and laboratory studies. More detailed magnetic mineralogical methods

of measurements are described in.

Results. Onthe basis of the diagram developed for the ratios of anhysteretic magnetic susceptibility to low-frequency magnetic susceptibility
(XARM/xIf) and anhysteretic magnetic susceptibility to the frequency dependence of magnetic susceptibility (xYARM/xfd), fine-grained magnetic
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particles of lithogenic and bacterial origin were detected in the soils of experimental areas of Kyiv region. For Stari Petrivtsi, only one group of
samples was mainly identified. In Demydiv, we found two groups: a larger one, marked in green, and a smaller one, marked in red. Finally, two
equivalent groups were identified in the Ozera study site. According to the results of the thermomagnetic analysis of magnetic susceptibility, an
unusual "tail" for soils was identified after 600 °C, which indicates the content of metallic iron. The content of heavy metals in the magnetic extraction
of soils from objects of military defeat depends on the composition of the alloys of the weapons striking a specific place.

Conclusions. During the explosion of various types of ammunition, fragments of irregular shape are formed due to strong mechanical
impact, and additional heating in the process leads to the formation of iron spherules. This complex physico-chemical process occurs as a result of
the interaction of high-temperature gases, dust and molten metal. These objects are successfully identified by quick and cheap magnetic methods.

Keywords: magnetic susceptibility, soil, heavy metals, magnetization, war.
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STATE-OF-THE-ART 3D ACQUISITION AND IMAGING
IN ULTRA-SHALLOW WATER IN THE NORTHWESTERN PART OF THE BLACK SEA

(MpedcmaeneHo 4YneHoM pedakyiliHoi Koneaii 0-poM 2eos. Hayk, doy. O. B. LLlabamypoto)

Background. The paper discusses the acquisition and imaging (PSDM+FWI) of 3D seismic data in the ultra-shallow waters of
the Black Sea's northwestern shelf, focusing on the Dolfin Inner shelf license areas. Despite depths ranging from 14m to 40m, an efficient
acquisition setup has been chosen to navigate seafloor obstacles.

Methods. GeoStreamer data has allowed more advanced imaging options. Access to separated wavefield components has
permitted us to include advanced processing technologies. The data underwent advanced processing, including 3D wavefield separation,
deghosting, demultiple, and machine learning-guided denoising.

Results. Results demonstrate the final migration velocity model's (with FWI) ability to capture high and low velocity contrasts
critical for depth imaging. Separated wavefield imaging (SWIM) enhances imaging of the seafloor providing a very good match with
bathymetry data. SWIM also allows acquiring high-resolution images of the shallow water area, which opens up the possibility of using
this data for wind farm siting and hydrogen exploration.

Conclusions. Comparing 2D and 3D seismic data emphasizes the latter's superior quality, crucial for evaluating the Dolfin Inner
shelf area's hydrocarbon potential. Next study will focus on the exploration in the Outer Shelf and adjacent deepwater domains,
highlighting the Black Sea's Ukrainian waters as a promising frontier for oil and gas exploration. The acquired 3D seismic data plays a

pivotal role in advancing this exploration, contributing valuable insights in a cost-effective manner.

Keywords: acquisition, depth imaging, ultra-shallow water, FWI, SWIM, PSDM, Black Sea, Machine learning.

Background

The northwestern shelf of the Black Sea mega-basin is a
gas producer no. 1 within the Southern petroleum province of
Ukraine and still offers great exploration opportunities in
largely unexplored acreage. Many large structural and
potential stratigraphic hydrocarbon trapping features were
identified by a regional 2D survey. The area depicts a
promising frontier for 3D seismic exploration, holding the
potential to significantly contribute to the country's future
energy security. In 2021, Naftogaz of Ukraine contracted PGS
to acquire 5000 km? of high-quality multi-sensor seismic data
(Fig. 1) in the inner shelf area of the Dolfin license.

Despite the area's ultra-shallow water depth which
varies from 14 m to 40 m, an efficient acquisition set-up with
8 km long streamers towed 112.5 m apart utilizing triple
sources had been selected. In addition to the already
shallow water depth, a high-resolution bathymetry study
conducted prior to the streamer operations uncovered
various obstacles on the seafloor. To mitigate the risk of
hitting the ground or one of those obstacles, the streamers
had to be towed at a depth between 8 m and 10 m which is
significantly shallower than the usual 25 m.

As the first depth imaging project in the area, the data
was processed using a state-of-the-art broadband flow,
comprising of techniques such as 3D wavefield separation,

3D deghosting, 3D demultiple, 4D regularization, velocity
model building incorporating full waveform inversion and
reflection tomography followed by VTI Kirchhoff depth
migration and post-processing. Separated wavefield
imaging (Whitmore et al., 2010) provided an accurate image
the water bottom while a machine learning guided denoise
(Klochikhina et al., 2020) was applied to the migrated image
to further enhance the final product.

The results show how an efficient 3D acquisition and
state-of-the-art imaging can provide cost-effective and high-
quality data to accelerate exploration in a frontier basin.

Geological Setting. The geology of the NW Black Sea
was revealed thanks to more than 100 deep wells and a
rather dense 2D seismic lines grid (Stovba et al., 2023). The
depth of the wells varies from 2000 to 4600 m (Tauvers
et al., 2022). The sediments covering the NW Black Sea are
represented by terrigenous and carbonate formations of
Triassic to Neogene sequences with thickness up to 9 km in
total. The productive horizons are located in Upper
Cretaceous and Tertiary reservoir rocks. A major feature is
the Karkinit Trough, an extensive Early Cretaceous rift basin
filled with Cretaceous to Quaternary post rift sediments. The
newly acquired 3D dataset plays an important role to
understand the integral geological image of the region and
to identify new hydrocarbon prospects.
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) Fig. 1. Location of the survey area. The Inner shelf Dolfin license sits in the northwestern corner

of the Black Sea, offshore Ukraine

The area of interest covered with newly acquired 3D
seismic data is represented by two thrusted slabs (pre-
Cenomanian inverted normal faults with strike-slip
component) located north to the front of the Golitsyn-Sassyk
main thrust developed during the main Maikop inversion and
further series of the Styrian tectonic phases. Two types of
the basement occur there — first one with the AR-PR: true
basement of the East European Craton with Lower-Middle
PZ acoustically transparent metasedimentary cover and the
Vilkovo composite mini-basin surrounded by horsts made by
the Cadomian basement. The AOI is well correlated with the
Dobrogea foredeep with producing oil fields onshore.

Methods

Multisensor GeoStreamer data (Carlson et al., 2007;
Lu et al., 2015) has allowed more advanced imaging
options. The multisensor data, with full-frequency coverage,
provides clearer reservoir details. Access to separated
wavefield components has permitted us to include advanced
processing technologies, such as Separated Wavefield
Imaging (SWIM), Full Waveform Inversion (FWI).

GeoStreamer mitigates the effect of the receiver ghost
reflections from the highly reflective sea surface. Higher-signal-
to-noise ratio (SNR) than hydrophone-only streamers for all
survey conditions are achieved by towing the streamers at a
safe operational depth in ultra-shallow waters, without
compromising the bandwidth. Another benefit is the longer
operating weather windows due to low-noise deep towing.
Collocated pressure and particle velocity sensor provide direct
complementary measurements and therefore yield separated
wavefields which are free of artifacts associated with local
variations in sea-surface height or receiver depth. Shallow
seismic images have substantially fewer artifacts, and shallow
geohazards can be detected with far greater confidence and
resolution with  SWIM. High-fidelity AVO/ AVA pre-stack
gathers are optimal for quantitative interpretation and
subsurface characterization.

Collocated groups of hydrophone pressure sensors and
vertical velocity sensors record the continuous interference
between the wavefield scattered upwards from the geology
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in the subsurface and the downgoing wavefield that carries
the imprint of the reflecting sea surface, which is different for
every shot. This downgoing wavefield is called the receiver
ghost wavefield (Fig. 2).

Wavefield separation is a critical step in broadband
seismic imaging workflows applied to multisensor streamer
and node seismic data. The pressure and velocity sensors
record each upgoing seismic event with equal polarity, while
the time-delayed downgoing seismic event is measured with
opposite polarity (Fig. 3).

All events associated with sea-surface ghost reflections
can be isolated and removed for traditional high-resolution
imaging and subsurface characterization. Alternatively,
separated data can be used for SWIM imaging to improve
the resolution of the shallow subsurface where traditional
imaging solutions fail, in particular in shallow waters due to
limitation in near angle illumination.

Operationally, multisensor streamers are less noisy as
they permit deep towing with a shallower front end to reduce
tension and enable very wide streamer spreads. The upgoing
wavefield has a rich low-frequency signal, courtesy of the
deep towing, and also a rich high-frequency signal; Primary
reflection signal is not affected by sea-surface variations.

The acquired data was processed using a state-of-the-
art depth imaging flow (Fig.4). 3D wavefield separation
(Carlson et al., 2007), which outputs the upgoing pressure
wavefield, was followed by 3D deghosting to compensate for
the amplitude and phase effects of the source ghost,
therefore enhancing the bandwidth of the data. 3D shot-to-
shot designature was designed to convert the far-field
signatures into a zero-phase wavelet, honouring the varying
conditions in which each shot was fired and correcting for
the directivity of the source.

The ultra-shallow water depths found in the Inner Dolfin
area requires modern demultiple techniques to successfully
enhance the signal-to-noise ratio of the data. The demultiple
sequence comprised of adaptive subtraction of a 3D
wavefield extrapolation multiple model to target free-surface
short-period multiples followed by adaptive subtraction of a
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muted convolutional 3D SRME model to target long-period
multiples. The sequence was complemented with parabolic

Radon demultiple to further clean the data discriminating
primaries and multiples based on velocity.

Fig. 2. Schematic illustration of the continuous interference between the up-going
and time-delayed down-going wavefields recorded by hydrophone-only streamers.
Wavefield separation of multisensor streamer (GeoStreamer)
data accurately recovers the P-UP and P-DWN wavefields
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Fig. 3. Multisensor GeoStreamer has both pressure and particle velocity sensors collocated
in the streamer body. Two signals are recorded and using a processing step called wavefield separation
two complementary data volumes are created: an up-going pressure wavefield and a down-going
pressure wavefield. These wavefields are used in complementary ways for various subsurface imaging
and characterization pursuits
Post-Imaging Post-stack
processing processing
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Fig. 4. High-level state-of-the-art broadband depth imaging flow

The velocity model building flow consisted of building an
initial velocity model from a smooth manually picked time
velocity field which was updated by a 12 Hz Full Waveform
Inversion (FWI) interleaved with several reflection
tomography passes. FWI provided complex velocity updates
in the overburden while tomography handled the target
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section and below. FWI (Yang et al., 2020, 2021) delivers
high-resolution models of subsurface properties by
iteratively reducing the misfit between recorded and
synthetic shot gathers.

The FWI solution uses both diving waves (wavefronts
continuously refracted upwards through the earth) and
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reflected waves to update the velocity model. The use of
reflection information relaxes the traditional dependence of
FWI upon very long offset acquisition for deeper velocity
updates. Thanks to advanced inversion Kkernels, the
background velocity model can be separated from the
reflectivity information, thereby avoiding crosstalk artifacts in
the output velocity model.

The final velocity model was used in Kirchhoff pre-stack
depth migration (KPSDM) and Separated Wavefield

Imaging (SWIM) to obtain a high-quality image of the
subsurface with a correctly positioned water bottom that tied
well to the high-resolution bathymetry. After post-processing
of migrated gathers and stacks, machine learning imaging
denoise (Klochikhina et al., 2020) was utilized to further
enhance the final product, which targets migration swings
and general residual random noise. The process improves
event continuity and signal-to-noise ratio which leads to a
cleaner and better interpretable product.

Fig. 5. Migration velocity model overlaid onto final stack. Large velocity contrasts are present
over the seismic section, from the uplifted basement of high velocity in the west to the low-velocity shallow channel systems and
gas pockets in the east. The velocity model is overall very conformable with the geology

Results

The geology consists of both low and high velocity
contrasts, from channel systems and gas pockets, but also
uplifted basement close to the sea floor. An accurate velocity
field capturing these velocity contrasts is essential for
successful depth imaging. Figure 5 shows the final migration
velocity model overlaid onto a stack. To the west, velocities
up to 3000 m/s can be observed as shallow as 200 m below
the sea floor. To the east, on the contrary, low-velocity
features can be observed, some very locally, most likely
from shallow gas and channel systems. In overall, the final
velocity model is capturing the velocity variations of the
subsurface, critical for a good final image.

In ultra-shallow waters, near surface imaging with
primaries can suffer from the lack of near-offsets when using

efficient acquisition configurations. This is evident from the
final stack in Fig. 6a, where the water bottom cannot be
successfully interpreted and shows a significant timing
difference with the overlaid water bottom from the high-
resolution bathymetry study. Imaging with multiples,
achievable with separated wavefield imaging (SWIM) can
overcome the challenges from lack of near-offsets as each
receiver is used as a virtual source, reducing the effective
near-offset gap to the distance between each receiver.
Fig. 6b shows the final stack after merging images from
primaries and multiples. The overlaid water bottom from the
high-resolution bathymetry study shows how the SWIM
image accurately represents the water bottom, also
capturing small scale details that can be observed from the
bathymetry data.

——
A Lo g

Fig. 6. Final KPSDM stack (a) and final KPSDM stack with SWIM imaging in shallow section (b).
The SWIM imaging helps to improve the shallow imaging, especially evident from the good match
with the bathymetry data (red line overlaid). An increase in acoustic impedance is shown as a black event (peak)

Several seismic 2D lines have been acquired in the past
over the Dolfin area. Although 2D seismic serves as a good
foundation to develop understanding of the geology, the
limitations are well known. The final 3D data is compared to
a 2D line in Fig. 7. Although there are significant processing
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differences between the two data sets, the major geological
boundaries can be tracked in both. The 3D data set shows
overall superior data quality, especially evident in the deeper
section, where there are large differences in imaging and
multiple attenuation.
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Fig. 7. Comparison between 2D (a) and 3D seismic data (b) of the target section over the Inner Dolfin area.
The two are comparable when considering at the main geological boundaries, but the 3D data shows
overall better imaging. An increase in acoustic impedance is shown as a black event (peak)

Discussion and conclusions

The Black Sea's Ukrainian waters stand as a promising
frontier for future oil and gas exploration. The efficient
acquisition and imaging of 3D seismic data over the Inner
Dolfin area has provided a new data set to further develop
and evaluate the prospectivity in the area. Utilizing SWIM,
we were able to provide a high-resolution image of the
shallow section which opens the option to also use the data
set for wind farm site evaluation (Oukili et al., 2022) and
hydrogen exploration. The next exploration stage is to
acquire the same quality 3D seismic data over the Outer
Shelf and adjacent deepwater domain bordering with
Domino and Sakarya gas discoveries in Romanian and
Turkish waters respectively.
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CYYACHA CEACMIYHA 3D-3VOMKA W OBPOBIJIEHHA OAHUX HA HAOMAINUX rMUBUHAX
Y NIBHIYHO-3AXIOHIA YACTUHI YOPHOIO MOPA

B cTyn. Po3anssiHymo npoeedeHHs1 cy4dacHoi 3D-celicMmopo3eidku ma ii o6po6neHHss (PSDM+FWI) Ha HaOmanux 2nubuHax Ha OinsiHKax eHym-
piwHbo20 wenbgy fenbgiH nieHiyHO-3axiOHOT YyacmuHu YopHoz2o mops. He3zeaxaro4u Ha 2nubuHu eid 14 M do 40 M, 6yno obpaHO egheKmueHy
cucmemy 36upaHHs1 0aHuXx, uwjo 6aso 3Mo2y OMUHamMu nepewxkodu Ha MOPCLKOMY OHi.

Me Toaun. TexHonoezis GeoStreamer donomoana ompumamu 6Ginbwe moxnueocmel 0551 06pobrieHHs celicMiyHUX 0aHuX. BidokpemneHi kom-
MOHEeHMuU xeuJsiIbo8020 noJisi anu 3moa2y 3acmocyeamu nepedosi mexHosnozii 06pobneHHs1 daHux. OdepxxaHi OaHi 6yn10 onpayb08aHO CyYyacHUMU
aneopummamu 4acoeo20 ma 2/1u6UHHO20 06pPOo6IIeHHs, 8KITOYHO i3 3D-po30ineHHsIM Xeusbo_uUX MoJslie, 0exoCMUH20M, NoCabreHHAM KpamHux
xeusb i wymMie 3a 00MOMO20+0 MaWUHHO20 HagYaHHSI.

Pe3ynbTaTtu. llpodemoHcmpoeaHo 30amHicmb hiHanbHOT 2nubuHHoT weudkicHoi modesni mizpayii (FWI) gpikcyeamu sucokoweuokicHi ma
HU3bKOWBUOKICHi KOHmMpacmu, Wo KpUmMu4HO 8axueo 05151 2nubuHHoi Mizpayil. 306paxxeHHs1 po3dineHozo xeunboeozo nonsi (SWIM) noninwuno
8i3yanizayiro Mopcbko20 OHa, 3abe3neyyroqu eidnoeioHicmb 6amumempuyHuMm daHuM. Bukopucmoeyroyu SWIM, cmano moxnueum ompumamu
306paXKeHHs1 MifIkoe0OHOI QiNsIHKU 3 8UCOKOI PO30inbHOK 30amHicmio, wo eidKkpusae MoXsiueicmb 8UKOpUCMAaHHS Yux OaHuXx Onsi oyiH8aHHs
Micus1 po3mauwyeaHHs1 eimpoesieKmpocmaHuyili i po3eidku 800HH0.

BucHoBku. [lopieHsiHHs1 celicmiyHux 2D- i 3D-OaHux eka3ye Ha suwly siKicmb OCMaHHIX, W0 Mae supiwanbHe 3Ha4eHHs Ol OYiHI8aHHS
ayasiee00He8020 nomeHyiany GinsiHKU eHympiwHbo20 wenbgy QenvgiH. Hacmynue docnidxeHHs1 6yde 30cepedxeHe Ha po3eidui 308HiWHBLO20
wenbgy ma npuneanux 251u60ko800HUX OinsIHOK, audinsiro4u ykpaiHcbki 600U YopHo20 Mopsi sik nepcrieKmueHuli palioH O51si po3eioKu eyaeeo0His.
Ompumadi celicmiyHi 3D-GaHi eidizcparomb Knro4o8y posnb Ons Nodasbwo20 po3eumky U oyiHeaHHs1 nepcriekmueHocmi yiei dinsiHku, Hadaro4yu
UiHHy iHghopmayiro 8 ekoHomiyHO eghekmueHuli crnoci6.

Knio4yoBi cnoBa: celicmopo3eidka, anubuHHa gi3yanisayisi, minkoeodds,, FWI, SWIM, PSDM, YopHe mope, MawuHHe Hag4yaHHS.
ABTOpM 3aABNSAIOTL NPO BIACYTHICTb KOHAMIKTY iHTepeciB. CnoHcopy He Bpanu yyacTi B po3pobneHHi AoCnimKeHHs; y 36opi, aHanisi un
iHTepnpeTaLii AaHKX; y HANUCaHHI pyKonucy; B pilleHHi Npo nybnikaLito pe3ynbTaris.
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STRUCTURE AND LITHO-FACIAL FEATURES OF THE QALA SUITE DEPOSITS
OF THE ZYKH-HOVSAN AREA ACCORDING TO 3D SEISMIC AND WELL LOGGING DATA

(MpedcmaesneHo 4reHoM pedakyiliHoi Kosnezii 0-pom 2eosl. Hayk, npog. O. M. KaprneHkom)

Background. A detailed study of the geological structure and litho-facial features of the deposits of the Pliocene productive
series based on 3D seismic and Well Logging data is of great practical importance, as the main share of hydrocarbons produced in
Azerbaijan occurs in these deposits.

The purpose of the research was to identify the features of the geological structure of the Zykh-Hovsan area, study the litho-facial
properties deposits of the Qala Suite of the productive series, identify and study the deposits within the 3 formations of the Qala Suite
based on a joint analysis of 3D seismic and Well Logging (WL) data.

Methods. Structural mapping based on seismic data was chosen as the main research method. In studying the Qala part of the
section, seismogeological, seismostratigraphic and paleogeomorphological analyzes were also carried out.

Results. According to the contour of anomalies of lowered and enhanced values of medium amplitudes (reflected waves) RW of
the SH (seismic horizons) and maps of temporary thicknesses, and in some cases along faults, in different parts of the Zykh-Hovsan area
within the QaS formations, deposits were identified, their size and area were determined. Effective and oil saturated thicknesses were
determined for each deposit. According to the last interval of testing and perforation in the wells drilled in the study area, as well as along
the top of the water-saturated reservoir and along the bottom of the oil-saturated reservoir, absolute marks (a.m.) of oil-water contacts of
the identified deposits were established. The nature of saturation was determined using WL data. The type of each deposit was also
determined in the process of research.

Conclusions. In Qaladeposits developed in the research area, the following were identified: one perspective trap in the QaS-3
formation, two traps in the QaS-2 formation and one trap in the QaS-1 formation at the Zykh field, which were identified on the basis of
paleo-geomorphological features where it is suspected that the conditions for accumulation of sandy material are advantageous.

Keywords: litho-facial features, Qala Suite deposits, deposit, reservoir, effective thickness, oil saturated thickness, 3D seismic,

structural maps.

Background

Studying the geological structure, establishing the paleo-
geographic environment and litho-facial features of deposits
is particularly important in the search for oil and gas traps of
non-anticlinal type. Many researchers have studied the
structure and conditions of sedimentation of deposits of the
Productive Series (PS), which is of exploration interest in the
area under consideration (Kovalevsky, Mirchink, Baturin,
Aliev, Sultanov, Avdusin, Konyukhov, Potapov, Alizadeh,
Mustafaev, Mehtiev, Reynolds, Hinds, Alieva, Mammadov,
etc.). In the papers of these researchers, all judgements are
reduced to the fact that the Paleo-Volga inflow of quartz-
disthene-staurolite material occurred both from the Russian
platform and from the mountain structures surrounding the
South Caspian depression at that time (Alizade et al., 2018;
Mamedov, 2008). Lithological and facies characteristics of
the Lower Pliocene deposits show that they were deposited
in a common basin with common paleo-geological, paleo-
geographic conditions (Alikhanov, 1978).

The object of the current research was the Zykh-Hovsan
area, which is located in the southern coastal part of the
Absheron Peninsula (Fig. 1).

It is known that PS deposits within the Zykh-Hovsan area
are subdivided on the basis of lithological composition into
9 lithostratigraphic complexes - from bottom to top: Qala Suite,
Lower Kirmaky, Kirmaky, Upper Kirmaky Sandy, Upper
Kirmaky Clayey Suites (lower part of the productive strata),
Interruption (Fasila Suite), Balakhany, Sabunchi, Surakhany
formations (upper part of the productive strata). The Balakhany
Suite, in turn, is subdivided into 6 horizons from X to V.

The main prospects of the areas under research are
associated with deposits of the Qala Suite, in the section of
which a number of independent exploitation areas are
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identified. The purpose of this research was to study the
structure and litho-facial features of the Qala Suite deposits
of the Zykh-Hovsan area based on seismic and WL data.

Methods

CDP-3D seismic surveys were carried out in the Zykh-
Hovsan area in 2012. A total of 321 wells were drilled within
the study area, of which 105 wells (for which we have
complete information) penetrate Qala deposits (Akhmedov,
2017; Akhmedov, Aliyeva, & Abdurrahmanova, 2018). In
studying the Qala part of the section, the main research
method was structural mapping based on seismic data,
which was supplemented by seismic geological, seismic
stratigraphic, and paleo-geomorphological analyses
(Alekseeva, & Vazaeva, 2023; Alsadi, 2017; Bembel et al.,
2023; Korolkov, Mushin, & Chernov, 2001; Salaev, &
Kastryulin, 1977; Shimansky et al., 2011; Chopra, 2009;
Sheriff, & Geldart, 1987; Urupov, 2004; Aghayeva, 2021).
At the initial stage of study of the interval under
consideration, the boundaries of productive layers of the
Qala Suite were delineated for seismic referencing and
mapping. Further, their correlation schemes were
constructed along the well lines selected so as to evenly
illuminate the entire drilled area. The final formation
breakdowns were obtained with adjustments based on WL
interwell correlation and seismic data.

Based on the correlation of seismic horizons and top
elevations of formations and reservoirs, structural maps on
a scale of 1:10000 were constructed for the Qala Suite-1
(QaS-1), Qala Suite-2 (QaS-2) and Qala Suite-3 (QaS-3)
formations with oil and gas prospects. The maps are
accompanied by diagrams of dynamic characteristics,
temporary thicknesses, maps of effective and oil saturated
thicknesses.

© Akhmedov Tofik, Khalilova Lala, 2024



~20 ~

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

Qu ham' achmaz,

Q Sllabﬂlln

h;{n villi ™
‘5’\;;__ - 5
3 » a.& Sjlplgmt
”\ 4 = . *,
-

» Baku )
*

*
Kurdamir . L'y
) e »/‘}\s *
L

Sarysu fake - '§'~|lslr:;l-u|
Imishli P“." - 4

-

iy
¢ -]

Bilasuyar “Kury
L Nul‘w‘\gl:l ,

w8

—

Caspian

Legend:
Cenozoic Era
El - Quaternary deposits
- Neogene deposits
El- Paleogene deposits
Mesozoic Era
[II— Cretaceous deposits
- Jurassic deposits

¥ - Mud volcanoes

%& - Mud volcano breccias
- Tectonic faults

- Outline of works by
the method CDP-3D
(Common Depth Point - 3D

Fig. 1. Geological map of the study area (Geological map of Azerbaijan, 2010)

Results

Based on the seismic stratigraphic data, the
correspondence of geological boundaries to reflections in
the seismic field was determined and the reflected wave
(RW) — geological reference series presented in the table
was adopted (Fig. 2).

In the area under consideration, Qala Suite deposits are
represented by alternating interlayers of clayey and sandy
rocks and are subdivided into three formations: QaS-1, QaS-2
and QaS-3.

Sedimentation conditions for all three Qala Suite units
(QaS-1, QaS-2, QaS-3) are similar, only the paleo-relief and
the amount of transported material differ, which affected the

size and location of the formed traps. Filling of the traps with
HC (hydrocarbon) migrating from the more submerged part of
the basin occurred soon after the deposit of reservoir rocks.
However, towards the end of accumulation of the productive
strata, there was a rapid intensification of fold-forming
movements, which continue to the present time, resulting in
the active movement of groundwater and (in some places) in
the destruction of the formed hydrocarbon deposits. A
characteristic feature of anticlinal structures in the area under
consideration is the presence of numerous tectonic
disturbances and mud-volcanic manifestations that
complicate their structure and have a significant impact on the
destruction and change in the composition of formation fluids.

Seismic horizon (SH) Geological reference point

SH-I top of the Surakhany Suite of the Productive Series

SH-BS top of the Balakhany Suite (BS) of the Productive Series

SH-UKC top of the Upper Kirmaky Clayey (UKC) Suite of the Productive Series
SH-KS top of the Kirmaky Suite (KS) of the Productive Series

SH-II top of the Lower Kirmaky (LK) Suite of the Productive S eries

SH-IIT Qala Suite (QaS), top of the QaS-1 of the Productive Series

SH-QaS2 Qala Suite (QaS), top of the QaS-2 of the Productive Series

SH-IIIa Qala Suite (QaS), top of the QaS-3 of the Productive Series

SH-IV surface of Pontic deposits

Fig. 2. Seismic horizon (SH) and its corresponding geological reference point

Absence of commercial deposits and presence of signs
of residual oil saturation beyond the contour of oil-bearing
capacity within the fields indicate the ongoing process of
deposit destruction. The character of distribution and
fracture of oil and gas accumulations observed at the
present stage is due to the influence of hydrogeological and
hydrodynamic factors that appear after the formation of oil
and gas deposits. This is evidenced by the uneven
distribution of oil and gas deposits by area and depth. The
contour of deposits in adjacent blocks within the same field
has different hypsometric elevations.

Based on the mentioned above, we can assume high
prospectivity of the structures located on the southeastern
dip of the anticlinal zones of the basin. These structures on
the fluid migration path are characterized by good structural-
tectonic and lithological-facial conditions for hydrocarbon
(HC) accumulation and accumulation. In addition, these
structures have a number of advantages over the other folds
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located upstream of the reservoirs. Over the entire history of
formation, they only had an erosional stage of development;
in the Upper Pliocene and Anthropocene, the structures were
involved in general flexing and were not subjected to the
destructive influence of tectonic and hydrogeological factors.

Taking into consideration the new seismic and
reinterpreted well data, the deposits in the eastern and
western parts of the Hovsan field are divided into
independent objects. This division seems to be related to the
paleo-relief and the amount of transported material.
According to earlier research (Akhmedov, 2017), the
boundaries for all deposits of the Qala Suite of the field were
determined conditionally, due to the lack of more detailed
seismic exploration at that time.

The QaS-3 formation was penetrated by 72 wells at the
Hovsan field. The correlation of Qala Suite deposits in wells
1860-1856-1861 is shown in Fig. 3.
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Fig. 3. Correlation scheme of Qala Suite deposits from wells 1860—1856—-1861 (Hovsan field)

The QaS-3 formation is distributed over the entire area,
only in the south-western and, partially, in the northern parts
of the site there is an area of clayisation of the formation.
Lithologically, the formation is characterized by the
predominance of clays over sandy and silty rocks. The total
thickness of the formation is 150—-180 m, effective thickness
varies from 5m to 98 m, effective oil saturated thickness
varies from 2 m to 20.9 m.

On the structural map of the seismic horizon-llla (SH-1l1a)
(Fig. 4), confined to the top of the QaS-3 formation, the
eastern limb of the Zykh anticlinal structure and the Hovsan
syncline, which dips monoclinally to the east, is mapped.
The entire area is complicated by numerous tectonic
disturbances (zones of decompaction) of submeridian and
sublatitudinal direction, identified both by temporary
sections and by lowered values of the amplitude map. The
depth range of the Lower Qala Suite deposits varies from
-2160 to -4720 m.

There are 7 objects identified within the QaS-3 formation
(Figs. 4, 5).

The deposit in the area of well 1829 was penetrated,
accordingly, by well 1829. Effective thickness is 75 m, oil
saturated part is 20 m. The deposit is delineated along the
contour of the anomaly of lowered values of the SH-llla
average RW amplitudes, and from the west by a fault
delineated along the map of maximum RW amplitudes of
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SH-llla. The size of the deposit is 0.21 x 0.40 km, the area
is 42.3 thousand m?. The conditional oil water contact
(OWC) is assumed to be at the top of the water-saturated
formation at a.m. -4402 m. The deposit is combined,
lithologically and tectonically shielded.

Deposit in the eastern part of the Hovsan field (area of
wells 1854, 1855, 1856).

It was penetrated by 27 wells, in which commercial oil
inflows were obtained. Effective thicknesses vary from 18.4 m
to 98.0 m, oil saturated part varies from 3.5 mto 31.9 m.

The northern boundary of the deposit is delineated along
the contour of the paleo-uplift dome of the temporary
thickness map with a boundary value of 123 ms. The paleo-
uplift dome probably shows a decline in reservoir properties,
and the main accumulations of sand bodies are probably
confined to its slope. In the area of well 1816, located in the
north-west part of the deposit, there is a zone of lowered
instantaneous amplitudes RW of the SH-Illa. From the west,
the deposit is confined by faults; the southern boundary is
along the outline of paleo-uplift (159 ms).

The dimensions of the deposit are 1.64 x 1.83 km, the
area is 2,886 thousand m2. The OWC is based on the results
of sampling of well 1845 at 4273 m a.m. The deposit is
combined, lithologically and tectonically shielded.

The following small-sized deposits were identified in the
western part of the Hovsan field.
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The deposit in the area of wells 1510 and 1570 was
penetrated by two wells 1510 and 1570, accordingly. The
effective thickness is 58 m, oil saturated thickness is 17 m.

The deposit was identified by the results of sampling in well
1510 - oil inflow was obtained in the interval —3818.8 —
—3819.0 m. Well 1570 is characterized as productive based on
WL data. The dimensions of the deposit are 0.4 x 1.1 km, the
area is 267 thousand m?. The deposit is tectonically shielded.

The deposit in the area of well 1501 was penetrated by
wells 1704 and 1501. Effective thickness is 41 m, oil
saturated thickness is 34 m.

The deposit was identified based on WL data in wells
1501 and 1704, which are characterized as productive. The
OWC is assumed to be at the bottom of the oil-bearing
interval in well 1501 at a.m. -3748 m. The dimensions of the
deposit are 0.3 x 0.7 km, and the area is 142 thousand m2.
The deposit is tectonically shielded.

In the area of wells 1713 and 1707, a small-sized deposit is
identified. The effective thicknesses vary from 20.5 m to 36 m,
the oil saturated thickness varies from 5.8 m to 28.6 m.

Tested in wells 1707, 1708, 1713, 1720.

During testing: well 1707 in the interval —3619.4 —
—3629.4 m received oil inflow with flow rate of 50 tonnes per
day, well 1708 in the interval -3618 — -3624 m also received
oil inflow with flow rate of 58 tonnes per day.

The dimensions of the deposit are 0.4 x 0.74 km and the
area is 168.7 thousand m2.

The OWC is based on the last sampling interval in well
1707 at a.m. -3629.4 m. The deposit is tectonically shielded.

Deposit in the area of wells 1706, 1705, 1503. The
deposit was penetrated by wells 1706, 1705, 1700, 1704,
1501, 1503. Effective thicknesses vary from 20.5 m to 36 m,
oil saturated thickness varies from 5.8 m to 28.6 m.

Wells 1503, 1706 were tested.

When testing well 1706 in the —3594 — —3597.5 m interval,
an oil flow rate of 40 tonnes per day was obtained, and well
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1503 in the -3735.0 — -3740.0 m interval, an oil inflow with
water was obtained. Wells 1501, 1503, 1704 and 1705 are
characterized by WL data as productive.

In well 1501 the oil saturated reservoir bottom at a.m. is
3748.6 m, in well 1503 — at a.m. —3749.6 m. The conditional
OWC is assumed for well 1503 at a.m. —-3749.6 m.

The size of the deposit is 0.64 x 0.97 km, the area is
366.3 thousand m?2.

A deposit was identified in the area of wells 1716-1588
based on test results. The effective thickness is 13—17 m, oil
saturated thickness is 5.4—7.7 m.

The OWC of the deposit is based on the last perforation
interval in well 1588 at a.m. —3727.3 m. The dimensions of
the deposit are 0.35 x 0.94 km, the area is 192 thousand m2.
The deposit is tectonically shielded.

In the west of the area under review, a potential trap,
lithologically and tectonically shielded, was mapped within
the Zykh field according to the anomaly of enhanced
average RW amplitudes SH-llla. Its dimensions are
0.95 x 1.6 km and its area is 588.8 thousand m?.

The QaS-2 formation was penetrated by 72 wells in the
Hovsan field. At the Zykh field, the formation was penetrated
by wells 130, 153 and 156 (Fig. 6). It is distributed over the
entire area of the surveyed area.

Lithologically, the formation is represented by a
homogeneous alteration of clays, sands and siltstones. The
total thickness of the formation is 40—65 m, and in well 1720
it reaches 70.7 m. Effective thickness varies from 8.6 m to
45.4 m, effective oil saturation varies from 3 m to 42.7 m.

The structural map for SH QaS-2, which is confined to
the top of the QaS-2 formation, shows an inherited
monoclinal dip of the area to the east. Tectonic disturbances
traced in SH llla are also observed at this level. The depth
range of the Middle Qala Suite deposits varies from —2120
to —4680 m.

Five objects were identified within the QaS-2 formation
(Figs. 6, 7).
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The deposit in the area of well 1829 was discovered
using WL data. Effective thickness in well 1829 is 39.6 m, oil
saturated thickness is 39.6 m.

It was identified within the zone of increased temporal
thicknesses between SH QaS-2 and llla by the boundary
value of 35 ms. The presence of the potential zone here was
also confirmed by the amplitude anomaly identified on the
map of maximum amplitudes of RW of SH QaS-2.

The size of the deposit is 0.70 x 0.75 km, with an area
of 367 thousand m2. The deposit is lithologically and
tectonically shielded.

The eastern deposit of the Hovsan field (in the area of
wells 1816, 1856, 1855, 1845) was penetrated by 31 wells,
in which commercial oil inflows were obtained.

Effective thicknesses vary from 3.0m to 30 m, oil
saturated thickness varies from 3.0 m to 27.4 m.

The northern boundary of the deposit is delineated along
the contour of the proposed zone of reduced reservoir
properties according to the map of temporary thicknesses
with a boundary value of 140 ms. The deposit boundary in the
area of well 1816, located in the north-west of the deposit, is
delineated along the contour of the increased temporary
thicknesses of SH interval QaS-2 — llla. From the south-west
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the deposit is confined by faults, the southern boundary is
delineated along the contour of 180 ms paleo-uplift.

The size of the deposit is 2.7 x 3.5 km and the area is
4,521 thousand m?2. The OWC is assumed to be at the top
of the water-saturated interval in well 1820 at 4267 m. The
deposit is combined, lithologically and tectonically shielded.

Western deposit of the Hovsan field (area of wells 1714,
1509, 1706, 1716, 1588). It was penetrated by 27 wells, in
which commercial hydrocarbon inflows were obtained.
Compared to the QaS-3 formation, this deposit is a single
object. Effective thicknesses vary from 10.0 m to 45.0 m, oil
saturated thickness varies from 5.0 m to 28.0 m.

The deposit is delineated by faults, amplitude anomaly
(area of well 1720) according to the map of medium
amplitudes RW of QaS-2, the southern boundary is along
the boundary (22 ms) of the zone of enhanced temporary
thicknesses of the interval SH QaS-2 - llla.

The dimensions of the deposit are 1.6 x 5.1 km and the
area is 3,960 thousand m2. The water saturated reservoir in
well 1308 at a.m. —-3731.0 m is assumed to be at the top of
the water saturated reservoir. The deposit is lithologically
and tectonically shielded.
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To the south of it, an amplitude anomaly is identified on
the medium amplitude map, along the outline of which a
perspective trap is mapped. Its dimensions are 0.5 x 0.9 km
and its area is 329.3 thousand m?,

The QaS-1 formation was penetrated by 133 wells of the
Zykh and Hovsan fields. It is spread over the entire area.
Lithologically, the formation is composed of sandy and
siltstone rocks with relatively thin clay interbeds that are not
sustained along strike. The total thickness of the formation
is 50-81 m and at the Zykh field in well 165 itis up to 125 m.
The effective thickness varies: at the Zykh field from 15.7 m.
to 53 m.; at the Hovsan field - from 8.2 m. to 41.8 m. Effective
oil saturation varies: at the Zykh field within 4.5 m, 17.2 m to
37.3 m; at the Hovsan field — 3.0 m, 18.7 m to 30.6 m.

The structural plan at the SH-IIl stage, confined to the
top of the QaS-1 formation, is conformable to the underlying

-SSR B =~
Fragment of a temporary seismic section
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Cross Line 90 aligned with hlilzgs Mo f
L VP T p—

SH QaS-2. The depth range of the Upper Qala Suite
deposits varies from 2040 m to 4640 m.

Six objects were identified within the QaS-1 formation
(Figs. 8, 9).

The deposit in the area of well 1829 was discovered
using WL data, which resulted in the delineation of oil-
saturated reservoirs. The effective thickness is 30.1 m, oil
saturated thickness is 11.0 m.

The reservoir was recognised within the amplitude anomaly
identified on the map of amplitudes between RW lII.

The conditional OWC is taken along the top of water-
saturated reservoir of well 1829 at a.m. -4298.1 m.

The size of the deposit is 0.2 x 1.6 km and the area is
205 thousand m2. The deposit is combined, lithologically and
tectonically shielded.

Structural map of the reservoir top of the QaS-1 formation

Fig. 8. Structural map of the reservoir top of the QaS-1 formation

Eastern deposit of the Hovsan field (area of wells 1856,
1855, 1845). It was penetrated by 28 wells, in which
commercial oil inflows were obtained.

Effective thicknesses vary from 10.1 m. to 41.8 m, with
oil saturated thicknesses ranging from 3.8 m to 30.6 m.

The northern boundary of the deposit is delineated along
the contour of the proposed zone of reduced reservoir
properties of the formation according to the map of temporary
thicknesses between SH IV-lIl with a boundary value of 175 ms.
The deposit boundary is delineated on the west by faults, and
on the south by the outline of a lowered amplitude anomaly
marked on the map of average RW Il amplitudes.

The OWC is assumed to be at the top of the water-
saturated reservoir in well 1810 at a.m. -4178 m.

The size of the deposit is 1.8 x 2.2 km, with an area of
2,871 thousand m2. The deposit is combined, lithologically
and tectonically shielded.
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Deposit in the area of wells 1510, 1570. Revealed by WL
results of wells 1510 and 1570, which are characterised as
oil saturated. Effective thicknesses are 13.7 m and 15.5 m,
accordingly, oil saturated thicknesses are 4.5 m and 7.0 m.

The deposit is delineated on the west by a fault, on the
south by the contour of the paleo-uplift (200 ms).

The conditional OWC of the deposit is assumed to be at
the top of the water-saturated reservoir of well 1570 at a.m.
-3711.5 m.

The size of the deposit is 0.3 x 1.4 km, with an area of
345 thousand m?.

Western deposit of the Hovsan field (area of wells 1714,
1509, 1706, 1716, 1588). It was penetrated by 26 wells, in
which commercial hydrocarbon inflows were obtained.
Effective thicknesses vary from 9.7m to 29.5m, olil
saturated thicknesses vary from 3.0 m to 18.7 m.

The deposit is outlined by faults, anomalies of enhanced
amplitudes (area of wells 1713, 1720), lowered values of
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relative impedances (area of wells 1716, 1588), and in the
south the boundary is carried out along the contour of the
anomaly of lowered values of amplitudes.

The size of the deposit is 0.8 x 2.9 km, with an area of
1,619 thousand mZ.

The OWC is assumed to be at the top of a water-
saturated reservoir in well 1501 at a.m. -3565 m. The
deposit is lithologically and tectonically shielded.

Eastern deposit of the Zykh field (area of wells 253, 255,
164). It was penetrated by 54 wells with commercial
hydrocarbon inflows obtained during testing.

Map of medium amplitudes RW along the SH-TIT

Effective thicknesses are 8.3 m, 37.3 m, 53 m oil saturated
varying from 4.5 m to 37.3 m.

The deposit expands to the north and is confined by
faults to the west.

The size of the deposit is 1.0 x 5.5 kilometres, with an
area of 4,170 thousand mZ.

The conditional OWC of the deposit is accepted at the
bottom of the oil-saturated reservoir of well 153 at a.m.
-2917.7 m. The deposit is tectonically shielded.

Map of amplitudes RW along the SH-III
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Fig. 9. Seismic and geological features of the QaS-1 formation:
a — Map of medium amplitudes RW along the SH-III; b — Map of amplitudes RW along the SH-III;
¢ — Map of temporary thicknesses of the SH-IV-SH-III; d — Map of temporary thicknesses of the SH-QaS2 — SH-III;
e — Relative impedance map of RW SH-llI

Within the eastern deposit of the Zykh field, an enhanced
anomaly is outlined on the RW Ill amplitude map.

In the western part of the Zykh field, the map of temporary
thickness between SH Il and QaS-2 shows an area of
increasing thickness, along which a potential trap QaS-1 is
mapped. Wells 94, 215 and 195 were penetrated. Oil, gas and
water flows were obtained in the intervals 2649.6-2653.6 m
and 2657.6-2660.6 m in well 195. Wells 94 and 215 are
characterized as oil saturated according to WL data.

The dimensions of the trap are 1.0 x 3.6 km, with an area
of 1,591 thousand m2. The trap is lithologically and
tectonically shielded.

ISSN 1728-3817

Discussion and conclusions

On the basis of the joint analysis of time sections and
constructed structural maps, maps of maximum amplitudes
of RW SHe-llla, medium amplitudes of RW SH-llla,
instantaneous amplitudes of RW SH-llla, temporary
thicknesses of SH-llla-SH-IV in the Zykh-Hovsan area,
tectonic disturbances of submeridian and sublatitudinal
direction were identified, deposits were revealed and their
size, type and other characteristics were determined.

During the survey, 7 objects were outlined within the QaS-3
reservoir, 5 objects within QaS-2, and 6 objects within QaS-1.
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Combined, lithologically and tectonically shielded
deposits were identified in the eastern part of the Hovsan
field. In the western part of the Hovsan field, as well as in
the eastern and western parts of the Zykh field, the trap type
is lithologically and tectonically shielded.

In Qala deposits developed in the research area, the
following were identified: one perspective trap in the QaS-3
formation, two traps in the QaS-2 formation and one trap in
the QaS-1 formation at the Zykh field, which were identified
on the basis of paleo-geomorphological features where it is
suspected that the conditions for accumulation of sandy
material are advantageous.

In our judgement, trap formation occurred within the
southeastern and western slope parts of the paleostructure,
where oil deposits of the Hovsan field were subsequently
discovered.

Authors' contribution: Tofik Akhmedov — conceptualization,
methodology, writing (original draft), formal analysis; Lala Khalilova
— data validation, writing (review and editing).
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BYOOBA TA NITO-®ALIANBbHI OCOBJINBOCTI BIAKNAAIB KATNAKCbKOI CBUTU 3UX-FOBCAHCBLKOI NnoLy|
3A 3D-JAHUMU CEMCMOPO3BIOKU TA KAPOTAXY

B cTyn. femanbHe eueyeHHs1 2eonoziyHoi 6ydoeu ma nimo-gauianbHux ocobnueocmeii eidknadie nnioyeHoeoi NPodykmueHoi cepii Ha oc-
Hoei 3D-0aHux celicMopo3eidku ma kapomaxy ceepO/Io8UH Ma€ 8axJsiuee NPaKMu4YHe 3Ha4eHHsl, OCKiJIbKU OCHOBHa Yacmka eyasieeo0Hie, ujo eudo-
6yearombcsi 8 AzepbalidxaHi, npunadae Ha Ui podosuuja.

Memoto docnidxeHb 6yno eusieneHHs1 ocobnueocmel 2eonoziyHoi 6ydoeu 3ux-loecaHcbKOi nowi, sue4eHHs nimo-gauyianbHuUXx enacmueoc-
meli gidknadie kanakcbkoi ceumu npodyKmueHoi cepii Ha ocHoei cninbHo20 aHanizy 3D-0aHux celicMopo3eidku ma kapomaxy ceepdnosuH (WL).

Me Toawn. Sk ocHosHuii MemoO AoclideHHs1 06paHO CMPYKMypHe KapmyeaHHs 3a celicMiyHumMu 0aHumu. I1id yac eue4yeHHsI po3pi3y MaKox
npoeodunu celicMozeosioziyHuli, celicMocmpamuzpadgpiyHuli i naneo2eomopgbosio2ivHull aHanisu.

Pe3ynbTaTtu. 3a koHmypom aHomanili 3HUXeHux i nideuujeHux 3Ha4eHb cepedHix amnnimyd eidbumux xeusb celicMi4YHUX 20PU30OHMI8 i
Kapmamu 4acoeux nomyxHocmel, a 8 okpeMux eunadkax i 3a po3siomamu, y pisHux yacmuHax 3ux-loecaHcbKoi nowi eusHayeHo QaS-nnacmu i
ideHmudbikosaHo podoeuuja, 3'sicoeaHo ix po3mipu ma nnowy. [jns KoxHo20 noknady eusHayeHo eghekmueHi ma HagpmoHacu4veHi moewi. 3a da-
HUMU ocmaHHbO20 iHmepeaary sunpobyesaHb i nepghopayii 8 ceepdnosuHax, NpobypeHux Ha AocnidxyeaHili mepumopii, a makoX 3a epxom 8000-
Hacu4yeHo20 nnacma i 3a eu6oeM HaghmoHacu4eHo20 rnacma, 8cmaHoeJsieHi abcosIromHi No3Ha4yku Haghmo-e0A0KOHMaKmy eusiesieHux podosuwy.
Xapakmep Hacu4eHHs1 su3Hayanu 3a aHumu Kkapomaxy. Y npoueci docnidxeHHs1 makox 6ys10 ecmaHo8/IeHO mun Ko)XHo20 podosuuja.

BucHoBku. Ypodosuuwax Qala, ujo po3pobnssrombcsi Ha mepumopii docnidxeHb, ausiasieHo 0OHY nepcrnekmueHy nacmky e niacmi QaS-3,
0dei nacmku e nnacmi QaS-2 ii 00Hy nacmky e nnacmi QaS-1 Ha podoeuuwi 3ux Ha ocHoei naneozeomMopgosio2iyHux ocobnueocmeli, de MOXIUSO
npunycmumu, w0 yMmoeu 0115 HAKONMUYeHHs niyaHo2o0 Mamepiany cnpussmauei.

Knwo4yoBi cnoBa: nimo-¢ayianbHi ocobnueocmi, eidknadu kanakcbkoi ceumu, podosuuje, Koslekmop, eghekKmueHa moseujuHa, Haghmo-
HacuwieHa mosuwja, 3D-celicMopo3eidka, cmpyKmypHi kKapmu.

ABTOpU 3asBNSAOTb NPO BiACYTHICTb KOHANIKTY iHTepeciB. CnoHcopu He Gpanu yyacTi B po3pobrneHHi gocnigxeHHs; y 36opi, aHanisi un
iHTepnpeTauii AaHUX; Y HanMcaHHi pyKonucy; B pilleHHi Npo ny6nikaLiio pe3ynsraTis.
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'KuiBcbknit HauioHanbHUI yHiBepcuTeT iMeHi Tapaca LesueHka, Kuig, YkpaiHa

2ykpHAlras, cinis AT "YkprazsmpobysaHHs", Kuis, YkpaiHa

}lHcTuTYT reodpizmkm im. C. |. Cy660TiHa HAH Ykpaiuu, Kuis, YkpaiHa

“AT "YkprazempobysaHHs", Kuie, YkpaiHa

SIHCTUTYT reoximii, miHepanorii Ta pyaoyTeopeHHsi im. M. . CemeHeHka HAH Ykpainu, Kuis, YkpaiHa

ornsan BIBEMCbKUX KOJIEKTOPIB HETPAOAMLIIMHOIO TUNY
OHINPOBCbKO-AOHELLKOI 3ANAQVHM
TA NOPIBHAHHA 3 NIBHIMHOAMEPUKAHCbKUMM HETPAOULIIMHUMM ®OPMALLIAMMU

(MpedcmaeneHo 4neHoM pedakyiliHoi Koneaii 0-poM 2eosl. Hayk, cm. docnidHukom O. I. MeHbuwiosum)

B c Ty n. CyyacHul npozpec sudobymky eyaneaodHie 3i cnaHuyesux i WinbHUx nopio, a came e 00CKOHaleHHsI MexHoJIoRill 2opu-
30HManbHo20 6ypiHHS Ma npoeedeHHs1 6azamocmadiliHo20 2idpopo3puey racma 3a eKOHOMIYHO O6IpyHMoeaHUMU 8apmocmsimMuU,
8idKkpueae Hoei 20pu3oHmMu 0J1s1 po3eidku ma po3pobku Haghmu i 2a3y e ycboMy ceimi. Baxnueicms cnaHyeeoi Haghmu i 2a3y euknukana
iHmepec y ecbomy ceimi nicssi eenuko2o ycnixy eaudo6ymky e llieHi4Hili AMepuyi. lTpornoHoeaHa cmammsi € NPodoexeHHsIM cepii rny6-
nikauili, npucesiyeHuUx eusYeHHIO gi3elicbKux HempaduuiliHux Kosiekmopie y mexax [Hinpoecbko-[oHeubKoi 3anaduHu. Y Hil po3ans-
Hymo ei3elicbki €i0knadu, a came HWXHboegI3elicbka kapb6oHamHa nnuma Xlll M®I™ (2opuzonmu B-24-25), ma "pyodiecuki eepcmeu”,
KpeMeHUcmi Kanbyumu3oeaHi 36a2a4eHi Ha opaaHiKy cnaHyi (B-23) y Mexax eusierieHuUX nepcrnekmueHux 30H [JHinpoecbko-[JoHeybKoi
3anadunu (4A43), wo oyiHrOMbCS W,000 NMomeHyiany po3pobku HempaduyiliHuX KoJleKmopis, eukopucmosyro4u Memod aHaoeaii 3
ycniwHumu llieHiYHOaMepuKaHCbKUMU ¢hopMayisiMu.

MeToawu. lNopieHroeanuck Ko4Yo8i 2e0s102i4Hi ma 2eoXiMi4Hi NOKa3HUKU 3 06paHUMU aHaslo2aMu, a came: 2e0J102i4YHuUll GiK,
yMoeu ocadKOHaKoMuYeHHs, Jlimosioaisi i moswjuHa eidknadie, 2eoximMiyHi OaHi (3a2anbHUl eMicm opaaHi4Hoz2o 8yaneyro (TOC), koedi-
yieHm eidbumms eimpunimy (Ro), 2eHepauiliHi enacmueocmi nopio 32i0Ho i3 niponimuyHumu AocnidxeHHsAMU ma 3pinicmro nopodu),
MiHepanoziyHull cknad i nopucmicme.

Pe3ynbTaTu. BidnogidHo do npoeedeHo20 GoCsiOXeHHsI, gizelicbki HempaduuiliHi eidknadu 3 yimko kopesiroroms 3 Hal-
npodykmueHiwumu podosuwamu 2a3y 3 HempaduuyiliHux Koslekmopie (craHuji, 36a2ayeHi op2aHikoro kapboHamu) e lMieHiyHil AMepuuyi.
nubunxa 3ansi2aHHs Ma 2eos102iyHe MoNIoKeHHs 8izelicbKux HempaduuiliHux 06'ekmie 3a2anom 3icmaseHi 3 [ieHiYHOaMepuKaHCBLKUMU
aHanoz2amu abo dewjo euwi 3a HUX, 38a)Kal0yu Ha HasieHi OaHi; moewuHu eidknadie nepebyearomp y cxoxux OianazoHax. 3 nosuyii
MiHepanozi4yHoz2o ckiady, a came 3a 0aHUMU peHmeaeHo-cmpykmypHozo aHanisy (XRD), pydiecbki eepcmeu cxoxi do cnaHuyie bapHemm
i Byoghopd, kapboHamHi 2opu3oHmu B-24-25 gidnosioaromb ¢hopmauii lan-@opd. Bucokuli cepedHiti emicm TOC dnsi 2copu3oHmy B-23
(9o 10 % eae.) MoxxHa nopieHsiMu 3i cnaHysimu BakkeH i BydghopO.

B ucHoBkwu. lNeonoziyHi ma 2eoximidHi napamempu gizelicbKux 20pu3oHmis, po3anissHymux y yiti po6omi, € 6azamonaditiHumu
3 noansdy nepcrnekmue po3pobku HempaduyiliHux Koslekmopie 0ns 36inbuieHHs1 eHepaopecypcHoi 6a3u YkpaiHu. OOHak dnsi mozo, w06
3 yneeHeHicmio 3pobumu eucHo8Ku w000 eKOHOMi4YHOT peHmabesibHocmi po3pobku AocsidxyeaHux 06'ekmie, HeobxiOHe AemarbHiwe au-
84eHHSsI 3 ypaxyeaHHsIM pe3yibmamie 6ypiHHs ma eunpobyeaHHs nicsis npoeedeHHs1 6azamocmadiliHo20 2idpaesliyHo20 po3puey rnopio.

Knw4yoBi cnoBa: mamepuHcbka nopoda, HempaduuiliHi KosleKmopu, 3a2anbHull Micm op2aHi4YHO20 eyarneyro, craHyesul
2a3, pydiecbki eepcmeu, mepmarsnsHa 3pisicms.

Bcrtyn

HuHi B YkpaiHi icHye npobnema, Lo CTocyeTbCcs po3pob-
NEHHS LWNSIXIB LWOAO LUBUAKOTO HApOLLYBaHHS eHepreTUYHol
pecypcHoi 6a3u kpaiHu. Ak Bigomo, GinbLUiCTb aHTUKMIHAMNb-
HUX CTPYKTYp y Mexax 03 yxe ineHTudikoBaHo, 3Ha4YHa Ki-
NbKICTb  POAOBULL,  YHacnigok OOBOAHEHOCTI  MOCTYNOBO
BTpadae CBiri noTeHujian. Metoam iHTeHcudikauii He 3aBxaun
niaBuLLyoTh BUOoBYTOK 0 GaxkaHOoro piBHS, a nepexig Ha 3e-
neHy eHepreTuky Oyae nocTynoBuM Ta, Ha Xarnb, 4OBroTpu-
BanuM npouecoMm. Tox Tenep AN po3B'dA3aHHs npobnemu
30inNbLUEHHS eHepropecypciB 3BepTalTb Aedani Ginbluy
yBary Ha po3pobKy KOneKTopiB HeTpaauLiiHoro Tuny. 3 pos-
BUTKOM Cy4acCHUX TEXHOori BuaobyTKy, cepen sikux 6arato-
CTafiiHMn  rigpaBniyHWn  po3puB MOpIA, YOOCKOHaNeHHS
TEXHONOTii FOpU3oHTanNbHoOro BypiHHSA, Nporpec y nabdopatop-
HMX aHanisax KepHOBOro Martepiany TOLlO, MoYMHaluy 3
2011 p., HabyBae NoONynspHOCTi  po3maxy po3pobreHHs He-
TPaAMLIAHKX i WinbHUX KonekTopis (puc. 1).

Ak BigOMO, HeTpaauuiiHUI Noknag BYrneBOAHIB — Le
HadTorasomaTepuHcbka Nopoaa, KonekTop i nacTka ofHo-
YyacHo. KonekTop Mae xapakTepHy HU3bKY NOPUCTICTb i Npo-
HUKHICTb (Bwxea Ta iH., 2019). Y poni konekTopa cnyrylTb
3a3Buyant criaHueBi abo WinbHi kapboHaTHi Bigknagu. He-
TpaauuiriHi noknaam iCTOTHO BMIMHYNM HAa BUA0OYyBaHHA Ha-
1K Ta rasy B Takux kpaiHax, sk CLUA, ApreHtuHa, Kanaga,
Kutan, Caypiscbka ApaBis Ta iH.

Came po3pobreHHst KOMekTopiB HeTpaguuiiHoro Tuny
cnpusno eHepreTnyHin "pesontouii” y CLUA, oe Bxe B 2018 p.
KINbKICTb NPOGYPEHNX rOPU3OHTaNbHUX CBEPATIOBUH NEPEBU-
lmMna KinbkiCTb BEpPTUMKanbHWX | HWHI Mae KomocarnbHy
nepesary (puc. 2). Bugobytok cnaHueBoro rasy ta HadTh
y KpaiHi 36inbwmBcs 3 < 5 mnpg ky6. coyTiB Ha goby cyxoro
rasy Ta <0,5mnH GapeniB HacdTM Ha goby y 2005 p. goo
65 mnpg ky©6. dyTiB Ha Aoby cyxoro rasy Ta > 7,0 mnH 6apenis
Ha noby y 2018 p. (Energy Information Administration, 2019).
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Puc. 1. fliarpama Buao6yTKy cnaHuesoro rasy B CLUA
(Energy Information Administration, 2019)
U.S. tight oil and shale gas production and well counts i
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Puc. 2. [liarpama BuooG6yTKy HadhTh Ta rasy 3 KONeKTopiB HeTpaguLinHOro Tuny Ta MacwTabu ropmsoHTanbHoro 6ypiHHa B CLLUA
(Energy Information Administration, 2019)

2004

2018

Pospobka cnaHueBoro rady B CLUA € HacnigkoM noea-
HaHHA GaraTbox cnpusTnuemMx dakTopie. Lle reonoriyHi Ta
NPUPOAHI YMOBW, @ TakOX BOMNOAiIHHS NepefoBMMU TEXHOIO-
rismu. MoniTvka 3a0X0YEHHsT PO3BUTKY CraHLEBOro rasy €
a[eKBaTHOO, CMHXPOHHOIO, AeTarnbHO Ta Npo3opoto. BoHa
crnpsiMOBaHa Ha 3axvCT [OBKINNSA Ta CTBOPEHHS AO0BIpU i
NPUIHATTSA Y FPOMaACbKOCTI. Lle Takox Bumarae po3BuHeHOI
iHbpacTpyKTypu, BKIMHOYHO 3 Mepexeto Tpybonposoais ans
TpaHCNOPTYBaHHs Ta PO3MOAiNy NPUPOLHOro rasy, Lo crpu-
A0Tb 3HWKEHHIO cobiBapTocTi. Bym cnaHuesoro rasy B CLUA
CTaB MOTY>XHUM KaTanisaaTopoMm AnS iHWKX KpaiH, WO MatoTb
MNOro NOTeHUiNHi pecypcu. BuaHaioum BaxnuBiCTb nNpupoa-
HOro rasy sik [xepena eHeprii nepexigHoro nepiogy, ypsav
KifTbKOX KpaiH MatoTb 3Ha4YHi CTUMYNN Ans Toro, Wwob nosTo-
putn ycnix CLUA y cBoix kpaiHax. focsig Cnonyyerux LTa-
TiB y pO3BigyBaHHi, po3pobLi Ta BUAoOYTKy CNaHUEeBOro rasy
MOXe BYTM KOPUCHMM ONS iHWKX KpaiH Y PO3BUTKY BracHOI
razoBmaobyBHOI ramnysi. AHani3 i MopiBHAHHA YMOB, LLO
cnpusTb po3pobui cnaHueBoro rasy B kpaiHax/3oHax, sKi
MatoTb MOTEHLAHI pecypcy cnaHLeBoro rady Ta GaaHHs
po3pobnaTK criaHUeBui ra3, nokaxe MoTeHLjian po3BUTKY
3a3HaYeHuX pecypciB y uMx KpaiHax/3oHax. Kpim Toro, y 6a-
ratbOX HeLoAaBHIX OOCMiIAKEHHAX HEeTpaauUiNHUX NoKna-
4iB HadbTu i rasy, WOAO SKnx Opakye HagiHUX gaHux (Hanp.,
y Makuctani, Asctpanii Ta Kutai, a Takox y CLUA), y poni
aHanoris BUKOPUCTOBYIOTb crniaHueBi pogosulia Cnonydye-
Hux LTaTiB (De Silva et al., 2015; Sohail et al., 2022; Li et al.,
2020). Cnupatouncb Ha akTopu, WO ChApUsIoTb YCniXy
cnaHuesoro rady B CLUA, My npoaHanisyBanu 1 ouiHUnu
YMOBU ON1S PO3BiAKN Ta po3pobku HeTpaguuinHUX Komnek-
TopiB B YKpaiHi, a came B 3. MNponoHoBaHa craTTs €
NPOOOBXEHHAM cepil MyGrikauiii, NPUCBAYEHNX BUBYEHHIO Bi-

3eNCbKMX HETPAAULINHMUX KONMEKTOPIB Y Mexax [HinpoBCbKO-
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HoHeubkoi 3anaguHu (luras et al.,, 2023, 2024; Levoniuk
et al., 2023, 2024; Kruhlov et al., 2023).

BaraTto gocnigmkeHb Byno 3ocepemkeHo Ha CTPyKTypax
nop, cepegoBulax po3pobKM Ta PO3MNOAiNeHHs Konek-
TOPCbKMX BACTUBOCTEN Y LUINbHUX HadhTOrasoHOCHUX Mo-
popax 6araTeox perioHis (Liang et al., 2011; Kuang et al.,
2012). MpoTe BYEHi BMCMOBMIOIOTE MEHLLE 3aHEMNOKOEHHS
Loao HapToBUX MOKMNAaAiB y LWiNbHUX MnnacTax, OCKifbKu
BOHMW BBaXaloTb, WO HadTa y LWiMbHUX NAacTax Hakonuyy-
Banacsa nobnuay abo B MaTepuMHCbKMX Mopodax. TUMNoBoto
XapaKTepuCTMKOIO AN LWiNbHWX NNacTiB € Te, WO nnacT Hag
MaTEPUMHCLKOK MOPOAOID Mae LWiNbHWM pesepsyap, Ae
HabTa He KOHTPOMIETLCA MMaBYYIiCTIO i MOXe MirpyBaTtu
nve Ha KOPOTKY BiAcTaHb. FapHUM Nprknagom € noknagm
B 6aceliHi AHagapko Anst MiCCiCinCbKOro BanHsAKOBOro Had-
TOBOrO NfacTa, y SKOMy BYrMeBOAEHb MIrpPye 3 HWXHbOrO
6araToro opraHikolo Meprento Ta HUXKHbBOro ByA(OPACHKOro
aprinity, a BUCOKONpOOyKTUBHWUI pe3epByap € 3a3Buyan gi-
NAHKOIO 3 BiQHOCHO A06pe po3BMHEHWUM LOMOMITOM Y BEpX-
Hin 4acTuHi dpopmauii Miccicini. Ons ropusoHTiB, LWO
PO3MiLLYyIOTbCSA MiA MaTepUHCBHKOI MOPOAOH, MAaTEPUHCHKI
nopoaun NepekpmBatoTb LLiNbHI HAaTOBI KONEKTopK, a HadTa
[onae NNaByyiCTb | MiIrpy€e B HUXKHI CYMiDKHI nnacTu nig aieto
Pi3HNLI TUCKY MiXK MaTePUHCbKMMK NOPOAAMM Ta pe3epBya-
pamu. Y 0ONOMITOBMX HAadhTOBUX ropu3oHTax Tpu Popkc y
6aceiiHi BinnictoH HadTa B OCHOBHOMY YTBOPIOETLCH Y BU-
COKOSIKICHUX MaTepUHCbKNX nopogax dopmadii HuxHin bak-
keH (Nordeng, & Helms, 2010). CnaHueBi ropnsoHTn bakkeH
€ BWCOKOSIKICHUMM MaTepvHCbKMMW Nnopogamu, a LOMoMmiT
Tpun ®opKe, WO NEXUTb Nif, FeHEPYIYUMN CraHLSAMM, TakoxX
BMKOPUCTOBYETLCA 5K HUXHIV pesepsyap. [nsa nnacTis 6ins
reHepyrumnx nNopig icHye oyeBnaHa nareparnbHa BigMIHHICTb
MDK MaTEpPUHCLKMMMW NMOPOAAMM Ta LWiNbHUMW HadTOBUMM
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KonekTopamu, i HadpTa 3 MaTeprMHCLKUX Nopia Mirpye nare-
parnbHO Y LWifbHi KONEKTopW.

[ns noknagis, po3TawoBaHMX MK reHepyr4MMn nopo-
AaMu, TakoX 3yCTpivalTbCs YLiNbHEHi NOPOAU SIK OCHOBHI.
HadptoBi nnactu bakkeH, o nexarb y WinbHKX wapax 6a-
celiHy BinnicToH, intocTpytoTb uen deHomeH. TyT cepegHs
YacTuHa npeacTaBneHa HabopoM LUiNbHUX BanHSIKOBUX KO-
NeKTopiB 3 aneBporiTOBMMU MpoLlapkaMu, TOAI K BEPXHS
Ta HKHS YaCTMHU CKNagartTbCs 3i CrIaHUEBUX BMCOKOSIKIC-
HUX MaTEPUHCBKMX Nopig, wo dopmytoTb "ceHasiv". Y ge-
AKMX IHWKMX HadgTOoBUX poAoBMLIAX, MPUYPOYEHUX [0
LLiNbHUX KONEKTOopIB, NITONOris 3a3Hae 3Ha4YHUX 3MiH Y Bep-
TUKanbHOMY HanpsiMKy 4Yepes3 cKkrnafHy reonoriyHy 6yaoBy,
LU0 NPW3BOAMTL 4O HAsIBHOCTI Pi3HMX kOMBGiHaLi nopia, siki
MOXHa KracudikyBaTu 3a pospizamu. Hanpuknag, cnaHui
Irn-®opg y 6aceriHi MekcukaHCbKOi 3aTOKM € reHepyrYMMn
nopogamu, TOAI SK AONOMITOBMIA HadTOBMI pe3epByap
Byna € HWkHIM, a kpengaHun konektop OcCTiHa, Wo po3mi-
LLYyETLCA BULLE, — BEPXHIM pe3epByapom. [ocBig po3pob-
NeHHs umx o6'exTiB BigKpMBae HOBi NepcrnekTMBM OO0
OCBOEHHS LWiNbHMX HWKHBLOBI3ENCbKMX KapOoHaTHMX nopia,
Lo 3ansraloTb nig pyAiscbkumu Bepcteamu B 3, ypaxo-
BYIOUM OCTaHHI AOCMIOKEHHS, siKi eMOHCTPYIOTh, LLO Ui Big-
Knagu MarTb BUCOKMI HadpTorasoreHepauiiHMn noTeHujian
i B MepCneKkTUBHUX 30HaX MaroTb JOCTATHIO 3piNicTb Ans ca-
MOCTINHOIO reHepyBaHHS BYrNeBOHIB.

06'ekm docnidxeHHs. [JHINpoBcbko-LloHeLbkuiA HadTo-
rasoHOCHUI BacelH — Lie Naneo3oncbkuii pudpToBUiA BacerH,
OLVH 3 BENIMKMUX TEKTOHIYHMX enemMeHTiB CxigHoeBponenchb-
Koi nnatcpopmu, ckrnagosa YacTvHa CapmMaTchbko-TypaHChKOro
niHeameHTy. Moro BeaxaioTb cynepbaceiiHom i3 noHap
200 pogosuwamu ByrnesogHis (Kabyshev et al., 1998). Oc-
HOBHOO xapaktepucTtukoto 3 € ueHTpanbHun rpabeH, Lo
3aMnoBHEHWNI TOBLLEK iIHTEHCUBHO AMCMNOKOBAHUX 0Ca[oBO-
BYIKAHOrEHHUX BiAKNagiB AEBOHCBKOro nepiogy, a Takox
0CaJoBUX BigKnagiB KaM'sHOBYTINIBHOrO W NEPMCLKOro nepi-
ofis, siki po3uneHoBaHi Ha 6noku. Big 6opTiB 4o LUeHTpanb-
HOI YacTuHWM Uuiel 3anaguHn (yHOaMeHT MOCTYnoBO
3aHYPIOETLCSA, BiH NEPEKPUTUI NaNeo30NCLKUMN, ME3030M-
CbKMMM 1 KaMHO30MCbKMMWU OcagoBUMK Bigknagamu. ToB-
WmMHa uux Bigknagie y mexax 6optie ctaHoBuTb 500—
3500 m, a'y rpabeHi — noHag 15 000 m (CtapocTeHko Ta iH.,
2017). ConsiHa akTUBHICTb, TEKTOHIYHA peakT1BaLis Ta epo-
3iliHi noji B nepmi Ta nisHin kpengi/naneoweHi BindyBanucs
nig yac noctpudToBoi ctagii (Stephenson et al., 2006).

3rigHo 3 nonepefHiMmM pocnigXeHHsMK, y po3pisi 003
BUAINSETLCA Psif, OCHOBHMX HadhTorazoMaTepuHCbKUX hop-
MaLifi, Ik BYrnMeHOCHUX (cepeaHbOoKaM'siHOBYTiMbHi, paHbO-
CEeprnyxoBCbKi Ta paHbOBI3ENCbKi), Tak i NPUYpPOYEHUX A0
CcnaHueBuX i LWinbHUX KapboHATHMX NOPi4 MOPCBLKOrO reHe-
3ucy (cepnyxiBCbKi, Bi3eWCbKi, TYpHENCbKi, 4eBOHCbKI) (Jly-
kuH, 2011; Sachsenhofer et al, 2010; Misch et al., 2018).

BcTaHOBNEHO B3aEMO3B'SI30K 3ragaHUX BYITIEHOCHMUX i
FMUHUCTUX CepnyXiBCbKNX Ta BEPXHbOBI3ENCHKUX hopMaLlin
3 gesikumum pogosuLiamm B Mexxax A3 (Misch et al., 2016).
Takox 3'scoBaHO, WO AEBOHCHKI BigKNaan € HahBaxnuBi-
LMW MaTEPUHCBKUMKU nopogamu y Mexax [pun'atcbkoro
NporvHy Ta, HavWiMOoBIpHile, Bi4irpalTb 3HAYHy pornb Y re-
Hepauii ByrnesogHiB y A03 (Misch et al., 2016; Bakap4yk
Ta iH.,, 2013). OgHak uumano pocnigHukie (B. MaBpuLu
(Gavrish, Machulina, & Kurilenko, 1994), C. MauyniHa,
|. Babko (Mauyniva, & Babko, 2004), B. Muxaiinos, |. ba-
6ko, O. Jlykin (NykiH Ta iH., 2020), B. MakoroH (MakoroH,
2008), B. Orap (Orap, 2012), A. Nasapyk (Jlasapyk, 2012),
I. KapneHko, O. KapneHko (Karpenko et al., 2021), C. KOpac,
C. JleBoHtoK Ta iH.) yce > BBaXatoTb TOBLLY MOpig Y BEPXHLOMY-
HWXHBbOMY Bi3€ 3 BMCOKUM BMICTOM OpraHiyHOi peyoBUHM
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(B-23 pygpiBcbki BepcTBu, kapboHaTHi Bigknagn B-24-25)
HanbinbLW NpPoAyKTMBHOK B [HiNpoBCbkO-[oHeubkomy ba-
CeliHi oo reHepadii ByrneBoaHiB.

Y nponoHoBaHi poboTi gocnia)XeHo Bi3eNcbkKi Biaknaaw,
a caMe HWKHbOBI3elcbka kapboHaTHa nnuta Xl MOI™ (ro-
pu3oHTU B-24-25) Ta pyaiBcbki BEPCTBU, KPEMHUCTI, Kanb-
uMTU30BaHI, 36arayeHi Ha opraHiky cnaHuesi nopoau (B-23)
y mexax sugineHmx (Levoniuk et al., 2023) nepcnekTnBHMX
3oH 1,2 AA3 (puc. 3).

Po3pi3 HWkHbOro kapboHy B [[13 xapakTepusyeTbcsl Be-
TIVIKOIO KiNbKICTIO TPaHCTPECUBHO-PErPECUBHMX LMKIIB, KOHT-
pONbOBaHMX TEKTOHIKOK Ta €BCTATUYHVMMU KOMMBAHHAMM
piBHst Mopsi ([BopsHiH Ta iH., 1996). Lli unknn oxonnwooTb
rmMbOoKOBOAHI Ta MINKOBOAHI Mopchki, 6araTi Ha opraHiky,
rMUHUCTI Ta kKapOoHaTHI Bigknaaw, 3okpema i AocnimxyBaHi
o6'extn (ropusoHTn B-23 Ta B-24-25). PisHOMaHITHWI MiHepa-
noriYHNIA cknag nopig CBiAYMTL NPO MIHMMBICTL YMOB ceavme-
HTauji. PygiBcbki BepcTBM Hanexartb A0 dauii KpeMHUCTOo-
KapOOHATHO-TNIMHNCTUX BITYMIHO3HUX BiOKNadiB AenpeciiHnx
[insiHOK MopcbKkoro HaceinHy 3 6e3kucHeBMM abo 36igHeHo-
KUCHEBWMM PEXUMOM. Y pO3pidi BOHU 3ansiraloTb Ha MOPCLKUX
opraHoreHHux kapOoHaTHWX Bigknagax ropusoHTy B-24-25 i
nepekp1BatoTbLCs NnoridpavianibHUMK YTBOPEHHSIMM: MH.-3X. Ya-
ctvHa 43 — ynamkoBuin maTepian, NoB'sa3aHuii 3 aKTUBHOIO pi-
YKOBOK [iANbHICTIO; na.-cX. YactuHa [03 — opraHoreHHi
kapboHaTHi Bigknaaw. JlatepanbHo B Gik 60opTiB 3anaguHn Ui
BiOKNaau 3amMilaTbCsa MINKOBOAHO-LLENb(OoBUMM Ta npube-
PEXHO-MOPCLKAMW TEPUreHHUMK abo BYTMMCTMMM NOPOAaMM.
Y poapisi nepeBaxatoTe MacvBHi GiTyMIHO3HI aprinitn ogHopia-
HOI TekcTypw Ta BiTymiHO3HI LapyBaTi aprinitv. ®oniavjsi nepe-
BaXHO CMPUYMHEHA YEPryBaHHSIM pi3HUX 3@ CKMafoM i
CTPYKTYPOIO LLApIiB, OKPEMO 36arayeHVx NeniToBmM, anespuTo-
BMM, KDEMHUCTUM i BYrnieLeBmMm Marepianom, a Takox GiTym-
HOIO pPEYOBMHOKW. BOHM xapakTepusyloTbCA  LUMPOKUMM
BapiaLisiM/ CriBBigHOLLEHb OpPraHiYHOT PEYOBMHM 3 IMIMHUCTUM,
a TaKoX KPEMHUCTUM, BYrIMCTUM, chocdhaTHUM i AnucynbgigHo-
3aniaucTMmM  MarepianoM, MiKpoLlapyBaTUMK  TEKCTYpamm
(i3 LWu1pokMM po3BUTKOM LLApyBaTUX BapiaLii) (Sachsenhofer,
& Koltun, 2012).

TunoBi 3Ha4YeHHs Cy4acHOro 3aranbHOro BMICTY OpraHiy-
Horo Byrneuto (TOC) y pyaiBCbKMX BEpCTBax KONMBAKOTLCS
Bia 6—10 % Bar. (3oHa 1) fo 4-8 % Bar. (3oHa 2), 36inbLuyto-
YNCb Y HaMpsMKY Bid GOpTiB A0 LEHTpanbHoi YactuHu b6a-
cenHy. 3rigHo 3 nonepegHiMM OOCMIIKEHHSIMM 3a OaHUMMU
niponisy Rock-Eval, opraniyHa peyoBuHa cnaHuesux Bigkna-
JiB ropusoHTy B-23 npefcrtaBneHa nepeBaXHO KeporeHoMm
11l Tvny, 3 noyaTkoBUM BogHeBuUM iHaekcoMm (HI), wo nepe-
suwiye 400 mrBB/rTOC. Ha gomiHyBaHHs |l Tuny keporeny
TaKoX BKa3yloTb neTporpadiyHi onvcm wnigis, y nopogi Bu-
AIBNEHO BENWKY KiNbKiCTb NMAHKTOHY (padionapii Towo), ineH-
TUIKOBAHO 3HAYHMI BMICT MipUTY, LLO BKa3ye Ha OE€3KUCHEBI
rmMMGOKOBOAHI YMOBW. Y AeskUX 3pa3Kax iCHye Takox 3HayHa
[OMilLKa keporeHy Tuny |, nepeBaxkHO NOB'sI3aHOro 3 BOAOPO-
CTAMMU, SKi yTBOPIOKOTE KapboHaT-AOMiHaHTHI Bigknaam 3a3Ha-
YeHux nopia. MubuHa umx BigknaaiB y Mexi 3oH iHTepeciB 1,
2 cTaHOBUTb 3a3BMYant 4—5 KM 3i 3MEHLLEHHSIM Y NiBAEHHO-
CXiOHiV YyacTuHi niBaeHHOI npubopToBoi YacTuHm O3 o 2,0—
3,5 kM. ToBwwmHU nopig 36inbLIYOTbCA B HanpsAMKy 3aHy-
peHHs B 6acelH Ta konmBaroTbes y Mexax 30H 1, 2 'y cepepn-
HbOMy B iHTepBani 20—40 m. lMpu uboMy 3pinicTe Nopig 3a
BiAOMBHOI 34aTHICTIO BITPWHITY Ha T camiii rMunbuHi 4,5 km
36inbLyeTbes 3 Ro = 0,8-1,0 % (ronoBHe HadToBe BikHO) Y
3oHi 1 po Ro=1,3-1,6 % (BikHO BOnororo rasy) 3oHu 2.
BmicT rmuHucT1x MiHepanis 3assuyai He nepesuuye 40 %.
[MopucTicTb 3MeHLWyeTbCs Big cepefHix 3HaveHb 6-11 %
y mexax 3onu 1 go 4-7,5 % y 30Hi 2 yepes Ginbwmn BMICT
KapboHaTHMX MiHepaniB y Mexax OCTaHHbOI.
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Puc. 3: a — cTpyKTypHa kapTa nokpiBfni HuxHboro Bise 13 i3 BuAineHnMun nepcnekKTMBHUMMU 30HaMMU;
6 — niTonoro-crpaturpaciyHa konoHka po3spisy A[13 3 enemeHTamMu HacpTorazoBoi cuctemu (Levoniuk et al., 2023)

Fopu3oHTn B-24-25 ocTaHHiM YacoM Tex npuBepTalTb
3HaYHy yBary HaykoBLiB, cepef skux A. Bakapuyk, B. Orap
Ta iH. Xoya B fesdkux poboTax AOCHiAXEHO ByrneBOAHEBUN
noTeHuian uux Tosw, (BepTiox, 2019), yce x 3a3HaveHe nu-
TaHHA JOCi 3anuwaeTbes BIOKPUTUM Anst BUBYEHHS. Li Big-
Knagu nepeBaxHO COpPMOBaHi BamnHskamu Big ACHO- A0
TEMHO-CIipuX, L0 NepeLlapoByOTLCS 3 aprinitoBumu npo-
wapkamu. BanHsikv Big NOBHOKpUCTaANIYHUX 4O NPUXOBaHO-
KpucTaniyHnx, 6e3 rMUHUCTMX [OOMIOK [0 FMUHUCTUX
pi3HOBMAIB, LWNAaMO-AETPUTOBI, 3 peLuTKamn KpuHoidewn,
6paxionog, kopanis. PisHoBuan BanHskiB TPILLWHHI, KaBep-
HO3Hi. OgHaK Ansa HUX XapakTepHa HU3bka MOPUCTICTb (BiA
1% po 6 %, B ocHoBHOMY 1-3 %), LLO CTBOPIOE AOAATKOBI
cknagHowi y npoueci po3pobneHHs Tux ToBw,. Ocobnuey
yBary ons po3pobkn HeTpaauLiiHNX KONEKTOpiB npusepTa-
10Tb Bigknaaw rmubokoi wenedgoBoi dadii, yTBOPEHi B OCHO-
BHOMY  TeMHO-CipuMu bioknacToBuMun nenoigHumMmn
ynamKoBUMW BakcToyHamu / nakctoyHamu (~50-90 % kap-
OOHaTHWX MiHepaniB), a y BEPXHii YaCcTuHi Nig pyAiBCbKUMUN
BEPCTBAMW — YOPHUMU KapOOHAT-AOMIHYHYUMU MaACTOY-
HaMK, BUCOKOPAZiOaKTMBHMMM, 30arayeHMMmn Ha OpraHivHi
peyoBuHM (TUNOBI cepeHi 3HadyeHHst TOC konmBaTbCA Bif,
1 po 4 % Bar.) (Levoniuk et al., 2023). Y mexax rnmmbokoro
wenbdy Ta y NproCkOBIN YacTWHI 6aceriHy TOBLUMHA HUXKHBO-
Bi3encbknx kapboHatis nepesuye 300 M, 3HUXKYHOUYNCb A0
MeHW Hik 50 M Ha MinkoBogHoMy Lwenbdi nobnusy
niBaeHHo-3axigHoro GopTy 3anaguHu. binbwa rnmbuHa
MOps Ha rmmbokoBogHOMY Lenbdi Ta B 6acenHi cnpusana
6e3kucHeBMM ymoBam, Lo, 3i cBoro 60Ky, 3ymoBnioBasno
3HayHe 30epeXXeHHs1 OpraHiyHOi PEYOBUHM.

MeToau

Memod aHanoeii. Pe3ynbtat JOCNioKEHb Bi3ENCbKUX
HeTpaguLUiINHMX KOMekTopiB Oyrno MOpiBHSAHO 3 AesKuMU
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MiBHIYHOAMEPUKAHCEKMMUW CNaHUEBUMW Ta KapOOHATHUMU
dopMauisiMu, Lo € OQHUMMU i3 HANYCMILLHILLNX NPOEKTIB 3 pe-
anisauii po3pobku konekTopiB HeTpaauuinHoro Tvny. MNonpu
Te, WO Aesiki poboTun BXe MICTUNN NonepeaHii NopiBHANBHWIA
aHani3 AesikMX reonorivyHMX i reoXiMiYHNX XapakTepucTuK Ang
JocniopkyBaHUX ropusoHTiB  (Muxamnos Ta iH., 2014;
Karpenko, 2016; Ohar, 2012; Kruhlov et al., 2023), B13Hava-
€TbCSA HEOOXIAHICTb Yy PO3LUMPEHHI LbOro aHanisy Ta geranb-
Hille pO3KpUTTSA BigMIHHOCTEW i nogibHocTel Mk 06'eKTOM
[OCnioKEHHs Ta nonepeaHiMM BUCHOBKaMU. 34ilCHEHO nopi-
BHSIHHS! KMOYOBUX reonoriYHMX napameTpiB umx opmadivi 3
nepcnekTvBHUMK o6'ektamu O3, a came: naneoreorpadiyHi
YMOBM, YMOBW OCaKOHAKOMNYEHHS, NETPOI3NYHI Ta reoXiMiyHi
XapaKTEPUCTUKK, MOPIBHAMBHUI aHani3 niTonorii 3a JaHumu
PEHTIEHO-CTPYKTYPHOrO aHanidy. 3a nonepeaHiM aHanisom
Byno obpaHo N'sTb hopMaLivi ANA AeTanbHILLIOro BUBYEHHS,
a came: cnaHuj bakkeH y 6acenHi BinnictoH, cnaHui bapHeTT
y GacerHi ®opT-BopT, Byadopaceki crnaHui B 6acenHi
AHapgapko, crnaHui XenHcBinna B 6aceiiHi XenHcsinn-boccbe
Ta chopmauis Irn-dopg y 6acenHi Mesepik (puc. 4). YHacni-
[OK uboro niaxody 6yno oTpumaHo HOBi BiZOMOCTi Ta Bu-
CHOBKM, LLO CNPUSIIOTb IMUBLLOMY PO3YMIHHIO XapaKTepUcTuK
JocnigxyBaHnx doopmalin.

CnaHyi bakkeH, BacelH BinnicmoH (Bakken Shale,
Williston Basin). CnaHui bakkeH — ue Benuke crnaHuese
YTBOPEHHS, po3TawoBaHe B 6acenHi BinnicToH, wo oxon-
ntoe vyacTtuHu MiBHivHoT OakoTtn, MoHTaHu Ta CackayeBaHy
(KaHaga). YMOBM OCagKOHAKOMWYEHHs1 cnaHueBux nopig
BakkeH xapakTepu3yloTbCsl CKNagHoK iCTOpieo Bigkna-
[OEHHS, Lo OXOMIIKE YMCIEHHI MOPCbKiI TpaHCrpecii Ta pe-
rpecii NpoTArom ni3HLOro AeBOHY A0 paHHboro Miccicinito.
BakkeHcbKy chopmalito cchopmMoBaHO 3 4BOX MaTEPUHCBKUX
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nopig, (BepxHi 6akkeHCbKi Ta HWKHI BakKeHCbKi cnaHui) i ce-
peAHbOoro GakKeHCLKOro KonekTopa, Lo NPeAcTaBneHun 3i
3MillaHMX 3a nitonorieto nopia, cepen AkMx NiCKOBUK, 40M0-
MiT i BanHsik (Eker et. al., 2014) (puc. 5). CnaHui BakkeH €
HEeOAHOPIAHMMMU | ABMSATE COOOI0 CKMagHy CyMmill KBapuy,

Niobrara

kapboHaris, inniTy, cMekTuTy Ta niputy. Ymict TOC konusa-
etbea Big 3 oo 13 % Bar. (Jarvie et al., 2007). Bucokuii BMicT
TOC Bkasye Ha aHOKcugHe cepefosulle AHa mops bap-
HeTT, y sikoMy 6ynu BiacyTHi 6akTepii, WO 3a3Buyaii ataky-
I0Tb | PYMHYIOTb OpraHiyHy peyvoBuHY.
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Puc. 4. Kapta cnaHueBux cdopmauin CLUA (Energy Information Administration, 2019)
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Puc. 5. CxemaTn4HuMi po3pis, WO AEMOHCTPYE BUAOOYTOK ByrneBoAHiB i3 chopmauin BakkeH
(Sonnenberg, 2017)

CnaHui BapHemm, baceliH ®opm-Bopm (Barnett
Shale, Fort Worth Basin). CnaHui bapHeTT — ue Bigome cna-
HLEeBe YTBOPEHHS, po3TalloBaHe B 6aceviHi opT-BopT, Akui
PO3MILLEHMIA Yy  NiBHIYHO-LEHTPanbHin  yactuHi  Texacy
(puc. 6). YMoBM ocagkoHaKkonuyeHHs criaHuiB bapHeTTa Bka-
3yl0Tb Ha Te, WO BOHW Gynu BigknageHi y rmmbokoBoaHOMY
MaTepUKOBOMY GaceliHi, Akuii MaB crnadky LMpPKYnALio 3 Big-
KPUTUM okeaHoM. [lpoTarom 6Ginblioi YacTuHM icTopii 6a-
CelHy MpuAoHHI BoaWM Oynn €BKCMHHUMM, LLO CTBOPHOBAIo
cepepnoBuLLe, CNpUATNVBE NS 36epeXeHHsT opraHiyHnxX pe-
YyoBuH. Lle npuBeno ao chopmyBaHHsi 6araToi Ha opraHiky ma-
TepuHcbkoi nopoamn (Robert et al., 2007). CnaHui bapHeTtTa
CchOpMOBaHi NepeBaxHO 3 KBapLly, MUHUCTUX MiHepanis (ce-
pea sIKUX iniT, CMEeKTUT i 3MilLaHWI Lwap inity/cMeKkTUTy), Kap-
OoHaTHMX MiHepaniB (kanbUuT i 4OMOMIT), MONbLOBOrO LWNaTy,
niputy i cuaeputy (Bowker, 2007). 3aranbHuii BMiCT opraHiy-
HOro BYIMELO B CriaHUEBKX nopoaax bapHeTT y cepegHboMy
cTaHoBUTbL 6nm3bko 3-5 % Bar. i cknagaeTbcs NEPEBaXHO 3
keporeHy Tuny Il, cxunbHOro 4o HadhTOyTBOPEHHA. HadTta i

ISSN 1728-3817

CYNyTHIl ra3 crno4aTtky yTBOPUIMCS BHACMAOK pO3KnagaHHs
KeporeHy, Todi sik CynyTHin ras, Bugobytui 3i cnaHuis bap-
HeTT Ha GinbLuin nnowi pogosuLLa Hetoapk-IcT, yrBOpMBCSA 3a
BMLLOI TepmivHoi 3pinocTi (Ro = 1,1 %) Ak Hacnigok BTOPUH-
HOro KpekiHry Hadpth 1 6itymy. CnaHuesi nopoan BapHetT
MaloTb BENUKY TOBLLUHY (91 M), nexaTb y Mexax HadpToraso-
reHepauinnHoro BikHa (Ro = 1,1 %), nepekprBaloTLCA BanHs-
kamu Mapbn-®onn3 i nigctunatTeca BanHsikamy Biona-
CimncoH (Pollastro et al., 2007).

CnaHui Bydgpopd, baceiiH Anadapko (Woodford
Shale, Anadarko Basin). Byndopacbki cnaHuj — Lie 3HauyHe
CnaHLeBe YTBOPEHHS, po3TalloBaHe B GacelHi AHagapko,
wo oxonntoe YactuHu Oknaxomu i Texacy (puc. 7). Lle oca-
[0O0BI FipCbKi Nopoaw, ki yTBOpUNUCs B Nepioa Big Ni3HLOro
[EeBOHY A0 paHHboro Miccicini, npuénuaHo 360-320 miH po-
KiB Tomy. Byadopaceki cnaHui copMoBaHi nepeBaxHo i3
OpibHO3epHUCTUX apriniTiB | 6araTvx Ha opraHiky cnaHuis, i3
BKpanmeHHAMN He3Ha4yHoIl KinbKoCTi kapboHaTiB 1 aneepo-
niTis. YMoBM BigknageHHs Byodopacbknx cnaHuis ceigyatb
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npo rnmboki aHaepobHi YMOBU MOPCBLKOro AHa Mif Yac rno-
6anbHOi TpaHcrpecii piBHA Mops, Wo Aano 3mory 36epertu
OpraHi4yHy peyoBUHY i pO3BUHYTW GaraTi Ha ByrmeBoAHi Ma-
TepuHcbki nopoau (Burruss, & Hatch, 1989). CnaHueBa
MaTpuusa Byadopacekoi doopMadii cchopmoBaHa i3 rMHUCTUX
MiHepanis, cepef SK1X € iniT, 3MillaHoro Lwapy inity/cMekTuTy,
KaoniHiTy, kapboHaTiB, a TakoX KBapLy W oOpraHi4Horo

NORTH

matepiany (Abousleiman et al., 2008). mMnbuHn po Bepx-
HbOT YaCTWHU 30HW Y BiKHI reHepadii KonmBaroTbCa Bif Npu-
6nm3Ho 1700 M Ha niBHiYHOMY cxogi Ao 4000 M y rnmbLwin
yacTuHi baceriHy Ha nmiBgeHHOMy 3axofi. Ha umx rmmbuHax
Byadopacbkuin crnaHeub NexunTb Yy Mexax BikHa reHepadii
BYIMEBOAHIB, 3PiNiCTb AKOro 3pocTae 3 NiBHIYHOIo CXoay Ha
niBAEHHUN 3axig Ak PYHKLisE rMUOuHN.

Barnett
Outcrops

SOUTH

_ Gillespie

Puc. 6. CxemaTM4HUI po3pi3 Yepe3 6acertH PopT-BopT. Y niBHiIYHMUX YacTuHax BapHeTT
po3aineHnn Ha BepXHHIO i HUXKHIO hopMmaLii PopecTOyp3bkumu BanHsikamu (Bruner, & Smosna, 2011)
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NW

|100m

Lithology

[ snatiow sandstone
D Deep sandsione
[] shattow ciaystone
—
5| [_] shatow carbonate
[l o<er carvonate

D Organic-rich sediments

=== Clay-rich
% Biosilica-rich

e
50 km A Reworked

Puc. 7. KoHuenTyanbHa cTpaTturpadivHa giarpama ToBL A4€BOHCbKO-MiCCiCinCbKOro iHTepBany
Ha popoBuui AHagapko (Bromhead, & Butt, 2018)

CnaHui XeliHceinna, bacelin XeliHceinn-boccbe
(Haynesville Shale, Haynesville-Bossier Basin). CnaHuji
XenHcBINNa — uUe BigoOMe cnaHueBe YTBOPEHHs, po3Tallo-
BaHe B B6acenHi XeHcBinn-boccbe, Lo nepeBaxHO OXOMIoe
yacTtuhu Jlyisiann, Texacy n ApkaH3acy (puc. 8). Lie TepmidHo
3pina, baraTta Ha opraHiky ripcbka nopoaa, Lo BUHUKNA B Mne-
pioq, 3 Ni3HLOI OpK OO PaHHbLOI Kpenaun, noe'a3aHa 3 TpaHc-
rpecieto opyroro nopsigky, Wo Bigknana Garati Ha opraHiky
YOPHi cnaHui No BCboMy CBiTY, NpnbnusHo 150—170 mnH po-
kiB Tomy (Klemme, 1994). CnaHui XenHcBinna cdopmoBaHi
nepeBaxxHO 3 GaraTux Ha opraHiky apriniTie i cnaHuis, nepe-
LIapoBaHMX TOHKMMW LUapamMn anesponiTiB i MNiCKOBUKIB.
YMOBM BigKnageHHsi cnaHuie XenHCBINMbCbKOro pogoBuLLia
BKa3yloTb Ha MOPCbKe CepefoBuLLE, SKe XapakTepuayeTbes
BiJHOCHO TMMOOKOK BOAOK | HU3LKUM PIBHEM KMWCHIO, LLO

NW

cnpusie 36epeXeHHI0 OpraHiYHNX pevyoBuH i popmMyBaHHIo 6a-
raTMx Ha BYyrmeBoaHi MatepuHcbkux nopig (Hammes et al.,
2011). 3a3zHayeHi ymoBM icHyBanu B 6aratomy Ha Myn GaceiiHi,
KUV 3a3HaBaB NepiogvyHOro NpUNMBY KanamyTi 1 yrnamko-
BMX MOTOKIB 3 kapboHaTHoro wenbdy. AnseniHr BiadyBascs
B3[0BX BHYTPILLUHLO6ACENHOBUX MaKCUMyMIB i kapboHaTHOro
Wwenbgy, Npo Lo CBig4MTbL BMICT ¢pocdaTiB y BCiX po3pisax.
CnaHuea maTpuyus chopmalii XernHeBinn cchopmosana i3 rmu-
HUCTMX MiHepaniB, NepeBaXHOo iNMiTy Ta CMEKTUTY, a Takox
KBapLly, kanbuuTy Ta niputy. MNoknaan XenHceinna xapakrepu-
3yl0TbCH HAAMLLKOBUM TYCKOM, MOPUCTICTIO B CEPEHBOMY Bif
8 0o 12 %, sogoHacu4eHicTio (Sw) Big 20 oo 30 %, HaHOpO3-
MipHMMW MPOHMKHOCTAMM, TOBLUMHO nnacTta Big 70 go 100 m
i noyaTkoBum BMaoOyTkom Ao 30 MrH Ky6. dyTiB Ha goby. mnu-
OuHa 3ansaraHHsa nnacta konueaeTbes Big 3000 o 4700 m.

SE

Cotton Valley Sands

Gilmer
Platform

Knowles Lime

Angelina Island

Puc. 8. CxemaTtuyHui ctpaturpadiyHuit po3pi3 Yepe3 BepxHbLOIOPCLKUI 6aceiH cxigHoro Texacy,
Lo AEMOHCTPYE pi3Hi niTonoriyHi cepeaoBuila i Ha3Bu dopmauin Big wenbdy Ao 6acenHy (Hammes, & Frebourg, 2012)
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®opmauisi len-®opd, bacelin Maeepik (Eagle Ford
Formation, Maverick Basin). ®opmauis Irn-®opg — ue Bi-
AoMa Mopcbka, 6araTta Ha opraHiky, MynucTa kapboHaTHo-
cnaHuesa dopmauis, po3tawlosaHa B [liBgeHHomy Texaci,
Lo MpoCTAraeTbCcs Yepes kKinbka okpyris (puc. 9). Lle rip-
Ccbka nopopga ni3HbOi Kpenau, Wo yTeopuniacsa npubnusHo
86—-93 mnH pokiB Tomy. ®opmauis Irn-Popa — ue barati Ha
opraHiky BanHsHi criaHui, ki MicLusiMM NepexoaaTb B opra-
HiYHWI apriniT, ane nitonoris Moxe 6yTn AyXe MiHNNBOIO i
MIiCTUTK BiTyM, iHEPTHI MOXiAHI OpraHiyHi pe4oBnHW Ta anc-
nepcHuii BiTpuHIT (Hackley, & Cardott, 2016). YmoBwu

Southwest

Austin Chalk

BigknageHHa dopmadii Irn-dopg BkasyloTb Ha nepexigHy
MOpPCbKY OOCTaHOBKY, A€ BigknageHHs Bigbysanocs B pis-
HUX YMOBaXx — BiJ MINIKOBOAHOrO wwenbgy A0 rMMboKoBoa-
Horo GacenHy (Sun et al.,, 2016). CnaHueBa maTpuus
dopmalii Irn-dopg chopmoBaHa i3 rMUHUCTUX MiHepanis,
cepea AKWX iniT, 3millaHui Wwap iniTy/CMeKTUTY Ta Xnopury,
a TakoX KBapL, kapboHaTHi MiHepanu 1 opraHiyHi pe4oBUHW.
KoeiuieHT BigdutTa BIiTpUHITY chopmadii Irn-Popa y mexax
baceviHy MaBepik konuBaeTbes Big (npnbnuano) 1,0 % Ha
rmnbuHi 2400 m (HadToBe BikHO) A0 1,4 % Ha rNNOWHI
3500 m (rasose BikHO).

1 —L‘/\ Northeast

N Texas NE‘}

0 100 mi
.
0 100 km

Lower Eagle Ford
Shale

Buda Limestone

Puc. 9. CxemaTn4HMi NiBAEHHO-3aXiAHO-NIBHIYHO-CXiAHUI PO3pi3, WO iNOCTPYE perioHanbHi nitonoro-crparurpadiyHi
Ta niTodauianbHi B3aeMo3B'sA3ku B Mexax rpynu Irn-®oppg (Hentz, & Ruppel, 2010)

PesynbTatn

MopieHsiHHsA (YMoeu ocadkoHakonu4eHHsl). [eTa-
nNbHe AO0CNiQXEHHSI reororiYyHMX yMOB (DOPMYBaHHSA HETpa-
OVLIAHNX  KonekTopiB Yy uux GaceliHax pJano 3mory
BMOKPEMWUTU Aesiki 3akOHOMIpHOCTI. Tpu 3 n'aTn o6'ekTiB
Bigknaganucs npubnvaHo B OAHaKOBWUIA Yac — Le Mi3Hbo-
AEBOHCBLKUI | paHbOMICCICiNCbKMA nepioA, iHwi Asi popmauii
NpUypoYeHi 4O ME3030MCbKOI epu, Xo4a YMOBM 0CafKOHAKO-
NMUYEHHS1 BU3Ha4Yanuch K A4ocuTb noAibHi. BinbLwicTs i3 uux
aHanoris (3a BUHATKOM cnaHuiB XewHceinn ta lrn-dopa me-
3030MCbKOi epu) Oynu BigknageHi B Maneo3oncbKy epy
(puc. 10). MiBHiYHOaMepuKaHCbKi cnaHui Bigknaganucs B

ppg |Anadarko| Williston | Ford Worth
SCOOP | Basin Basin
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CxeMaTU4Ha reHeparnizoBaHa cTpaTturpadivyHa KoroHka

3aTonneHnx martepukoBux OacemHax y3OoBXK KOMIi3iMHMX
OKpaiH y Naneo3oncbKy epy, a B Me3030MCbKy epy — y HariB-
3aKpuTKX bacerHax y3[oBX 3aranbHoi pamnonoaibHoi o6-
cTaHoBku pudToBoi okpaiHn (Eoff, 2013; Goldhammer,
1998). YMOBM 0CagKOHaKONMUYEHHS XapakTepuayTbCs Bif
MINKOBOZHMX [0 rMUBOKOBOAHMX YMOB ceaMMeHTauii 3 ne-
peBaXHO XapaKTepHUM aHOKCUAHUM N aHaepobHUM cepe-
OOBMLUEM, WO CNpuUsno BigKNadeHHIO Ta 30epexeHHHo
[OCTaTHbOI KINbKOCTi OpraHiyHOi pe4YoOBMHU Ta BUHUKHEHHIO
BMCOKMX TMOKa3HWKIB 3aranibHOro BMICTY OpraHiyHoro Byr-
neuto (TOC > 1 %), WO CTBOPHOIOTL FAPHWUIA reHepauiiHuii
BYrMEeBOAHEBUIA NOTEHLan ANs Lux TOBLY,.

[ ] -sandstones _MiAHIMaHHA OnycKaHHs

0 -— —
=shala CxemaTu4Ha niHifA piBHA Mops

I -carbonates e

B -organic-reach shale >

\
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Upper Visean
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A zone
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Puc. 10. CxemaTuyHa reHepanizoBaHa nitonoro-crparurpadiyHa konoxHka 403
Ta Aeskux MNMiBHiYHOaMepUKaHCLKUX 6acenHiB 3i cxeMaTU4YHOIO JiHiEKD PiBHA MOpSA
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MMnbuHM 3anaraHHa NPOAYKTMBHUX TOBLY, AOCNILXYyBa-
HUX aHamnoriB KonvBawTbCA B Mexax 2—4 km (puc. 11).
Po3po6rneHHs1 HETpaaMLiIMHUX KOMEKTOPIB JOCTaTHbO €KO-
HOMIYHO 3aTpaTHUM MpPOLEC, OCKIfbKM 3a3BU4anl BUKOHY-
€TbCS LUNAXOM rOpU30oHTanNbHOro OypiHHS i3 3acTocyBaHHSAM
GaraTtocTagiiHoro rigpasniyHoro po3pusy nnacta (MPI1) Ta
BUKOPWUCTaHHAM 00OaTKOBUX METOAIB iHTeHcudikauii. 3sa-
»arun Ha BCi Li hakTopy, EKOHOMIYHA AOLINBHICTb pO3p06-
neHHs HeTpaauuinHmx ob'exTiB y CLUA xapaktepuayeTbes
rMUOUHOK IXHLOrO 3ansraHHs, Wo He nepesuye 4500 m.

nMnbuHa, m
6000

5000

4000

2000 B = Bd

2000 b Ba
1000

Woodfor... Bakken... Barnett...
B-23 (043) Eagle Ford Haynesvil...

ToBLMHM BigirpaloTb BaXNUBY ponb Yepes cneumdiky Tex-
HIYHMX MOXIMBOCTEWN YNPOBafKEHHS rOPU3OHTarnbLHOro 6y-
piHHA. 3aranom onTMManbHOK Ans edEeKTUBHOro BypiHHS
nnacT craHueBux nopia BBaxawTb ToBLMHY Big 30 M. Ak
6a4nmMo Ha puc. 11, TOBLMHN NPOAYKTUBHUX FOPU3OHTIB 06-
paHux o6'ekTiB MaloTb JOCTATHBO LUMPOKE KOMWBAHHS, Bif,
12 m (BakkeH) go 185 m (BapHeTtT). Woao ropusoHTy B-23
(pyAiBcbki BepcTBM), TO WOrO TOBLUMHY BBaXakwTb AocTaT-
HbOI AN ePEKTUBHOrO 3acCTOCyBaHHA METOAiB ropM3oHTa-
NbHOro OypiHHSA.

MoTyXHICTb, M
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Puc. 11. NopiBHANbHa Gnok-Aiarpama rMMOUHM 3anAraHHA Ta TOoBLWUHMU dopmauin y CLLUA
Ta B-23 y 13 3a 3BegeHMMu gaHumm (Sohail et al., 2022)

lNopieHsiHHsA (IeHepauyiliHa siKicmb MamepuHCbKUX
nopid). BmicT 3aranbHOro opraHiyHoro Byrnewto B nopogax
€ BaXXNMVBMM NapamMeTpoM A OLiHIBaHHA MaTepPUHCBKNX
nopia, Ockinbku BiH Bigobpaxkae KinbKicTb opraHiyHoi pevo-
BVHW. MNEeBHO MipOI0 NOro TakoX BUKOPUCTOBYHOThb A1 MPO-
rHO3yBaHHSI OKMCHO-BIOZHOBHUX YMOB PO3BUTKY GaceiiHy nig,
Yac ceaMMeHTaUil cnaHueBux nopig, OCKiNbkM MoTeHuian
30epeXeHHs OpraHivyHOi pe4oBUHM MOXe ByTu BMCOKMM 3a
aHaepobHUX yMOB ocagkoHakonuyeHHA. OCKinbKM AKIiCTb i
noTeHUian HeTpaguuinHMX Noknagis 3assBu4yan noe's3aHi 3
BMCOKVMMM MOKa3HWKaMyn BMICTY OpraHiyHOro Byrreuo, ue
Mae BupillanbHe 3Ha4YeHHs AN OLiHI0BaHHSA pecypciB cna-
HueBoro rasy/HadTu. 3aranom 78 % HadTOBMX KONEKTOpPIB
Y WinbHUX nopodax € MOPCbKUMK Bigknagamu; BignosigHa
OpraHiyHa peyoBMHa MATEPUHCLKUX MOPi4 NEPEBaXHO Ha-
nexutb go tuny Il (48 %), Tuny /111 (25 %), Tuny /11 (18 %),
Tuny I (5 %) ta Tuny | (4 %); TOC 3a3Buyan konnBaeTbCA

3aranbHuin BMICT opraHivyHoro Byrneyo, % mac.
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BiO 2 0o 5 % Bar., a Ro nepesaxHo Big 0,9 oo 1,1 %. Kepo-
reH 3 Yacom 3asHae BMNMBY Aedari BULLMX TeMnepartyp, Lo
npu3BoaNTb 00 36inblUeHHs KoedilieHTa BigOuTTa BiTpU-
HiTY. PiBeHb rasoHacu4yeHoCTi 3pocTae 3 TePMIYHOK 3pifi-
cTio (Zhao et al., 2007). 3Ha4eHHs koedilieHTa BIAOGUTTS
BITPMHITY B gianasoHi Big 0,6 8o 1,1 % BignosigaTb HasiB-
HOCTi HadpTu i XXMpHoro rasy. PiBeHb BigOUTTS BITPUHITY Big,
1,1 o 3,0 % Bka3ye Ha xopoLni noTeHuian Ans BuaobyTky
ragy (Huang et al., 2012; Jarvie, 2012). Ak nokasaHo Ha
puc. 12, saranom T[liBHiYyHoamepukaHcbki Ta OO3 cnaHui
Maro YMM Bigpi3HATLCA 3a 3HavyeHHsMM Ro Tta TOC. Ce-
pefHin BMICT 3aranbHOro OpraHiyHOro BYrreul Konusa-
etbes Big 3 % (Irn-®opa, BapHeTTt) o 10-12 % (BepxHii i
HwxHin BakkeH). [iana3oH piBHS 3pinocTi gyxe HeogHopia-
HWA, ane 3a3Bu4yan ctaHoBUTb 1-3 % Ro. MNepeBaxHo ans

uux nopig xapaktepHun lI-Ill Tun keporeny.
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Puc. 12. NopiBHAnNbHa 6nok-aiarpama 3pinocti Ta TOC y hopmauisx y CLUA
Ta ropusoHTy B-23 [1[13 3a 3BeaeHnMu gaHumum (Sohail et al., 2022)

lMopieHsiHHa ([MempodgbizuyHi napamempu). 3a pe-
3ynbTatamu netpodianyHoi iHTepnpeTauii FAC i kepHOBUX
OaHuVX, 3HaYeHHS NOPUCTOCTI ANs BCiX cnaHueBnx dopmauin-
aHanoris nepebysBae B Aiana3oHi 3-8 %, cepefiHi 3Ha4YeHHs!
NOpUCTOCTI ANA NPOAYKTUBHUX CNaHLEBUX NMacTiB KONuBa-
10TbCs B Mexax 5,6-6,6 % (puc. 13), dinbTpauinHi Bnactu-
BOCTi Ansi OGinbwocTi 00'eKTiB XxapakTepusyloTbCs OyXe
HWU3bKOK NPOHWMKHICTIO (< 0,1 m[).
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HaseaeHuin 4OCUTb LWMPOKUIA Aiana3oH 3HaYeHb 3aranb-
HOI MOPWCTOCTI HalKpallle BignoBigae XapakTepucTumLi cnat-
uesux ¢popmauin bakkeH i XenHcCBINM. BUCOKi 3Ha4yeHHs
NMOPMUCTOCTi CNPaBNAOTbL NO3UTUBHE BPaXKEHHS LLOAO OLiHKM
3arnacis i ByrneBoAHEBOro MoTeHUjiany craHueBux TOBLY Y
mexax OA3. Y Hawomy BUNagKy NopuUCTICTb BU3HAYanm i3
3acTocyBaHHsAM cyyvacHux metoais [OC (saepHo-MarHiTHU
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kapotax, TK-LL, enemeHTHa cnekTpockonis), a Takox i3 BU-
KOpUCTaHHAM AaHux aHanidy kepHy (metogm XRD, XRF).

Y NOpPIBHAHHAX NeTPOodi3NYHUX XapaKTePUCTUK 3a Aa-
HAMM TakK 3BaHUX TWUMOBUX METOAIB KapoTaxy (ramma-
KapoTax, kapoTax onopy, MeToau nopuctocTi) (puc. 14)
NPOCTEXYITLCA CNifbHI pUCKM NoBefiHkKM Ta Mopdonorii
kpmBux metoais [AC i cnocTepiraloTbCa A0BOMi CXOXi BifK-
TNNKM KPMBUX Ha Jiarpamax KapoTaxy, Lo CBiAYMTb Npo no-
AibHi xapakTtepuctukm pesepsyapiB. CnaHuesi dopmauii
nexartb Ha MOTYXHMX KapboHaTHUX TOBLUAX, LUO MOSICHIO-
€TbCH NoAibHMMKU ymoBamu ceamMmeHTaLii. Y NopiBHAHHI Mi-
HepanoriyHoro cknaay 3a gaHumu MOC Tex NpocTexXyThes
nofibHoCTi B NITONOriYHOMY CEHCI.

MopucrTictb, %

14
12
: s
8 B
‘H=l "B
4
2
0
Woodfor... Bakken... Barnett...
B-23... Eagle Ford Haynesvi...

Puc. 13. NopiBHANBLHaA 6n0K-giarpama NOpUCTOCTi
y dhopmauisx y CLUA Ta ropusonTty B-23 O3
3a 3BeAeHUMM aaHumm (Sohail et al., 2022)

MopieHsiHHs1 (MiHepanoziyHuli cknad). MiHepanoriy-
HWI CKNagj Mnopig Mae BaXnuee 3Ha4YeHHs A5 epeKTUBHOro
po3pobneHHs KONeKTopiB HeTpaguuiiHoro Tuny. Tpagu-
LiMHO Ui nopoan cchopMOoBaHi 3 KpeMHe3eMy, MUHUCTUX Mi-
Hepanie, kapboHaTHMX MiHepanis (kanbuWT, AONOMIT),
nipuTy Ta KeporeHy. 3anexHo Bif CniBBIAHOLEHb LIMX KO-
YOBMX KOMMOHEHTIB NOpPOAN MOXHAa 3pO0UTU NpUNYLLEHHS

B-23 (AA3)
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LLIOA0 BYrNEeBOAHEBOro NoTeHuiany i AKocTi BUKOHaHHs PT1
ans umx tosw. MixxHapogHuin AocBig po3pobkn 3a3HavyeHnx
KOMEeKTOpiB NPOAEMOHCTPYBAaB, LU0 34iNCHUTK sikicHWI bara-
TocTaginHui M'PI1 11 oTpumaTh NO3MTUBHI EKOHOMIYHO OBI'pyH-
TOBaHi pe3ynbTaT MOXHa 3a BMICTY MMMHUCTMUX MiHepanis y
Bigknagax meHwe 40 %. Lle nos's3aHO 3 reomexaHidHUMMU
BNAcCTUBOCTAMMU Nopif, a camMme HU3bKUM MOKa3HUKOM KpUX-
kocTi (BI) (Jarvie et al., 2007). 3a3Bnyan BUCOKUI BMICT Ka-
NbUMTY HE AyXe MO3UTMBHO BMMMBAE Ha BYrNeBOOHEBUN
noTeHLjian pe3epByapiB MaTepPUHCBLKOI MOPOAM, OCKINbKY BiH
3MEeHLUY€E MOpUCTICTb, arne He pobuTb Mopody NNacTU4Hi-
woto. KpemHe3eM NO3NTUBHO BMNMBAE SK Ha SKICTb KOMeK-
Topa (RQ), Tak i Ha MexaHiyHy sikicTb (MQ) nnacTta. Miput i
KeporeH TakoX BMMMBalOTb, arne HeiCTOTHO, OCKINbKN iXHin
BiQHOCHWUI BMICT Bif 3aranbHOro MiHepanoriyHoro cknagy
HeTpaaMLiNHOro KonekTopa He € BaroMmm. Y KOMNNekci pa-
30M 3 iHTepnpeTauieto aaHux AC nposogunuca gocni-
DPKEHHS1 AN BU3HAYEHHS MiHepanoriyHoro cknagy ripcbkux
nopia 3a AaHUMKM KEpHOBOrO Marepiany, Ae MOXeMo BUAi-
nuTK nopibHocTi B niTonoriyHomy cknagi. BuseneHo, wo 3a
OaHVMW peHTreHo-AMdPaKLUiAHOro aHanisy nopig ropusoHT
B-23 3a MiHepanoriyHum CKnagom CXOXMW A0 cnaHuiB
BapHeT i Byadopa, a B-24-25 — po Irn-®opa (puc. 15), wo
paHille gikcyBanocs 3a pe3yrnbTaToM MOPIBHAHHA NITONOriy-
HUX xapaktepucTtuk 3a [AC.

AHanisytoun HasiBHi faHi Ta MOPIBHIOKYM X 3i CBITOBUMMU
aHanoramm, MM MOXeMO 3pobuTU MOMNepefHii BUCHOBOK
LLIOA0 3HAYHO| MEPCNEKTMBHOCTI Bi3e€NCbKMX HETPaANLINHMX
o6'extiB O3 — cnaHuiB ropnsoHTy B-23 i kapboHaTiB ropu-
30HTIB B-24-25 Ha ByrneBogHeBuUi noTeHuian. Takuin nopis-
HANBHUI NigXig Aae 3Mory BUSIBUTY CNifbHi Ta BiAMIHHI pucu
3a KMYOBUMU TEeOnoriYHMMKM napameTpamu, TakuMu $IK
YMOBW OCaJKOHAKOMUYEHHS, BMICT OpraHiyHOi pevoBUHM,
reHepauinHi  BNacTMBOCTI, MOPWUCTICTb, MiHEpPanoriYHMNn
cknapg i TepmanbHa 3pinicTb.

Haynesville Shale
(Haynesville-

(Williston Basin) _RHOB_ (Fort Worth basin) ,.RHOB_  Bossier Basin RHOB Woodford shale
! : ) . ) : (Anadarko Basin)
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Puc. 14. CxemaTuyHa Kopensuis o6paHMx aHanoriB 3 AOCHiAXXyBaHUMM BiseCbkuMu ropusoHTamm A03
Ha npuknagi "TunoBux kapoTaxis" (3a gaHumn Smyer et al., 2019)
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Puc 15. NopiBHsANbHa TpuroHorpama BMicTy MiHepaniB y HeTpaauLinHnx cdopmauisx CLUA
Ta ropusoHTiB B-23, B-24-25 O3 (Mews et al., 2019)

[unckycis i BUCHOBKM

MopiBHAHHA 32 MeToAOM aHanorii AeMOHCTpye nogib-
HICTb Y reonoriYyHOMy Ta reoxiMiYHOMY CEHCi FOPU3OHTY
B-23 (kanbuMTM30BaHMX 36arayeHnx Ha opraHiky apriniTis)
3 MiBHIYHOAMEPUKAHCLKMMKN CNaHUEBMMU TOBLLAMU, LLO
NigTBEPOXYE MNEPCNEKTUBHICTb pPO3po6KM 3a3HaYeHoro
o0'ekTa 3a TeXHOMOorissMN Po3pobreHHs HeTpaaULINHNX KO-
nekTopiB (ropusoHTanbHe 6ypiHHs, PI1, constHokMcnoTHe
06pobnexHs (CKO) (puc. 16).

OCHOBHI NPOAYKTVBHI NOKNaaM CNaHUEBOro rady Ta Ha-
11 y CLUA matoTh CninbHi pycy 3 Bi3eNCbKMMN HETpaauLii-
HUMK  konekTopamm [[03, cepen sIKMX BUCOKMIA BMICT
3aranbHOr0 opraHiyHoro Byrneut (> 2 %), 3Ha4yHa nopuc-
TicTb (> 5 %), HN3bKWI BMICT IMUHUCTMX MiHepaniB (< 40 %) n
ontTumaneHa TepmanbHa 3pinicte (0,6-3,0 % koediuieHTa
BiabUTTA BiTPUHITY RO). FNMnbmHM 3anaraHHs Ta reonoriyHi no-
TNIOXXEHHS Bi3eNCbKMX HETpaamUiiHux ob'ekTiB 3aranom sicta-
BHi 3 NiBHIMHOAMEPUKAHCBKMMM aHanoramy abo AeLlo BULLi
3a HUX, 3BaXKalo4uM Ha HasiBHI AaHi; TOBLUWHWM Bigknagis ne-
XaTb Yy CXOXUX AianasoHax. 3 no3uuii MiHepanoriyHoro
cknagy, a came 3a JaHUMK PEeHTreHO-CTPYKTYPHOro aHanisy
(XRD), pyaiBcbki BepcTBM cxoxi Ao craHuiB bapHeTT i Bya-
dopa, kapboHaTHi ropuaoHTH B-24-25 BignosigatoTe hopma-
uii Irn-®opa. OgHak MIHNMBICTL reororiYHUMX BRNacTUBOCTEN
CnaHLiB, LLO 3yMOBIEHa pi3HUM cepeoBuLLEM / yMOBaMM ix-
HbOrO HAKOMWYEHHSI Ta NiTOreHesy, BNAMBae Ha 0cobBNMBOCTI
po3pobku NoKNafiB, BU3HAYEHHSI MOTEHLIMHO MPOAYKTUBHMX
DiNsIHOK N epeKTUBHICTb BUOODYTKY i3 rOpn3oHTanbHNX CBepa-
noBuvH. 3aans 6inbLwuii edeKkTMBHOCTI BU3HAYaETbCA HEOOXia-
HICTb MOAAanbLUIOr0 BUBYEHHS KOHKPETHOTO TOPU3OHTY B
niTogadiansHoMy ceHci. Po3yMiHHSI MIiHNMBOCTI MiHepanb-
HOro cKrnagy ropuM3oHTY B3OBX NiBAEHHOI YacTuHKU [Hinpos-
CbkO-[lOHeLUbKOi 3anaguHu Hapasi Mae HedoCTaTHIN piBeHb
BMBYEHOCTI. YpaxoBytoun JOCBIA pO3po6neHHst NiBHIYHOaMe-
puKaHcbKMX 06'eKTiB, NITONOriYHUIA cKnag nopig mae ogHe 3
HaMronoBHILLMX 3Ha4YeHb Y NpoLeci ekcnnyaTtawii KonekTopis
HeTpaauuiiHoro Tuny. Lle 3ymoBneHo ¢i3nko-MexaHiyHMu
BMAcCTMBOCTSIMW MOPIA Mifg 4Yac npoBefeHHst GaraTtocTagin-
HOrO Fi4pOPO3pMBY MracTa, Wo Aae 3Mory edpeKTUBHO BUIY-
YaTu BYrneBoaHi 3 HahTOra3aoHOCHMX CNaHLIEBMX FOPU3OHTIB.

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

Kpim Toro, ocobnuBocCTi 3ansraHHs ropu3oHTYy CTBOPHOKOTb
[04aTKOBi CNPUATIMBI YMOBUW ANs BNPOBAMKEHHS TEXHONOriN
po3pobku crnaHueBnx TOBLL,. Ak npeactaeneHo B poboti (Huo
etal., 2021), mexi po3gineHHs MiX CrnaHUsMM Ta BanHSAKOBOO
MoKpiBneto / MigoLWBOK € BaXMTMBUMK MEXaHIYHUMK MeXaMm
po3gineHHs nopig. BanHaku, Wwo nexartb BULLE | HWX4e, 3
MEHLLIOHO KifTbKICTHO TPILLMH | BULLUM TUCKOM rigpopo3pmBYy MO-
XyTb AISTN sK echekTuBHI Gap'epHi Wwapw, 3anobiratoumn npo-
HVKHEHHIO iHOYKOBaHMX TPILLUMH Y CNaHLEeBOMY FOPU3OHTI B
CyCifHi BanHAKOBI OiNsSHKWM Nig Yac rigpaBniyHoOro pospusy
nnacra vepes ixHi MexaHiyHi Mexi. Lier 6ap'ep moxe cnpuatu
CTBOPEHHIO BUCOKOI TigpaBniYHOI NOTY)XXHOCTI y CraHLEeBOMY
po3pisi Ta opMyBaHHIO CKITaaHOT Mepexi TpilLmH. Kpim Toro,
KapboHaTHi ropusoHTn (B-24-25), wo nexarb nig pyaiecb-
KMMW BEPCTBAMM, TEX MOXYTb CTaTh MEPCNeKTUBHUM 00'ek-
TOM ONnsl po3po6neHHs HeTpaauLUIHNX KONEKTOPIB, ane noro
piBEHb BUBYEHOCTI HWHI NepebyBae Ha noyaTkoBOMY eTarni.
Ypaxosytoun gocsig copmadii bakkeH Ta Irn-dopa, moxemo
NPUMYCTUTH, L0 BMCOKOSIKICHI MaTepUHCBKI Mopoau ropuso-
HTY B-23 mMoxyTb "migpkmBnioBaTn" kapOGoHATHI FOPU3OHTM
B-24-25, 1o 3ansratoTb Hk4e. Y pobori (Levoniuk et al., 2023)
HaBedeHo, WO Bi3encbki kapOoOHaTHI rOPM3OHTU MalTb LO-
CTaTHilA reHepauiiHUI noTeHuian, Wwob caMocTilHO nocTa-
BaTW B poni MaTepuHcbkoi nopoan. Po3eigka Ta po3pobka
uux KapOoHaTHUX KONEKTOPIB € JOBOI MEePCNeKTUBHUMU,
YPaxoByH4M 3HAYHI BiKPUTTA pOAOBULLY i3 NOAIGHMMM KO-
nektopamu (Jiang et al., 2008). Kap6oHaTHi nopogu Mo-
XyTb CRyryBatu He TiNbKA MaTEPUHCbKUMU (MepeBaxHO
aprinitoBi kapbGoHaTHi nopoawu), ane W KonekTopamu
(3a3Bmyai kapboHaTHI NOPOAN 3 MEHLLIOK KiMbKICTIO IMUHK-
cTux MmiHepaniB) (Palacas, 1984). KapboHaTHi nopoau sik
MaTepUHCbKI Mopoawn i konekTopu 6ynu BusBneHi B H6ara-
Tbox BaceliHax, sk-oT H6aceiH Mepcbkoi 3aTokn, 6acenHn
Barpoc i BinnictoH, 6aceiH lMiBaeHHo-MekcrkaHcbKoi 3a-
Tokn Ta iH. (Palacas, 1984; Klemme, & Ulmishek, 1991;
Liu et al., 2017). Tox, ypaxoBytouu JocBig po3pobku kap-
GOHaTHMX FOPM3OHTIB (30KpeMa i yLUinbHeHUX), noaanbslue
BMBYEHHS Bi3eCbKMX kapOoHaTHUX ropu3oHTiB (B-24-25)
MO>Ha BBakaTW AOLINbHUM i NEPCNEKTUBHUM.
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Puc. 16. MopiBHANbHa pagianbHa giarpama rornoBHUX reonoriYHUX i reoxiMiyHMX xapaktepucTuk y chopmauisix y CLUA
Ta ropusoHTy B-23 (O03) 3a 3BeaeHumu gaHumu (Sohail et al., 2022)

MeTtopn aHanorii HagaB UiHHY iHdhopMaLio Woao nepc-
NeKTUB OCBOEHHS Bi3ENCbKMX HETPaAMLIMHUX KOMEKTopIB y
mexax O03 (ropusdoHTtun B-23, B-24-25). Xoya po3rnsHyTi
MiBHIYHOAMepUKaAHCbKI FTOPU30OHTU MalOTb CXOXi XapakTe-
puctuku 3 obpaHumn gns nopiBHsHHA ob'ektamm B 03,
OOCMigKeHHA AeMOHCTpYE, Wo Hemae "Tunosux" napame-
TpiB ANS BU3HAYEHHSI PiBHA YCMiLUHOCTI po3po6neHHs ro-
PU3OHTIB LWinbHMX abo cnaHueBux nopig. KoxxHa dpopmauis
Mae pisHU MiHepanoriYHMn cknag, NeTpodi3nyHi Ta reoxi-
MiYHi XapaKTePUCTUKK, LLIO 3yMOBIIEHI MIHNBUMY reonoriy-
HUMW YMOBaMu ceguMeHTalii Ta nitoreHesy. 3 ornagy Ha
Lle BU3HAYeHHA cTpaTerii OCBOEHHS Bi3EMCbKUX KONEKTO-
piB HeTpaguuUilHOro TNy Mae iHOMBIgyanbHUN XapakTep.
MpoTe M1 MOXeMO 3pOOMTU Taki BUCHOBKN:

e OCHOBHI MPOAYKTUBHI MOKNagW CnaHueBOro rasy Ta
HadTn y CLLUA MatoTh CninbHi pyUcK 3 Bi3eNCHLKUMN HETPAaK-
LinHMMK konekTopamu 3, cepen SKnX BUCOKUIA BMICT 3ara-
NBHOrO OpraHiyHoro Byrreul (> 2 %), 3Ha4yHa MOPUCTICTb
(> 5 %), HU3bKWI BMICT rMHUCTUX MiHepanis (< 40 %) n on-
TUMarnbHa TepmarnbHa 3pinictb (Ro= 0,8-1,3 % i 6inbLue).

¢ 3a MiHepanoriYHum cknagom pyaiBcbKi BEpCTBU ropu-
30HTY B-23 cxoxi go cnaHuis bapHeTT i Byadopa, kapboHa-
THi ropnsoHTn B-24-25 BignosigatoTe doopmadii Irn-dopa.

¢ [lopoaw, Wo 3andaratoTb Y TiCHi acouiauii 3 kapboHaT-
HUMK BigKNagamu, € HalKkpalMMmn pecypCcHUMU CMCTEMaMM
ANns cnaHueBoi Had Ty Ta raay.

MoganbLi JocnimpKeHHA Bi3eNCbKUX FOpU3oHTIB B-23 Ta
B-24-25 wmaloTb 30cepemkyBaTuCb Ha niTodauianbHoMy
BMBYEHHI, MOAEMOBaHHI NpoLeCiB ceaMMeHTaLlii, pO3LUMPEHHI
3HaHb LWOAO naneoreorpadivyHMX YMOB, @ TaKoX reomexaHiv-
HOMY MoaentoBaHHiI. [leTanbHe nitodaliansHe MogentoBaHHS
Ta PEKOHCTPYKLIiS YMOB ceaMMeEHTaLLii rOPU3OHTIB Bi3eCHKOro
BiKy JOMOMOXe BUAINUTU NepLIOYeproBi NepCrneKkTUBHI AiNsHKM
ONs 3anpoBaPKEHHS rOpU3oHTarnbLHoro OypiHHA Ta BUNpPoby-
BaHHSI LUMX ropu3oHTiB. [eoMexaHiyHe MOoZentoBaHHs 3 BUKO-
pUCTaHHSM OOChiMKeHb MeXaHiYHUX BnacTMBOCTEW nopig
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[acTb 3MOry OnNTMMI3yBaTW TEXHiYHi onepauii AN ycnilwHOol
PO3pPOOKM LMX HETPaAMLIINHUX KONEKTOPIB.
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REVIEW OF VISEAN UNCONVENTIONAL RESERVOIRS WITHIN DNIPRO-DONETS DEPRESSION
AND COMPARISON TO NORTH AMERICAN UNCONVENTIONAL FORMATIONS

Background. Modern advances in the extraction of hydrocarbons from shale and tight formations, namely improved horizontal drilling
technologies and multi-stage hydraulic fracturing at economically viable costs, are opening up new horizons for oil and gas exploration and
development around the world. The importance of shale oil and gas has sparked interest around the world following the great success of production
in North America. This article is a continuation of a series of publications on the study of Visean unconventional reservoirs within Dnipro-Donets
Depression. In this paper, the Visean sediments, namely the Lower Visean carbonate plate of the Xlll MFH (horizons V-24-25), and the "Rudov Beds",
siliceous calcified organic-rich shales (V-23) within the identified prospective zones of the Dnipro-Donets Basin (DDB), are considered for their
unconventional reservoir development potential using the method of analogy with successful North American formations.

Methods. Keygeological and geochemical parameters were compared with the selected analogues, namely, geological age, sedimentation
conditions, lithology and sediment thickness, geochemical data (total organic carbon (TOC), vitrinite reflectance (Ro), rock generation properties
according to pyrolytic studies and rock maturity), mineralogical composition and porosity.

Results. According to this study, the Visean unconventional deposits within DDB clearly correlate with the most productive gas fields from
unconventional reservoirs (shales, organic-rich carbonates) in North America. The depth and geological position of the Visean unconventional targets
are generally comparable to or slightly higher than their North American counterparts based on available data; sediment thicknesses are in similar
ranges. In terms of mineralogical composition, namely X-ray diffraction (XRD) analysis, the ore beds are similar to the Barnett and Woodford shales,
and the V-24-25 carbonate horizons correspond to the Eagle Ford Formation. The high average TOC content of the V-23 horizon (up to 10% by weight)
is comparable to the Bakken and Woodford shales.

Conclusions. The geological and geochemical parameters of the Visean horizons considered in this paper are promising in terms of the
prospects for the development of unconventional reservoirs to increase Ukraine's energy resource base. However, in order to draw conclusions about
the economic profitability of the development of the studied objects, a more detailed study is required, taking into account the results of drilling and
testing after multistage hydraulic fracturing.

Keywords: source rock, unconventional reservoirs, total organic carbon, shale gas, rudov beds, thermal maturity.
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SALT-DOME STRUCTURES MODELING IN DEPTH DOMAIN USING RAY TRACING
AND SEISMIC ATTRIBUTE ANALYSIS

(MpedcmaeneHo 4neHoM pedakyiliHoi Koneaii 0-pom 2eos. Hayk, doy. O. B. LLlabamypoto)

Background. Increasing the resource base and hydrocarbon exploration is the main goal of performing seismic data
acquisition. Due to the presence of salt diapirs, normal and reverse faults as well as other discontinuities in the geological subsurface,
there appear characteristic features of seismic signals — a break in phase continuity and significant attenuation of the amplitude without
a break in phase continuity. These geological features are sometimes distinguished by attenuation of the seismic signal or even an
absence of wave field reflections. In areas of salt-dome tectonics, it is often completely impossible to trace any reflective horizons. To
accurately map the fault location, deep or vertical horizons, it is necessary to improve the approach to obtaining and interpreting data in
faulted areas with complex geology.

Methods. The research presents an integrated approach to modeling the rays from each receiver of seismic signals to each bin
on the reflective boundary. The reflected beams then propagate from the reflective boundary to the simulated position of the seismic
receiver. Since the nature and velocity of beam propagation vary, it is possible to obtain additional information from zones shielded by
faults or sub-vertical horizons, to trace the trajectories of seismic energy propagation and its focusing/defocusing zones. Verification of
the seismic image and its geological content was performed using seismic attribute analysis.

Results. Ray tracing allowed analyzing poor illumination zones below salt wings. During further steps such as processing and
interpretation, ray tracing provided additional information for diapir mapping. Seismic attribute analysis was used as an additional tool to
define the boundaries of the salt structure. This makes it possible to analyze the dynamic and kinematic parameters of the seismic field
and map the salt body's boundaries based on these characteristics.

Conclusions. Anintegrated approach involving several methods will solve the problem of mapping seismic horizons in areas
surrounding fault zones with a weak seismic signal. A more reliable geological image can only be obtained by using complex sequences,
including seismic processing, ray tracing, and seismic attribute analysis. The integrated application of the techniques demonstrates
consistent geological results and has implications for discovering new deposits and hydrocarbon traps confined to the zones of
development of salt-dome tectonics in the Dnipro-Donets basin.

Keywords: raytracing, seismic data processing, seismic attribute analysis, interpretation, salt tectonics, diapir, hydrocarbons,

oil, gas.

Background

The Dnipro-Donets Basin (DDB) is a large oil and gas-
bearing province of Ukraine with extensive deposits of oil and
gas, rock and potassium salt, sulfur, mercury, polymetals,
mineral water sources, which has led to a wide variety of
geological and geophysical studies undertaken here over the
years, contributing to the region's high level of exploration.

Despite the use of modern processing algorithms,
previous studies did not prove sufficient to accurately
reproduce the geological environment in areas with
prospects for hydrocarbon deposits, although, at the same
time, complicated by salt diapirism. Therefore, it is important
to develop an integrated approach to modeling
seismological characteristics and methods for the seismic
wave field analysis in a geological section complicated by
salt-dome tectonics.

To test the effectiveness of the technology of seismic
research on salt diapirs and their adjacent zones, the
authors selected a number of objects within the gas
condensate field in the Mashivsko-Shebelinskiy gas-bearing
district of the Eastern oil and gas-bearing region of Ukraine,
located in the central part of the periaxial zone of the Dnipro-
Donets basin.

The geological structure of the research area was studied
using drilling and seismic data. The shield is covered by
Paleozoic, Mesozoic, and Cenozoic sedimentary formations.

ISSN 1728-3817

The oldest formations to make the sedimentary complex of
the studied area are the Devonian sediments, which lie on a
weathered shield transgressively with angular and
stratigraphic discordance. Devonian deposits are composed
of terrigenous and halogenated formations. Sandstones,
limestones, siltstones, and mudstones represent terrigenous
formations above the salt. In terms of age, the overlying
Devonian stratum is an unsegmented complex of Upper
Famennian sediments. Below the terrigenous Devonian
formations, lies a saline stratum represented by salt with
interlayers of anhydrites, dolomites, and terrigenous rocks.
With a sufficient thickness, the salt layer creates salt domes
rising up to the bottom of the Paleogene.

The morphology of pre-Triassic salt domes is either
mushroom-shaped or columnar, which is determined by the
presence or absence of the Lower Permian sulfate-halogen
deposits in their section. In the areas of the Dnieper-Donets
depression with widely-developed sulfate-halogen deposits,
salt diapirs will exhibit a mushroom-like shape. Salt domes
mainly complicate adjacent Paleozoic anticlinal folds; and in
the Mesozoic stratum, they are responsible for the formation
of folds that cover the buried Paleozoic uplifts.

The Upper Serpukhovian deposits consist of rhythmic
layers of sandstones, siltstones, mudstones, and occasional
limestones. Sandstones are light-gray, gray, layered, in
some places turning into gray, thin-layered siltstones.

© Rusachenko Natalia, Pastushenko Tetiana, Vyzhva Serhii, 2024



FEOJNOriA. 3(106)/2024

~43 ~

Sandstones have good filtration and permeability properties
and are usually considered as hydrocarbon reservoirs.

In such cases, the overhanging Lower Permian salt
wings can make the most effective shield. An example of
such an object is shown in Fig. 1a, which shows a cross-
section through the Chutivske gas condensate field. Fig. 1¢c
demonstrates a seismic section with a diapir intersected by
wells 1 and 2. The first well shows industrial gas inflows from
the Upper Visean sand reservoir, and the second one is
drilled into watered-saturated sandstone. A comprehensive
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Fig. 1. Cross-section

analysis suggests that well 1 opened a trap shielded by a
salt wing and one of the faults. In addition to the above
objects, it should be noted that many diapirs in the DDB are
accompanied by specific accumulative bodies in the Slavic
formation, partially or completely covered by Lower Permian
salt wings. These bodies are composed predominantly of
carbonate rocks and have good reservoir properties. Fig. 1b
shows one of these objects associated with the
Khrestishchenskiy salt dome.

(through: a) Chutivske gas condensate field; b) Khrestishchenskiy salt dome;
c) Bakeiskiy salt dome located in DDB) obtained from pre-stack depth migration

Analysis of recent research and publications reveals
attempts to visualize the geological environment near the salt
diapir. In many publications, the authors give a detailed
analysis of individual methods, without using an integrated
approach. For example, (Jurado, Sinoquet, & Ehinger, 1996)
describe the usage of 3D reflection tomography in their study
of complex geological structures. In addition, (Jones, 2008) in
"Effects of pre-processing on reverse time migration: the
North Sea" studies diffracted multiples and back-scattered
noise, developing an apex-shifted approach and more
recently using 3D SRME. In their study of diapirism, (Shafiq
et al., 2017) use phase congruency to detect salt domes
within migrated seismic volumes. (Soleimani, Aghajani, &
Heydari-Nejad, 2018) place importance on applying the
normalized full gradient (NFG) method in the processing of
potential field data to detect salt dome boundaries. The
papers above propose new individual approaches to mapping
salt domes. Unfortunately, every method has its
disadvantages. Thus, the relevance of further research is
driven by the additional benefits of a complex approach that
will integrate methods the effectiveness of which has been
particularly proven and which will therefore be effective for the
study of specific geological structures.

Domestic scientists have explored integrated approaches
to obtain highly informative seismic images. For instance, in
their paper on advanced seismic imaging techniques,
(Tiapkina, Tyapkin, & Okrepkyi, 2014) analyzed various types
of hydrocarbon traps associated with salt domes in the
Dnieper-Donets basin. Moreover, a classification of methods
for seismic imaging was developed. Using examples from
other sedimentary basins, the authors showed the benefits of
pre-stack migration, the importance of multipathing of seismic
energy, and the application of converted waves in imaging of
near salt domes.

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

The relevance of this research is determined by the fact
that, depending on the nature of the tectonic discontinuities
of the synchronization axis, they can be traced on both sides
of the axis. Tectonic discontinuities can either overlap or
form a zone of the absence of wave field reflections.
Sometimes, the areas of discontinuity are distinguished by
the damping of oscillations. Often, in such areas, it is
impossible to trace any reflective horizons, which made it
necessary to improve the approach to obtaining and
interpreting data in areas shielded by faults.

The purpose of the research is to develop a
comprehensive approach to obtaining and interpreting data
in areas shielded by faults or steep horizons associated with
salt diapirism to enhance horizon visualization and obtain a
geological section representing the real environment as
accurately as possible.

Methods

In seismic survey planning and during ray tracing analysis,
the principal objective is often to model the seismic response
of a given target reflector in the depth domain. In particular,
when the overburden geology is complex, e.g., with salt
structures between the acquisition level and the reservoir
zone, it is of special interest to try to simulate the target
response, reflection and refraction of seismic rays for given
acquisition geometries. A salt dome may cause distortion of
seismic reflection beneath it in the time domain due to the
tremendous wave transit velocity difference between salt rock
and its surrounding rocks, giving rise to fake structures and
fake faults in seismic interpretation (Fig.2). If there are
several paths of seismic energy propagation in the strata, it is
necessary to select the option most suitable for depicting the
target boundaries. Typically, trajectories are selected that
have the minimum travel time or maximum calculated energy
(Legott, Cowley, & Williams, 2004).
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Fig. 2: a) encased horizons are overlain by a thin salt wing; b) criteria to identify a rotated salt wing;
c) poor illumination zone below the salt wing (Jackson, & Hudec, 2017)

Ray tracing. Over the past twenty years, 3D seismic ray
tracing has evolved from a research tool to a more
operational tool in the petroleum industry. Simulated rays
can be used to create ray attributes and synthetic
seismograms for real 3D surveys with a large number of
source and receiver points. The ray theory belongs to the
methods most frequently used in seismology and seismic
exploration for forward and inverse modelling of high-
frequency seismic body waves and studying the propagation
of seismic waves in layered subsurface with varying elastic
parameters. In the case of applying a point source in the
starting point of the ray, various attributes could be
calculated by ray tracing travel time, amplitude, geometric
spreading, etc. as Green's function attributes. Typically,
each ray must be tested for intersection with a certain subset
of all the objects in the model. A complex structural and
tectonic model of the research area results in the creation of
field zones poorly illuminated by seismic waves.
Additionally, for subsalt reflections, the wavefield can be
reflected back into the salt. Therefore, only a small amount
of energy can reach the surface even if the seismic waves
have reached the subsalt horizons (Cao, & Brewer, 2013).

The workflow started with locating sources and
receivers, creating a structural model, and implementing a
velocity model. Ray tracing modeling was performed in the
survey to image the salt dome. A geological model was built
to simulate the effects of salt domes on pre-salt reflection
and to investigate the effect of salt dome thickness on pre-
salt seismic reflection. The aim of ray tracing is to obtain a
model of propagation, reflection, and refraction of seismic
rays in a geological environment, modeled based on the
available seismic data. The complete geologic environment
model used for ray tracing consists of horizons, faults, and
interval velocities. The next step was to analyze the target
horizon below the salt wings selected as the reflection
horizon. A combination of the rays' paths as a minimum
distance from the source and receiver to the reflective
horizon allows modeling the path of the reflected wave. The
focus was on showing the effect of the wave transit velocity
in the salt dome on pre-salt seismic reflection and the effect
of low velocity interbeds in the salt dome on pre-salt seismic
reflection. In addition, to illustrate the poor illumination zone,
the multiplicity was calculated according to the coordinates
of the intersection points of the ray trajectories.

Fig. 3 shows the results of an illumination survey from a
series of uniformly spaced sources on the surface, shooting
at a series of uniformly spaced receivers distributed over a
50 x 50 m grid (Fig. 3a). Even with a high resolution seismic,
the geometry of the salt body (Fig. 3b-c) leads to the
appearance of a poorly illuminated area in the target location
(Fig. 3d-e). Images resulting from ray tracing will be
overburden by migration artifacts in the target area, so ray
tracing results help the interpreter with salt diapir mapping.
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Unfortunately, the structure under the salt body is almost
invisible, which is probably the result of insufficient ray
density under the salt. Nevertheless, the main advantage of
ray tracing is its realistic rendering of reflections, refractions,
and shadows.

Seismic attribute analysis. The presence of salt bodies
causes numerous challenges both at the stage of
processing and at the stage of seismic data interpretation.
One of the tools demonstrating a good result is the seismic
attribute analysis, which allows qualitative assessment of
dynamic and kinematic parameters of the seismic field and
contouring the salt body according to the characteristics of
the seismic signal.

Seismic attributes are important because they enable
interpreters to extract more information from seismic data;
they can facilitate spotting geological features and simplify
seismic interpretation. Different seismic attributes are used
for different geological problems. The following attributes
are most often used when working with a salt dome: chaos
helps to delineate salt extents; instantaneous phase
determines the continuity boundary of sediments at the salt
face; dip illumination is used to detect and highlight
chaotic/noisy areas; amplitude contrast helps highlight and
isolate salt structures among other types of rocks. The best
approach is to use a number of complementing attributes,
for instance, analysis of noisy areas, amplitude contrast, and
fracturing zones. The result of an integrated attribute
analysis can be seen in Fig. 4b, where the salt dome contour
can be clearly observed. The result of migration is shown in
Fig. 4a. Obviously, the layers which are closer to the surface
are better visualized than the deeper ones, so the contour of
the salt body can be recognized.

Results

Classical Kirchhoff migration is based on a single-ray
scheme and, therefore, is usually not efficient enough in
conditions of intense salt tectonics. An integrated use of ray
tracing results and seismic attribute analysis provides good
results in delineating hidden stratigraphic features that are
not present in the legacy data. Analysis results shown in
Fig. 4 confirm the presence of a narrower salt body below
the wider upper part. This confirms the effectiveness of the
proposed approach, which allows a more accurate
determination of the geometry of the geological target. The
application of the proposed strategy on the seismic data with
an irregularly-shaped salt dome provided an appropriate
image for the final structural and stratigraphic interpretation.

In Fig. 5, the colored lines were used to outline the salt
dome. An integrated approach made it possible to prevent
the impact of structural-tectonic features on the formation of
the poor illumination zone. Thus, the reason for the weak
seismic signal is not the tectonically shielded faults but the
poor illumination zone below the salt caused by the seismic
acquisition parameters. The location of the shadow zone
was derived from the ray tracing results. The following step
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was to identify the presence of seismic signals after which maps the chaotic behavior of the local seismic signal
migration in the poor illumination zone. For this purpose, the from the statistical analysis of dip/azimuth estimate) as an
seismic attribute analysis was used (in particular, Chaos, additional source of information for salt dome detection.

)

s

H11

Fig. 3: a) Source and receiver points in the survey area; b) Structural model for the sun)ey with a salt dome;
c) velocity model over key horizons; d) ray tracing modeling from the target horizon below salt wings; e) dip angle attribute map

Fig. 4: a) Migrated PSDM section; b) Chaos attribute computed on the seismic
after the salt body modeling confirms the approximate shape of the salt diapir

‘\\\\‘

Fig. 5. Seismic cube cross section with the salt dome contour after applying an integrated method
(ray tracing and seismic attribute analysis)
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Discussion and conclusions

Hydrocarbon traps associated with salt domes cannot be
accurately detected and further confirmed by drilling without
obtaining a reliable structural-tectonic model. We have
proposed a comprehensive approach to salt tectonics
analysis involving a combination of methods to solve the
problem of mapping seismic horizons in areas adjacent to
fault zones with a weak seismic signal. This incorporates
techniques such as ray tracing and seismic attribute analysis
to create a more robust geological image. An integrated
application of these methods demonstrates consistent
geological results and has implications for the discovery of
new deposits and hydrocarbon traps confined to the zones
of salt dome tectonics within the Dnipro-Donets basin.

Authors' contribution: Natalia Rusachenko — conceptualization,
formal analysis, methodology, writing (original draft); Tetiana
Pastushenko — writing (review and editing); Serhiy Vyzhva — data
validation, writing (review and editing).
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MOAENIOBAHHA CONAHO-KYNOJNbHUX CTPYKTYP Y IMUBMHHOMY OMEHI
3 BUKOPUCTAHHAM TPACYBAHHA NMPOMEHIB TA AHAJI3Y CEUCMIYHUX ATPUBYTIB

B c Ty n. 36inbweHHs1 pecypcHoi 6a3u ma eudo6ymky eyariee00Hie € OCHO8HOIO Memoro celicMopo3eidyeanbHuUX pobim. Y 3e'sa3Ky 3 HasieHicmio
8 2eorsrozciyHoMy cepedosuwyi cosnsiHux dianipis, po3snomis, ckudie i nidkudie 3'sensAroMbLCA xapakmepHi ocobrueocmi celicMi4HO20 cugHasy — po3pue
cyuinbHocmi ¢ha3u i 3Ha4He 32acaHHs1 amnimydu 6e3 po3puegy cyuinbHocmi ¢ha3. IH00i maki 2eono2i4Hi ymeopeHHs1 ideHmudbikyrombcsi ocriabrneHHAM
celicMi4HO20 cuzHasny abo Hasimb eidcymHicmio id6ummis y celicMo-xeusibogomy nosii. Yacmo Ha dinsiHkax po3eumKy COJISTHOKYMOJIbHOI MEeKMOHIKU
83a2ani HeMoXJ/1ueo npocmexumu eidbueanbHi 20puzoHmMu. [nsi docmoeipHo20 eidobpaxkeHHs1 Micysi Ppo3sIoMy, Kpymonadaroyux Yu eepmuKanbHUX
KOHMakmie HeobxioHo eockoHanumu nioxio 0o po6omu 3 daHUMU Ha OiNisiHKax 3 2yCmoto CimKOH PO3/10Mie i CKITaGHOIo 2e0J1ozi€lo.

MeTonaun. Y docnidxeHHi npedcmaesnieHo KomnsekcHull nioxio modesntoeaHHs1 NMPoMeHie 8i0 KOXHO20 npuliMaya celicMiyHUX cuz2Hanie do
KOXHO20 6iHa Ha eid6ueanbHili 2paHuyi. Momim eid6umi npomeHi Nnowuprosanucs e 2eono2iyHomy cepedosuuyi 8id eidbueanbHoi epaHuyi do 3ada-
HO20 MoJ10XKeHHs celicMiyHo20 npuliMaya. OcKinbKku xapakmep i weudkicmb IXHLO20 MOWUPEHHS Pi3Hi, MO € MoxJiueicmbs ompumamu dodamkoey
iHghopmauyito i3 30H, ekpaHO8aHUX PO3SIOMaMu YU eepmuKasibHUMU KOHmMakmamu, docnidumu mpaekmopii nowupeHHs1 celicMi4HOT eHepail ma 30HU
iT gpokycyeaHHsi/OeghokycyeaHHsi. [Nepeegipka celicMiyHO20 306paxKeHHs1 ma io20 2e0s102i4HOT 3MicmoeHocmi 6yna euKkoHaHa 3a AOrMoOMO20t0 aHanisy
celicMi4yHUx ampu6ymis.

Pe3ynbTaTtu. TpacyeaHHs npomeHie 0asio 3Mo2y npoaHaslizyeamu 30Hy No2aHo20 oceimJieHHs nid consiHumu Kpunamu. I1id 4ac nodanb-
wux Kpokie, makux sik o6po6ka ma iHmepnpemayisi, mpacyeaHHsi npomeHie Hadano dodamkosy iHghopmayito Onsi okoHmMypeHHs1 dianipy. Sk doda-
mkoeull iHcmpymeHm O 8U3HaY€HHS1 MEX COJISIHOT CMPYKMypu 8UKOPUCMaHo aHasi3 celicMidyHux ampu6bymis. Lje cnpusino aHanisy QuHamiyHux i
Kil IYHUX naf pie celicMi4HO20 MOJIs Ma Ha OCHOBI YUX Xxapakmepucmuk KapmozpagyeaHHIO MEX COJITHO20 mina.

B v c HoBKwW. KomnnekcHul nioxio i3 3any4yeHHsIM Kinbkox Memodie 0ornomoske po3e‘s3amu 3ae0aHHs1 MPOCMeXeHHS celicMiYHUX 20pU30HMI8
Ha dinsiHkax, W0 omo4yroms 30HU po3Jsiomie 3i cnabkum celicMiyHUM cu2Hanom. [locmoesipHiwe 2eonoziyHe 306paXKeHHsI MOXXHa ompuMamu, nuwe
8UKOPUCMOBYIOYU KOMIMIEKCHI nidxodu, ujo nepedbavyaromb He minbku celicmiyHe o6pobrieHHs, ane U mpacyeaHHs1 MPOMEHi8, aHai3 celicMiYHuUX
ampu6ymie. KomnnekcHe 3acmocyeaHHs1 MemoOuKk 0eMOHCMpPYe 2e0J102i4HO 3MiCMOBHI pe3ynbmamu ma cmeoptoe nepedymoesu 0nsi eidkpumms
Hoeux podosuw i nacmok ayaneeodHie, siKi Npuypo4eHi 00 30H PO38UMKY COJISTHOKYNOJIbHOI meKkmoHiku [Hinpoecbko-[JoHeybKoi 3anaduHu.

Kno4yoBi cnoBa: mpacyeaHHsi npoMeHie, 06pobieHHs1 celicMiyHUX OaHuXx, aHani3 celicMiyHux ampubymie, iHmepnpemayisi, consiHa
mekmodHika, dianip.

ABTOpM 3asBNAIOTb NPO BiACYTHICTb KOHANIKTY iHTepeciB. CnoHcopu He Bpanu yyacTi B po3pobneHHi 4ocniaxeHHs; y 36opi, aHanisi umn
iHTepnpeTaLii AaHVX; y HaNUCaHHi pyKonucy; B pilleHHi nponybnikaLilo pe3ynbTarTis.
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BUCOKONEPCMNEKTUBHI OB'EKTU MIHEPAJNIbHO-CUPOBUHHOI BA3U YKPAIHMW.
YACTUHA 2. HEMETAIJIIYHI KOPUCHI KOMNAJIMHM

(MpedcmaeneHo 4neHom pedkosiezii 0-pom 2eor1. Hayk, doy. C. €. LLIHrokosum)

HaeedeHo cmucnuli onuc eucokonepcreKmueHuUx o6'ckmie MiHepanbHO-CUPOBUHHOI 6a3u HeMemastiyHUX KOPUCHUX KonasluH YKpa-
iHU, Ha ocHoei ekcriepmHoi ouiHKU iXHbLOT iHeecmuuyiliHoi npueabnueocmi. Slk HalinepcnekmueHiwi eudineHi maki audu cupo8UHU: KaosliH
(XKexeniecbke, [nyxoeeunbke, Typbieckbke, BennukoezadomuHeybke podoeguuia); obnuyroeasnbHe kKaMiHHs (Cninyuybke i FonosuHckbkKe po-
doeuwa nabpadopumy; OmensiHieckke, Tokiecbke, KanycmsiHcbke, JlTusHuybke i KopHuHCbKe podoeuwia 2paHimy); myaonnaeki 21uHu
(Yacie-Sipcbke, Hoeopalicbke, Bonodumupieckke, lNonoziecbke); epaghim (3aeanniecbke, BypmuHcbke (Xmeniecbka OinsiHka) podo-
euwa); epaHam (Cnobidceke, leaHiecbke); keapyoea cupoeuHa (lycapiecbke, Benukoznibosuybke); n'eaokeapy (BonuHcbke); ghocgho-
pumu (XKeaHcbKe); eanHsiku Ons1 yykKkpoeoi npomuciosocmi (3amok, Jlucozipka); 6enmonim (Yepkacbke podoeuuwie). Lji podoeuwia ceped
HeMemari4yHuUXx KOpUcHUX KonanuH YKpaiHu maroms Halieuwull pieeHb iHeecmuuiltiHoi npueabsueocmi, HalHWKYi pU3UKU iHeecmuuit-
Hux eK/1adeHb | MOXXymb 6ymu pekoMeHA08aHi siK nepuwo4ep208i 06°'ekmu 0151 iHeecmyeaHHs 8 IXHE 8USYEHHS i IPOMUCII08€ OCBOEHHS.
Ans eusHayeHHs1 nepcriekmue iHeecmyeaHHs1 KOHKpemHux o6'ekmie HeobxiOHa nonepedHs1 2e0/1020-eKOHOMIYHa oyiHKa doyinbHocmi

ma peHma6eanocmi IXHBLO20 MPOMUCII08020 OCBOEHHSI.

Knwo4yoBi cnoBa: mMiHepasnbHO-cuposuHHa 6a3a, podosuuie, HeMemariyHi KOPpUCHi KonanuHu, iHeecmuyiliHa npueabnugicms.

Bctyn

lNocmaHoeka npo6nemu. NponoHoBaHa CTaTTs € CKra-
poBoto cepii ctaten (Mwxainnos, 2023a), npucBsaYeHUX
OLjiHIOBaHHIO iHBECTULIHOT NpuBabnuneocTi 06'ekTiB MiHepa-
NbHO-CUPOBUHHOT 6a3n (MCB) YkpaiHu, Wo mae Bupilla-
NbHEe 3Ha4YeHHS AN NOBOEHHOMO BiAHOBNEHHS YKpaiHW.

AHani3 ocmaHHix docnidxeHs i nybnikayiti. MCB He-
MeTariyHMX KOPUCHUX KoManuH YKpaiHu po3rnsHyTO B HU3L
aocnimkeHb (Mypebknia, 2008; MNypcbkuii Ta iH., 2006; Kocte-
Hko, 2014; Muxannos Ta iH., 2008; MiHepanbHi pecypcu...,
2021; Pyabko, O3epko, & Lenenk, 2015 Ta iH.); nUTaHHS iH-
BeCTULinHOT npmBabnueocTi 06'ektiB MCB Ykpainu gocni-
OxeHo B poboTax (Muxawnnos, 2023a; Muxannos, Buxea, &
Matok, 2022; Mykhailov, Hrinchenko, & Malyuk, 2022).

BudineHHs1 Hepo3e'sa3aHuUx paHiwe 4acmuH 3a2alib-
Hoi npo6nemu. Y nonepegHin ctatti (Muxaiinos, 2023b)
PO3rnsiHYTO iIHBECTULIAHY NPUBABNMBICTL MeTaNiYHNX KOpu-
CHUX KOnanuH YKpaiHu, y NponoHOBaHii cTaTTi AoUifNbHO
OoXxapakTepusyBaTu Ti cami NMUTaHHSA CTOCOBHO HeMeTariy-
HUX KOPUCHUX KONaruH.

®PopmynroeaHHs yineld cmammi. Llinnio uboro goc-
NiOXEHHS € CTUCNAa XapaKTepUCTNKA BUCOKONEPCNEKTUBHNX
o6'extiB MCB HemeTaniyHux KOpPUCHUX KonanuH YKpaiHu 3
METOI BCTAHOBSIEHHS IXHbOI IHBECTULIMHOT NpMBabNMBOCTI
1 OLiHIOBAHHS pU3VMKy KaniTanoBKnafaeHsb, Lo Moxe byTu ko-
PUCHUM ON1S NOTEHUINHUX IHBECTOPIB.

PesynbtaTtu

YKkpaiHa Mae Benuky 6asy HemeTamniyHUX KOPUCHUX KO-
nanuH, npeacTaBneHnx poaoBuLLaMK FiPHUYOXIMIYHOI, rip-
HUYOPYAHOI, MeTanypriiHoi, OyaiBenbHOI, arpoXiMivyHOl
CMpoBUHM (anaTtut, 6apuT, Giwodit, 6poM, rmaykoHiIT, cano-
HIT, Cinb, cipka, docdopuT, rpadit, KaoniH, Lenit, Leonir,
aHrigpuT, FIUHA Ta Nicku, NepniT Towo). AK i meTaniyHi ko-
PUCHI KOnanuHu, 3a piBHEM iHBECTUUINHOI NpMBabnmMBOCTI
HemeTaniyHi KOPUCHI KoMarnuHU TeX MOXHa po3ginuTu Ha
YOTUPK TPynK:

® mpaduujlHi, WO IHTEHCUBHO PO3pOo0NsOTLCA B YKpaiHi
BXXe TpUBanui Yyac, MalTb 3Ha4Hi po3BigaHi 3anacu, 3abes-
neyyloTb HAMOBHEHHS AepXKaBHOro GHOXKETY;

® BUCOKOIMepPCreKmusHi, poaoBMLLA YN MPOSIBU SIKUX B
YkpaiHi BigoMmi, 3i 3Ha4HMMK 3anacamu 4m pecypcamu, ane

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

MOKW WO He po3pobnsoTbes abo po3pobnatTbCa B HE3Ha-
YyHMX obcsrax;

e rlepcriekmueHi, POAOBULLA YU MPOSIBM SKMX B YKpaiHu Bi-
[OOMi, are 3amacu YM pecypcu OCTaTOYHO He BCTaHOBIIEH,
TOMY NepCnekTUBM IXHBOrO OCBOEHHSI OCTATOYHO HE BU3HAYEHI;

® 3 HEBUSICHEHUMU riepcriekmueamu, NposiBn Ta ApiOHi
poaoBuLLA AKMX BigOMI B YKpaiHi, NpoTe ixHi Macwtabu He
HagalTb NigCTaB NpunyckaTh 3Ha4YHUX pecypcis, abo Taki,
SIKi HE KOPUCTYTHCS MOMMTOM Ha CBITOBUX PUHKaX.

[o mpaduyiliHux BigHeceHi HemeTani4Hi KOPUCHi Kona-
NVHK, WO MawTb CTpaTeriyHe 3HAYEHHS ONs EKOHOMIKM
YKkpaiHu i TpMBanui 4ac po3pobnsaTbesa: KaoniHW, Micku
dopmyBanbHi, OyaiBensHe © o6nuutoBanbHE KaMiHHS,
rMYHW Tyronnaeki. BoHn mMaloTb BUCOKMI piBeHb iHBECTULIIN-
HOi npnBabnmeocTi (=2 70 %), HU3bKUIA PU3NK IHBECTULLINHNX
BknageHb (< 30 %), ane BUCOKY KOHKYPEHLLit0, OCKINbKU LS
"Hilwa" ripHU4Oro CeKkTopy MPOMUCIIOBOCTI YKpaiHW OaBHO
BXX€ OCBOEHA YMCINEHHUMW AepPXKaBHUMM | MpUBaTHUMK Nia-
NpUeEMCTBaMMU.

Kaonin. B YkpaiHi Bigomo 6nusbko 150 poposuuy Ta
nposiBiB KaoniHy BMCOKOI sIKOCTi, 3anacu 42 podoBuLL Bpa-
xoBaHi [epxaBHnm GanaHcom, 22 pogosuia po3pobns-
toTbcd. 3anacu kaoniHy ctaHoBnATb 1 095,8 mnH T, pecypcu
— 4500 mrH 1. Y 2020 p. B1ngobyTok gocar 1 569,6 tuc. T.
36arayeHHs1 kaoniHiB 34iMCHI0ETLCA Ha [MpocsHiBCbKOMY i
['nyxoBeLbKOMY KaoniHOBKX kKoMbiHaTax i TypbiBcbkomMy Ka-
oniHoBOMY 3aBofi.

PopoBuLua kaoniHy HavyacTiLle NpuypoYeHi 4o Kopy BU-
BiTPIOBaHHS rpaHitoigiB YkpaiHcekoro wuta (YLW), ane Ta-
Kox Bigomi B 3akapnatTi i HinpoBCcbKO-[oHEeLbKi 3anagmnHi
(843) (puc. 1). BoHn HanexaTb A0 ABOX TWMIB: MNEPBUHHI
(OCHOBHI Ta NyXHi) i BTOPUHHI.

Moknaan NepBUHHUX KaOMiHIB MICTATBCA B KOPi BUBITPHO-
BaHHS JOKEMOPINCBLKUX rpaHIiToIdiB Ha rMnBKWHI Big 5 0o 42 m,
MatoTb ToBWwMHY Big 1,4 no 120 m (cepegHs 10—40 m). 3a
BMmicToM Al203  BMAINAIOTL  HOPMAarbHO  MNMHO3EMUCTI
(Al203 < 39 %) i nigBuLeHo rmuHo3emucTi (Al203 > 39 %); SiO2
— NoMipHO KpemeHucTi (8o 65-70 %) i kpemenucTi (> 70 %);
K20 — HopMmarbHi (0CHOBHI) (< 2 %) i nyxHi (> 2 %).

[o HamGinbWWX poAOBULL NEPBUHHMX KaOMiHIB Hane-
Xatb: [nyxoBeupke, TypbiBcbke, BenukoragommHeupbke,

© Muxannos Bonogumup, 2024
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XKexeniscbke, [lNMpocsHiBebke, binsiBcbke, binropoackke,
Monoriecbke, Bonoammupiscbke, [ibpoBcbke, YayciBcbke
Ta iH. llepwi 4oTMpM poaoBMLA PO3MILLEHI Y Mexax

nposigHoro B YkpaiHi myxoseubko-TypBiBCbKOro KaoniHo-
BOrO pavioHy y BiHHMLbKI 061.

Yopmue

MoOpe

Puc. 1. CxemaTu4yHa KapTa NoluMpeHHsA poaoBuLy kaoniHy ([ypcbkuii Ta iH., 2006):
a—6 — pogoBuLLa NEPBMHHNX KAOMIHIB, O He eKCnyaTyoTbes (a) Ta ekcrinyarytoTbes (6);
B— — BTOPVMHHUX KaOomiHiB, LLO He eKcniyaTyTbes (B) Ta ekcnnyaTytoTbes (T).
Poposuwa: 1 — Jlo3oBukiBcbke, 2 — BepbiBcbke, 3 — KoTenbHsiHCbke, 4 — [ybuwaHcbke, 5 — XKutommpcbke,
6 — KpowuaHcbke, 7 — KocTsiHTUHIBCbKe, 8 — Kam'sHobpoackke, 9 — LLlabepiscbke, 10 — CMokiBebke, 11 — TokapiBcbke,
12 — y6piscbke, 13 — Muno-KypmaHcbke, 14 — FNopogHuueke, 15 — Onescbke, 16 — Kyneupke, 17 — Umenbcbke,
18 — Koponiscbke, 19 — Makcumiebke, 20 — KusiHka, 21 — KonoHis Kpyk, 22 — OnekcaHgpiscbke, 23 — BpaxuHcbke,

24 — Ypounwe Kowapw, 25 — [lobpuHckke, 26 — Yonosuubke, 27 — [loMmoneubke, 28 — LWaTtpuiieHcbke, 29 — YurnpuHceke,
30 — Mexupuubke, 31 — YepeskiBebke (XKntommpcbka o6n.); 32 — Nonuuyscbke, 33 — [lepmaHiBcbke, 34 — KneciBcbke,
35 — OctkiBcbke (PiBHeHcbka); 36 — Tokapiscbke, 37 — KynuHebke, 38 — HoBaubke, 39 — MaigaH-Binbcbke,

40 — BypTuHcbke, 41 — Ctaponicbke, 42 — lopopHiBcbke (XmenbHuubka); 43 — CymoBka, 44 — bepesHu, 45 — Paikiscbke,
46 — XpeHoBcbke, 47 — MapnypoBeubke, 48 — Typbiscbke, 49 — Camropopcbke, 50 — 36apox-Iy6iHo, 51 — N'epmaHiBcbke,
52 — KpacHe, 53 — 'nyxoBeupke (BiHHUUbKA); 54 — LinbepmaHiBcbke, 55 — YMmaHcbke, 56 — HoBocenuubke (Yepkacbka);
57 — CooviiBcbke, 58 — KaTepuHiBcbke, 59 — Lninescbke, 60 — MeTpoBebke (KipoBorpaackka); 61 — Xpuctodopiscbke,
62 — lerikiBcbke, 63 — MN'aTuxatcbke, 64 — Bacunbkicbke, 65 — CodiiBebke, 66 — YcTb-Kam'sHebke, 67 — ToMakiBebke,
68 — XyTip birma, 69 — Cnasropoacbke, 70 — AdaHaciiBebke, 71 — Po3gonbcbke, 72 — Po3gopcebke, 73 — BuliHeBelbke,
74 — UvuraHiBcbke, 75 — Hikonbebke, 76 — MNMpocsHisecbke (OHinponeTpoBcbka); 77 — benackbke, 78 — Muxanno-JfleBLumHo,
79 — 3anopisbke, 80 — IBaHO-AHHIBCcbke, 81 — MNonoriscbke, 82 — KoHkebki Po3popu (3anopisbka); 83 — Bonogapchkke,

84 — boxapiscbke, 85 — MpeobpaxeHcbke, 86 — Boropoauubke, 87 — Bonogumupisceke, 88 — KocTsaHTUHIBCbKe (JoHeubka);
89 — PygHiscbke, 90 — MyxiBcbke (Cymebka); 91 — KBaciscbke, 92 — beperiscbke, 93 — Kepeupbke, 94 — [ly6punHuubke (3akapnatcbka obn.)

nyxoeeybke podosuuwje npeacraBrieHe Moknagamu
NEPBUHHMX KAOMIHIB Y KOpi BMUBITPIOBaHHSA rpaHitoigis YLL.
Lle 6ini nopoan nyckatoi i nenitomopcHO-nycKaToi CTpyk-
Typu, cMmyracToi Tai rHerconofibHoi TekcTypu, cepenHboi
NNacTUYHOCTI, XMNpPHi Ha JOTKK. BoHu 3ansratoTe cybropmso-
HTanbHO, IXHS TOBLUMHA 3MiH0eTbCS Big 1,0 8o 48 m (cepe-
AHA 22,6 m). PoskpvBHI nopoau nNpefcTasrieHi rpyHTOBO-
POCMUHHWM LLAPOM, YETBEPTUHHUMM CYrMUHKaMM, NiCKaMMm i
rMYHaMK1, HEOreHOBUMYM CTPOKATUMM IMUHaMM (TOBLLMHA Bif,
1-6 po 16-29 m). Bmict Al203 3miHeTbCA Big 22,5 po
28,7 % (cepeaHe 23,0 %), Bmict SiO2 crtaHoButb 60,4—
72,6 % (cepenHe 67,7 %), BorHeTpuBkicTb — 1690—-1740 °C.
OcHOBHMMM MiHepanamu € kaoniHit (47—71 %) i keapu (10—
45 %), 3ycTpiyaloTbCa rigpocnoan, retuT i rigporeTuT, Mik-
POKIiH, aKLEeCOpHi — anaTuT, MOHALMT, LIMPKOH, NIEAKOKCEH,
MarHeTuT. KaoniHn xapakTepuayloTbCsl BUCOKOK SKICTIO, iX
MOXHa BWKOPWUCTOBYBaTWM ANS BUPOOHWMLTBA CaHiTapHo-
OyaiBenbHOI Kepamiku i rocnogapcbkoro gasHcey. 3anacu
pogoBuwa Ha 1 ciyHa 2020 p. ctraHoBunu 107 658,9 Tuc. T.
PogoBuwe pospobntotoTe MpAT "ImyxoBeubKWiA TFipHUYO-
3barayyBanbHUn  KaomniHoBuUi KoMbGiHaT" (ginsHka 1) i
TOB "ABK YkpaiHcbke kaoniHoBe ToBapuCTBO" (insHka 2).
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IHWi pogoBuLLa NEPBUHHUX KAOMiHIB MaloTb NodibHy Oy-
noBy i cknag (puc. 2).

PogoBuilia BTOPMHHUX KaOMiHIB TaKOX CKOHLEHTpOBaHi
nepeaxHo Ha YLL: HoBocenuubke i Myp3anHcbke (Yepka-
cbka 061.), Monoriscbke (3anopisbka 061.) Ta iH. BoHu onu-
caHi B poboTi (Muxannos, 2023a).

OTxe, € WMpoKa rama MOXNMBOCTeN 3 BUGopy 06'ekTiB
iHBECTYBaHHS pO3po6KM KaoniHiB YkpaiHu.

lMicku gpopmyseanbHi. B YkpaiHi € 6arato pogosuLy, ¢po-
pMyBanbHUX MiCKiB, MPUYPOYEHNX OO0 NpUbepexxHO-MopChb-
Knx Bigknagie Oy4albKoi CBiTM €OLeHy i XapKiBCbKOiI CBITU
oniroueHy JoHb6acy (Mycapicbke, BaHTuwisckke, LLabens-
KiBcbke, ManuHiBcbke Ta iH.); KOHTUMHEHTaNbHO-MOPCLKUX
BigKNagiB NoNTaBCbKOI cepii M antoBianbHUX capMaTCbKoro
Spycy HeoreHy Ta yeTBepTuHHoro Biky 03 (Yacis-Apcbke,
Pineubke, BuwHescbke, CTaposipiscbke, ManuHiscbke, MNo-
koTuniecbke Ta iH.) i YW (BaHTuwiscbke, ManuweBscbke,
OpnoBcbke, Xopoluiscbke, Tapomcbke, [IHINponeTpoBChKe,
ManogicbkiBcbke, HoBoceniBebke, Monosbke, OpixiBcbke Ta iH.);
TOPTOHCBKMX | capMaTCcbkux Bigknaaie BonmHo-MNoginbcbkoi
nnutu (BMIM) (BonowmHebke, AunHIBCbke Ta iH.) | Oyyaub-
Knx — cxuniB BopoHesabkoro macusy (puc. 3). Bonu npeacra-
BNEHi niH3amuM i Nnactamu, TOBLUMHA SKMX 3MIHIOETLCS Big
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1-5m pgo 40 m (Muxannos, 2023a). Bigomo noHag 200 po-
O0BULL, ¢hopMyBarnbHUX MickiB, 21 poaoBuLLE BpPaxoBaHO Yy
OepxaBHomy 6anaHci, pospobntototbes 10 pogosuiy. 3a-
raneHi 3anacv caratote 826,1 mnH T, Bugobytok y 2020 p. —

1292,9 tuc. 7 (MiHepanbHi pecypcu..., 2021). MporHo3sHi
pecypcu dopMyBanbHUX MiCKiB OUiHIOWTL Y 12,5 Mnpa T
(Cypcbkunii Ta iH., 2006).
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Puc. 2. BynoBa kopu BuBiTproBaHHs nyxoBeLbko-Typ6iBcbkoro paroHy (Mvxaiinos Ta iH., 2008):
1 — KaNHO30MCbKi Bigknaau; 2—3 — 30HU BUBITPIOBaHHS KAOMiHITIB (2), rigpocniod (3); 4 — 30Ha AesiHTerpadii;
5 — ©epandiBCbKi rpaHiTh; 6 — cMyracTi MirmaTuT; 7 — rpaHiTi anniTnermMaToigHi; 8 — nipokceHiTh; 9 — reonorivyHi Mexi;
10 — poanomu; 11 — 6yposi cBepanoBuHu; 12 — neHHa noBepxHs 1901 p. Ha MyxoBeLbKOMY poaOBHLLi

y
eyt i
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Puc. 3. Cxema po3TawyBaHHsi poAoBMLL NickiB (hopmyBanbHUX i 6eHTOHITOBUX rMuH ((ypcbkuii Ta iH., 2006):
1 — nickm cbopmyBaneHi (1 — [lon6ac; 2 — A3; 3 — MNpuraszoscbkuin 6rok; 4 — CepeaHbonpuaHinposcbkuii 6mnok; 5 — BIM);
2 — BeHTOHIT (6 — Yepkacbke; 7 — [opcbke, XxuHcbke; 8 — bepexaHcbke, Mnxiscbke; 9 — MNpryopHOMOpChHKa 3anaguHa;
10 — Kypuiscbke, KyapuHebke; 11 — puropiscbke)

BydieenbHe kamiHHs. YKpaiHa HaasBuyanHo GaraTta Ha
OyaiBenbHe KaMiHHS, poAoBMLLA SIKOTO Bigomi B Mexax YL
(rpaHiTn, OiopWTK, YapHOKITW, rHEWCK, MIrMaTUTK, KBapLuTW,
mMapmypw), Bl (6a3anbTu, NickoBUKW, BanHsiK1, MapMypr3o-
BaHi BanHsiku, TpaBepTyiH, rinc), MprniopHOMopChLKOI 3anaguHm
(BanHsku), Kapnat (rpaHiTorHencu, Mapmypu, MapMypu3oBaHi
BarnHsku1, aHaeavwbasanbTu, BynkaHiyHi Tycpu), Kpumy (Mapmy-
pY30BaHi BanHsku, pakywwHsku), [oHbacy (meTamopdisoBaHi
nickoBukK, BanHskn). Y [epxaBHoMy 6anaHci obnikoBaHo
947 poposuwy, ByaiBENbLHOrO KaMiHHS, 3aranbHi 3anacy sIKUX
caraotsb 8 820,5 MnH M3, po3pobniooTe 428 pogosuLL, Ae Y
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2020 p. 6yno suaobyto 39,0 MnH M3 miHepanis (MiHeparbHi
pecypcu Ykpainu..., 2021).

Ha YLl po3pob6ntotoTbcst pogoBuLLA MpaHiTie, AiopuTie, rabpo,
rHevcis, kBapuuTiB KneciBcbke, [MepxaHcbke, OBpyLbKe,
KopocTtuwiscbke, bexiscbke, ManuHcbke, Jle3HuKIBCbke Ta iH.
(PKnutommpcbka 06n.); TpukpaTiBcbke, OnekcaHapiBcbke, Ak-
TiBcbke, EpactiBcbke, BananiBcbke Ta iH. (KipoBorpagcbka
o6bn.); Hepameoaceke, Komomoiecbke, Benuka [metoBaTka
Ta iH. (OHinponeTpoBcbka 0611.); AHUIBCbKe, MepenaToyHe, 3a-
nopisbke Ta iH. (3anopisbka 061.); KapaHcbke, Xnibogapiecbke,
AngpiiBceke Ta iH. (MMpuasos's). Y OoHbaci ekcrnnyaTyoTbes
poooBuvLlia MiCKOBUKY, BanHsky, 6asanbTy (BpayHiBcbke,
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B 1 C H U K KuiBcbkoro HauioHanbHoro yHieepcurety imeHi Tapaca LleBueHka

Canxapcbke, MoHaxiBcbke, BanbsHiecbke, banka Komuwesa-
cbka). Y KpvMy Hambinbwumm € LapxuHcbke popoBuLLe
rpaHogiopuTiB i MapmypoBe pogoBsuLLe MapMypu3oBaHUX Ba-
nHsKiB. Y 3akapnatTi nowmpeHi pogosuwa aHaesuTis (Poko-
ciBcbke, KoponiBcbke, KneHoBeubke), pioniTiB (KocuHcbke),
nepniti (MyxiiBcbke). YkpaiHa Bonogie npaktmyHo 6e3mex-
HVYMW 3anacamu i pecypcamu 6yaiBensHOro KamiHHs.
O6nuuyrosanbHe KamiHHs. Y [epxaBHoMy 6anaHci 06-
nikoBaHo 255 popgoBsuLy 0bnuMUtoBanNbHOro (AeKopaTMBHOMO)
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KaMiHHg i3 3anacamm 329,9 mnH M3, 3 akux 137 pospobnio-
eTbes, y 2020 p. BuaoobyTok csaras 587,6 uc m® (MiHepanbHi
pecypcim..., 2021). NepcnekTnBHUMK ANs BUOobyTKy Aekopa-
TUBHOrO KamiHHS €: YL (rabpo, nabpagopwT, rpaHiT, rpaHoci-
€HIT, rpaHogiopuT, KBapuuT, Mapmyp); HoHbac (mapmyp,
MapMypur30BaHUI BarHsK, NiCKOBUK, Finc, aHriapuT); Kapnatu
(Mapmyp, Mapmypu3oBaHUI BanHsk, aHaesuT, Tyd); Kpum
(MapmypusoBaHuii BanHsiK, Tpac, aiopuT); Bl (nickosuk,
rinc, TpaBepTMH, MapMyp130BaHUIN BanHsk) (puc. 4).

N

o+ ¥ Beq ;
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Puc. 4. KapTa nepcnekTUBHUX NnoLwy AeKopaTUBHOIro KaMiHHA YkpaiHu (Muxannos Ta iH., 2008):
1 — nopoau KpucTaniyHoro dyHAaMeHTY (rpaHiTh, FHencK Ta iH.); 2 — CUNypICbKi MapMypu3oBaHi BamnHsaKu;
3 — AeBOHCbKi MICKOBUKN; 4 — HEOreHOBI rincu; 5 — TpiacoBi i OPCbKi MapMypw i BanHSAKW, HEOreHoBI Tydu;
6 — IopCbki MapMypur30BaHi BanHsAkK; 7 — KPEWAoBI | ManeoreHoBi BanHsAKW; 8 — HEOreHoBI BanHsK1

onoBHi 06'ekTM 0BNMLIOBANBLHONO KaMiHHS MOB'sI3aHi
3 IHTPY3nBHO-MeTamMopdivHMMM Komnnekcamu YLL: apxencs-
KMMW rpaHiTaMn MOKPOMOCKOBCBHKOIO, TOKIBCbKOrO, AEMYPUH-
CbKOr0 KOMMIEKCIB; MarneonpoTepo30oiCbKUMM yrbTpameTa-
MOp®iYHMMKM TpaHiToigamn 6epanydiBCbKOro, XUTOMUPCh-
KOro, YMaHCbKOro, KipOBOrpafCbKoro, CanTU4aHCbKOro,
aHaZloNbCbKOrO  KOMMMEKCIB, IHTPY3MBHUMW MacuBamu
(KopocTteHcbkui, HoBoykpaiHcebkuin, KopcyHb-HoBomMupropo-
AcbkuiA, MNiBaeHHOKanbYmLbknin, Xnibogapiscbkun). [onosHy
iHBECTWLHY LiHHICTb MaloTb PoAoBMLLA rabpo i rabpoHopuTiB,
nabpagopuTie, rPaHITIB, MapMypiB i MapMyp130BaHUX BaMHSIKIB.

Mabpo i rabpoHopuTK NpeacTaeneHi pogosuwammn Crin-
ynubke, FonoBuHcbke, BykuHcbke, MopbyniBcbke B XKuto-
MuUpcbkin  0obn., bBpoHicnaBcbke i fAcHoropcbke — y
PiBHeHcbkill. Po3pobnstoTbest rabpoign KopocTeHCbKoro i
KopcyHb-HoBOoMuMpropoacekoro  nnyToHiB  (Cninuuvubke,
ByknHcbke, Buctpiiecbke, AMninbcbke, TopumHebke, LWaay-
piBcbke, N'ybeHkiBcbke, Crnobiacbke pogoBuLLa).

Nabpapoputi NpuypoYeHi nepeBaxHo A0 KopocTeHch-
KOro MMyTOHy, 3a OEKOPaTUBHICTIO cepel HUX BUAINANTb
TPpY OCHOBHI Pi3HOBMAW: TEMHO-Cipi 1 YOPHi rOfIOBUHCLKOIrO
TUNY i3 CUHBLOIO, 3eN1EeHO-6NaKUTHOI Ta 30M0TUCTOM ipu3a-
uieto (MTonosuHcbke, Depopiscbke, Mopbyniscbke, Cnobia-
cbke B YKutoMupcbkin 061.); cBiTno-cipi i cipi Typ4MHCHKOro
Tuny 3 6naknuTHOto Ta cpibnsacToto ipm3adieto (CuHin KamiHb,
Kam'aHa My, MNyta JobpuHcbke B XKntomupcskin; Jlikapis-
cbke B KipoBorpaacbkii 061.); cipi, CBiTNO-Cipi KpOMMBHSIH-
cbkoro Tuny 6e3 ipusadii (KponueHsiHCbKe, BacbkoBuubke,
IcakiBcbke B XXutommpcebkini 0br.).
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PogoBuiia rpaHiTie 3a gekopaTMBHUMU BNACTUBOCTAMM
06'edHYOTbLCA B YOTUPKM TPYNKU: CBITNO-Cipi, cipi rpanitTh 3i
Cnabkum BrakUTHUM i 3eneHo-6nakMTHUM BigTiHKamMu, opibHo-
N cepeaHbO3epPHUCTI OL4HOPIAHI XXUTOMUPCBHKOTO M aHTOHIB-
cbkoro Tuny (borycnaBecbke, AHUIBCbke, YMaHcbke, CanTtu-
YyaHcbke, XXutomupcbke, YoBHiBCbke, MouynsiHcbke B
XKutomupcesbkiri, 3anopisbkiit i Knisebkinn 061.); nopdiponogibHi
cepeaHbOo- | KPYMHO3EPHUCTI rpaHiTM 3 nogibHum 3abaps-
neHHsam (KopocTuwiscbke, KocTaHTUHIBCbKe, Kyaaluisebke,
YKexeniBcbke, Kneciscbke, [MokocTiBcbke, TaHcbke B XKuto-
Mupcbkin, KipoBorpagchkii, MukonaiBcbkin 065.); 4epBOHi,
pPOXEBi, KOPUYHEBO- Ta CiPO-POXEBI rpaHiTU B XXutomMmpch-
Kin (OmensiHiBcbke, JlesnukiBcbke, [iakoBuubke, KopHWH-
cbke), KipoBorpagcbkin  (KanyctuHcbke, BomnHiBCbke,
[opixiBcbke), Mukonaiscbkin (HoBogaHuniscbke, TpukpaT-
HeHcbke), [HinponeTpoBcbkin (TokiBcbke) i PiBHEHCbKIN
(OcmanuHcbke) 06n.; cipo-3eneHi (Macniscbke, KyGuH-
cbke). [lekopaTMBHY LiHHICTb MalOTb YEPBOHI Ta POXEBI rpa-
HITW TpeTboi rpynu. MixHapoOHOro BM3HaHHSA cepef HUX
Habynu rpaHiTn KanycTuHcbkoro pogosuLla (ToproBa Mapka
"Rosso Santiago"), poxeBO-4epPBOHWIA KPYMHO3EPHUCTUI
rpaHiT OmensHiBcbkoro pogosuila ("Rosso Toledo"), siki He
MocTynawTbCsa 32 CBOIMU XapaKTEPUCTUKAMWU aHanoriyHUM
eniTHumM rpaditam  ®iHnaHaii ("Carmen Red"), LBeuii
("Vanga"), bpasunii ("Capao Bonito"). Bucoki agekopaTuBHi i
hi3nKo-MexaHiYHi BMacTMBOCTI rpaHiTiB pogosuly, BoiHis-
cbke, Mexwupiubke, [igkosuubke, TOKiBCbke BM3Ha4alTb
IXHIO NEepPCNEeKTUBHICTb Ha MiXKHAPOOHOMY PWHKY MNpupoa-
HOrO KaMiHHS.
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Mapmypun i MapMypur3oBaHi BanHsku nowmpeHi Ha YL
(popoeuia Kosiiecbke, Pagomuinbceke, Herpebisckke), y 3a-
kapnaTtTi (Benukokam'siHeupbke, HoBocenvupke, [inoBeubke,
lonoBatuubke, ManoposvHcbke, Mopa CokonuHa, lMoryHceke),
y OoHb6aci (Xpuctuwle, Kopynbka, Kapaky6cbke, [Joky4aeBcbKe,
Hosonasniscbke), y Kpumy (FacnpuHcbke, Banaknascbke,
Bitok-AHkolicbke, KapaHcbke, MapmypoBa banka).

Cepep iHWMX NOTPIOHO 3ragaT PO4OBULLA MLLAHKOBUX,
OONITOBUX i HYMYNITOBUX BarHsKiB Ginoro Ta XOBTyBaToO-
6inoro konbopy B Kpumy (Bogpakcbko-AnbMuHCbke, Ckensi-
cte, Kpumbanbceke, IHkepMaHcbke, bBinoropceke); TpaBep-
TUHY — y XmenbHuubkin (BenukokyxeniBcbke); TydiB —
y 3akapnarcbkii (BepeTsaHcbke); nickoBukiB — y TepHonine-
cbkin (BypaHiBcbke, 3acTiHkiBcbke, TepeboBnsiHebke), Jly-
raHcbkin (Tpoiubke), IBaHO-®paHkiBCbKi (FOpoaHULIbKE,
BabuHcbke) obn.; rincy n awrigputy — y lMNpuaHictpos'i
(TpocTtaHeubke, KonokonuHebke, MprosepHe, Mamanuseke,
>KypaBHiBcbke, [JoOpiBNSHCHKE), SKi MalOTb BUCOKY Aekopa-
TUBHICTb | CTAHOBNATL NPAKTUYHWUIA iHTEepec ANA BUKOPUC-
TaHHSA X y OyAiBHULTBI 1 apXiTeKTypi.

Omxe, YkpaiHa mae HeoOMeXxeHi MOXINMBOCTI Anst BUAO-
OyTKy OyaiBenbHOro 11 06NNLIKBANbHOMO KaMiHHS, a 3aBAsIKA
CBOIM BMCOKMM JeKOpaTMBHUM BNAaCTMBOCTSIM BOHO Nociaae
rigHe Micue Ha MiXXHapOOHOMY PUHKY.

nmunu myeonnaski. B YkpaiHi pogosuLla Tyronnaekmx
rnuH Bigomi Ha Jonb6aci, B 03, Ha YL, BMM, 3akapnatcek-
komy nporuHi. Y O03 i Ha JoHbaci noknaawm aprinitie i ane-
BPOMITIB MOB'A3aHi 3 BigknagamMyn KapTaMULLCLKOI CBITU
HWXHBOT MepMi i IOPCbKMMU YTBOPEHHSAMU, a TYronnaBKuX
rNNH — 3 HEOTEHOBOID MONTABCBLKOI CBiTOK. TOBLMHA nna-
cTiB konmnBaeTbes Big 0,6 o 63,5 m. Ha BII Bigomi nnactu
i niH3u (0,3—27 M) rnuH 1 apriniTis HeoreHosoro Biky. Ha YL
nnactu Tyronnaekux rmuH (8o 20,6 M) nos'A3aHi 3 HeoreHo-
BMMM | YeTBEPTMHHMMM Bigknagamu, y 3akapnatTi noknagm
rnuH (0,5-18,9 M) npuypoyeHi 4o YeTBEPTUHHUX BiaKNagdis.

Tyronnaeki rMUHW XapaKTepu3yrTbCA BUCOKOK BOTHET-
puBkicTio (1350-1580 °C) i nnacTu4HicTio, LWUMPOKMM diana-
30HOM CMiKaHHs1; BMIiCT rmnMHo3emy — 18—-24 %, kpemHe3eMy
— 50-60 %, okcuais 3aniza — 10-12 %. 3a MiHepanbHUM
CKIaloM BMAINSOTL ABa rONIOBHS TUMW MMNH: FiAPOCOANCTI

(Yacie-Apcbke, HoBopawicbke, [pyxkiBCbke 1 iHWI pogo-
BMLWA) i kaoniHiToBi (M'aTuxaTtcbke, KipoBorpaaceke, O3ep-
HSAAHCbKe, [nyxiBCbke Ta iH.).

Y OepxaBHomMy 6anaHci obnikoBaHo 31 pogoBswuLLe Tyro-
NAaBKMX MWK, 3aranbHi 3anacu gopisHioloTe 1 079,6 MAH T,
po3pobntotoTbes 20 pogosuw, Ae B 2020 p. 6yno Bugobyto
4 547,9 Tuc. T cuposuHn (MiHepanbHi pecypcu..., 2021).

OCHOBHVM panoHOM PO3BUTKY Tyronnaskux MuH € [oHbac,
Oe Bigomi Taki pogoBua, fk: Yacie-Apcbke, NonacHsHCbKe,
ApTemiBcbke, Kyppatomiscbke, Kapniscbke, BipontobiBcbke,
HoHcbke, HoBoparicbke, BeceniBcbke, OkTa0pcbke, Tope-
ubke, AHgpiiBcbke, HosowBeliuapcbke, HoBOOKTSOpCHKE,
Monoriscbke, [M'atnxatceke, [pyxkiBcbke, ABpamiBcbke,
Tpownyare, py3bke Ta iH. (Muxannos, 2023a).

Ha YL Bigomi pogosuwa lNonoriscbke, Bonoanmupis-
cbke, KipoBorpaackke, LlocTakiBcbke, IBaHO-BnarogaTHis-
cbke, Kam'sHeubke, MN'atuxaTtcbke, CakcaraHcbke, Beceni
TepHu, HoBoneTpiscbke, [leBnafiBcbke Ta iH.

[o sucokonepcriekmusHUX BUAIB CUPOBUHW BiAHECEHI
rpadiT, coni kaniHi, abpasnBHa cMpOBUHA, KBapLIOBA CUPO-
BMHa, CUpOBMHa n'e3oonTuyHa. BoHM MaloTb BUCOKWUIA pi-
BEHb iHBECTULiHOT NpnBabnueocTi (= 70 %), H13bKi pU3UKK
iHBecTUUinHUX BknageHb (< 30 %), xapakTepuayloTbcs ce-
peaHiM piBHEM KOHKYpeHLi.

Ipaghim. B YkpaiHi pogosuLla rpadity npuypoyeHi o
cTpykTyp YL y Mexax 4oTupbOox pyaHMX paiioHiB: MNoby3b-
komy (3aBanniscbke B KipoBorpagchbkii 061.), KpmBopisb-
komy (MeTpiBcbke Ta BanaxiBcbke B KipoBorpapgcbkin
06n.), BonuHcbkomy (BypTuHCbKke y XMenbHULUbBKIA 0611.),
Mpuasoscbkomy (Tpoiupke y 3anopisbkii Ta Mapiynonbcbke
y [HoHeubkin 06n.) (Mykhailov, Zagnitko, & Lyzhachenko,
2021). 3aranbHi 3anacu rpadity LMx poaoBULL, OLHIOOTb Y
343 mnH T pyam Ta 19,8 mnH T rpacpity (Tabn. 1). 3 HMX po3po-
onsaoTe 3aBanniscbke Ta banaxiscbke pogosua. uHamika
BMOOOYTKY OCTaHHiIM Yacom Oyria HepiBHOMIpHOO (Tabn. 2).

Mponosuuii gnsa niueHsyBaHHA Ha BUAobyBaHHsA (FTopoga-
HsIBCbKa finsiHKa) i Ha po3Biaky (XmeniBcbka AinsiHka) Bia-
KpuTi Ha BypTrHCbKOMY pogoBuLLi y XMenbHULbKiA 06., Ha
po3Biaky — Ha MnuHkiBCbKin nowwykosiv nnowi y Kiposorpaa-
cbkilh 06n. (depxaBHa cnyx6a reonorii..., 2021).

Ta6bnuys 1
3anacu pogosuuy rpadity, TUc. T (MiHepanbHi pecypcew..., 2021)
PopoBuue A+B+C, C,
pyna rpacit pyna rpacir
3aBanniscbke 79 928,3 5030,5 14 613,0 7442
[MeTpiBCbKe 7523,0 540,0 1696,0 115,0
Banaxiscbke 23 936,0 1302,0 18 469,0 820,0
BypTuHCbke 113 390,9 6 584,7 64 964,1 38227
Tpoilbke 2027,0 163,0 252,0 14,0
Mapiynonbcbke 3440,0 135,0 1347,0 41,0
Bcboro 230 245,2 13 755,2 101 3411 5 556,9
Tabnuys 2
OnHamika BuAo6yTKy rpadity B YkpaiHi y 2010-2019 pp., Tuc. T (Mykhailov, Zagnitko, & Lyzhachenko, 2021)
Poku 2010 | 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
Pyna - 18,7 91,9 28,1 104,0 111,2 103,0 263,5 | 218,9 27,4 93,1
padpit - 0,9 7,0 2,0 8,0 7,9 6,1 13,9 12,2 1,5 5,2
Kpim Toro, Bigomi umcneHHi nposisu rpadity: Kowapo- 2008; Mwuxannos, 2023a; Mykhailov, Zagnitko, &

OnekcangpiBcbkuii, MiBaeHHO-XallyBaTCbkui, [JyOuHIBCH-
kui y Moby3bkomy p-Hi; BabeHkiBcbkuiA, JlosoBaTchkun, OB-
HAHCbKNIA — y KpnuBopisbkoMy; TemMproubkuin, KapaTioxcbkui,
CaukuHcbkuin — y Mpuasoscbkomy; MaxapuHeubkui, Oy6o-
BeLbkui Y BonmHcbkoMmy.

3aesanniecbke podosuuwje € pPoOAOBULLEM CBITOBOrO
Krnacy, BOHO HEOAHOPAa30BO OMUCAHO B reOsIOoriyHiN niTepa-
Typi (M'ypcbkni Ta iH., 2006; KocteHko, 2014; Muxannos Ta iH.,
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Lyzhachenko, 2021 Ta iH.). PogoBuwe npuypoveHe A0
GioTuT-rpadhiToBMX rHEWCIB XallyBaTO-3aBanmiBCbKOi CBiTU
apxeto, Ae Buainaetbcsa Ao 40 nnactonofibHux pyaHux Tin
nosxuHoto Big 200 go 1200 m, ToBwmHOW Big 3,5 Ao 80 m.
[padiT y pyaax kpynHo-nyckyBatum (2—4 Mm), AOro BMICT
6—14 % (cepenHin 6,5 %), y pyaax HasiBHuiA rpaHart (6—31 %)
(puc. 5). BaranbHi 3anacu rpadgitoBoi pyan — 95,3 MIH T,
rpadity — 5,8 MnH T.
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PopoBuiuie 3gaBHa po3pobnsie 3aBanniBcbkuii rpacdito-
BUIA KOMBIHAT Kap'epHUM cnocobom. PiyHa NnpoeKkTHa NOTyX-
HicTb koMOGiHaTy 800 Tuc. T rpacbiToBoi pyan abo 35 Tmnc. T
rpaciToBOro KoHueHTpaTty. Ha noyatky 90-x pokiB BuMyck
npoaykuii nepesuwysas 40 TUC. T, NOTIM MOYaB Pi3KO 3HU-
XyBaTucs i HUHi nepebyBae Ha piBHi 4—8 Tuc. T Ha pik. MNpoe-
KTHi MOTYXXHOCTi SIK kap'epy, Tak i kombiHaTy JaloTb 3mory
Pi3KO HApOCTUTM BUPOBHMLTBO rpachiTOBOro KOHLEHTpaTy,
KU BignoBigae BMMOram Ao CUPOBWMHM ANst BUPOOHMLTBA
ranbBaHiYHNX €NEMEHTIB Ta INY>XXHUX aKyMynsiTopiB (30Mb-
HicTb 10-14 %, Bonoricte Ao 1 %, BMXig NETKNX pe4OoBUH
8o 1 %, Bmict migi go 0,05 %, gomilwkm kobanbTy, Hikento,
CBUHLLIO, MULL'SIKY — CRigK).

Puc. 5. 'padiToBi rHericu aBannchbKoro poaoBua
3 rpaHaToM (4epBoOHe)

Ak 06'eKT niLeH3yBaHHs iHTEpec BUKNUKae Xmeniecbka
dinsiHka bBypTuHcbkoro poposuwia nnoweto  143,3 ra.
Ycboro Ha nnouwi pogosulia 6yrno BUSIBNEHO 1 OMOLLYKO-
BaHO OEB'sATb AINSHOK, HANNEepPCNeKTUBHILLO 3 SIKUX BUABU-
nacs bypTuHCbKa AinsHka 3 MNPOrHO3HUMW pecypcamm
rpaditoBoi pyan 423,2 MiH T, rpadiTy — 25 MIH T, Ak nepc-
NekTUBHI Oynu BuAINeHi Yotupu AinsHkn (FopoaHsABCHKa,
Matpocbka, XmeniBcbka, JlicoBa), a 3aranbHi 3anacu i pe-
cypcm rpaditoBoi pyam 3a kateropismu Cz i P1 6ynu BusHa-
yeHi y 350 mnH T (OepxaBHa cnyx6a reonorii..., 2021).
PyaHa ToBLLa po3milieHa Ha niBHiYHO-cxigHOMY kpuni LLe-
NeToBCbKOI aHTMKNiHani y BonuHcekomy 6noui YL, cknane-
HOI rpadiT-6ioTMTOBUMY rHencamu i MirmaTuTaMmm paHHbLOro
pokembpito. MiHepanbHuii cknag pya: rpadit, nonboBui
wnaT, KBapu, 6ioTUT, CepuUMT, KaomiHIT, HOHTPOHIT, MOHT-
MOPWIOHIT, XNTOpUT, Figpocnioau, rigpokcman 3anisa; akue-
COpHi — cynbdign, anatut, rpaHaT, iNbMEeHIT, LUMPKOH,
MoHauuT. paciT NpeacTaBneHNn TOHKOK BKpanseHICcTHo,
NycKyBaTMMW arperatamu i npoLlapkamm no rHencyBaTocCTi
BMicHMX nopig. [paciT no nopoai po3noBcoaXeHUn 4ocTa-
THBO PIBHOMIPHO, iHKOMK 3ycTpivaloTbesa 3baraveHi npolua-
pkn Ta rHisga. Bmict rpadity konuBaeTtbcs Big 4,4 po
11,9 %, cepenHin BMICT cTaHOBUTbL 5,76 %. lMigpaxyHky 3a-
nacis Ha [insHui He NPOBOAWIN, NPOrHO3HI PECYPCU OLLiHIO-
0Tb y 4232 MNH T pyam i 25 mnH T rpadity (OdepxaBHa
cnyx6a reonorii..., 2021). IHwi poaosuLia onucaHi B poboTi
(Muxannos, 2023a).

OTtxe, 3a pecypcamu rpadiTty, obcsiramMu pogoBuLy i
AKICTIO CMpPOBMHM YKpaiHa 3gaTHa 3abesneuntn notpebu
€BPONENCLKOI MPOMWUCMOBOCTI Yy rpadiTi And "3eneHux
TexHororin" Ha cTagii NPOMMCNOBOI ekcniyaTtauii BiaomMmnx
poooBuw,. HwHi  HaWbiNbWwWiA  iHBECTUUINHMIA  iHTepec
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CTaHOBUTbL XMerniBcbka AinsgHka BypTuHCbKOro poposumLua,
Ha sIKy BiOKPWTI NiLleH3irHI npono3auii.

Coni kanitHi. B YkpaiHi kaninHi coni po3BrHeHi nepesa-
XHO B lNepenkapnaTcbKkoMy KpanWoBOMY MpPOrvHi, A€ BOHU
NPUYPOYEHi 0O KanyCbKnx BEPCTB CTEOHULILKOT | BOpOTHLLE-
HCbKOI CBIiT HeoreHy. KaniiHi coni npeacraeneHi nnacro- i
niH3onoaibHMmMn noknagamu (ToBwwmHa 3—120 M), po3su-
HeHi Ha rmunbuHi 600-700 M. Buginaioteca xnopwucTi coni,
CHOpPMOBaHi CUMBLBIHITOM | KapHarniToMm; cipyaHo-kucni coni
3 KaiHiTOM, NaHrbernHUTOoM, nonirarMToM, LLIEHITOM; 3MiLLaHi
cipyaHokucno-xnopucti coni. Bmict K20 3miHoeTbes Big 9
0o 21 %. OepxaBHum GanaHcom 3anaciB 0b6niKoBYOTbLCA
3anacn 13 popgosuw, y KinbkocTi 3 627,4 MAH T pyaun i
411,0 mnH T K20, ogHak BoHM noTpebytoTb nepeouiHku (Mi-
HepanbHi pecypcim..., 2021). Jo 2007 p. BugobyTok conen
3gincHoBanu Ha pogosuwax Kanyw-ronvHcbke B IBaHO-
®paHkiBcbkivi 06n. (BAT "Opiana") i CtebHuubke y JbBiBCh-
kinm oon. (ArXM "MonimiHepan"), ane BigTOAI POAOBULLA HE
pPO3pOo6NHoTh.

Cme6Huybke podosuuje kaninHux conen y JIbBiBCbKii
0o6n. NpuypoyeHe 00 3aropcbkoi Ta BEPXHEOBOPOTULLEHCH-
Koi cBiT [NepeakapnaTcbKOro NporuHy, e BUSIBNEHO N'ATb
KaninHMX ropusoHTIB, SAKi 3ansratloTb cepef CONeHOCHMUX Mi-
LLIaHO-TAMHNCTMX Bpekyin | rMMHUCTOI kKam'aHoi coni (puc. 6).
HannoTyxHiwmnm € ApyrniA ropuM3oHT, L0 OXOMMIOE LWiCTb
rofioBHMX nnactis. NopogoyTBopoBanbHi MiHepanu — raniT,
KaiHiT, NaHrGenHiT, CMnbBiH, AOMILLKM — Moniranit i KisepwurT,
ApyropsgHi MiHepanu — aHrigpuT, LWeHIT, rfinc, encomit i
KapHaniT. KaiHiT 3ycTpiyaeTbcsa y Burnsaai opibHo3epHucTUX
arperariB, napanenbHO-BONOKHUCTUX | pafianbHO-BONOKHUC-
Tux yTBOpeHb. Ha 6asi pogosula paHiwe npautoBas Cteb-
HULbKUIA KaniiHWA KOMGIHAT, SIKMIA BUNyCcKaB KanimMarHesito,
OfHaK Y 3B'sI3Ky 3 6araTbma ekonoriyHumMu npobnemamu Bu-
nobyTok coner Byno npusynuMHeHo. 3anacu cuMpoi coni Ha
C1ebHuubkoMy poaoBuLLi cTaHoBMATE 1 519,1 MNH T.

MacmTab 1: 40 000

Puc. 6. NeonoriyHumi po3pi3z CTe6HULbKOro pogoBuLla
kaninHoi coni (Muxannos Ta iH., 2008):
1 — FAVHK, CYFMWHKK, raneyvyHnku; 2 — rinco-rnmHucTa kopa
BMBITPIOBaHHS; 3 — NiCKOBMKK; 4 — CONEHOCHI Bpekyii Ta rmuHu;

5 — niwaHo-ruHKcTi crnabo 3aconexi nopoau; 6 — cinb kaninHa
B COMEHOCHIV TOBLLi; 7 — TEKTOHIYHI NOPYLUEHHS

Kanyw-IonuHcbke podosuuje npuypoYeHo [0 FonvH-
CbKOi (BEpXHbOCTEOHMLBKOT) CBITU MioLeHy. Cepen coneHoc-
HWX NOpig PO3BWHEHI CUMbBIHITOBI FOPU3OHTU, CHOPMOBAHI
CUMbBIHOM 3 AOMiLLKaMW aHrigpuTy, noniranity n kapHanity.
KaiHiToBi noknagu npeacTtaeneHi npoluapkamu. 3a MiHeparb-
HUM CKNagoMm MoKnaam noginsaoTb Ha KapHaniToBi, KaiHIToBI,
CUINbBIHITOBI Ta NaHrbenHiTo-kaiHITOBI 3 AOMillkamu ranity,
noniranity, kideputy. Ha 6asi pogosuiia paHilwe npauroBas
Kanycbkuin ximiko-meTanyprinHuin kKombiHaT, Lo BUnyckas Mi-
HepanbHe p[obpuBo y Bumsadi xmopuctoro kanito (KCl),
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cynbdary kanito (K2SOs), kanimarHesii (K2SO4 + MgSOa), no-
niraniToBoro 3anuuky, xmnopuctoro marHito (MgCl2x2H20),
cynbdaty Hatpito (Na2S04), ik NOBIYHMI NPOOYKT — Xap4oBY
1 KOpMOBY Cinb. 3anacu pya pogosuila — 448,2 MrH T.

Kpim 3ragaHux, y MNepegkapnaTTi BiGOMO e Npo HU3KY
pofoBuL, KaniiHux conen: bopucnascbke, [dobporocTis-
cbke, Momsapku, YnnuHo, HuHis, [peronykceke, lNpke, Pocu-
nbHaHcbke, CTapyHbcbke, Mapkicbke, Monogkiscbke,
Kapo6Ha, TpocTtaHeubke, Typa Benuka, MopLlumHceke, ane
BOHW He roTOBI ANA BignpauloBaHHS.

Y 003 nposiBu KaniiiHoOi coni BUsiBNEHi Ha 16 kynonax,
ane Tinbkn Ha PomeHcbkoMy MpomucrioBa Kani€HOCHICTb
(KCl po 39 %) posmiwieHa Ha HeBemnuki rmmbuHi (300—
500 m), pewrTa nposBiB nepebyBaloTb Ha rMMOWHI 1,5—
2,0 kM. Lle gae amory posrnagatv I3 sk perioH, nepcnek-
TUBHWUI ANS NOLUYKIB POAOBWLL, KaniNnHUX CONew.

Ha [oH6aci BusiBNeHi ABi Kani€eHOCHi 30HW: BEPXHA — CU-
NbBiHIT-kapHaniToBa (4o 60 M) i HWKHA cunbBiHiTOBa (70—
100 m) cepeq CONEHOCHMX BiAKMaAiB KpamMaToOpCbKOi CBiTU
HWXHBOT Nepmi BaxmyTcbkoi Ta KanbMiyc-TopeLubkoi yrnoro-
BWH. KaninHi coni npeacraBneHi kKapHaniTom, CUMNbBIHITOM,
noniranitom i naHrbenHiToM, BOHM 3ansralTb y BUrMAAi
npoLlapkiB 1 OKpeMUX NnacTiB, BKMOYEHb Y CYLINbHIA Maci
kam'aHoi coni. lnactu mawTb HeBenuky TOBLWMHY 0,3—
4,8 M, ane xapaktepu3yloTbcs Bucokum BMicTom KClI
y cunbBiHiTi (21,3 %). MMubnHa 3anaraHHs 600—1000 m.
MporHo3Hi 3anacu ouiHTL Y 1 Mnpa T.

A6pasueHa cupoeuHa (2paHam). B YkpaiHi Bigomi po-
AOBULLA rpaHaTy ABOX TUNIB: MarMaTU4Hi 1 MeTamopdiyHi.
MepLwi noB'sA3aHi 3 rpaHiTaMu apxen-nNpoTepPO30NCLKOrO BiKY
(Cnobiacbke i JlosHeHcbke pogoBua, Xuraniscbkui, Mu-
Konaiscbkuin, [yniiBCbkMn Ta iHWi nposisBn BonuHcbkoi
nnoi); apyri NpuypoYeHi OO CnaHLeBO-THENCOBUX TOBLL
aokemb6pito MNoby3bkoi (3aBanniscbke pogosuLle, LLlampais-
CbKWUMI, BorpaHiscbkni, Jlo3oBaTCcbkun nposien),
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Mpuasoscbkoi (dparyHcbkuin, binouepkiscbkuin, BepxHboTo-
Kmaubkuin) Ta KpmBopisbkoi (PKoBTsHCHKMI) oty (puc. 7).

Cnob6idcbke podoeuwie y BiHHWUbKiI 06n. ccopmo-
BaHe 6ioTUT-rpaHaTOBMMM rpaHiTaMu 6epanyiBCbKOro Kom-
nnekcy Ta npoAaykTaMu IXHbOro BUBITPIOBaHHSA. BmicT
rpaHaTy crtaHoBuTb 14,5-16,0 %. Moro cknag AocTaTHLO
oaHopiaHu (%): anbmanauH (61), nipon (31), rpocynsp (7),
cnecapTuH (1), mikpoTeepgicte 1400—1560 kr/mm2. MoeHa
abpasvBHa 34aTHICTb LWOAO0 MOHOKOPYHAY pJocsrae 45—
52 %, noyatkoBa — 81-87 %. 3a mikpoTBepgicTio, abpa3ns-
HOIO 34aTHICTIO, MEXaHIYHOI MILHICTIO, TEPMOCTIWKICTIO rpa-
HaTW  poJoBULLA  MOXYTb  3acTOCOByBaTuUCA  AnNS
winidpyBaHHA BUpOGIB 3 AepeBa, LUKipW, r'yMu, TOHKOrO Lufi-
dyBaHHA ckna i JoBeAeHHs aeTanen 3 M'akux metanis. Cy-
NyTHLOK KOPUCHOK KOMarvHOK € KBapL-MonboBOLLNaToBa
CMpOBMHA ANs CKNAHOI npomucnosocTi. Pogosuie possi-
OaHo Ha rmubuHy Big 13,7 o 29,1 M, cepefHs TOBLUMHA
BUBITPEHUX pya 3,5 M, WwinbHux — 18,2 M. 3anacu abpasms-
HOro rpaHaty — 673 TuC. T; KBapL-MONbOBOLLNATOBOI CUPO-
BUHM — 2 053 TunC. T.

leaHiecbke podoeuuje y BiHHWLbKIN 06N, cdhopMoBaHO
aHanoriyHumy  GioTuT-rpaHaToBUMKN  rpaHiTamu. [paHat
o6ox pogoBul 3a i3NKO-MEXaHIYHUMU BNACTUBOCTSMU
i0eHTMYHUIA. |BaHiBCbKe popoBulle ekcnnyaTtyeTbcs BAT
"lBaHiBCbKMI cuelkap'ep”, Wo Bunyckae webiHb Aons Aopo-
XHbOro OyaiBHMLTBA. Y npoueci nepepobrneHHs rpaHiTiB Ha
webiHb yTBOpPHOETECA 30arayeHun rpaHatom Ao 19-26 %
(3a BmicTy noro B noyatkoin pyai 15-20 %) kam'sHui Biacis
dpakuii MmeHLe 5 mM. 3 koxHMX 100 Tc. M ripcbKoi Macy B
npoueci 36aradeHHs Buxoautb 25-30 Tuc. M3 BiaciBy, y
SKOMY MIiCTUTbCA 7—8 TUC. T rpaHaTy. |3 uboro BiAciBy MOX-
NMBE TakoXX OTPUMaHHS KBapLi-NOSIbOBOLLMNATOBUX KOHLIEHT-
paTiB Ansi CKNSAHOI NPOMMCIOBOCTI B KiNbKOCTi HE MeHLue
16-18 Tuc. 1. [paHaT IBaHiBCbKOrO poaoBuLla Moxe GyTn
BUKOPUCTaHUIN Ans abpasnBHOI MPOMUCITOBOCTI.
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Puc. 7. Cxema po3TalwyBaHHA poAoBuLy abpa3mBHOi cupoBuHU (I'ypcbkuii Ta iH., 2006; Muxannos Ta iH., 2008):
1 — BepandiBCbKi rpaHiTH; 2 — pogoBMLLA rpaHaTiB naneonpoTeposoto (1 — Criobiackke; 2 — IBaHiBCbke); 3 — poAoBMLLA rpaHaTiB Heoapxeto
(3 — 3aBanniscbke); 4 — kopyH (4 — CxigHonNpuaHINpoBcbKa AinsHka; 5 — LieHTpanbHonpuasoBcbka AinsiHka; 6 — [iparyHcbke poaoBULLE;
7 — CepenHboby3bkuii p-H; 8 — KokonoBcbkuii Nposie); 5 — mapLuanit (pogosuia: Kpmsopisbke, MaBpuniscbke 10)
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3aeanniecbke podosuuye chopmoBaHo GioTUT-rpadi-
TOBMMM i BIOTUT-rpaHaTOBUMK THEWCaMK Ta KBapuuTamu.
BioTuT-rpaHaToBi rHeMCU pPO3BUHEHI y BUMMAAI CMYr, MiH3,
JOBXMHOW Ao 1 KM, ToBwmMHOW Big 1-2 go 100 m, 4acTto
CKnagHoi KoHdirypauii. BmicT rpaHaTy B NpoAyKTUBHIN
TOBLi cTaHoBUTL 6—31 %, y cepeaHboMy — 15 %. NpaHaTn
3a (pi3nMKo-MexaHiYHMMK BNACTUBOCTAMW HE MOCTyNnatTbCs
rpaHatam Cno6iacbkoro poaoBuLa, rpaHaTOBUIA KOHLLEHT-
paT 3a40BOMbHAE BUMOIU OO KOHLIEHTpaTIB Ans BUPOOHUL-
TBa WnidyBarnbHOI LLKIpY i NOPOLLKIB AN WipyBaHHS CKna.
B3anacu rpaHaT-6i0TUTOBKX rHenciB gocsaratoTb 18,5 MrH T,
rpaHaty — 3,1 MIH T.

IHWI pogoBuwwa MatoTb NoaibHy 0yaosy (Muxainos, 2023a).

Omxe, B YkpaiHi € Benvka MCB abpa3suBHOT cMpoBKHU
(rpaHaTy), 06'eKTU AKOT MOXYTb BUKMMKaTK 3auikaBreHICTb
NOTEHLiMHWNX IHBECTOPIB.

Keapyoea cuposuHa npepncTtaBneHa poOAOBMLLAMM
KBapLIOBMX MiCKiB, SKi 3andaralTb y BUrMS4i NiH3 i nnacTis
(2-40 m) y Bigknapax Gepekcbkoi cBiTu oniroueHy 03 i
[oHbacy Ta HeoreHoBux Bigknagax BIMIM, KOHTUHEHTANBHUX
YeTBepTUMHHMX Biaknagax YL. Kpim Toro, y 3akapnartTi Bi-
aome popgosuule pionitie, a Ha YL, i Ha [loH6aci — nposiBu
XunbHoro keapuy (puc. 8). OepxaBHuM GanaHcom Kopuc-
HWX KonanuH BpaxoBaHO 42 poOoBuLLa KBapLOBOro MicKy
(3 skux 14 po3pobniotoTh) i3 3anacamu 329,9 MNH T 1 ogHe
pofosuLLe pionity i3 3anacamu 20,7 mnH 1. Y 2020 p. Bugo-
OyToK kBapLoBux nickie ctaHoBmB 1421,7 Tuc. T (MiHepa-
nbHi pecypeu..., 2021).

KBapLoBi nicku no'si3aHi nepeBaxHO i3 TpbOMa erno-
XaMu KOpPOYTBOPEHHS: MareoreHOBO, OniroueH-MioLeHo-
BOIO Ta MNNioueH-4YeTBEPTUHHOW. [lo HanBaXnMBILLMX
pofoBuLy, HanexaTb: ['ycapiscbke, ABaiiBCcbke, HoBocenis-
cbke, bepecToBeHbkiBCcbke B XapkiBcbkill; Benvkornibosu-
ubke i BonowwuHcbke y JbBiBCbKi; HoBOMMXaMniBcbke B
HoHeubkin; ManipHaHcbke B YepHiriBebkin 0611.

lycapiecbke podosuuje npeacTaBneHe rpybo3epHunc-
TUMU KBapLOBUMMK criabo rMMHUCTMMM nickamn By4yaLbkol
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CBiTU naneoreHy, skMMm cOpMOBaHO CybropusoHTanbHe
TiNo JOBXMHOK 0 3 KM, ToBLWMHOMO Big 5,0 4o 24,5 m. Tos-
LUMHA MOKPMBHUX MOpiA (TOHKO3EPHWCTI FMUHWUCTI rnayko-
HITO-KBapLOBi MiCKM XapKiBCbKOI CBiTW) KONMMBAETLCHA Bif
6,3m po 52,8 m (cepegHs 20,9 m). 3anacu kBapLOBOro
nicky gocsiratotb 98,6 MnH T. PogoBuLle € KOMMNEKCHUM,
nickv npuaaTtHi Ana BMpobHUUTBa Kapbigy KpeMHito (KBap-
LoBa CUPOBMHA) i sk popmyBarnbHi nickn. Pogosulle Bia-
npauboByeTbcs BAT "lNycapicbkun M3K".

Aediiecbke podosuuwie npeacTaBneHO KBapLOBMMU
piBHOMipPHO-APiOHO3€PHUCTUMM NiCKaMK NONTABCLKOI CBITH,
NepekpuTUMN YETBEPTUHHUMMW CyrfIMHKaMU i rnHamm (2,5—
21,0 m). BuginsioTe n'atb wapiB, 3 AKAX APYrMn, TPETin i
YeTBEPTMMA € CUPOBMHOK AN CKNAHOI NPOMMUCOBOCTI.
Bmict kBapuy B HUX carae 97-99,5 %, SiO2 — 97,28; Al2O3 —
1,66 %; Bmict Fe203 He nepeBuwye 0,2-0,3 %. OcCHOBHY
macy nicky cpopmoBaHo 3 6e36apBHMX KyTacTux i KytacTto-
obGkaTaHux 3epeH kBapuy. TpannATbCs NOOSUHOKI JTyCOYKM
MYCKOBITY, 3epHa kanieBux MonboBuUX LUNaTie, kapboHaris,
xanuepoHy. Mickn nobpe 3baravytoTbes dnoTauieto i npo-
MMBaHHSAM i3 Knacugikauieto.

Besnukozni6osuybske podoesuuye npeacTaBrneHo
OPIOHO3EPHNCTUMM CBITNO-CipMM KBapLIOBUMMK MickaMn Top-
TOHCBbKOrO §Ipycy MiOLieHy, WO 3ansiraloTb Ha BEpPXHbO-
KpengoBmx Meprensix i nepekprBaroTbCs NiTOTaMHIEBMMI Bar-
HsIKaMKM Ta YETBEPTUHHVMU CYTNIMHKaMU. [JoBXMHa Luapy Kopu-
cHoi komamuHm  800-1500 M, wwmpuHa — 350-800 m,
ToBWMHA — 3,1-13,1 M, ToBWMHA po3kpumBHUX nopig 3,0—
15,2 M. BwmicTt kBapuy 96,05-99,7 %; SiO2 — 94,98-99,66 %;
Fe203 — 0,03-0,2 %. O6'emHa Maca nickis — 1,66 r/cmd, koedi-
uieHT posnywenHs — 1,30, npupogHa Bonorictb — 2,3-3,6 %.
Mickn popoBwLa HaBiTb 6e3 36arayeHHs NpuaaTHi Ans BUroTo-
BMEHHS BIKOHHOMO CKIa, BOHM Nerko 3barayytoTbCcst MeToaoM
droTauii i MOXyTb TaKOX BMKOPUCTOBYBAaTWUCb K hopmyBa-
nbHi Ta ByaiBenbHi nickn. 3anacy kBapLOBUX MICKIB HA 1 CiUHs
2021 p. ctaHoBunu 7 975,7 Tuc. 7. Pogosuile po3pobnsice TOB
"ToproBo-B1aoGyBHa koMnaHis «JIbBIBCbKMIN MEXCKIO3aBoa»".

Yopne

Puc. 8. Cxema po3TawyBaHHsi poAoBMULL KBapLoBOi cupoBuHU (Muxannos Ta iH., 2008):
1 — kBapL NermaTuTiB; 2 — KBapLOBI XXWUnu; 3 — NiCOK KBapLOBWIA; 4 — pioniT.
Lindppamun nosHayeHo poposuia i nposieu: 1 — BonuHebke; 2 — JleH4YmHebkuiA; 3 — ApceHiBcbkui; 4 — CknsiHa Mopa;
5 — nposiBu [JoHeubkoro 6aceiiHy; 6 — N'ycapiBcbke; 7 — BinokpuHuuske; KogpuHebke; 8 — ApaiBcbke

Kpim kBapLOBOro MicKy, siKk KBapLOBY CUPOBWMHY MOXHa
BMKOpPUCTOBYBaTWU pionitu, Bigomi B Beperiscbkomy Harip't
3akapnaTTs, ge po3BigaHe Apdiecbke podosuuwe, chop-
MOBaHe piofiTamu i nepnitammy TOPTOHY i capmaTy BYIKaHiy-
Horo kynora ApaiBcbkoro naneoyrnkaHy (puc. 9). O6'emHa
HacunHa Bara Cny4eHoro nNepnitoBoro "micky" B cepegHbLOMy

ISSN 1728-3817

craHoBuTb 150-180 kr/m3. Poapobka pogosuLia Moxe Binby-
BaTUcA kap'epHuM crnocobom. Kpim nepnitoBux nopia, Ha po-
OOBULLI BUBYaNW MUHKW, WO NpuaaTHi Ans BUpobHULTBA
uernu, Yepenuui, NycToTinux kameHis, 6nokis. 3anacv pogo-
BULLA gocsaraote 9 336 Tuc. M3, Poaosuiue He po3pobnsioTs.
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Puc. 9. NeonoriyHum po3pis ApaiBcbkoro pogosuua (ypcbkuii Ta iH., 2006):
1 — I'PYHTOBO-POCINHHWI LWap; 2 — CYrMVHKA 3 yriaMmKamu BYTKaHITiB; 3 — yraMKu Ta )XopcTBa BYIKaHiTIB; 4 — pioniTu;
5 — 30HM rigpoTepmarnbHO 3MiHEHWX pioniTiB; 6 — nepexiaHi pisHoBUAW Bif, pioniTy A0 NepniTy; 7 — NepniT;
8 — nepnitoBa Tycobpekyis; 9 — macuBHi nepnitu

LLle ogHuM mxepenomM KBapLOBOI CUPOBUHU MOXe CIyry-
BaTW XUINbHWUIM KBapL, NposiBM Skoro Bigomi B Mexax YL i
HoHbacy. OgHMM 3 HaVBaXKNMBILLNX JyKeper KBapLIOBOI CMPO-
BUHU € BosnuHcbke podosuuje KaMepHUX nermMaTuTie
B XXutommpcbkii 06n. (onncaHo Hukye). MNposieu kBapuy Bi-
pomi y Mpurazoscbkomy (CknsHa opa), IHrynscskomy (Apce-
HiBCbkui), CepeaHbonpuUaHINPoBCbKOMY (AMOCTOMIBCHKMN)
6nokax YL, y floHGaci.

CuposuHa n'ezoonmuy4Ha (n'e3okeapy) npencras-
neHa BosiuHcbkumM podosuujeM y YXuTomupchbkin obn.,
sIke pO3MiLLIEHO B NaneonpoTepo3onCbknx rabpo-aHopTo3u-
Tax i rpaHiTax panakisi KopocteHcbKkoro nnyToHy (BacunmwimH,
MaH4yeHko, & MaBnuwwuH, 1996; AkoBnea, & KameHuyk,
2004). MNMermatuT KamepHOro TUMy foKari3oBaHi B 3axii-
HOMY eHAOKOHTaKTi rpaHiTiB 3 MOpoAamMmn OCHOBHOIO CKNaay
1 YyTBOPIOKOTb 30HY AOBXUHOK 22 KM i wnpuHoto 0,3—1,5 km.
BoHu noB'A3aHi 3 panakiBinogibHMMKU Ne3HUKIBCbKUMY FpaHi-
Tamu, MaloTb 30HanbHy OynoBy, HaMbinNbLIWIA iHTEpeC BU-
KnvKae BHYTPILIHA 30Ha 3 BiNbHUM POCTOM KpucTanis
(3aHopuw). o Hei npuypoyeHa OCHOBHa maca KpucTanis
KBapLy, A€ BOHM MICTATbCS B NyXKOMY abo LUinbHOMY arpe-
rati, CoOpMOBaHOMY 3 OKpPEeMWX KpWUCTariB, iXHiX 3pOCTKiB,
ynamkiB KBapuy i NonboBMX LUMNATiB, 3LEMEHTOBaHWX ona-
oM, xanuegoHoM, KBapLuom, rfvMHow. Po3amipu kpucTanis
pisHi. Mopsg i3 ApibHMMKM iHOMBiZaMu 3ycTpivatoTbes
riraHTCbki kpucTanu macoto 10 T i Binbwe, posmipom Ao
2-3 M. BinbLwicTb kpucTanis mMakwTb 30HanNbLHy abo 30Ha-
nbHO-cekTopaneHy OyaoBy. Keapuose s4p0 MIiCTUTbCHA B
LeHTpanbHiN YacTuHi nermatuty Hag 3aHopuwem. dopma
1oro niH3onoaioHa, ToBwKHa Big 1-2 Ao 10-15 m. Mig HUm
pO3MiLLyETBCA 3aHOpUW po3mipoM Ao 5w, ob'emom 30—
40 M3. Y HbOMY YTBOPIOIOTLCA BENWKi, YyO4OBO OrpaHoBaHi
Kpuctanu ksapuy, Tonasy, Oepuny. onosHi MiHepanu:
KBapu, NoneoBi WnaTtu, cnioja, ApyropsagHi: Tonas, 6epwn,
onan, xanuegoH, nopuT, CMAEPUT, NAPOCMAAN, XNOPUT,
deHakiT, pigkicHi — NipuT, INbMEHIT, LUMPKOH, pyTun, ame-
TWUCT, TypmaniH, MoHauuT Towo (4o 96 miHepanis). Pogo-
BMLLE iHTEHCMBHO pO3pOo6NtoBany B MWHYNOMY CTOMITTi.
BoHo cnyryBano ocCHOBHUM AepernioM n'e30KBapLiOBi CUPO-
BWHM PagsaHcekoro Cotody. 3BeAeHHs LWoAo 3anacis M'e3ok-
BapLOBi CUPOBUHW € 3aKpUTUMK. HWHI cneuiansHuin [o3BIn
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Ha reosoriyHe BUBYEHHSI 3 AOCMIAHO-NPOMMUCIIOBOK PO3PO-
Okoto niBHIYHOI YacTMHM BonuHcbkoro poposBuwa Mae
MAT "Ksapucamougitn" (MiHepanbHi pecypcu..., 2021).

Mo nepcnekmueHuUx HanexaTb Taki BUAWM HEMETanIYHNX
KOPUCHUX KOMamnuH, WO MalTb CTpaTeriyHe 3HayeHHs ans
€KOHOMIiKM YKpaiHu, sK: docdoputn, anaTuT, NNaBUKOBUNIA
wnaT, FAaykoHiT, BanHaKM ANs LYyKPOBOI MPOMMUCIOBOCTI,
bNtoCoBi BaMHSAKKU i AOMOMITU, GEHTOHITOBI FMUHW, NONBLOBO-
LwnaToBa CMpPOBUHA, kameHebapBHa cMpoBuHa. BoHun xapak-
TEpU3ylTbCa cepeaHiM piBHEM iIHBECTULIAHOT NpnBabNNBOCTI
(50-69 %), cepegHiMM pusMKaMn IHBECTULINHUX BKNageHb
(31-50 %), HM3BKOK KOHKYPEHLIEHO.

Ho eudie cupoeuHu 3 He3'sicoeaHuMu nepcrekmu-
eaMu HanexaTb BUOW HemeTaniYHUX KOPUCHMX KonasuH,
O MalTb CTpaTeridyHe 3Ha4YeHHs1 ANns eKOHOMIKM YKpaiHu,
a came: bapwuT, 60p, 4ABCOHIT, Bpom, oa, MiHepanbHi cop-
OEHTK, BUCOKOIMMHO3EMNCTA CUPOBMHA, CUPOBUHA Ansi
BMPOOHMUTBa MiHepanbHux dapb, gTop, cipka. BoHu xapak-
TEPU3YTbCA HU3bKMM PiBHEM iHBECTULINHOT NpuBabnneocCTi
(<50 %), BUCOKMMM pU3NKaMK IHBECTULINHUX BKNageHb

(> 50 %), BiACYTHICTIO KOHKYpPEHLIji.

Ouckycis i BACHOBKMU

Ha ocHoBi ekcnepTHOI OLiHKM iIHBECTULIHOI NpMBabnmBo-
CTi poAaoBuWL, HEMETanYHMX KOPUCHUX KomamnuH YKpaiHu sk

HavinepcneKkTVBHiLLi BUAineHo Taki 06'ektv (Muxarinos, 2023a):

o kaoniH: XXexeniscbke, [MyxoBeubke, TypbiBcbke, Be-
nMKoragoMmnHelbke POAOBULLA;

e 061uyroeasnibHe KamiHHS: Cninuunupbke i FonoBUHCBKe
poaoBuLla nabpagoputy; OmensiHiBcbke, TokiBcbke, Kany-
CTAHCbKe, JInsHuupbke i KopHUHCbKE podoBULLLA rpaHiTy;

e myaonnaeki enuHu. YaciB-Apcbke, HoBopancbke,
Bonoanmupiscbke, Nonoriscbke;

e 2paghim: 3aBanniscbke, bBypTnHCchke (XmeniBcbka Ai-
nsHKa) poaoBULLa;

e 2paHam: Cnobincbke, IBaHiBCbke poaoBULLa;

e Kkgapyoea cupoeuHa: 'ycapiecbke, Benvkornibosu-
Lbke poAoBULLa;

¢ n'e3okeapy: BonuHcbke pogosuLle (3 NposiBamMn Ka-
MeHebapBHOT CUPOBUHN);

o ghochopumu: XXBaHCbKe pOOOBUILLE;
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e garnHsiKU Onisi UYyKpoeoi npomucrsiogocmi. pogo-
BuLwa 3amok, Jlucoripka;

e 6eHmMoHiIm: Yepkacbke pogoBuLLe.

Came Ui pogoBuLia po3rnagaloTbCa SK NepLloYeprosi
Ans 3anyyeHHs iHBecTuuin. MoganbLui gocnigkKeHHs nepc-
NeKTUB iHBECTYBaHHs1 KOHKpeTHMX 06'ekTiB MCB HemeTaniy-
HOI CMPOBWHU YKpaiHW MatoTb OyTU CnpsMOBaHi Ha aHani3
AVHaMIKM CBITOBOIO PUHKY; BU3HAYEHHsI Hanpsimy, 06'ekTiB i
METOAIB MOXIUBOTO NiLEH3YBaHHS; aHani3 nepBMHHMUX Ma-
Tepianis 'PP; npoBeAeHHS reornioro-eKkOHOMIYHOT OLLiHKK [0~
LinbHOCTI Ta peHTabenbHOCTi OCBOEHHS 00'eKTIB.
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HIGHLY PROSPECTIVE OBJECT OF THE MINERAL AND RAW MATERIAL BASE OF UKRAINE.
PART 2. NON-METALLIC MINERALS

A brief description of highly prospective objects of the mineral-raw material base of non-metallic minerals of Ukraine is given. Based on an expert
assessment of their investment attractiveness, the following types of raw materials were selected as the most prospective: kaolin (Zhezhelivske,
Glukhovetske, Turbivske, Velikogadomynetske deposits); facing stones (Slipchytske and Golovinske deposits of labradorite; Omelyanivske,
Tokivske, Kapustianske, Lyznitske and Kornynske deposits of granite); refractory clays (Chasiv-Yarske, Novoraiske, Volodymyrivske, Pologivske);
graphite (Zavallivske, Burtynske (Khmelivska section) deposits); granate (Slobidske, Ivanivske); quartz raw materials (Husarivske, Velikohlibovitske);
piezoquartz (Volynske); phosphorites (Zhvanske); limestones for the sugar industry (Zamok, Lysohirka); bentonite (Cherkaske deposit). Among the
non-metallic minerals of Ukraine, these deposits have the highest level of investment attractiveness, the lowest investment risks, and can be
recommended as priority objects for investment in their study and industrial development. To determine the investment prospects of concrete objects,
a preliminary geological and economic assessment of the feasibility and profitability of their industrial development is necessary.

Keywords: mineral raw material base, deposit, non-metallic minerals, investment attractiveness.
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FIPHUYO-TEOJIOrIYHI NEPEAYMOBU E®EKTUBHOI PO3POBKU POAOBMULY
BYAIBEJIbHOMNO KAMEHIO TA LLEBEHEBOI CUPOBUHM
B MEXXAX NOWMPEHHA NbOAOBUKOBUX BIAKINAALIB

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

Po3ansiHymo douinbHicmb KOMIIIEKCHO20 0C80EHHS podosuwy, 6ydieeslbHO20 KaMeHI0 ma wjeb6eHegol CUPO8UHU, WO JTOKasli308aHi
8 MeXxax NnowupeHHs1 anayianbHux i ¢onrosioanayiansHux eidknadie. [JocnidxeHo po3kpueHi mnopodu, siki Micmsimb maki eidknadu, sik
CYnymHi KOPUCHI KonasluHu, W0 8UKOPUCIMO8YHOMbLCS SK cUposuHa y 6ydieenbHil iHdycmpii ma naHowaghmHomy ou3saliHi. 06'ekm do-
cnidxeHHs1 — ye podosuuja epaHimie ma nabpadopumy, w0 Marome MPOMUCIIOEi 3anacu ma po3pobrsstombcs, i 8 posli PO3KPUBHUX
nopid maromes MOMY>kHi Noknadu ghrmrosioznsiyianbHUX sidknadis. I1id yac po3pobku podosuw; ckesibHUX NMOpio ¢hrtosioznsiyianbHi 8io-
knadu e 6azambox eunadkax eidHocsimb 0o po3kpusy. TpaduuyiliHi cnocobu po3pobeHHs epasiliHo-niuaHux nopio 3azeuyall € Henpu-
damHumu abo ycknadHMb POo3POO6KY, OCKiNNbKU npobrieMa euliMaHHSI PO3KPUBHUX chrroeioanayianbHUX eidknadie Halyacmiwe
8UHUKae He Ha cmadii po3kpumms podoeulia, a exe e npoueci lio2o eionpayrosaHHs. [pPHUYO-2eon02i4YHi ocobueocmi 3ansi2aHHs1
cprrogiocnsiyiansHuUX i 2nsiyiansHUX eioknadie crnpuY4uHsitomMs Heob6xiOHICMb Kopu2yeaHHs MPOEKIMHUX pilleHb nid Yac po3pobku podo-
suw, wjebeHesoi cuposuHuU Oss1 3abe3neyeHHs cmilikocmi 6opmie Kap'epy i euMoa npomucioeoi 6e3neku.

HaeedeHo mako pe3ysibmamu sue4yeHHs 2eos102i4Hoi 6ydosu podosuwy 6ydieeslbHO20 KaMeHIo0 ma webeHegol CUPOBUHU 8 MexXax
nbodosukosux eidknadie. Lje podosuwa — CocHieckke, Sipowieckke, Kowjiiecbke, Bo2ycnaeckke (dinsiHka "[ewku”) ii Ocmpie, a makox
podoeuuwie 65104HOI cuposuHu "CuHil KamiHb", e po3kpueHi mopodu npedcmassieHi MOMyXHUMU 2/1syiasibHUMU ma ¢brirosioansiyiasib-
HuMu gidknadamu OHinposcbkoz2o knimamosimy flgP,dn. 3aghikcoeano maki ocobnueocmi 2eosnoziyHoi 6ydosu 8 Mexax yux podosuly:
3Ha4Hul Oiana3oH 3MiH hi3uKo-mexaHi4HUX enlacmueocmel 2ipcbKux rnopiod, wjo exodsimb 0o cknady ¢rosioansyianbHux eidkadie
ma iXHbo20 2paHy/IoMempuU4YHo20 ckady; pi3HOMaHIMHicMb yMoe 3asnsi2aHHsl, 30KpeMa i HasigeHicmb npowapkie niwjaHo-2uHuUCmux
nopid; pi3Hull pieeHb 06800HeHOCMI ¢hrtosioensayianbHUX eidknadie; 3HaYHa 3MiHa sIKICHUX MOKa3HUKie 8 Mexax 00Ho20 podosuwja.
CeoeyqacHicmb i sskicmb eusiefieHHs1 yux ocobiueocmel enyueae Ha eghekmueHicmb pPo3pobrieHHs1 ghnrogioansyianbHUX eidknadie sk
cynymHboi abo cninbHo3ans2ar04oi KOPUCHOT KoNanuHu.

Ansi makux 3anacie pekomeHdoeaHO pPo3po6uMuU Mma euKopucmosyeamu y rpPoyeci 2e0/1020-eKOHOMIYHOT OYiHKU napaMempu KOH-

duuili Ha MiHepasibHy cUpPOBUHY, W0 8paxoeyroms crieyudbiyHi 2ipHu4o-2eoso2iyHi ymosu.

KnwuyoBi cnoBa: ansyiansHi eidknadu, po3kpuseHi nopodu, 6ydisesibHe KaMiHHSI, KOMITJIEKCHE OC8OEHHSI.

Bcrtyn

AkmyanbHicmb i nocmaHoeka npo6semMu. AKTyanb-
HICTb i NPaKTUYHE 3HAYEHHA POOOTM MOB'SA3aHi i3 NigBULLEH-
HAM  edeKTMBHOCTI  po3pobknm pogoBuly webeHeBol
CUPOBMHM, LLIO JSTIOKaNi3oBaHi B Mexax noLumMpeHHs drntoBio-
rnsauianbHUX Bigknaaie. 3rigHO 3 NONoXeHHAMKU 3aranbHo-
OepXaBHOI mporpamMy po3BUTKY MiHepanbHO-CUPOBUHHOI
6a3un Ykpainm go 2030 p. webeHeBa CMpOBMHA HaNeXnTb
0o kareropii "B" — BMAiB MiHEpanbHOI CUPOBUHM, LLO HUHI
BnaobyBatoTbCst B YKpaiHi, cobiBapTicTb BUOOOYTKY SIKMX
3abe3neyye rpaHUYHUIN EKOHOMIYHO BUTiOHWUIA piBEHb PEHTa-
6enbHOCTi, pPO3pOBNEHHsT YCKNaAHIETbCA EKOMOrvYHUMU
npobnemamu, po3BigaHi 3anacu poaoBwL, HeBenuki abo
BMCHaXeEHi, HOBi poAoBWLa HeaoCTaTHbO BUBYEHi, ane
notpeba B Takux BMAax CUPOBUHM 3yMOBIEHA PO3BUTKOM
npomucnoBocTi (BepxoBHa Papa Ykpainu, 2011).

Y ctparterii Ma#byTHbOro po3BWUTKY nepeabavaeTbes,
Lo BiobyaoBa BMMaratume BUpOOHULTBA BEMMKOI KiNbKOCTI
BMCOKOSIKICHOTO, BUCOKOMILHOIO, 3 NMEBHMMU HOpMaMmu re-
WwaaHocTi webeHo Ta 6yTy. KomMnnekcHe OCBOEHHSI TaKux
poAOoBKL, Pa3oM i3 MakcumarbHVM BUKOPUCTaAHHSAM pO3-
KpMBHUX nopig sik OyaiBenbHOT cMpoBUHK, 30iNbLLUNTL edek-
TUBHICTb iXHbOT PO3POOKMU.

AHaniz ocmaHHix docnioxeHb i ny6nikayii. MeTo-
OMKW reonoro-eKOHOMIYHOI OUiHKM Ta MigpaxyHKy 3anacis
Anst pogosul OyaiBenbHOro kameHto Ta LebeHeBoi cupo-
BVMHW BUKMAOEHO Y BiTYN3HAHUX HOPMATUBHUX JOKYMEHTaX,
3okpema Knacudpikauii 3anacis i pecypcis [epxaBHoro
doHay Haap (Mpo 3aTBepokeHHs Knacudikadii..., 1997) Ta
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IHCTpyKLUIi i3 3acTocyBaHHA Knacudikauii 3anacis i pecypcis
KOPMCHUX KOMamnuH AepaBHoro dhoHay Hagp 4O pPOAOBWMLL,
OyaisenbHOro n obnuutoBansHoro kameHto (Mpo 3atBep-
OKeHHst [HeTpykuii..., 2003). KinbkicHy ouiHKy 3anacis poao-
B, webeHeBOi CUPOBUHM MEepiogMYHO noJakwTb Y
00BiaKoBMX BUAaHHAX [epkaBHoi cnyx6u reonorii Ta Hagp
Ykpainu (MiHepanbHi pecypcu Ykpainn, 2020).

Y nybnikauisx OCTaHHiX pOKiB TakoX 3adhikcoBaHO Npo-
6remy ripHUYO-TEXHIYHMX YCKNagHeHb Yy mpoueci po3pob-
NEeHHS nopig po3KpuBY, LLO MICTATb donitoBiornsuiansHi Ta
MOpPEHHI Bigknagn Ans pogoswuw, GyAiBeNbHOrO KameHHo
(JlutBmHuyk, & Pponos, 2021, 2022)

PopmysroeaHHs yineli cmammi. 3aBLaHHSIMM NPOMo-
HOBAHOro AOCHIIXEHHA € cuctemMaTu3auid N OuiHIOBaHHSA
ripHUYO-reonoriYHMX nepesyMoB KOMMIEKCHOTO OCBOEHHS
poaoBwuLL OyaiBenbHOro KameHto Ta WwebeHeBoi CMPOBMHU B
MeXax NoLIMpeHHs NbOAOBUKOBUX BigKNazis.

06'ekmom AocnidxeHHs1 € pOOOBULLIA IPaHiTIB | nabpa-
[OpuUTY, WO MarTb NPOMUCIIOBI 3anacu i po3pobnsalTbes.
BoHu nepekpuTi NOTYXHUMKU Noknagamu cniosiornsayians-
HUX BigKnagie, siki B poni po3KPUBHUX MOPIg MOXyTb OyTu
OLiHEeHi siK cninbHo3ansrawYdi KOPUCHi konanuHu. 3a BU3Ha-
YeHHAM Knacudikadil 3anacis i pecypcis KOpUCHUX Komna-
NWH, CcniflbHO3ansArat4i KOPUCHI  KOManuHU — KOPWUCHI
KonanuHu, Lo YyTBOPIOKTb B PO3KPMBHMX | BMICHUX Mopoaax
CaMOCTIlHI NoKNaau, CenekTUBHUIA BUAOOYTOK i BUNYYEHHSI
SAKUX TEXHOSOMYHO MOXNUBI 1 EKOHOMIYHO AOUiNbHI Yy Npo-
ueci BUAobyTKy OCHOBHMX KOpUcHUX konanuH (Mpo 3aTBep-
DKeHHs1 MonoxeHHs...., 2006).

© Nykomcbkun Bnagucnas, Kypuno Mapis, 2024
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BcraHoBneHo, wo 10-20 % kap'epis 6yaiBenbHUX ma-
Tepianis, WO PO3MilLleHi B Mexax AHIMPOBCBHKNX 3nefeHiHb,
HanexaTtb TipHWYMM MignpuemMcTBaMm, siki  po3pobnsTb
niLaHo-rpaBinHi pogosuwia driosiorngauianbHNX Bigknaais
SIK KOPWCHI KonanuHu ons BUPOGHMLTBA MiCKy, KaMeHO Ta
webHo (JIuTBUHYYK Ta iH., 2021). Mig Yac po3pobneHHs po-
OOBMULL CKeNbHUX Nopif chrtoBiornsuianbHi Biaknaam B 6ara-
TbOX BUMaAKax 3apaxoBYlOTb A0 PO3KPWBY, OCKIMIbKM BOHU
nepekpusarTb AOCTYN A0 KOPUCHOT KONanuHu. Y Takomy Bu-
nazky TpaguuiriHi cnocobu po3pobneHHs rpaBiiHO-MiLaHnx
nopig 3a3Bu4an € HenpmMaaTHUMU, OCKiINbkK Npobnema BURA-
MaHHS PO3KPUBHMX COritoBiOrnsLianbHUX Bigknagie 3a3Bu-
Ya BMHUWKaE He Ha cTafil po3KpuUTTA poAoBULLA, a BXe Y
npoueci noro BignpauoBaHHS.

Y npoueci ouiHioBaHHA Ta nigpaxyHKy 3anaciB poOoBMLL
CKenbHMUX ripCbKMX nopia dontosiornsuianbHi Biaknagu, LWo Mic-
TATbLCS Y MOKPMBAKOYOMY LUAPi, 3a3BMYal 3apaxoByoTb 40 PO-
3kpuBy (Lukomskyi et al., 2022, p. 606—637), ToMy Ha ymOBHK
IXHBOrO 3ansraHHs i pakUiiHWiA cknag yBaru ocobnveo He
3gepTatoTb. OfHaK Hagani, 3a yMOBU pO3LLUMPEHHS (PPOHTY rip-
HUYUX PoBIT, Lie MOXe NPMBECTU 10 YCKIaAHEHb MNif Yac 3HATTS
Lwapy cntosiornsauiansHUX BigknaaiB PO3KPUBHUX NOPIA.

[lo ocobnunBocTel 3ansraHHs Takux Bigknagie Hanexarb:

e 3HAYHWUIN fianas3oH 3MiH (i3nKO-MexaHiYHUX BAacTu-
BOCTEWN ripCbKNX MOpid, WO BXoAATb A0 ckrnagy dontosiorns-
LianbHUX BigKnagis, Ta iXHbOro rpaHyroMeTPUYHOrO CKNaay;

® PI3HOMaHITHICTb YMOB 3ansiraHHsi, 30Kpema i HasiB-
HICTb NpoLLApPKiB HECOPTOBAHUX YraMKiB MarMaTU4HUX i Me-
TamopidHMX Nopig, rrvH, Cynicky, CyrinMHKY Ta nicky;

e pi3HWMI piBeHb 06BOAHEHOCTI chntoBiornsUianbHUX
BigKnagis;

e 3HAYyHa 3MiHA SKICHMX MOKa3HWKIB B MeXax O4HOro
poaosuLLa.

CBoeyacHiCTb i SIKiCTb BMSIBIIEHHS1 LUMX OcobGnmMBocTen
BMMMBAOTL HA edEKTUBHICTL PO3pobreHHs dontoBiornsuia-
NbHUX BigKNagiB sk CynyTHLOI abo crinbHo3ansrak4oi Kopu-
CHOI KonanuHu. [ly>ke BaXKnvBe 3HAYEHHS Ma€e JOCTOBIPHICTb
reonoriyHoi iHpopmalii Ha ctagii iHXeHepHO-reonoriYyHMX BU-
LUYKyBaHb. 30Kpema, ypaxyBaHHsl 3aKOHOMIPHOCTEW Ta 0Cco6-
NMBOCTEN YMOB 3ansaraHHsa BigKnagiB y Mexax 3eMernbHOro
BiABeOeHHsA poaoBuLla, a came pakLUinHUi cknag rpasinHo-
niLaHoi Macwu, 4ae 3Mory Bxe Ha cTagii po3pobneHHs pobo-
YOro MpPOEKTY nepeabavaTi opraHi3aLinHO-TEXHOMONYHI 3a-
XOAM, L0 CMPOLLYIOTb MNPOLEC iXHBOrO BUMMAaHHSL.

Pesynbtatun

TpagunuinHi cnocobn po3pobneHHs dniosiornALianbHNX
BiOKNaAiB, WO BMKOPUCTOBYKOTBCA Mif Yac iXHbOro BuMOoOy-
BaHHSI SIK KOPUCHUX KOManwuH, Ha podoBULLAX CKENbHUX MaTe-
pianis y 6inbwocTi BANaAKIB € ManonpuaaTHUMKM | HaBiTb
HemoxnmBMMK. KpiMm Toro, AOCNIAHWKM 3ayBaXyHoTb, L0 Mpo-
6nema BUMaHHS PO3KPMBHUX orntoBiornsLianbHUX Bigknaais
3a3BUYal BUHUKAE He Ha CTafii pPO3KpUTTSH pOAOBULLA, @ BXE B
NpOLeCi BignpaLtoBaHHs Kap'epy, OCKiNbK/ rpaBiiHO-BanlyHHUI
MaTtepian Moxe 3anaraTv 9K Nno BCii Mowi Bigknagy, Tak i
CTBOPOBATM OKarbHi AiNsHKUM HAakoMnYeHHs1. Yepes Lie 3HATTS
Wwapy nilaHo-rpaBilfHOI fipHWYOI Macy € npobnemaTnyHUMm,
IO YCKMNaAHIOETbCA HeAOCTaTHICTIO pobo4voro npoctopy Ta
Bi[ICYTHICT}O BiANOBIAHOrO BUMMaIbHOro obragHaHHS.

HasaBHi npobnemu nig yac po3pobreHHs Takoro Tumny
POOOBULL Y TIPHWYIA YacTMHI OOYMOBIIOKOTE aKTyanbHICTb
poboTu i Ti NUTaHHSA, AKi BOHa Mae po3B'dA3aTn, a came:

e BU3HAYEHHS HOBUX MapaMeTpiB KOHAWLiA Ons 3a3Ha-
YEHOro TNy POAOBMULL,

e MeToauKa nigpaxyHky,

® reornoro-NnpoOMUCIIOBE MOAENIOBAHHA POAOBHULL,

® reosioro-eKoOHOMi4Ha OLiHKa POJOBULL.

ISSN 1728-3817

Omxe, GaraTopiyHWin JOCBIA PO3PO6KM rpaHiTHUX POAO-
BULL, i3 MOTY>KHUM PO3KPUBOM, NPeACTaBeHNM (hrtoBiorns-
LianbHMMW BigKnagamu, 3acBigvye BaXMMBICTb FipHUYO-
reonoriyHnx cpaktopis nig 4Yac Bubopy napameTpiB KoOHOU-
LR, nigpaxyHKy NPOMMCMOBKX 3anacis i BUGopy cuctem Bia-
npautoBaHHs. Lle cnpuunHsie HeobXigHiCTb AeTanbHoro
aHanisy akTu4yHoro matepiany, cuctemaTmnsalii i BCTaHOB-
MNEHHs TUMNOBMX MapaMeTpiB KOHAMLIN nig 4ac reonoro-
€KOHOMIYHOr0 OLiHIOBaHHSA POLOBULL, TAKOro TUMy.

3eedeHa zeosiociyHa 6ydoea podoeuw; 6ydieesnb-
HO20 KaMeHI0 ma uwebeHeeoi CUPOBUHU 8 Mexax
nbodoeukosux eidknadie. OcTaHHIM Yacom po3pobka Mi-
HeparbHOi CUPOBUHM (NepeBaxHo ByaiBenbLHUX MaTepianis)
[ana 3amMory BU3Ha4MTu HOBI 3aKOHOMipHOCTI By0BK ocago-
BOro KOMMMEeKCy Ta HaBiTb BEPXHbOI YAaCTUHM TOBLLi KpUCTa-
nivyHoro cpyHaameHTy CepegHeoro MpuaHinpos's.

Y mexax ob'ekTiB 4OCNiAKEHHS, @ caMe Ha poAoBuULLAX
webeHeBOi cMpoBUHU, Takux sik CocHIBCbKe, ApoLUiBCbKE,
KowiiBcbke, Borycnaeckke (ainsHka "Oewkn"), OcTpi., a Ta-
KOX Ha pogoBuLli 6roYHOI cMpoBUHN "CuHIn KaMiHb", pos-
KPUBHI nopoau NpeacTaBneHi NOTY>KHUMM rMsiLianbHUMm Ta
dntosiornsuianbHUMK BigknagaMu AHINPOBCHKOro KriMaTto-
nity flgPudn (puc. 1-4 (MaHtok, 2017)).

JHinpoBCcbKkMiA  KkniMaToniT cOpMOBaHWUIN NbOLOBUKO-
BUMW YTBOPEHHAMMU, LLIO 3andralTb Ha OOYETBEPTUHHMX
BidKnagax i 3Ha4yHO MOLWMPEHi B NbOAOBMKOBIN 30Hi. [Hin-
POBCBLKMI KMiMaTONIT NOAINAITb Ha HWXHBO-, CepeaHbO- Ta
BEPXHbOAHINPOBCbKMI  cTagiann. HWKHbOAHINPOBCHKUNA
ctagian ccpopmoBaHui dhntosiornsaLiansHMMKN Bigknagamm
— fPudns. CepeaHbOAHINPOBCHKUI CcTafdian npeacTtaBneHunin
03epHO-NbOJOBUKOBMMU, MOPEHHUMY Ta dortoBiornsLians-
HUMK BigKnagamu, WO BiOMNOBiAalOTb CepefHin i BepXHin
naykam "LeBYeHKiBCbKOI CBITU" — Ig Pudn2. Po3pi3 HUXHLOI
YaCTUHW cepeHbOAHIMPOBCHKOro KNniMaToniTy 3aBepLUyoThb
03€epHO-NbOJOBUKOBI BigKNaan, WO MNEPeKpMBaTb OOHHY
MopeHy. BepxHbOOHINPOBCLKMI CcTafian npeactaBfeHun
KparioBoto MopeHoto — gkPidns (MaHtok, 2017).

3HiMKK, HaBeaeHi Ha puc. 1-4, HagalTb YSIBNEHHS NPO
ynamku (BanyHu) kpuctaniyHmx nopig.

PN o N 17

Puc. 1. I'paBiiHO-BanyHHUI maTtepian Ha CocHiBCbKOMy
popoBMLLI, NiBHiYHA YaCTUHA PO3KPMBHOIO FTOPU3OHTY

Y mexax YKpaiHu NbOAOBMKOBI Ta BOAHOMbOLOBUKOBI
BiAKNaaM MalTb 3HAYHE MOLLUMPEHHS, BOHU € pe3ynbTaToM
CepeaiHbOMNMENCTOLIEHOBOrO OKCbKOro Ta  [AHINPOBCLKOrO
3nefeHiHHs (tabn. 1).
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Puc. 3. BanyHHui maTepian Ha BorycnaBcbkoMy popoBuLi (AinsiHka
niBHIYHa YacTUHA PO3KPMBHOIO FOPU3OHTY

Puc. 4. Fp.auiﬂ 3a O3Ip0 BayHord na6pa.q0'r apop.ouu.u

'ﬂel.um"),

"CuHin Kaminb"

Ta6nuys 1

Migpo3ainu YeTBepTUHHOI cUCTEMMU, 3rigHo 3 Knacudikauiero MixkHapogHoi KoMicii 3i cTpaTurpadii

(International Commission on Stratigraphy, ICS)

Cucrema Bipain Apyc Bik, MInH pokiB TomMy
Meviranencbkumn 0,0042-0
[onoueHoBwuiA HopTrpinnceknii 0,0082-0,0042
peHnaHacbkuit 0,0117-0,0082
YeTBepTuHHA BepxHin 0,129-0,0117
MneficToLeHoBMi '~'|M68H.CbKVIl;1 0,774-0,129
Kana6pinicbkuit 1,800,774
enasbknin 2,58-1,80
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Came nbOOOBWMKOBI Bigknagu Ta MOXigHi Big HMX, LWO
chopmoBaHi 3 HeCopTOBaHMX yraMKiB MarmMaTU4HUX | MeTa-
MopdiYHMX NOpiA, FWH, CYrNMHKIB, CYMIiCKiB Ta nickiB, NoLwun-
peHi B Mexax AaBHix 3nefeHiHb (puc. 5).

OKCbKMIA NMbOAOBUK, O BiANOBIAA€E 3a BIKOM NTbOJOBUKY
EnbctepHom 3axigHoi €Bponn, mMae MNOLUMPEHHS NULLE B
KpauHin niBHIYHO-3axiaHi YacTuHI YKpaiHu.

[HINpoBCbKUIA NbOAOBMK, LUO Bi4NOBiAae 3axiAHOEBPO-
nercbkoMy nbogoBMKy 3aanii, MaB NOLIMPEHHS Ha 3HAYHMX
nnowax Teputopii Monicbkoi HM30BUHWM, MNMoAINECLKOT BUCO-
4YnHK, MpraHINPOBCLKOI BUCOYMHN Ta NMpUAHINPOBCHKOI HU-
30BuHM (Ohar, 2021).

Puc. 5. CnpouleHa kapTa YeTBEPTUHHUX NbOAOBUKOBUX Biaknaais YkpaiHu (Galets'kyi, & Peredery, 2007):
1 — niBAeHHa Mexa AHINPOBCbKMX 3MnefeHiHb; 2 — niBgeHHa Mexa Enbctepcbkoro (OKCbKOro) 3anefeHiHHs;
3 — rnauiogncnokadii (1 — Kanis, 2 — Nueuxa, 3 — Kanutea); 4 — 3oHa BUNagiHHs dntoBiornayianbHUX Bigknaais;
5 — TepuTOpIisi NecoBux Ta NECOBUAHMUX BiAKNaais; 6 — AiNSHKM, Ae NbOAOBMKOBI BiAKNAAN HE MOLLMPEHI;
7 — TepuToOpis, WO AOCAIOKYETHCA

KpalHsi Touka NOLUMPEHHST NTbOJOBUKOBOIO S13UKa, LU0 €
Moro niBOeHHO Mexeto, po3TalloBaHa nobnuay m. [Hinpo.
ToBLWMHa NOpia NbOAOBUKOBOrO reHEe3ncy 3MIHIETLCH Bif
Kinbkox meTtpiB Ao 20-30 M, 3pigka go 100 M. Y Kpanosii
30Hi [HINPOBCBbKOro fnbOAOBMKA MOLUMPEHi rnAuiogmcnoka-
uii. BopgHo-nbogoBukoBi  (cbntoBiornaAuianbHi)  Bigknagu
(mickn, raneyHukW, cynicku, CYrNWHKW, TNWHW) 3ansraoTb
Hag i N4 MOPEHOI0, a TaKoX YTBOPIOKTL CBOEPIAHI (hopMu
penbedy (kamu, 03u, 3aHApK). Y MiXNboO0BUKIB'S HAarpoma-
Axysanucs cybaksanbHi rnuHKW, Cynicku, nickn, Topdu,
3aranbHo TOBLLMHOW 0 5—10 M, a 3a Mexamu 3nefeHiHHsA
— cybakBarnbHi BUKOMHI I'pYHTU. Y nepurnsuianbHii 30Hi Nbo-
OOBMKa YTBOPIOBaNMCb feCcu — CBOEPIOHWIA KOMIMIEKC
€0roBOo-AentoBianbHUX Bigknagis, WO MakTb MOKPUBHUMN
Ta OCTPIBHUIM TUNWU 3ansiraHHs. JlecoBi Nopoan BKpMBalOTb
6nm3bko 70 % TepuTopii YkpaiHu. BoHu BigcyTHI nvwwe Ha
6inbLwin yactuHi MNonicca Ta B ropax. Jlecoea ToBLa nepe-
LLIAPOBYETLCA FOPU3OHTaMM BUKOMHWUX TPYHTIB; 1i 3aranbHa
TOBLUMHA — Bif Kinbkox go 30-50 m.

Y niBHiYHMX perioHax YkpaiHn BMAINAITb 9K NbOSOBU-
KOBI, TaK i dontosiornauiansHi Bigknagun. J1b040BUKOBI BifK-
naaw abo Tinnu, cknageHi 3 HeCOPTOBaHMX BasnyHiB i ranbku
pi3HOro cknagy Ta BiKy y ApiOHO3EePHUCTIN MMUHUCTIN Myrio-
Bi MaTpuui. ToBwwmHa Bigknaais — Big 0,5 go noHag 18 m.

dnioBiornsuianbHi Bigknaam 4acTo niagcTensoTb i HABiTb
nepekpuBatoTb TiMfb Ta CTBOPHOIOTL XapakTepHi opmu pe-
nbedy — Kamu, eckepw Ta niwaHy piBHUHY. TOBLLMHa BOOHO-
NbOLOBUKOBUX YTBOPEHb KOMMBAETBLCH Bif MEPLUMX METPIB
no 50 m, makcumanbHa — 100-120 m.

OinaHkn Ha niBgHI Ta cxodi Big nnow, TiNny nepekpuTi
necoBMMM BigKMagamu, Yy SKMX 3Haxo4sdATb MOXOBaHi
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rOpu3oHTU naneorpyHTis. 3aranbHa TOBLUMHA BiAKNagis
ctaHoBuTb Big 5 Ao 50 m (Ohar, 2021).

Ounckycis i BUCHOBKMK

3asHayeHi ripHU4o-reonoriyHi 0cobnMBOCTI 3ansiraHHsA
dnosiorngauianbHMX i rAUianbHUX BigKNagiB CIPUYUHAIOTD
HeOoOXi4HICTb KOPUryBaHHSI MPOEKTHNX PillieHb Nig Yyac pos-
pobkn pogoBuLy, WebeHeBOT CUPOBMHU ANsi 3abe3neyveHHs
CTinkocTi 6opTiB Kap'epy i BUMOr npomucnoBoi 6esneku. Ll
BiAKNagwn, siki CTaHOBNATL ICTOTHY YaCTUHY PO3KPUBHMX MO-
pig, MOXHa TakoX po3rnagaTti 9K CynyTHi (a B GinbLu pigkic-
HUX BMMNagKax — sK CrinbHO3ansaratydi KOPUCHi KonanuHum),
AKi MOXXHa BMKOPWUCTOBYBaTK B OyaiBenbHin iHAyCTpii Ta B
nangwadpTHOMY OM3anHi.

Omxe, 3 orngay Ha ocobnmBocTi dntoBiornsAuianbHUX
Bigknagis i ixHi dpopMn 3anaraHHA, Ha NpuKNagi posrnsHy-
TUX POOOBULL, 3ayBaXXMMO, LLO Li 0cobnmnBocTi MaloTb 6yTn
BpaxoBaHWMU Mg 4Yac MpOBEAEHHST reorioro-eKOHOMIYHUX
OUiHOK pofoBuL. Hacamnepefs Lie CTOCYETbCS BU3HAYEHHSI
HanpsiMiB BUKOPUCTaHHSA Takoi CUPOBWHM 3@ YMOBM 1i npu-
[aTHOCTI, a TakoX po3pobneHHs BignoBigHWX napameTpis
KOHAMLiA Ha MiHepanbHy cnpoBuHY (IMonoXxeHHs Npo nopsi-
OOK..., 2006) ons KOMNEKCHOrO OCBOEHHSI poAoBULL Lebe-
HEeBOI CUPOBUHMN.

BHecok aBTOpiB: Bnagucnas Jlykomcbkuin — meTogonoris, 36ip
Ta aHania gaHux, HanucaHHs (opuriHanbHa 4epHeTka); Mapis
Kypuno — koHuenTyanisauis, MeTogornorisi, HanucaHHsa (nepernsg
i peparyBaHHs).
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GEOLOGICAL AND MINING CONDITIONS FOR THE EFFECTIVE DEVELOPMENT OF CONSTRUCTION
AND CRUSHED STONE DEPOSITS WITHIN THE DISTRIBUTION OF GLACIAL SEDIMENTS

The study determined the feasibility of multucommodity deposits development of construction and crushed stone, which are localized within the
distribution of glacial and fluvioglacial deposits. Overburden is studied as associated minerals, used in the construction industry and landscape
design. The objects of the study are deposits of granites and labradorite, which have industrial reserves and are mined, as overburden rocks have
enough thickness of fluvioglacial sediments. During the development of crystalline rock, fluvioglacial deposits in many cases are classified as
overburden. Traditional mining methods of gravel-sand rocks are usually unsuitable or complicate the development, since the problem of extracting
overburden fluvioglacial deposits, as a rule, does not exist at the stage of opening, but already in the mining process. The mining-geological features
of fluvioglacial and glacial deposits make it necessary to adjust design solutions when developing crushed stone deposits to ensure the stability of
the sides of the quarry and industrial safety requirements.

There are the results of studying the geological structure of deposits of building stone and crushed stone within the boundaries of glacial
deposits. These are the Sosnivske, Yaroshivske, Koshchiivske, Boguslavske deposits, the "Deshki" area, and the Ostriv deposit, as well as in the
"Synii Kamin" block raw material deposit, where overburden rocks are presented by thick glacial and fluvioglacial layers of the flgPudn Dnieper
climatolite. The following features of the geological structure within these deposits were fixed: 1) a significant change of the physical and mechanical
properties of the rocks that make up the fluvioglacial deposits and their granulometric composition; 2) a variety of mining conditions, including the
presence of layers of sandy-clay rocks; 3) different degrees of waterlogging of fluvioglacial deposits; 4) a significant change in quality indicators
within one deposit. The timeliness and quality of the detection of these features affects the effectiveness of the development of fluvioglacial rocks as
co-occurring or by-product mineral.

For such reserves, it is recommended to develop and use cut-off parameters for mineral raw materials, which take into account specific mining
and geological conditions, during geological and economic assessment.

Keywords: glacial deposits, overburden, construction and crushed stones, complex development.
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[epxaBHa Komicia YkpaiHM no 3anacax KOpMCcHUX konanuH, Kuie, YkpaiHa

NMPAKTUYHE 3ACTOCYBAHHA METOAUKU NEPEBEAEHHA TA 3ICTABJIEHHA
PI3HUX KINACU®IKALIIMHUX CUCTEM OLIIHIOBAHHSA MIHEPAJIbHUX PECYPCIB
HA NMPUKNAAI BITYU3HAHUX POOOBULL FPA®ITY TA MiAl

(MpedcmaeneHo 4neHom pedakuyiliHol Konezil 3-pom 2eon. Hayk, npogh. B. A. Muxatinosum)

B c Ty n. AHani3 npakmu4yHo20 3acmocyeaHHs1 pe3yJsibmamie 3icmaesieHHs1 3a 2pynamu KnacudgikayiliHux o3Hak cucmem oyi-
HIO8aHHS MiHepasibHOT CUPOBUHU Ma€ rnpuknadHe ma MemooOuYHe 3Ha4eHHs1. OnpayboeaHi MemoJduy4Hi Nidxoou w000 y3200)KeHHS
(nepesedeHHs1) pisHux knacugpikayitiHux cucmem aromb 3Mo2y nposecmu akmyasnisayiro [lepxaeHozo ¢poHAy Hadp YkpaiHu gid-
noegioHo do Kpumepiie Pamkoeoi knacudikayii pecypcie OpzaHizayii 06'ednaHux Hayit (PKOOH) ma eudinumu nepcnekmueHi
Hanpsimu iHeecmyeaHHs 8 pi3Hi cmadii HaGpokopucmyeaHHS.

MeToawu. 3ypaxyeaHHsm doceidy ma pesynbmamie npoeedeHHs1 dep)xagHol ekcriepmu3u Mamepiarie 2e0/1020-eKOHOMIYHOT
ouiHKu 3anacie i pecypcie 2paghimy i mMidi, 6ys10 eukopucmaHo WupoKuli KoMmnsiekc ocnidxeHb, W0 OXOMsr8ae 3a2aslbHOHayKoei
ma cneyianbHi Memodu Haykoeux i npuknadHux docnidxeHb. OKpiM 3a2anbHOMeopeMuYyHUX Memodie aHasizy, cmamucmuku ma
cucmemamus3auyii, nsi 0ocsi2HeHHs1 I0CMaHoeJsIeHOI Memu 8UKOPUCIMaHO KOMIJIeKC Memodie 2e0/1020-MpoMUCII0801 Xapakmepuc-
muku podosuuw 2paghimy i midi.

Pe3ynbTaTtun. lpoaHanizoeaHo kamezopii 3anacie i pecypcie HalinowupeHiwux KnacugikayilHux cucmem, w0 Maromo
docmoeipHuli piseHb 3icmaeneHHs1 ma 2apMoHi3ayii. BukoHaHO y3200)XeHHSs1 (nepeeedeHHs1) ma NopieHAHHS Pi3HUX Knacudgika-
yilIHUX cucmem oyjiHO8aHHSI MiHepasibHUX pecypcie Ha npuknadi 8iMYu3HsIHUX podosuw 3 rnepesliKy Kpumu4Hoi MiHepanbHOI cu-
posuHu €sponelickkozo Cor3y — zpagimy ma Mmidi. Pezynbomamu OdocnidxeHb HayineHi Ha cmeOopeHHs1 yHigikoeaHoi
knacudgbikayiliHoi cucmemu 055 3ayikaesieHux cmopiH (Oepxaea, iHeecmop, cycnizibcmeo) 3 Memoto yxeasnieHHs1 pieHb y ceepi
ynpaeJsiHHsI pecypcamMu Ha 8CiX pieHsX.

B 1 c Ho BKWU. BuknadeHi Memodu4Hi docnidxeHHs cmeopeHHs yHighikoeaHux nidxodie do oyiHroeaHHs 3anacie i pecypcis,
obnikoeaHux [epxaeHum 6anaHcom, Oaromb MOXJIUgicmb Ha NoYamkoeux cmadisix eu3Hayamu iHeecmuuyiliHuli nomeHuian oinsi-
HOK Hadp, He 3asly4eHux 30 8UKOPUCMAaHHSI.

3anponoHoeaHuli MexaHi3M npueedeHHs1 y eidnoeidHicmb Hepo3nodineHoz2o ¢hoHAy Hadp nepedbayvac y3200KeHHs1 obnikoea-
HuUx 3anacie 3 pi3HUMU knacudgpikayillHuMu cucmemamu 3a mpboma Kpumepissmu PKOOH: eu3Ha4yeHHs1 pieHs1 2e0Js102i4HO20
8UBYEHHS, 3'sicy8aHHs PieHsI MeXHIKO-eKOHOMIYHO20 8UBYEHHS, 3@ MPOMUC/IO8UM 3Ha4YeHHSIM.

Kno4yoBi cnoBa: o6nik, MiHepanbHa cupoguHa, Pamkoea knacudpikauyisi pecypcie OOH, kamezopii, knacudpikayiliHi o3HaKu.

Betyn

Po3pobneHHs yHidikoBaHMX Niaxodis OLiHKM Ta knacudi-
KaLji 3anaciB i pecypciB KOPUCHUX KonanuH abo ripHM4oaobys-
HMX MPOEKTIB Y Hal 4ac € Ayxe akrtyanbHuMm. lNpaktuyHe
3HaYeHHS TEOPETUYHUX | METOAMYHNX PO3pobOoK 3 OKpecre-
HOrO MUTaHHS NONsira€ y CTBOPEHHI EAMHUX IHCTPYMEHTIB Ta
anroputmiB knacudikauii, obniky n ynpaeniHHa o6'ekTamu,
LLIO BUKOPUCTOBYIOTb MiHEpPanbHy cupoBuHyY. B YkpaiHi Bigno-
BiJHO OO 3aKOHOOABCTBA 3anpoOBaXeHO CUCTEMHUIA 06nik
MiHepanbHO-CMPOBUHHKX pecypciB. Obnik 06'ekTiB (AinsHKM
Hagp, poAosuLLa, pygonposisu Towo) [OepxaBHoro doHay
Hagp YkpaiHu micTuTb iHdopMauio [depxaBHOro KagacTtpy
pOAOBWLL | NPOSIBIB KOPUCHUX KOManuH Ta [lepxasHoro banaHcy
3anaciB KOpucHMX konanuH (gani — [HdepxaBHuii GanaHc),
OLIiHKY SIKMX 30iICHEHO B Pi3Hi POKW 3a CTaHdapTamu, Lo 6ynu
YMHHUMW HA MOMEHT oLiHIoBaHHS (BepxoBHa Paga Ykpainu,
1994). PesynbTaTh ouiHiOBaHHSA BigobpaxeHi y npoTokonax
LleHTpanbHoi, a 3rogom BcecotosHoi komicii mo 3anacax
kopucHmx konanuH (LIK3 ta BK3) 1930-x Ta 1940-x pp., dep-
»KaBHOI KOMicCii Mo 3anacax kopucHux konanvH CPCP (OK3
CPCP) 1950-1980-x Ta 1980-1991-x pp. Kpim npoTokonis
LIK3, BK3 1a K3, pe3ynbTaTy reonoropo3asigyBansHuX poodiT
Ta OLiHKM BpaxoByBanuch [lepxaBHUM 6anaHcom 3anacis Ko-
PUCHMX KOMNanuH 3rigHo 3 BiJOMYMMU NPOTOKONaMm HayKoBO-
TexHiyHux pag (HTP ta ETP) npodinbHux opranisadin i nign-
premcTB. OLjiHKa MiHeparnbHOI CUPOBWMHW MOMEPeaHiX pokis
He Bignosigae 6a3oBvMM knacugikauiiHum kputepism Knacu-
dikauLii 3anaciB i pecypciB KOPUCHUX KOManuH OepXXaBHOro
doHay Hagp Ykpainu (aani — Knacudikauist) Ta PKOOH, ski
LLIMPOKO 3aCTOCOBYOTb BUMOIM 0 EKOHOMIYHOT, coLjianbHOI 1
€KONOrivyHOT eeKTUBHOCTI BUKOPUCTAHHS MiHEpParbHOI CUpo-
BUHU (KabiHeT MiHicTpiB Ykpainu, 1997).

ISSN 1728-3817

Oa251510 ocmaHHix docnidxeHb i ny6ikayili ma ¢ghop-
MyJsiro8aHHs yineli cmammi. AHaniTM4YHa xapakTepucTmka
[epxxaBHoro 6anaHcy 3anaciB KOPUCHUX KonanuH YKpaiHu,
MNOro pecypCHO-iHBECTULINHMIA MNOTeHUian, MexaHiamm 06-
niky BMKNageHi 3 goctaTHiM piBHeM obrpyHToBaHoCTI B Oa-
raTbox npausix i nyénikauisx (MiHepanbHi pecypcu Ykpainu,
2021; banera, Buxsa, & Kypuno, 2018; Pyabko Ta iH., 2012;
Bwxea, Kypuno, & banera, 2018).

MeToamnyHi acnekTn 3acTOCyBaHHsS Pi3HMX Knacudika-
LiHUX cucTeM, ixXHi 0coBNMBOCTI Ta XxapakTepucTuka
BigoOpaxeHi B MoHorpadisix Ta npausax (Pyabko Ta iH.,
2012; JlutBumHioK, & Kypuno, 2023; NInTBUHIOK Ta iH., 2023).

MeTtoaun4Hi po3pobku 3 akTyanisauii JepxaBHoro 6anaHcy
3anaciB KOpMCHMX KonanuH YKpaiHu posnoyarti [lepxaBHowo
KoMicieto YkpaiHn Mo 3anacax KopucHux konanuH (Oep-
XKaBHa KoMmicia Ykpainu..., 2021).

YKkpaiHa 3anuwaeTbca y 3HauHii Mipi BUMAODOYBHO
(pecypcHoto) gepxaBot. 3HadHy 4vacTky ii MiHepanbHoO-
CMPOBUHHOI 6a3n cgpopmoeaHo 3 JinssHOK Hadp, Wo 3a-
J1y4eHi 00 MPOMUCII08020 OCBOEHHS, @ MaKOX OilIsIHOK,
sIKi nepebyearomb Ha pi3HUX cmadisix 2e0s102i4HO20 eu-
8YeHHs1 U OCBO€EHHS. HVHi 3acTocyBaHHSI €BPONENCHLKUX
CTaHOapTiB OUiHKM Ta Knacudikauin BiTYM3HSAHUX OO'eKTIB
MOXe HaJaTu akTyanbHy iHpopMmauito Woao iXHLOro iHBec-
TULIHOro NoTeHUiany.

3HayHa KinbKicTb nybnikauin i HopMaTUBHMX [OKYMEHTIB,
O CMCTEMaTU3yTb BUMOMM M 0COBMMBOCTI NPOBEAEHHS
OUIHIOBAHHS Ha Pi3HUMX CTafdigax reosioriyHOro i TeXHiKo-
€KOHOMIYHOro BMBYEHHS, MaloTb HabNMXeHWi Ta ON1COBUIA
aHani3 knacudikauinHux cuctem i METOAUYHMX NPUNOMIB
Y3ro[)KEHHs1 Ta 3iCTaBNEHHSA COLianbHO-€KOHOMIYHNX, Tex-
HOMOrYHUX Ta reonoriYyHMX KaTeropin 3anacie i pecypcis
MiHepanbHOT CUPOBUHN.

© NutBuHOK CTaHicnae, 2024
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3 ypaxyBaHHAM yHeceHHs 3MmiH ao Kogekcy npo Hagpa
(BepxoBHa Paga Ykpainu, 1994), wo HagatoTb MOXITMBICTb
nig, Yac 34iNCHEHHS Oep)XaBHOI eKCnepTn3mn i OLiHKKM MeTa-
NiYHKUX | HEMeTaniYHMX 3anaciB Ta pecypciB BUKOPUCTOBY-
BaTu knacudikauivHi cuctemm PKOOH, Kowmitety 3
MiKHapogHWX cTaHAaapTiB 3BITHOCTI MO 3anacax TBepamx Ko-
pucHux konanuH (CRIRSCO) 1 iHWi MixxHapoaHi ctaHgapTw,
3annWIAETbCA HeoMnpaubOBaHUM MUTAHHSA 3iCTaBMEHHS Ha
AeTanbHOMY piBHi 3a3Ha4YeHuX KrnacudikauiiHMX CUCTEM.

3a paHumun [epxaBHoro GanaHcy YkpaiHu o6nikoBaHO
6rm3bko 9200 pogosuL, 3 HUX Make 5200 obnikoBaHo Biano-
BiOHO OO BMMOr KracudikauiiHux cucTem, sIKLWO i BTpaTUnm
YMHHICTb | He BPaxOBYOTb EKOHOMIYHO-COLiarnbHMX 1 eKOnoriv-
HWMX acnekTiB MPOMUCIOBOI ekcrnnyaTtauji MiHepanbHUX pecyp-
ciB i NOTPebyOTb IHBECTUL A NOAANbLUIOrO OCBOEHHS.

MeTol NPONOHOBAHOIo OOCHIAXEHHSA € 3aCTOCYyBaHHSA
METOAMKN Y3rofKeHHs (NnepeBedeHHs) Ta 3iCTaBneHHs pis-
HUX KnacuaikauiiHUX CUCTEM OLLIHIOBaHHS MiHepanbHUX pe-
CypciB Ha npuKnagi BiTYM3HAHUX POJOBULL 3 nepeniky
KPUTUYHOT MiHeparnbHOi cupoBrHKU €Bponevicbkoro Cotosy —
rpacpity Ta mMigi.

IHWIWM HaNPSAMOK AoCNiMKeHb HALUiNEHUI Ha Y3roaXeHHs
knacudikauiiiux osHak PKOOH i CRIRSCO 3 meToto oTpu-
MaHHSA onepaTuMBHOI iHdopMaLii ANg ynpaeniHHA pecyp-
camMmy 1 iHBECTULIMHOIO aHanisy poaoBuLl (ZinNsHOK Haap)
TBEpPAUX (MeTaniyHMX i HemeTaniYHNX) KOPUCHUX KOMNarnmH.

Metoan

MemoduuyHi 3acadu nepeeedeHHsI ma 3icmaeJsieHHs
Kamezaopili 3anacie, ujo obnikoeaHi [Jep>xaeHum 6anaH-
COM 3a pi3HUMU KnacudgpikauyiiHumu cucmemu. Bigno-
BiJHO OO0 YMHHOIO 3aKkoHogaBCcTBa B YKpaiHi iCHye
cuUCTEMHMI 06nik 3anaciB i pecypciB ycix BUAIB KOPUCHNX KO-
nanvH. OepxaBHui GanaHc Bigobpaxae cuctemy 36opy,
06pobkn Ta 36epiraHHA AaHWX reonoroposBifyBanbHUX i
ripHn4ogo06yBHMX PoBIT pisHMX pokiB. O6nik 3anaciB kopuc-
HUX KonanuH y [epxaBHoMy OanaHci mMae 3ificHoBaTUCA
3rigHo 3 Knacudikauieto, WO y3rooXyeTbCcs 3 KaTeropismm
PKOOH. Ak 6yno 3a3Ha4yeHo BULLE, 3HAYHY YaCTMHY 06ni-
KoBaHUX 06'ekTiB y OanaHci 3giicHeEHO Ha nigcTaBi NPOTOKO-
nis AK3 CPCP, YkpTK3 i Bigomumx HTP. OuiHioBaHHsS LnX
ob'ekTiB MpoBedeHO 3a knacudikauiiHUMK cuctemamm
1981, 1960 Ta 6inbLu paHHiX pokiB.

3 MeToH BCTAHOBIEHHS YHihiKOBaAHMX OaHMX MpPO 3a-
nacuv Ta pecypcu KOPUCHMX KonanwH, Wo nigpaxoBaHi 3a pi-
3HMUMWN KnacudikauiiHUMW cuUCTeEMaMM B Pi3HIi  POKM i
BpaxoBaHi [epxaBHUM GanaHcoM, aBTOPOM 3amnporoHO-
BaHO MOKPOKOBUI anropuTM Y3roKeHHs1 (rapmoHi3adii)
KnacuaikauinHmx osHak (ymos) cuctem 1981 ta 1960 pp. 3
iHLWMMK KnacudikauiiHUMmM cuctemamu.

MeToaumka nepeBefeHHa Ta rapmoHisadii BiabyBaeTbcs
3a Kputepisgmu (ymoBamu), LLO BiAMOBiAa0Tb BUMOramM 4OC-
TOBIPHOCTi reosnoriYyHoro BUBYEHHS (Bicb G), TEXHIKO-EKOHO-
MiYHOrO (TEXHOMOrYHOro) BUBYEHHsT pogoBuLla (Bick F) 1
€KororiyHoro, couianbHO-eKOHOMIYHOro 3HayYeHHs (Bicb E).

Bicb G. KaTeropii oci G BigobpaxatoTb piBeHb BUBYEHO-
CTi pPEYOBUHHOIO cknaay, KinbKiCHUX i SKICHUX XapakTtepuc-
TUK, reonoriyHoi OygoBW, rigpOreonoriyHmx, FipHUYOo-
reonoriYHNX 1 iHWWX YMOB 3ansdraHHs 3anacis i pecypcis Ko-
PUCHMX KOManuH MOoKnagiB, a TakoX MOXIMBOCTI 3aCTOCy-
BaHHS LUMX BigOMOCTeW Ans OOrpyHTYBaHHS MPOEKTHUX
pilieHb Wwoao cnocoby n cuctemu BUAOOYBaHHS Ta CXEMU
KoMnnekcHoi nepepobku. Kputepii (yMoBM) nepeBefeHHs
abo sicTaBreHHs 3a KaTeropisMu BignoBigaTb:

G1 — geTanbHO po3BidaHi 3anacu poaoBULL, i AiNSHOK, 3a-
TBepmkeHi [1IK3 CPCP, YkpTK3 abo [K3, wo BignosigHo Ao
NPUAHATUX NMOCTINHUX KOHANLIN Manu NPOMMCIIOBE 3HAYEHHS;
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G2 — peTanbHO i nonepeaHbO PO3BidaHi 3anacu popo-
BULY, i AinsiHok, 3aTBepmxeHi AIK3 CPCP, YkpTK3 abo K3,
Lo BiANOBIOHO OO0 NPUAHATUX TUMYaCOBUX KOHAMULIN MaloTb
NPOMUCIIOBE 3HAYEHHS, ane NoTpedyoTb JOBUBYEHHS;

G3 — nonepeaHbLO po3BidaHi 3anacu KOPUCHUX KonarnwH
Ha CTafisiX NOLUYKOBMX i MOLLYKOBO-OLjiHIOBarbHMX pooiT, LWo
BpaxoByTbCcs B 6anaHci abo kagacTpi, siki He Npoxoannu
3atBepoxeHHs B [IK3 CPCP, YkpTK3, OKS.

Bicb F. KaTeropii oci F BinobpaxaioTb piBeHb BUBYEHO-
CTi NPOEKTHUX pilleHb, TEXHOMOMYHMX, FIPHNYO-TEXHIYHUX,
reorpago-eKOHOMIYHMX M iHLIMX YMOB PO3PO0KM POAOBULL
KOpPUCHUX konanuH i nepepobkn. Kputepii (yMmoBM) nepese-
OeHHs abo 3icTaBneHHs 3a kaTeropisiMun BigNoBiAalTb:

F2 — 3zanacu poposwuw, i ginsaHok, 3aTtBepmxkeHi OK3
CPCP, TK3 abo [OK3 Ykpainu 3a Knacudikauieto CPCP
1981 p. Ta 1960 p. i BU3HaHi Ha nigcTaBi NPOEKTHMX Ta TeX-
HOMOrYHUX OOCMiAXeHb TakUMu, WO NiArOTOBMEHI A0 Mpo-
MMWCOBOI pO3po0KY;

F3 — 3anacu pogoBuLy i AinsiHok, 3aTBepaxeHi BK3, [1K3
CPCP, TK3 abo [1K3 YkpaiHu 3a 6inbLi ctapumm Hix Knacu-
ikauis CPCP 1960 p. i BU3HaHi Ha nigctaBi NPOEKTHUX
i TEXHOMOriYHUX OOoCniaKeHb TakKMMKU, WO NiAroToBMNEeHi Ao
NpPOMUCIOBOI po3pobku;

F3 — 3anacu KOpUCHWNX KonanwH, Lo BpaxoByoTbCs B ba-
naHci abo kagactpowm, 3aTBepakeHi BK3, IK3 CPCP, TK3 abo
[K3 Ykpainu i Bu3HaHi sik po3BigaHi, abo nepcnekTuBHi ansi
PO3BiaKM OiNsHKW. IHWI 3anacy i pecypcy KOPUCHUX KOMasnwH,
LLIO BpaxoByloTbCA B 6anaHci abo kagacTpom, 3oKkpema i 3anu-
LLIOK paHille eKkcrnyaToBaHUX pOAOBULL i OiNAHOK, AKLO BiH Y
ManbyTHLOMY MOXe OyTU 3ary4eHnin y NPOMMCIIOBE OCBOEHHSI
He3aneXHo Big IHCTaHLii IXHbOro 3aTBEpOKEHHS;

F4 — 3anacw i pecypcu KOPUCHKX KomnaruH, 30kpemMa i 3anu-
LLIOK 3araciB paHilLe eKkcrnnyaToBaHWX POAOBMILL Ta OiNsIHOK, siKi
06r'pyHTOBaHO BigHECEHI Ha NiACTaBi NPOEKTHUX YN TEXHOMO-
MYHMX OOCTIMAXKEHb A0 TakuX, WO HEe MOXyTb OyTn BUOoOyTi
cy4acHUMK MeToamu po3pobku abo BegeHHSAM FipHUYMX po-
OiT i 3anuwatoTbea y Hagpax (in situ) Ha Micui 3ansiraHHs Hesa-
NEXHO Bif iHCTaHLji, WO X 3aTBepmKyBana.

Bicb E. [1o0CTOBIpHICTb BU3HA4Ye€HHS1 NMPOMWCIOBOrO 3Ha-
YeHHs kaTeropin oci E i BigHeceHHs 3anaciB KOPUCHMX Kona-
nvH po 6anaHcoBuX, yMOBHO GanaHcoBuX, no3abanaHcoBmx
Ta 3 HEBM3HAYEHMM MPOMMCIIOBMM 3HAYEHHSIM 3anexuTb Big
€KOHOMIYHUX, CoLlianbHO-EKOMOrYHUX 1 iHLUMX YMOB pO3po0KU
pogoBuLa KopucHMX konanuH. Kputepii (ymoBu) nepese-
OeHHs abo 3icTaBneHHs 3a kaTeropisiMu BigNoBiAalTb:

E2 — GanaHcoBi 3anacu pogoBul, i OiNsHOK, 3aTBep-
nxeHi IK3 CPCP, TK3 abo [1K3 YkpaiHu 3a Knacudikadieto
CPCP 1960 p. Ta 1981 p. i BU3HaHi Takumu, WO NiAroToB-
neHi 4O NPOMMKCOBOI PO3PO6KY;

E3 — nosabanaHcoBi 3anacu pogoBuLy i OiNSIHOK, 3a-
TBepaxkeHi [IK3 CPCP, TK3 abo [OK3 3a Knacudikadieto
CPCP 1960 p ta 1981 p. 3anacu pogoBuuy i AiNSHOK 3a-
TBepaxeHi BK3, [1IK3 CPCP, TK3, abo ctapiwmmu OK3, Hix
Knacudikauis CPCP 1960 p. IHwi 3anacu i pecypcu kopuc-
HMX KOManwuH, Wo BpaxoBaHi B 6anaHci abo kagacTtpom (30-
Kpema 3anuLlloK paHille eKkcniyaToBaHWX pPOAOBMLL i
Tako)k banaHcoBi i no3abanaHcoBi 3anacu BiNbHUX OiNSHOK,
SIKi BU3HaHI HeJoLUiNbHMMM A4S po3pobneHHs, Ta 3anacu 3a-
KPUTKX TipHNYOA06YBHUX NiANPUEMCTB.

3anponoHoBaHe 3iCTaBMEeHHs KaTeropin i knaciB pisHUX
KnacudikauinHmx cucteMm 6asyeTbcsl Ha OokyMeHTax E€EK
OOH i meToanyHux po3pobkax aBtopa (UNECE, 2015; Oep-
XaBHa KoMicist YkpaiHu..., 2017). AHanori4Ho 4O METOANYHUX
3acaj LWoAo nepeBefeHHs kaTeropivi 3anacis, obnikoBaHmx
HepxaBHum HGanaHcoM, 3iCTaBMEHHsI BMKOHAHE 3a reororiy-
HVYMW, TiPHUYO-TEXHOMOMYHNUMM, EKOIOMYHUMM Ta coLianbHO-
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€KOHOMIYHUMU O3Hakamm (Tabn. 1-3), Wo MatoTb BigNOBIAHI
XapaKkTepUCTUKM 'y knacudikauiiiux cuctemax PKOOH,
CRIRSCO T1a Knacudikauii kpain CHI1 (B ocHoBi Knacudi-
kauis CPCP 1981 p.).

PKOOH € knacudikauinHot cuctemotro, y ki IpsMo Bi-
[obpaxeHi knacudikauinHi 03HaKku BCiX rpyn: €KOHOMIYHOI i
coujanbHOI XUTTE3AaTHOCTI NPOEKTY (Bicb E); cTaTycy 11 06-
I'PYHTOBaHOCTI NPOEKTY OCBOEHHSI poaosuLla (Bick F); reo-
NOriyHOi BMBYEHOCTI (Bicb G) 3 BMKOPUCTaHHAM LMPOBOI
cuctemn kopie. KombiHauii unx KpuTepiiB CTBOPIOOTL TpU-
BUMipHY cuctemy kogis (UNECE, 2019).

LWa6noH CRIRSCO 3a rpynamu knacudikauiiHux o3Hak
po3noainsaeTbCa Ha ABi rpynu: OOCTOBIPHICTb reonoriYyHoro

BMBYEHHA  kaTeropin  pecypciB  (inferred, indicated,
measured) Ta rpyny, Wo 06'eAHYy€e ripHUYO-TEXHOMOTIYHI Ta
couianbHO-eKOHOMIYHI 03Haku ("Moandikyrodi akTopmn") ka-
Teropin 3anacis (probable, proved) (CRIRSCO, 2019).

Knacudikauis CPCP po3snoainsieTbcsi 3a reonoriyHuMm
o3Hakamu Ha possigaHi (A, B, C1), nonepeaHeo possigaHi
(C2) sanacu Ta nporHosHi 1 nepcnekTusHi pecypeu (P1, Pz,
P3). CouianbHO-eKOHOMIYHI O3HaKN KOPENTLCA 3 PO3Mo-
ninom Ha 6anaHcoBi Ta nosabanaHcoBi 3anacu. [ipHWui,
NPOEKTHI Ta TEXHOSOr4YHi O3HaKuW BPaxoBYKTb Mg 4ac
TEXHIKO-EKOHOMIYHOTO OOIrPpYHTYBaHHS MapameTpiB KOHAU-
Ui Ha MiHepanbHY CUPOBUHY.

Ta6bnuuys 1
3icTaBneHHs knacudikauiiHUX cucTeM 3a reofloriYHUMMU O3HaKaMu
CRIRSCO -
PKOOH Knacudikauis CPCP
Pecypcu 3anacu
G1 Measured Proved A, B, C4
G2 Indicated Probable C, (iHogi C4)
G3 Inferred - P4 (iHogi Cy)
G4 Exploration Target - P2 (P3)
Tabnuys 2
3icTaBneHHs knacudikauitHUX cMCTeM 3a FNipHUYO-TEXHONMOTYHUMU O3HAKaMK
UNFC CRIRSCO Knacudikauis CPCP
Pecypcu 3anacu (4acTkoBo)
F1 _ Proved feasibility study TEO nocTinHNX KoHAWLi
Probable pre-feasibility study TEO TumM4acoBuMx KOHAULIN
F2 Measured indicated inferred scoping study
F3 Exploration Target "eonoropossigyBanbHi KoHAUUIT
F4 Exploration Target -
Ta6bnuys 3
3icTaBneHHs knacudikaliiHUX cMcTeM 3a coliasibHO-eKOHOMIYHUMW O3HaKaMu
PKOOH CRIRSCO Knacudikauis CPCP
Pecypcu 3anacu
E1 _ Proved BanaHcoBi 3anacu kateropivi A, B, C4
Probable BanaHcoBi 3anacu kateropivi A, B, C, (iHogi Cy)
E2 Measured — [MosabanaHcoBi 3anacu kateropin A, B, C4
Indicated MNMosabanaHcosi 3anacu kateropii C, (iHogi C+)
E3 Exploration Target — MporHosHi pecypen P4, P, (P3)
PesynbtaTtun NOPIBHAHHS OCHOBHMX KaTeropin, knacis rpadgitosux pya,

Y3200keHHs1 ma 3icmaeneHHs1 kamezaopill 3anacie i
pecypcie podosuuw; 2paghimosux pyd, wjo obnikoeaHi
HepxxaeHum 6anaHcom. 3a KinbKiCTIO podoBuULY, | BUSIBNeE-
HUMK 3anacamu NPUPOAHOro (KkpucTaniyHoro) rpadity Ykpa-
iHa nocigae opHe i3 vinbHMX Micup y cBiTi. Pogosuwa
KpucTaniyHoro rpacdity yTBOPHITL YKpPaiHCbKy rpadito-
HOCHY MPOBIiHLIil0, A0 SKOI BXOASTb YOTMPU rpaddiTOHOCHMX
perioHn. Ycboro Ha Teputopii NpoBiHUji BUABNEHO 6M3bKO
100 nposBiB rpadity (MiHepanbHi pecypcu Ykpainu, 2021).

B YkpaiHi ctaHoM Ha 1 ciyHga 2021 p. BpaxoBaHO LWICTb
pofoswuLy rpacpity. BanaHcosi 3anacu rpadiToBux pya i rpa-
iTy BpaxoBaHi [lep>xaBH1M GanaHcoM 3a KaTeropisiMm reo-
noriyHoi BuBYeHocTti A+B+C1 y kinbkocTti 230 245,2 Tuc. T
pyam (13 755,2 Tuc. T rpadity), C2 — 101 341,7 Tuc. T pyam
(5556,9 Tuc. T rpagiTy), no3abanaHcoBi 3anacu 3a KaTero-
pismu reonoriyHoi BuBYeHocTi A+B+Cqi— 11710,6 Tnc. T
pyam (362,0 Tuc. T rpacpity), ymoBHO 6anaHcoBi (no3a me-
XXamu nNpoekTHoro kap'epy — 15 561 Tuc. T pyau, rpadity —
1067 TnC. T).

Y Haw yac MNAT "3aBanniscbkui rpadiToBuin kombiHaT"
po3pobnse liBgeHHO-CxigHy AinsHky 3aBanniBcbKoro po-
posuwa, TOB "Possutok MNobyxoka" — lNiBOeHHY OinsiHKY
BanaxiBcbkoro pogosuiia.

3 ypaxyBaHHAM METOAMNYHMX 3acaj Y3ropKeHHS Ta 3icTaB-
NIEHHHA, a TaKoX rapMOHi3auilHUX OOKYMEHTIB, BUKOHAHO

ISSN 1728-3817

Wwo obnikoBaHi 3a pisHUMKU knacudikauiitHumm cucteMamm
3a BignoBigH1MMu ymoBamu (1abn. 4, 5).

Y3200)xeHHs1 ma 3icmaesnieHHs1 kamezopil 3anacie i
pecypcie podoeuw; Midi, wjo obnikoeaHi [epxasHum
6anaHcom. Ha TepuTopii YkpaiHu BusiBneHo noHag 150 mia-
HUX pyAonposBiB. 3pyAeHiHHs Migi npeactaBneHi MigHo-
KonyegaHoBUMM,  MIgHO-MOPUPOBUMKU  Ta  CynbdigHUMU
MifHO-HikeneBuMK (YKpaiHCbKUIA LWMT) TUnaMmu pya, "miguc-
Tumn" nickoBukamu (MepegkapnaTCcbKuin KpakioBUIA MPOTVH Ta
[oHeLpKa cknagyacTa crnopyaa), CaMopogHO Miga y Tpa-
noBiv coopmalii BonnHo-Ioginbcbkoi MeTanoreHiYHoi NpoBiHLT.
Poawmipn pynonposisiB 3a3Buyan He OocsraTb NMPOMUCIIOBUX
3HayeHb. HarnepcnekT1BHILLMMM € BONWHCHKUIA pyaHWIA parioH
(niBHiYHa YacTmHa BonuHo-TMoginbcekoi nnntn).

JdepxaBHuM GanaHcom 3anaciB KOPWCHUX KOMamnuH
YKpaiHn BpaxoBaHi 3anacu ABOX POAOBMLL: pya Midi poao-
BuLLa XKnpwudi Ta cynbdigHo-MigHO-HiKenesnx pya pyaonpo-
sBy [MNpytiBcbkuin. CtaHoM Ha 1 ciyHa 2021 p. 3anacu 3a
KaTeropielo reosoriyHOro BMBYEHHSA cTaHoBNATb: C2 —
34 883,1 Tuc. 1; 3okpema Cu (metany) — 101,3 Tuc. T; 3 He-
BU3HAYEHUM MPOMUCIOBUM 3HayeHHaM — 20 447,3 Tuc. T,
3okpema Cu (metany) — 20,78 Tuc T.

ABTOpPOM nif Yac BMKOHAHHS OOCNIOXEHb BUKOPUCTaHI
OaHi wopno ob'ekTiB BignosigHO A0 obniky B [depkaBHOMY
OanaHci. OgHak icHye 11 anbTepHaTUMBHA AyMKa Ha OLHKY
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iHBECTUUINHOrO noTeHuiany BomnuHCbKOro MigHOpygHOro
panioHy i okpemux 1oro o6'exTie (Muxannos, 2023; Muxan-
NnoB Ta iH., 2022, 2024; Mykhailov et al., 2023). Micnsa geta-
NBHOTO  BMBYEHHS MaTepianiB  reorioropo3sigyBanbHUX
pobiT TepuTOpii panoHy AOCNIAHWKU SINLLNN OO BUCHOBKY,
LLIO OLiHKa PECYPCHOrO NOTEHLiany pyaHOro paioHy 3Ha4YHO
nepebinblueHa (6inbLw HiXk Ha Nopsaok), GinbLwicTb NposBiB
Mifi He MaloTb NPOMMCIIOBOrO 3HAYEHHS, a Ti, WO MOXYTb
BMKNWKaTK NeBHUN iHTepec (MKupuuu, 3anicn — LLmeHbkn),
XapaKkTepusyTbCA HE3HAYHUMU NapaMeTpaMu pyaHuX Tin,
TXHBOIO PO3MOPOLLUEHICTIO MO NIOLW,i i po3pi3y, HEBEMUKUM

(tabn. 6, 7).

BMICTOM Migi, HeobXigHICTIO nig3eMHoro cnocoby BnaoGyTKY,
O 3YMOBJIOE EKOHOMIYHY HEAOLNbHICTb IXHBOI PO3POOKN.
Omxe, iHBeCTUUiMHUIA noTeHuian BonwuHcbkoro migHopya-
HOro pavioHy OyB OLiHEHWI SIK HE3HAYHMN, L0 MOB'A3aHO 3
BENMUKNMWN PU3NKaMW iIHBECTULIMHMX BKITaA€EHb.
BukopucToBytouM 3a3HayveHi MeToauyHi 3acagu ysro-
[PKEHHs1 Ta 3iCTaBMNEHHSI, BUKOHAHO MOPIBHSIHHS OCHOBHUX
KaTeropin, knacis noknagie migi, Wo obnikoBaHi 3a pisHMMK
KnacudikauiiHumm cuctemamm 3a BignoBiAHMMK yMOBaMu1

Tabnuuys 4
Y3romkeHHs1 Ta 3icTaBIeHHs KaTeropin 3anaciB i pecypciB pogoBuLy rpacitoBux pya, Wo obnikoBaHi [lepxxaBHUM 6anaHcom
BinpomocrTi . [ocToBipHicTb . Pe3ynbTaTu 3acTocyBaHHs
[ocToBipHicTb [ocToBipHicTb
. nonepeaHLOro BU3HAYEHHA MeTOAMKM NepeBeAeHHs Ta
OinsiHka Hagp / - BU3HAYEHHA L BU3HaYeHHSA N f
Ne obniky TEeXHOJOri4YHOI . npono3uLis Wwoao obniky
poaosuLle B [lepHaBHOMY npomucioBoro ecrexmaHOCTI PIBHS BUBYEHHS
Ganauci 3HaueHHs (Bicb E) (Bics, F) (Bicb G) Kop knacy PKOOH
A+B+C1: 3440 BusHaki npoTokonom AK3 [HeTanbHa 331:3440
_ Cz:_ 134.7 3anacu 3aTBepoKeHi CPCP ninroToaneHumi posBiaka, 332_:134.17 MepcnextveHi
1 Mapiynonbcbke Llinuk: npotokoriom [1IK3 CPCP © DOMUCIIOBOT YyacTkoBa Llinunk: HDOEKTH
A+B+C1: 684 Ne 201 (1954 p.) e excnnyarais, 331:684 P
C2: 242 posp He po3pobnAeTLCS 332:242
3anacu 3aTBeppKeHi BuariaHi npotokoriom [IK3 [eTtanbHa
. A+B+Cq: 2027 CPCP nigrotoBneHumm . 331:2027 MepcnekTuBHi
2 Tpoiubke Cy: npotokonom [IK3 CPCP . poasBiaka, .
2. 252 [0 MPOMMCIIOBOI 332:252 NPOEKTU
Ne 32501 (1960 p.) He po3pobnaeTLCS
PO3pobku
3aBanniscbke 3anacu 3aTBepKeHi Buriarii npotokorom [IK3 [etanbHa
h 111/B+C1: 7712 . YKpaiHu nigrotoBneHmm . 111:7712 YKuttesgartHi
3 (MiBOeHHo- . npotokornom K3 Ykpainu - poasBiaka, .
) . 211/B+C1: 15561 [0 noAanbLUof 211:15561 NPOEKTU
CxigHa pinsiHka) Ne 4355 (2018 p.) " po3pobnseTbes
MPOMMCIOBOI PO3pO6KM
3aBanniscbke 3anacu 3aTBepKeHi Burianii npotokorom [IK3 [etanbHa MoTeHuinHo
. A+B+C+: 18950 CPCP nigrotoBneHumm . 221: 18950 f
3.1 (3apiyHa R npotokoniom [1IK3 CPCP . po3Biaka, : KUTTE3OATHI
. C2: 14613 [0 NMPOMMCIOBOI 222: 14613
ninsHka) Ne 11046 (1991 p.) He po3pobnaeTbCst NpPoEKTH
PO3pobku
. . BwuaHaHi npotokonom K3 -
3aBanniscbke 3anacu 3aTBepoKeHi CPCP niaroTosneHMm [etanbHa MoTeHuinHo
3.2 (XyTip A+B+C1: 6305 npotokoriom [1IK3 CPCP on %Mmcnoao'f pos3Biaka, 221: 6305 KUTTE3OATHI
AHppiiBka) Ne 9100 (1982 p.) Ao mp He po3pobnseTbest NPoEKTU
pO3pobku
3aBanniscbke A+B+C+: 37116 3anacu 3aTBeppKeHi Buatani MPOTOKOIIOM AK3 DeTtanbHa 221: 37116 | [MoTeHuijiiHO
. D CPCP nigrotoBneHumm . o f
3.3 (MpomixHa Llinuk: npotokonom K3 CPCP © NDOMUCHOROI po3Biaka, Llinunk: XKNTTE3daTHi
ninsHka) A+B+C1: 4185 Ne 9100 (1982 p.) Ao P He po3pobnsietbest | 331: 4185 NPoEKTU
pO3pobku
. . BwuaHaHi npotokonom K3 -
3aBanniscbke 3anacu 3aTBeppKeHi CPCP niaroTosneHMm DeTtanbHa MoTeHuinHO
34 (MiBpeHHa A+B+C1: 5028 npotokoniom [1IK3 CPCP on pO'MMCJ'IOBOII' pos3Biaka, 221: 5028 KUTTE3OATHI
cmyra) Ne 9100 (1982 p.) Ao P He po3pobnseTbest NpPoEKTU
pO3pobku
. . BwuaHaHi npotokonom K3 -
3aBanniBcbke 3anacu 3aTBepoKeHi CPCP niaroToBneHMM [etanbHa MoTeHuinHo
3.5 | (MpaBobepexHa A+B+C1: 5177 npotokonom K3 CPCP on %Mmcnoao'f po3siaka, 221: 5177 XKUTTE3OATHI
ninsHka) Ne 9100 (1982 p.) Ao mp He po3pobnseTbCst NPoEKTH
pPO3pobku
111/B+C1: 22297 | 3anacu rpadpitooi pyay | BusHani npotokonom K3 111: 22297
[etanbHa
4 Eanaxiscoke 122/C2: 20356 3aTBepMKeHi NPOTOKONOM | YKpaiHu NigrotoBneHnMm o3BinKa 122: 20356 | KutTtespatHi
331+332/ C1+C2: [OK3 Ykpaitu Ne 5420 [0 noganbLuof 03p oGnieTLca 331+332: NpOeKTH
26328 (2021 p.) npomucroeoi pospoBku | PO 26328
3anacwu 3aTBepaKeHi Buarari npotokoriom [1K3 DeTtanbHa
. A+B+C+: 7523 P CPCP nigrotoBneHumm . 331: 7523 | MepcnekTuBHI
5 MeTpiBcbke . npotokonom K3 CPCP . po3Biaka, .
C2: 1696 [0 MPOMMUCIIOBOI 332: 1696 NpoEKTU
Ne 2156 (1958 p.) He po3pobnAeTLCS
pO3pobku
3anacu rpacpitoBoi pyay | BusHai npotokonom K3 .
Bypruriceke 111/B+C1: 113390 | 3aTBepmkeHi NpoToKonom | YkpaiHu nNiarotoBneHnmm L'l,eTa{'lea 1 YXuttesgatHi
6 (FopopHsiBCbKa . . . po3Biaka, 113390
. 122/C2: 16586 [OK3 Ykpainn Ne 915 00 noaanbLoi . NpoeKTU
ninsHka) " po3pobnseTbest 122: 16586
(2004 p.) NPOMWCIIOBOI  PO3POBKM

Mpumimka. OgvHWLi BUMIpY: pyaa, Tuc. T
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Tabnuys 5
Y3ropkeHHA Ta 3icTaBneHHs1 kaTeropin 3anaciB i pecypciB pogoBuLy rpacditoBux pya
i3 knacudikauiiHUMKM TakcoHamu WwabnoHy CRIRSCO

CRIRSCO
Ne LinsiHka Hagp / pogoBuLe PKOOH Kop knacy (3a ymoBU 30epexeHHst
KepHOBOro mMatepiarny)
331:3440
332:1347 .
1 Mapiynonbcbke [MepcnekTBHI NPOEKTN Linwnk: Exploration Target
331:684 (vactuHa 331 — Indicated)
332:242
2 Tpoliyke MepereKTUBHI NPOeKTH 331:2027 Exploration Target
332:252 (yacTtuHa 331 - Infered)
3 | 3aBanniscbke (MiBaeHHO-CxigHa ainsiHka) YKutTteagaTtHi npoekTn 11:7712 Measured (Proved): 7712
211:15561 Indicated (Probable): 15561
3.1 3aBanniscbke (3apiuHa ainsHKa) MoTeHUinHO XNTTE30aTHI 221:18950 Measured+Indicated: 18950
) NPOEKTU 222:14613 Indicated+Inferred: 14613
3.2 3aBanniscbke (XyTip AHgpiiBka) I'IOTeHung:c;:(?;TesanHl 221:6305 Measured+Indicated: 6305
. . . [MoTeHLiNHO XNTTE3AaTHI 221 5371 16 .
3.3 3aBanniscbke ([MpomixkHa ginsiHka) Llinuk: Measured+Indicated: 37116
npoexTi 331:4185
3.4 B3asanniscbke ([liBaeHHa cmyra) nme”"“ﬁ;ﬁ;&?;msﬂam' 221:5028 Measured+Indicated: 5028
3.5 | 3aeanniBcbke (MpaBobepexHa AinsHka) HOTeHmﬂ:g:x;TemaTH' 221:5177 Measured+Indicated: 5177
111:22297 Indicated (Probable): 22297
4 Banaxiscbke XKutTtesgaTtHi npoekTn 122:20356 Indicated+Inferred: 20356
331+332:26328 Inferred: 26328
331:7523 Exploration Target
5 MNeTpiBCbke [MepcnekTBHI NPOEKTN 332:1696 (yactuHa 331 - Indicated): 7523
) (yactuHa 332 - Infered): 1696
6 BypTuHcbke (FopoaHsBCbKa AinsgHka) XKutTtesgaTtHi npoekTn 111:113390 Measured+Indicated: 113390
122:16586 Indicated+Inferred: 16586

lMpumimka. OguHuui BUMIipY: pyaa, Tuc. T

Ta6nuys 6
Y3roaxeHHs Ta 3icTaBneHHs KaTeropii 3anaciB Ta pecypciB pogoBuLy Mifi, ki o6nikoBaHi [lep>xaBHUM GanaHcom
. . . . Pe3ynbTaty 3actocyBaHHs
Bigomocri [ocToBipHicTb [ocToBipHicTb I
OinsHka nonepeaHbLOro BU3HAYEHHA BU3HAYeHHA RocrosipHicTe, T MneTo:"K: ?:peBe‘qe%H?K
Ne Happ / ob6niky NpPOMUCNOBOro TeXHONoriyHoi _BUSHAYEHHA anpo 03_”' 1oA0 ODNIKY
ponosuue | B [lepxxaBHOMy 3Ha4YeHHA et eKTUBHOCTI p'BH%?"B;eHHﬂ Koa knacy:
GanaHci (Bics E) (Bick F) (Bice G) _ 3anacm PKOOH
i pecypcu
B3anacu anpo6oBaHi | BusHaHi npotokonom K3 MowykoBo- MoTeHwifiHo
1 MpyTiBCbKWIA C2: 14395 npotokonom AK3 YKpaiHu nigrotosneHnmMmn oLjiHtoBanbHi 222:14395 KATTe3naTHI
pyaonposs P1: 21900 Ykpainu Ne 5160 [0 noganbLuoro poboTu, 333:21900 npoeKTH
(2020 p) reonoriYyHoro BUBYEHHS | He po3pobnseTbes
B3anacu anpo6oBaHi | BusHaHi npotokonom K3 MowykoBo- MoTeHwifiHo
2 MKupuui C2: 20488 npoTokonom K3 YKpaiHu niarotoBneHmmm oLjiHIoBanbHi 222:20488 KATTe3naTHI
P1+P2: 25835 Ykpainm Ne 3769 [0 noaanbLLIoro poboTu, 333+334:25835 npoeKTH
(2016 p) reonoriYyHoro BUBYEHHS | He po3pobnseTbes
HTP BusHaHi npotokonom HTP
3 3anicu — Py 659* HepxaBHoi cnyxou NiAroToBNEHUMN MowwykoBi po6oTu, 334:659 MepcnekTuBHi
LLIMeHbkM ’ reonorii Ta Hagp [0 nopanbLoro He po3pobnseTbes ’ NPOEKTN
Ykpainu reosioriYHOro BUBYEHHS
HTP BusHaHi npotokonom HTP
4 MiBoeHHo- C2: 161" [HepxaBHoi cryx6u NiAroToBREHUMM Mowwykosi po6oTw, 332:161 MepcnekTnBHi
Padaniscbkuin P1: 513* reonorii Ta Hagp [0 noganbLuoro He po3pobnseTbes 333:513 NpoeKTN
Ykpainu reornoriYyHoro BUBYEHHS
HTP BusHaHi npotokonom HTP
5 MiBHIYHO- Py: 1315* HepxaBHoi cnyxou NiAroToBNEHUMU MowwykoBi po6oTu, 334:1315 MepcnekTuBHi
FipHUUbKe : reonorii Ta Hagp [0 noganbLioro He po3pobnseTbes ’ NPOEKTN
Ykpainu reosioriYHOro BUBYEHHS

Mpumimku. OpuHuui BUMIpY: pyaa, Tuc. T; * Tuc. T (metan, Cu).
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Tabnuys 7
Y3romkeHHs Ta 3icTaBNeHHs1 KaTeropiv 3anaciB i pecypciB pogoBuiy Migi 3 knacudikauyiiHUMKn TakcoHamu wab6noHy CRIRSCO
Ainaxka Happ / CRIRSCO
onoBuLLIe PKOOH Kop knacy (32 ymoBM 36epexkeHHst
poA w KEpPHOBOro martepiany)
MpyTiBCBHKMI pyaonposBs [oTeHUiNHO XUTTE3aaTHI NPOEKTN 222:14395 Inferred: 14395
333:21900 Exploration Target
XKupwni [MOTEHUINHO XUTTE30aTHI NPOEKTU 222:20488 Inferred: 20488
333+334:25835 Exploration Target: 25835
3anicu — LLIMeHbkn [NepcnekTMBHI NPoeKTH 334:659 Exploration Target
MiBaeHHo-Padaniscbknn [MepcnekTuBHI NPOEKTH ggg;?; Exploration Target
[MiBHiYHO-IipHULbKE [NepcnekTMBHI NPOeKTH 334:1315 Exploration Target

Mpumimka. OgvHWLi BUMIpY: pyaa, Tuc. T

[unckycis i BUCHOBKMU

BuknageHi MeToanyHi AocnigyKeHHs CTBOPEHHS YHiiko-
BaHWX NigxofiB 40 OLUiHIOBaHHS 3anaciB i pecypcis, Lo 06-
nikoBaHi [lepxaBHMM GanaHcoM, [alTb MOXMMBICTb Ha
NnoYaTKoOBUX CTagisAX BM3HAYaTW iHBECTULINHWMIA MoTeHUian
OiNsHOK Haap, He 3any4yeHnx 4O BUKOPUCTAHHSI.

3anponoHOBaHU MexaHi3M NpuBeOeHHst Yy BIiOMNOBIA-
HiCTb HeposnogineHoro ¢oHay Hagp nepenbavae ysro-
IPKEHHs1 obnikoBaHMX 3anacie 3 pisHMMM KnacudikauiitHumm
cuctemamm 3a Tpboma kputepismn PKOOH: Bu3HayeHHs
piBHA reonoriyHoro BMBYeHHs (Bicb G); 3'AcCyBaHHA piBHSA
TEXHIKO-eKOHOMIYHOro BMBYEHHS (Bicb F); 3a npomucnosum
3Ha4yeHHsM (Bicb E).

OnpaLtoBaHHA METOAMYHMX 3acaj NepeBeaeHHs Ta 3iCTaB-
TNEeHHA KaTeropin 3anacis, Lo obnikoBaHi epxaBHum 6anaH-
COM, BMKOHAHO 3a rONIOBHUMW KaTeropiamu (krmacu, rpynm)
Pi3HNX KnacudikauimHUX cucteMm, WO Aae 3Mory BUAINUTU 1
oxapakTepusyBaTh 6a30Bi 03HaKM kaTeropin, siki MalTb J0-
CTaTHilii piBeHb 3icTaBneHHs1 Ta rapmoHisadii. OpraHisauiiHa
Ta TexXHosoriYHa NoAiGHICTb reonoropo3sigyBansHUX cTagin
y NpoLieci BUKOPUCTaHHSI Haap 06YMOBIOKTbL MOXIUBICTb 3i-
CTaBIeHHs KraciB MiHeparnbHWUX pecypciB i 3anacis, ineHTUdi-
KOBaHUX 3a TPUBUMIPHMMM KOOAMM, LLIO 3aCTOCOBYHOTbLCHA
PKOOH i knacudikauieto Ykpainu, i3 kKaTeropissmy 3anacis ko-
PUCHMX KOManuH, ouiHeHux 3rigHo i3 LLlabnoHom CRIRSCO.

Ak NpyKnag NpakTUYHOIO 3acTOCyBaHHS 3anpOonoOHOBaHOI
MEeTOAWNKM NepeBefeHHs Ta 3icTaBNeHHs 06nikoBaHMX 3ana-
ciB i pecypciB MiHepanbHOi CUPOBUHW, OLLIHEHOT 3a Pi3HUMM
KnacudikaLliitHumMu cuctemMamm, HaBeeHo aHani3 BiTYN3HS-
HWUX POAOBWLL, 3 Nepeniky KPUTUYHOI MiHEpPanbHOI CUPOBUHM
€sponetricbkoro Cotosdy — rpadity Ta migi.

AHania [lep>xaBHoro 6anaHcy pogosuLy rpadity Ta migi, 3
BMKOpucTaHHsM nigxodie PKOOH, BusiBUB ronoBHi nepcnek-
TUBWN PO3BUTKY MiHEPArbHO-CUPOBMHHOI 633N LIMX KOPUCHUX
KonarvH, LLIO MOB'A3aHi 3 XXUTTE3OaTHUMM, MOTEHLINHO XUTTE-
30aTHUMM Ta NEPCNEKTUBHUMU NPoeKTaMu. BinbLuicTb npoaHa-
ni3oBaHMX 00'EKTIB HaNeXxuTb A0 NOTEHUINHO XUTTE3OATHMX i
nepcneKkTMBHNX MPOEKTIB, LLO NoTpebye [oaaTKoBKX reonoro-
po3BigyBanbHMX PoBIT NOLLYKOBO-OLHIOBarNbHUX i AeTanbHNX
ctagin. YactuHa obnikoBaHux oO'eKTiB MOTpedye nepeBipku
couianbHWX, eKONOoriYHUX i FPHUYO-TeONONYHNX AaHUX Ha Has-
BHICTb 3abyoB (KWMTMOBWX, MPOMMCIIOBMX), MNPUPOAHO-
3anoBiAHMX 30H W IHLLXX YMOB, LLIO YHEMOXITMBIIOKOTL HaTenep
NPOBEeAEHHS reoNnoriYHOro BUBYEHHS Ta MPOMMUCIIOBOI PO3-
POOKHM (KNac HEXWUTTE3AATHMX MPOEKTIB).

PesynbTat gocnigxeHb WoO0 3iCTaBNeHHs Ta rapMo-
Hi3aujii pisHMX knacuikauinH1X CMCTEM Ha Npuknagi pogo-
BULL, rpadiTy W MiAi NOKNMKaHWI 3anponoHyBaTh YHidiko-
BaHi Ta CTaHOAPTU30BaHi KpUTEpii METOAMYHMX NiAXo4iB, K
iHCTpyMeHTapin ansa aktyanisadii [JepxaBHoro 6anaHcy
iHBECTULiNHOrO aHanidy obnikoBaHWX OiNsHOK Hagp TBep-
Anx (MeTaniyHux i HeMeTaniyHMX) KOPUCHUX KOManwH.
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PRACTICAL APPLICATION OF THE METHODOLOGY OF CONVERSION
AND COMPARISON OF DIFFERENT CLASSIFICATION SYSTEMS OF ASSESSMENT
OF MINERAL RESOURCES ON THE EXAMPLE OF DOMESTIC GRAPHITE AND COPPER DEPOSITS

Background. The analysis of practical application of comparison results by groups of classification features of mineral raw material
assessment systems has applied and methodological significance. Methodological approaches to the harmonization (conversion) of various
classification systems allow us to update the State Subsoil Fund of Ukraine according to criteria of the United Nations Framework Classification for
Resources and identify promising investment directions at various stages of subsoil use.

Methods. Considering the experience and results of the state expertise of geological and economic assessment materials for graphite and
copper reserves and resources, a wide range of studies, which includes general scientific and special methods of scientific and applied research,
has been conducted. In addition to general theoretical methods of analysis, statistics and systematization, a set of methods of geological and
commercial characteristics of graphite and copper deposits has been used to achieve the goal.

Results. The analysis of reserves and resources categories of the most widespread classification systems, which have a reliable bridging
and harmonization, has been conducted. Harmonization (conversion) and comparison of different classification systems for the assessment of
mineral resources has been performed for domestic graphite and copper deposits based on the European Union list of critical mineral raw materials.
Research results suggest the development of a unified classification system for stakeholders (state, investor, society) in order to make decisions in
the field of resource management at all levels.

Conclusions. Presented methodological studies on the development of unified approaches to the assessment of reserves and resources
accounted for by the State Balance provide an opportunity to determine the investment potential of undeveloped subsoil areas at the initial stages.
Suggested mechanism for bringing the undistributed subsoil fund into compliance includes the harmonization of reserves, which are accounted for,
with different classification systems according to three UNFC criteria: determination of the degree of geological knowledge (G-axis); the degree of
feasibility study (F-axis); and commercial significance (E-axis).

Keywords: accounting, mineral raw materials, United Nations Framework Classification for Resources, categories, classification features.
ABTOp 3asiBNsie Npo BiACYTHICTb KOHMNIKTY iHTepeciB. CnoHcopy He Gpanu yyacTi B po3pobreHHi gocnigkeHHs; y 36opi, aHanisi uu
iHTepnpeTaLii AaHVX; y HaNMUCaHHi PyKonucy; B pilLeHHi Mpo nybrnikavito pe3ynbTaris.
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3A BAHUMM TPUBAJIUX CNMOCTEPEXEHDb Y OBOEHHI YACH

(MpedcmaeneHo yneHoMm pedakyiliHoi koneaii 8-pom 2eosn. HayK, cm. Hayk. cniepo6. O. J1. LlleguyeHkom)

B cTyn. licna pyliHyeaHHsi Kaxoecbkoi 'EC, eodo3nueHoi epebsii ma cnpayroeaHHsi Kaxoecbko20 sodocxosuwja numaHHsi
3abe3neyeHHs1 800010 yKpaiHCbKO20 niedOHs1 mocmaro dyxe 2ocmpo. Halibonto4viworo ys npobrema € came 95151 XepcoHCbKOT 0611.
Y 38'3Ky i3 yum euHuKna Heob6xiOHicmb NMPoeedeHHs1 MOHIMOpPUH208UX O0CJliOXeHb 3a sIKicmio nNid3eMHUX 800, W0 ciy2yroMmb
d)xepesiom eodornocmayaHHs 0511 HacesieHHs1 XepcoHa. AHasli3 3MiH OCHOBHUX NMOKa3HUKie XiMi4YHo20 cknady nidzeMHux eod y yaci
Oae 3Mo2y oyiHuUmu nomeHUyitiHi pusuku 0151 30opoe’s croxueayie i eulimu Ha NPO2HO3HI OUYiHKU cmaHy docidxyeaHoi 2idpoze-
oJ102i4HOi cucmemu.

Me ToAawu. Ynpoueci sukoHaHHss po6omu 6yniu 3acmocoeaHi MameMamuKo-cmamucmuyHul, 2pagho-aHanimuyHuli Memodu doc-
JiG)KeHHs1, BUKOHaHO ropieHsAIbHUL aHani3 ma 30ilicHeHo nobydoeu 3a AOMOMO20H0 creyiasizoeaHo20 npozpamHo2o 3acoby GW_Chart.

Pe3ynbTaTun. BuseseHo sUCOKY Kopesnsiyito MK eesludUHOI0 80008i060py i mepmMaH2aHaMHOK OKUCHIO8aHICMIO ma emic-
mom ¢pmopy. BcmaHoeneHo, wjo npomsizom docnidxyeaHoz2o nepiody (iz 2009 do 2021 p.) cmanucsi 3MiHU y 3a2aflbHOMY XiMiYHOMY
cknadi nid3zeMHuUx 600 — y kamioHHOMY cknadi eidbyecs nepexio eid kanbyiceo-macHice020 o Hampiego-Kanieeo20, 8 aHiIOHHOMY —
8i0 xs1opudHo-2idpokap6oHamHo20 Ao 2i0pokap6oHamHO-x10pUGHO20. BukoHaHO OyiHKy HekaHUepo2eHHO20 pu3uKy 3a 6e3nopozo-
eum memodom 9dnss Mn ma F. 3'sicosaHo, wo 3a F pieeHb Hebe3neku € Had3eu4aliHO 8UCOKUM, a 3a Mn — kamacmpogiyHuM.

BucHoBKkUu. 3p0bs1eHO 8UCHOBOK PO me, w0 nid3emMHi eodu y eidknadax eepxHbLO20 capMamy, siKi eKcrniayamyrmbcsi
6inbwicmro o6cmexeHux ceepdnoguH, Ha mepumopii M. XepcoHa Maromb CknadHy crnpsiMoeaHicmb 3MiH XiMiYyHo20 cknady, 3a-
JIeXXHO 8i0 yMoe iXHb020 (hopMye8aHHS, WO 8U3HAYaOMbCSI KOMII/TIEKCOM MPUPOOHUX i mexHo2eHHUX YuHHukie. Knro4oey ponb
gidizparomb: pinbmpauiliHi enacmueocmi eodompuekux wapie y rnokpiesni 000HOCHO20 20pU30HMY, HacJliOku 8i0 ckudaHHs
2ocnghekanbHuUx 800 9o eidknadie Meomucy-noHmMy, eiocymsicmb yeHmparsizoeaHoi kaHanizayil 8 Mexax npueamHo20 CeKmopy,
JKUeJIeHHs1 noeepxHeeumu eodamu p. [JHinpo, koHcMpykmueHi ocobueocmi ceepOsio8uUH, eKcrilyamauyiliHi HaeaHMaXXxeHHs1 Ha
8000HOCHUU 20pU30OHM. 3a2asioM MOXHa cmeepoyeamu, w0 siKicHull cknad nid3eMHuUx eod 3a3Hae cymmesux 3MiH. Yci yi
YUHHUKU Hadaromb mepumopii podosuuja 4imKo eupaxeHoi MIOWUHHOI, a 8 Oesskux eurnadkax i eepmuKasibHOI 2i0poxiMidyHOT
30HasIbHOCMIi Nnid3eMHuUXx 800.

Knw4yoBi cnoBa: nid3emHi 800u, 2idpozeoximisi, XepcoHcbKe podosuue, MOHIMOPUH208i 00CiOXeHHSs1, OUiHIO8aHHSI PU3UKY.

Bctyn

3abe3neyeHHs BogHOI 6e3nekn YKpaiHu € BaXXNMBUM
cTpaTeriyH1uM 3aBOaHHsAM, afke Bi CTaHy BOOHWUX pecypciB
KpaiHW 3aneXuTb PO3BUTOK YCixX rany3ei eKkoHoMiku. Cnoxwu-
Baui 40 % TepuTOpii HaLOi KpaiHX BUKOPUCTOBYIOTL BOAY,
L0 He BignoBigae BUMOram BiTYUM3HSIHUX HOPMaTUBHUX [0-
KymeHTiB. 3a gaHummn OOH, ctaHom Ha 2022 pik YkpaiHa no-
cipana 66 micue cepeq 180 kpaiH 3a SKICTIO MMTHOI BOOM.
Y cyyacHux ymoBax 30pONHOI pOCINCLKOT arpecii Ta noganb-
LLIOrO MOBOEHHOTO BIOHOBMNEHHS Npobnema 3abe3neveHHs
HacemneHHs SKICHOK NMUTHOK BOAOK HabyBae Lie GinbLioi
akTyanbHocTi. Micna pyrHyBaHHa KaxoBcbkoi MEC, Bogo-
3nuBHOI rpebni Ta cnpautoBaHHA KaxoBCbKOro BOAOCXO-
BULLA NUTaHHS 3abe3neyeHHst BOAOK YKPAiHCLKOro MiBaHsi
nocrtano e roctpiwe. Hanbinbw 6onto4oto us npobnema €
came anst XepcoHcbKoi 06n.

LleHTpanizoBaHe BogonocTadaHHA M. XepcoH 3abesne-
YyeTbCsl, 30Kpema, 3 Mig3eMHoro mxkepena — XepCoHCHKOro
poLoBULLA NUTHMX MiA3EMHUX BOA 3a LOMOMOIOK apTesiaH-
CbKUX CBEpPANOBUH. 3a CBIOYEHHSIM BIiTYM3HSIHUX YYEHUX,
OCHOBHUM [KEPENIOM BOAOMNOCTa4aHHsl MicTa € BepxXHbocap-
MaTCbKMA BOOOHOCHWIA TOPU3OHT, SIKUA BMKOPUCTOBYETLCS
noro HaceneHHam 3 XIX ct. (OxpimeHko, bina, & JlsweHko,
2019). Y Ton 4ac Boga Mamna MiHepanisadito Big 246 no
854 mr/am3. Mpote 3i 36iNbLIEHHAM BOAOMNOCTaYaHHsA Binby-
110Cs1 MOPYLUEHHS TEXHONOrii eKcnnyaTtauii apTesiaHCbKnx
cBepanoBuH. HuHi 76 % Bopo3abipHux cnopyn y XepcoHi
€KCNNnyaTylTbCA 3 NEPEBULLEHHSIM HOPMATUBHOTO TEPMIHY,
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30 % cBepAnoBUH NogaoTb BOAY 3 BiAXUIEHHAM Big AepXKaB-
HUX CcTangapTiB 3a coneBmicTom. Kpim TOro, y npoueci
eKcnnyaTawjii KOHKPETHOro BOAOHOCHOTO Liapy BinbyBaeTbCs
NpUNNMB HebaxxaHWX iHrpeaieHTIB 3 IHLWMX FOPU3OHTIB MO BCilA
nnowi genpecii. [lna apTesiaHcbknx Bog XepcoHa rofioBHUMMU
TakUMU iHrpedieHTaMn € KaTioHW N aHiOHW NErKopo34YNHHMX
conemn metanis, a iHKONW — aMOHiaky, HadTONPOAYKTIB, Cro-
nyK HiTporeHy. 3a AaHumn BiTUM3HAHWUX ydeHux (LLepbak,
2014; OxpimeHko, bina, & Nawenko, 2019) nporpecrBHe no-
ripLEHHS SIKOCTi NUTHOI BOAW B XepCOoHi BigOyBaeTbLCs MPOTS-
rOM KiflbKOX OCTaHHiX gecatupid. Ocobnueo HebesneyHum
YMHHUKOM € MPOCOYYBaHHS CUMbHO 3abpyaHeHMX Bog 3 BEp-
XHbOTO LIapy B NPOAYKTUBHUIA BOAOHOCHWI rOpU3oHT. 3abpy-
[OHEHHs1 HEOTEeHOBOTO Lapy nia XepcoHOM CTae BXe Tenep
Hebe3ne4yHnm Ons Moro BUKOPUCTAHHS K DKepena MUTHUX
Bog. Kpim Toro, i3 cepeamHm 90-x pokKiB MWHYMNOro CTOMITTS
3'9BUNNCH He3aKOHHO NpobypeHi CBepANOBUHM B MPUMICHKNX
30Hax XepcoHa. YpaxoByoun HeAOTPUMaHHS MpaBuI Crnopy-
[PKEeHHS1, pO3MILLEHHSI, BUMOT CaHiTapHUX HOpPM, Taki cBepAa-
NOBMHU  TakoX 3[4IACHIOITbL  HEeraTMBHWA  BMAMB  Ha
eKonoriyHuni cTaH nig3eMHoi rigpocdepu.

IHWOt0 Npobnemoto XepcoHy € NigTonneHHs TepuTopii, Wo
3arpoxye 6e3neui NPoXXMBaHHA HaCeneHHs!, HeraTMBHO BMNU-
Ba€ Ha CTaH MiA3€MHUX KOMYyHarbHUX MEPEX XUTMOBUX i MPO-
MucnoBux OyaiBenb, TpaHCMOPTHOI Mepexi. Lle sBuwe
3YMOBIEHO SIK MPUPOOHNMU YUHHMKAMM, TaK i HEraTMBHUMM
Hacnigkamu gisnbHoCTi NoanHn. Lle — 6e3cTiuHui penbed 3
NPUPOSHUMK MOAOBMMU MOHU33AMU (pPalioH 3ani3HNMYHOro
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Bok3any, MnuHu, MiBHIYHWMIA, TEKCTUNBbHWKIB), BIACYTHICTb
NPUPOJHOTO APEHYBaHHS, L0 NMOB'A3aHO 3i 3HULLEHHAM SIpiB.
3Hay4yHO 3arocTpunu Lo npobriemy 36inbLUeHHS noLli 3ady-
[O0BM, 3MEHLLIEHHS! 3eMIEHNX 30H, BUTIKaHHSI BOAW 3 BOAOMPO-
BiQHWX i KaHanisauinHMX Mepex nig Yyac aBapin, NopyLleHHS
HopMarsbHOi po6oTK cMCTEM OOLLOBOT KaHani3auii, OCTaHHIM
YacoM — HacnifKkn BINCbKOBUX AiN.
3a3HayeHi YMHHUKK cBigYaTb MPO HeobXxigHICTb npoBse-
OEHHS1 MOHITOPUHIOBMX AOCHIMKEHb 3a SKICTIO Nig3eMHUX
BOA, SIKi CMyryloTb [DKEperioM BOOOMOCTayaHHs Ons Hace-
NeHHA XepCoHy. AHari3 3MiH OCHOBHUX NMOKA3HWKIB XiMIYHOMO
ckragy nia3eMH1X Bo Y Yaci 4acTb 3MOry OLHUTWN NOTEHUiNHI
PU3NKN NS 300POB'S CNOXMBaAYIB | BANTU Ha NPOrHO3HI OLi-
HKM CTaHy ocnigKyBaHOI rigporeonoriyHol CMcTeMu.
AHani3 ny6nikayiti 3a memoro AocnidxeHnb. [lpo-
Onemy nOripweHHs SKOCTi  MUTHUX  Nig3eMHUX  BO4
M. XepCoHa BYeHi po3rnsaganv B H13Li nyGnikawi ocTaHHiX
pokiB. 3okpema, gucepTadinHe gocnimpkeHHs O. Lepbak
Oyno npucesiieHe perioHanbHiM  OUiHLI  NPOCTOPOBO-
YacoBUX 3aKOHOMIPHOCTEN 3MiHM EKOSTOro-rigporeonorivyHnX
YMOB BEPXHBOMIOLIEHOBOrO BOJOHOCHOIO KOMIIEKCY Y 3B'A3KY
3 npobnemot ekonoriyHoi 6e3nekn MUTHOro BoAoMNocTa-
YaHHA Ha TepuTopii XepcoHcbkoi obn. (Llepbak, 2015).
ABTOpKa 3BEpHyIa yBary Ha TEHAEHL,0 O CKOPOYEHHS pe-
CypCiB MUTHUX NiA3E€MHMX BOA Ha TepuTOpii NiBAEHHWX Ta
niBOEHHO-CXioHUX obnacten Ykpainv, Ae nig BnivMBOM KOMM-
neKcy MPUPOOHMX | TEXHOreHHMX (HaKTopiB PO3BUBAETHCA
NpoLEC perioHanbHOro 3aCoNIEHHS MPICHUX NiA3EMHUX BOA,
30KpeMa i OCHOBHUX eKcrnyaTaliiHX BOOOHOCHUX ropu3o-
HTiB. Hanbinbwmx macwtabis uen npouec HabyB y mMexax
came XepcoHCbkOi 06n., Ae, 3a nonepegHbOol OLIHKO,
BiAOynocsi 3MeHLLEHHS pecypciB NpiCHMUX Nig3eMHUX BoA Ha
20 % i3 yaciB perioHanbHoro oujiHioBaHHSA. O. OXpiMEHKO 3i
cnisasTopamu (OxpimeHko, bina, & J1aweHko, 2019) npea-
CTaBUNM pe3yrnbTaTy rigpoxiMiyHOro aHanisy Bo4onpoBiaHOT
BOOW 3 Pi3HMX parioHiB M. XepCcoHa, a TakoX HaBenn Kpute-
pii SIKOCTi Ta NokasHWKK i3ioNoriYHOI NOBHOLIHHOCTI MiHe-
panbHOro cknagy gocnigXysaHoi nUTHOT Boau. ABTOpU
BUSIBUNW, LLIO SKICTb NMWTHOI BOAM BignoBigae cTtaHgapTam
nuwe B OKpPeMMUX paroHax MicTa, a HanKpalli NOKa3HWKU
Ma€ BoAa, Lo NOCTavyaeTbCcs 3i CBEpAIoBMHU Ha KapaHTuH-
HOMY OCTPOBi, TOMy Ha nepcnekTnBy Ans 3abe3nevyeHHs
M. XepCoHa eKOJOrYHO YMCTOK MUTHOK BOAOK HEeOoOXiaHO
obnawToByBaTK Bogo3abopu Ha niBobepexoki obnacrti. Ha-
YKOBUI iHTepec BUKNMKaloTb i nybnikauii B. Maneesa Ta
B. Be3snanbuyeHko (Manees, & BeananbyeHko, 2020), a Ta-
kox J1. Bacuniok i O. Henwi (Bacuniok, & Henwa, 2018).
ABTOpPW po3rNsigany NUTaHHS WoA0 BOAONOCTa4aHHs Ta BO-
OOBiABEOEHHS] B HACENeHUX MyHKTax XepCOHLLMHKU Ta 3a-
NpoMoHyBanu nepLuoYeprosi 3axoam 3 pedopMyBaHHS
BOZHOrO rocrnogapcTtea obnacti. Haronowysanocs Ha Tomy,
WO cTpaTeria BOAOMOCTaYaHHA Ta BOAOBIABEAEHHS B
XepCOoHCbKi 0611, Mae cnupaTUCA Ha OCHOBHI MOJTOXEHHS
BogHoro kogekcy YkpaiHu Ta HopMaTuBHI akTu €BpOCOIO3y.
3aranom cnig 3ayBaxuTu, WO KinbKiCTb nybnikauin, ski
MICTSITb NPaKTUYHI AaHi Woao GaraTopiyHol AMHaMIKM nokas-
HWKIB XiMiYHOrO ckragy Nig3eMHUX BOA, € HE3HAYHOH.
BudineHHs Hepo3e'si3aHux paHiue YacmuH 3a2asibHol
npo6nemu. 3Baxaroum Ha CKINaaHi IPUPOAHI YMOBU XKUBMEHHS
Ta PO3MOBCIOMKEHHS MPOOYKTUBHMX BOLOHOCHMX FOPU3OHTIB
XepCoHCHbKOro poaoBULLa, BKpal HeobXigHO BNpoBaguTh cuc-
TEMY MOHITOPUHIOBUX JOCHiMKeHb. 3a BiACYTHOCTI Takoi cuc-
TEMMW, BMXOOOM € 3aryyeHHs! apXiBHUX i hOHOOBMX AaHUX
3a nonepeHi poku. Ictopisa ekcnnyaTtauiji okpemmnx ceepano-
BWH, LLO BUKOPUCTOBYIOTBCS OIS LEHTpanizoBaHoro BoAomno-
CTayaHHsl HaceneHHs MicTa, carae noHag 50 pokie. Takox
BVMHMKAE HEOOXiOHICTb OLHIOBaHHA pU3WKIB Ans 340pOoB'A
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HacerneHHs 3 Mo3uLii CNoXXMBAHHA BOAW HEMPUAHSATHOI SIKOCTi.
ABTOpM CTaTTi, OKpIM KINacu4yHOro niaxoay, LWo nepeabdayae no-
PIBHAHHS OKpeMWX MOKa3HMWKIB XiMIYHOrO cknagy nia3eMHMX
BOf, i3 rpaHU4HO A0MNYCTUMMUMU KOHLIEHTpaLisiMu BiANOBIAHO 0
BITYM3HSAHUX HOPMAaTMBIB, BUKOHAsM OLiHIOBAHHSI HEKaHLIepO-
reHHOro pu3vKy 3a 6e3noporoBUM METOLOM 33 OKPEMUMU MiK-
poenemeHTamu (Bernard, 2003).

Mema docnidxeHHs1 — BUSIBNEHHS O0COGNMBOCTEN 3MiH
XiMIYHOrO cKnagy NUTHUX MiA3eMHUX Bog XepPCOHCLKOro po-
[OBMLIA, WO BMKOPUCTOBYETLCA OS5 MUTHOrO NMOCTavyaHHs
HaceneHHs M. XepCoH, 3a AaHMMK TPMBanmx CnocTepexXeHb
Yy LOBOEHHI Yacu. Y cTaTTi BUKOPUCTAHO TaKOX OCTaHHi 3BiTHI
MaTepianu LWOAO eKkcnnyaTauinHux 3anaciB AocnigxXyBa-
Horo poposwLa niazemHux Bog (MNnsory6, 2021).

MeTtoau

Mig Yac BUKOHAHHA OOCHIAXKEHHA aBTOpaMu BUKOPUC-
TaHO NOPIBHANBHUIA MeToA, NPUAOMWN MaTeMaTUYHOI CTaTu-
CTMKM 3 NOOYA0BOO rpadoikiB i giarpam. 3 MeTO 3'AcyBaHHS
pU3MKy ANs 300pOB'S HACENEeHHs! BUKOHAHO OLiHIOBaHHS He-
KaHL,epOreHHoro pusuky 3a 6e3noporoBMm MeToAOM LLOAO
OKpPEMMX MIKPOENIEMEHTIB.

Xapakmepucmuka mepumopii docnidxeHHsi. O6cTe-
XeHui Bogo3abip XepCoHCHKOro pogoBuLLa nia3eMHuUX BoA
Ha npaBobepexcki [Hinpa cknagaetbca 3i 144 cBepAnOBUH:
ainsHka "Kingiiceka-1" — 9, "Kinginiceka-Il" — 34, "BepxHbo-
AHTOHIBCbKa" — 12, "XepcoHcbka-I-II" — 89. MNpote 76 %
CBEpAJIOBMH EKCMyaTyTbCA 3 NEPEBULLLEHHSIM HOPMATUB-
HOro TepPMiHy, WO cTaHoBUTbL 24 poku (OxpimeHko, bina, &
Jlawenko, 2019). AbcontoTHa BinbLUicTb CBEPAIOBUH KanTy-
I0Tb BOOOHOCHWIA TOPU3OHT Yy BiAKnagax BepxXHbOcapMaTChb-
KOro nigperiosipycy BEPXHbOrO MIOLEHY, 3a BUHSITKOM
[esiKUX CBEPAIOBUH Y NpubepexHin YyacTuHi [Hinpa B me-
xax ginaHok "KiHginceka-1", "KiHgiiceka-11", "BepxHbo-AHTO-
HiBCbKa", sIKi eKCcnnyaTyloTb CyMikHi BOOOHOCHI TOPU3OHTM Y
BigKnagax BEpXHbOro capmarty Ta MeOTUC-TIOHTUYHOTO BiKY,
a TakoX YOTUpPbOX cBepAsioBuH AinsaHku "Kinginceka-1", wo
6ynu nepeobnagHaHi Ha BOOOHOCHMWI TOPU30HT Y Bigknagax
cepegHbOro capmarty. XiMiYHWA cknag nig3emMHux Bof no
nnoLli XepCcoHCbKOro pofoBuLLa € AOCUTb HEOAHOPIAHUM.
MepeBaxatoTb BOAM XNOPUAHO-TIAPOKAPOOHATHOrO MarHi-
€BO-KanbLieBO-HATPIEBOro cknagy 3 MiHepanisadielo Ao
1 r/gm3, 3ycTpivaloTbCs TakoX BOAM 3 MiHepanisauielo Ao
3 r/am® cynbgaTHO-XNOPUAHOTO Ta XMOPUAHOTo cknagy. 3a
CKIMafHICTIO reonoriyHoi 6ygoBy poaoBuLLE HANeXWTb 40
Il rpynu — 3i cknagHummn ymosamm (Jlusory6, 2021).

HocnigxeHi ceepanoBuHn npobypeHi y 1957-2018 pp.
MnMbnHn ctaHoBnsThb Big 21,1 go 127,0 M. Ha xanb, Yepes
BiAICYTHICTb AaHUX Npo rMMOMHY Ta KOHKPETHWUIA Yac Bigbopy
npob BoAM B OKpEMUX CBEPANOBMHAX, @ TAKOX 3 Ornsigy Ha
3HayYHy TpMBanicTb ekcnnyarauii Bogosabopy aBTopu MatoTb
MOXJMBICTb PO3rNSAaTV OTPMMaHi pesynbTaTi nuLe sikK yce-
peaHeHi Npobu 3 BOAOHOCHOI CUCTEMM, SIKY LOCTIIKYHOTh.

Min3emHi BoaM OinNbLIOCTI CBEPANOBUH BigMNoBigalTb
OCaHliny 2.2.4-171-10 "Bumoru o nuTHOI BOAM, Npu3Ha-
YeHOI Ans cnoxuBaHHA nogunHow". LWoao aesiknux ceepano-
BUH ginaHok "KiHginceka-l", "KiHginceka-l", "BepxHbo-
AHTOHIBCbKA", @ TakoX CBEpASIOBUH, PO3TAaLLOBaHUX Y Me-
Xax 3axigHoi, NiBHIYHOI Ta MiBAEHHOI (iCTOpWYHa YacTuHa
Micta) ginsHok "XepcoHcbka-l", "XepcoHcbka-ll" Bigmiva-
HOTbCS BiAXUNEHHS B Oik NepeBuLLEHHS B MiA3EMHUX BOAaX
OOMNYyCTUMMX KOHLIEHTPpAaLUin Xnopuais, cynbdaris, 3aranbHol
YKOPCTKOCTi, CyXOro 3arnuLLKy Ta BMiCTY a30THUX CMOMyK.

OcobnuBicTb perioHanbHoro Bofo3abopy nonsrae B
TOMy, WO BiH po3MilyeTbcsi 6e3nocepedHbO B MeXax
NPOMMCIOBO-MICbKOI arfioMmepaliii M. XepcoHa.

Y reoCTpyKTypHOMY CEHCi TepuTopis AOoChigKeHb Harne-
*uTb go [lpuyopHomopckkoi 3anagvHu. KpuctaniyHui
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yHAaMeHT 3ansrae Ha rmubuHi 6nmasko 1800 M. Mpuyop-
HOMOpCbKa 3anaguHa BWMNOBHEHA Me3030M-KalHO30MChb-
KuMu Bigknagamu. BogoBmicHUMUM nopogamu € NpakTUYHO
yCi NOpUCTi Ta TpiMHyBaTi pisHOBMAKM nopid. binbwicTb i3
HUX (KPIM MOHTUYHMX | YETBEPTUHHUX) 3ansralTb HUKYe
cyyacHoro 6asucy eposii. Hanbinbwmin iHTepec BUKNMKae
TOBLLA Bif YeTBEPTUHHUX | HEOreHOBUX BigKNagiB (30Ha ak-
TMBHOrO BOAOOOMIHY), WO MICTUTL MiA3eMHi BOoAuW, NpuaaTHI
ANSl BUKOPUCTAHHS B rocrnogap4o-NUTHUX Linsx, i nepLumnn
Bif, MOBEPXHi perioHanbHO BUTPUMAHUN BOOOTPUBKMIA LUAP
CepeaHbOro Ta HMXHBOro capMaTy, A0 BigknaaiB BEpXHbOro
oniroueHy, NpeacTaBneHnx NepPeBaXKHO MMUHUCTUMM NOpPO-
AaMu, sKi 3HM3y OOMEeXyloTb 30HY aKTUBHOIO BOAOOOMIHY
(JTnzory6, 2021).

CepedHbocapmamcbkuli nidpeeiosipyc (N1s2). Bigknagu
cepenHbOro capmary MoLwMpeHi No BCii TepuTopii, 3ansra-
I0Tb Ha NopoJax HWXHbOro capmary. [peacTaBneHi B HUX-
Hi YaCTWHi pO3pi3dy TEMHO-CIPYMMK, YOPHWMMK [MMHAMMU.
Buile rnunH 3ansirae nayka ApibHO3ePHUCTMX MNICKIB MOTYXHi-
cTio go 40 M. BepxHi0 YacTuHy LWapy YTBOPHOKTbL BamnHsKu
CBITNO-Cipi, OpraHoreHHo-ynamkoBi, iHo4i AONOMITU30BaHi.
3aranbHa MOTYXHICTb CepegHbOCapMaTCbKMX Bigknagis
36inbLuyeTbCA 3 NiBHOYI Ha niBAeHb Big 45,4 0o 86,2 M.

BepxHbocapmamcbkuli niopeziospyc (N1ss). Bigknagm
BEPXHbOro capmarty nowupeHi nosctogHo. Po3pisn nopig
HEBUTPUMaHI, 3yCTpivaloTbCa YacTi dauianbHi 3aMilleHHst
Ta nepeLluapyBaHHs BanHsKiB, Meprenis i rMuH, pigwle nicku.
BanHskn 6ini, cBiTno-cipi nenitoMmopdHi, opraHoreHHi, ooni-
TOBI, YepenaLlKoBi; MMWHU 3eneHyBaTo-Cipi, LWiNbHi, B'A3Ki;
Mepreni CBITNO-Cipi, BanHAKOBUCTI. 3aranbHa MNOTYXHICTb
BEPXHbOCAPMAaTCbKMX BiAKNadiB 30inbLIyeTbCS 3 MiBHOYI Ha
niBoeHb Ta NiBOAEHHUMW cXig i 3aMiHeTbes i3 21,4 go 60 m.
FMnbuHa 3ansraHHa nokpieni 21,5-65 M.

Meomuyrut peeiosipyc (Nim). Bigknagn meoTW4HOro
periosipycy noLWMpeHi Mo BCiM Teputopii 3a BUHATKOM
JonvHuy p. OHinpo. 3ansratoTe BOHW 3 NEPEPUBOM Ha BEPXHBO-
capmartcbkux Bigknagax. JlitonoriyHo Bigknagu npegcras-
neHi nopoAamum BiAKPUTOro MOPCbKOro 6acelHy: BanHskamm
CBITNO-CipuMK, BiNnUMMK, >XOBTYBaTO-CipUMM OpraHOreHHUMK,
ynamKoBWMUW, OOMITOBMMW, piflle MeprensMmu CBiTno-
cipymun, rmmMHamMu 3eneHyBaTo-Cipymu, nilaHucTumu. Mory-
XHICTb MEOTMYHMX BiAKNagiB 36iNbWyeTbCA 3 MiBHIYHOIO
cxofy Ha niBoeHHWI 3axig Big 7 0o 28,3 m.

lMoHmuyHul peziosipyc (N1p). Bigknagy noHTUYHOrO pe-
riosipycy nowmpeHi mamxe no BCii TepUTOpii, 3@ BUHATKOM
AINsHKN Ha CXOAi pavioHy, LU0 PO3MMUTa KiMEPIMCLKOK TpaHC-
rpecieto, Ta gonuHu p. [Hinpo. 3ansraTe nopoau NOHTWY-
HOro periosipycy 3 NepepvBOM Ha MEOTUYHUX Bigknagax.
FeHeTn4yHO BigKkNagM npeacTaBneHi nopogamMy MiNkoBOA-
HOro MOpCbKOro 6acenHy: BanHAKamu-4YepenawHuKaMm
KOBTOro, 6ypyBaTo- Ta CipyBaTO-KOBTOIO KOMbOpY, Nepek-
pucTanisoBaHMMK, KaBepHO3HMMM. [ToKpiBNSA BanHAKIB NOH-
TUYHOTO SApycy 3arnubrioeTbCs 3 MIBHOYI Ha MiBOEHb.
MakcrmanbHa noTyxHiCcTb gocsrae 9 m.

3 noawuuii rigporeonorii TepuTopis BxoauTb A0 Npuyop-
HOMOPCBKOro apTe3iaHCbKoro 6acerHy NnacToBMX HanipHUX
BOZ, SIKMIA 3aBASKM YaCTOMY YepryBaHHIO MNacTiB KOMEeKTo-
piB 3 BOAOTPUBKMMY LLAPaMWN MiCTUTb BEMUWKY KiNbKIiCTb BO-
OOHOCHMWX FOPU3OHTIB.

BodoHocHi 2opu3oHmu y gidknadax Meomu4yHo2o ma
MOHMUYHO20 peeziosipycie eepxHbo2o miouyeHy (Ni1m+Nip)
Ha TepuTopii panoHy OOCNiMXeHb He MOAiNeHi BOOOTpUB-
KAMMM LIapaMun N yTBOPIOKTb CriflbHY BOOAOHOCHY CUCTEMY.
BopoBwmicHi nopoau npeacTtaBreHi opraHoreHHo-4eTpuTy-
COBVMMM, OOMITOBMMM BarnHgkamu OypyBaTto-cipyBaTto-
)KOBTOrO KOMNbOpYy, TPILLMHYyBaTUMK, kaBepHO3HUMKU. Bogo-
HOCHWI iHTepBan HanipHo-6e3HanipHuii. 3ansrae Ha
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rMunbuHi Bia 15 go 41 M. MoTyXHICTb BOOOHOCHOIO iHTEp-
Bany konmeaeTtbes Big 8,5 Ao 32,6 M. ICHyOTb okpemi gins-
HKW, Oe BOAOHOCHWA TFOPU3OHT 3ansrac neplum Big
MOBEPXHi | HE NepeKkpUTU BOAOTPUBKMMU BiAknagamu. 3a
XiMiYHUM CKagoM BOAM XNOpUOHO-CcynbdaTtHi, cynbdaTHo-
XMOpUaHi 3 MiHepanisauieto Big 1 1o 4,6 r/am3. Ha teputopii
M. XepcoHa Liet BOOOHOCHUI FOPU3OHT A0 noyatky 70-x pokis
BMKOPUCTOBYBaNM AK KONEKTOP AN CKMAAHHSA BianpaLboBa-
HUX i rocndekanbHUX Bo4 Ta 0OMeXeHO BUKOPUCTOBYBamMM
Onsi TEXHIYHOro BOAOMOCTauaHHs.

BodoHocHuti 2opu3oHm y gidknadax 8epxHbocapMamchb-
K020 nidpeeiospycy eepxHb020 miouyeHy (Ns3). BogoBMicHi
nopoau npefctaerneHi BanHsikamu Ginumu, ceiTno-cipymu,
neniToMopHMMU, OOMITOBUMM, TPILLIMHYBATUMU. Y MiAOLLBI
FOPU3OHTY 3YCTPIYalOTLCA FMUHU A Mepreni Toro X BiKy no-
TYXHicTiO 1,5-4 M. Y Micusx iXHbOI BiACYTHOCTI Mae 3B'A30K
i3 cepegHbLOCapMaTCbKUM BOAOHOCHUM rOpUM30HTOM. [oTyx-
HICTb BOOOHOCHOrO iHTepBany 3MiHeTbCA Big 13 40 26 M i
36inblWyeTbCA B MiBAEHHOMY HanpsiMky. [mubuHa 3ans-
raHHs nokpieni 4o 46 m. A6contoTHI BigMiTkM nokpieni Big 20
no 0 m. YHacnigok ekcnnyarauii XepCoOHCbKOro pogoBuLLa
nia3eMHUX BOA Y LbOMY BOZOHOCHOMY FOPM3OHTI YyTBOPU-
nacs genpecinHa BopoHka. Boam pisHoro ximiyHoro cknagy
— rigpokapOoHaTHi, rigpokapO6oHaTHO-XTOPUAHI, XNOPUOHO-
rigpokap6oHaTHI, XNopuaHi, XnopuaHo-cynbdaTHi 3 MiHepa-
nizauieto Big 0,2-0,5 r/am® Ha ginaHkax 3annasu; oo 0,5—
2,3 r/om3 i GinbLue Ha iHLWii TepuTopii. HanbinbLui 3HaYeHH:
¢oHOBOI MiHepani3auii npunagatTb Ha Ti AiNSAHKK, e 3 no-
BEPXHi MM1HW NOBHICTIO BiACYTHI, ab0 AkuMm BNacTnBa BUCOKa
MPOHUKHICTb BEPXHbOMMiIOLIEH-HWKHBbOMNNENCTOLLEHOBNX
rmuH. Lle cnpusie noTpannsHHIO A0 HbOro vepes GydepHi
MEOTUC-NOHTUYHI LLapu pasom 3 aTMOCHEPHUMU, TEXHOTEH-
HMMW BOJamu Ta PO3BaAHTAXEHHSIM I'PYHTOBUX BOA, PO34u-
HeHUX conew i3 neconodibHUX CyrnuHKiB i "cyxmx" BamnHsKiB
NMOHTUYHOTO PEriosipycy, a TaKoX Pi3HOro poay 3abpyaHeHb.
Tvn BOAW NpU LBOMY 3MIHIOETLCSA 3 rigpokapboHaTHoro,
XNopuAHO-TiapokapboHaTHOro Ha XNopuaHWK, cynbdartHo-
XnopuaHwn. XXMBNeHHs BOOOHOCHOrO ropu3oHTY BigbyBa-
€TbCA 3a MeXaMu POAOBMLLA HA CXuili YKPaiHCbKOro Kpuc-
TaniyHoro wuTa, a TakoX Ha TepuTopil NOLIMPEHHS
OneLwukiBCbKMX NickiB, y sipax i 6ankax (ae BiH BUXOOUTb Ha
MOBEPXHI0) 3aBASAKM aTMOCEpPHUM onagam, nepeTokam i3
HWKYe- | BULLe3anernmx BOAOHOCHNUX FOPU3O0HTIB, PiYKOBMX
BoAa [Hinpa.

BodoHocHutl 2opusoHm y eidkriadax cepedHbocapMamchb-
K020 nidpeziosipycy eepxHb020 mioueHy (N1Sz) nomMpeHnn y
NigoLLBi BEPXHBOCAPMATCHKOro, YacTo 6e3 po3ainbHOro Bogo-
TpvBKOro wapy. JliTonoriyHo npeacTaBneHnin NepeBaXxHo nic-
KamMun OpiGHO3EPHUCTUMM, TIIMHUCTMMW, Ha NIBHOMI B MOKpIBMi
Wwapy BanHskamu. 3a CBOIMU SIKICHUMW XapaKTepucTUKamm
nia3emMHi BoaM MarTb NMOLWIMHHY 30HanbHICTb. Y 3annasi
[Hinpa Ta npubepexHii 30HI Le BoAM rigpokapOoHaTHOro,
XropugHo-rigpokapboHaTHOro HaTpieBoro cknagy 3 MiHepani-
3auieto 0,2-0,7 r/am3. 3 BigoaneHHam Big 6eperosoi niHii 3poc-
Tae ixHa MiHepanisauia no 1,3-2,8 r/om3, xiMiuHuin cknag
3MIHIOETLCA Ha XMOPUAHWN, CyNbgaTHO-XNOPUAHWIA, CYTTEBO
3pOCTaE YacTka KarnbLito Ta MarHito B KaTiOHHOMY CKrafi.

PesynbTaTtn

Ha nepluomy etani gocnimpkeHHst 6yno obpaHo KIo4YoBi
nokKasHWKK ¢idioNoriyHOT MOBHOLIHHOCTI CKragy NUTHOI BoAMW,
a came — OCHOBHIi KaTioHu 11 aHioHn — HCO3, SOs4, Cl, Na, K,
Ca, Mg, a takox NHas, F, cyxuin 3anuwiok, 3aranbHy >XOpCT-
KicTb, pH Ta nepmaHraHaTHy OKMCHIOBaHICTb. NS umux nokas-
HWKiB BYNO BUKOHAHO MOPIBHSAHHS 3 BENMYMHOO BOAOBIAOOPY
B yaci. YacoBuii NpoMiXOK, NPOTArOM SIKOro BUBYaBCSH 3B's-
30k, oxonmntoaB noHag, 10 pokis — i3 2009 go 2020 p. Okpim
nodygos, 6ynu obpaxoBaHi koediuieHTn kopensuii MipcoHa.
PesynbTaTtn npeacraeneHo Ha puc. 12, a Takox y Tadn. 1.
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Puc. 1. I'padik 3anexHocTi BennunHu BoAoBiAGopy Ta BMicTy ¢hTopy B AocniaXyBaHMX Nia3eMHUX BoAax y nepiog 2010-2020 pp.
(BOAOHOCHMI rOPU3OHT Yy BiAKnagax BepXHbOCapMaTCbKOro nigperiospycy BEPXHbLOro MioLeHy)
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Puc. 2. 'padik 3anexHoOCTi BenuunHu BOAOBIAGOPY Ta NepMaHraHaTHOI OKMCHIOBAHOCTI y AOCNiAXYBaHMX Nig3eMHUX BoAax
y nepiop 2013—-2020 pp. (BOAOHOCHMI rOPU3OHT Y BiAKnagax BepXHbOCapMaTCbKOro niaperiosipycy BepxHbOro MioLeHy)

Bbyno BuWSBMEHO HW3bKY KOPErnsuilo MK BerIMYUHO
BOAOBiAOOPY Ta BMICTOM XnopuaiB, cynbgaTiB i Cyxum
3anMLLIKOM, CepefHio — MK BENUYMHOK BoAoBiabopy i 3a-
ranbHOI0 XOPCTKICTIO, YMICTOM aMOHil0 Ta BENMYMHOW pH,
BMCOKY — Mi>K BEMNUYMHOK BOAOBIAOOPY i NepMaHraHaTHO
OKVCHIOBAHICTIO Ta BMICTOM hTOPY.

3 MEeTOol BUKOHAHHSA OLHKM 3MiHW 3aranbHOro XiMiyHoro
CcKnagy gocnigKyBaHMX Nig3eMHMX Bog y Yaci 6yno nobyao-
BaHO giarpamy lMarnepa (puc. 3).

BcTraHoBneHo, WO MpoTAroM AOCNigKyBaHOro nepiogy
yacy Bigbynucsa 3miHn B 3aranbHOMY XiMiYHOMY cknagi nig-
3eMHMX BOA — Yy KaTioHHOMY cknagi Biabyscs nepexig Bia
KanbLieBO-MarHieBoro cknagy A0 HaTpieBO-KanieBoro, B
aHIOHHOMY — Bif, XNOpMAHO-TigpokapboHaTHOro Ao rigpokap-
BOHaTHO-XNOPUAHOrO.

Ha HacTynHomy eTani gocnigXeHHst aBTopamm 3acToCco-
BaHO KnacuU4Hui nigxia, 3rigHo 3 KM KOHLeHTpaLii KoMno-
HEeHTIB XiMiYHOro cknagy OocnigXyBaHUX BoA NopiBHIOBaNu
i3 rPaHWYHO JONYCTUMUMM 3HAYEHHAMM. Pe3ynbTaTi npeacTas-
neHi y Tabn. 2. byno 3acpikcoBaHO MEPEBULLIEHHS 2paHUYHO
donycmumux KoHUeHmpauit MK ons Takux nokasHWKIB sik:
CYXWIA 3aMM1LLIOK, 3aranbHa XopcTkicTb, SO, Cl Ta Na.

HuHi yca cyTb (PisnyHmMX i XiMiYHUX MEeTOAIB €KOSOrYHOro
MOHITOPUHIY 3BOAUTLCSA A0 NOPIBHSIHHA PiBHIB 3a0pyAHEHHSI
KOMMOHEHTIB NPUPOAHO-TEPUTOPIANbHUX KOMMMEKCIB, WO
OLJiHIOTBCS, 3i BCTAHOBMEHVMMU FPAHWYHO OOMYCTUMUMU
KOHUeHTpauismn. OgHak cydacHa cuctema HopMaTuBiB He
3naTHa 3abes3neunTun ekonoriyHy 6e3neky, TO6To 3axXnCTUTH
[OOBKINNS BiA HeraTVBHWX BMNWBIB NPUPOAHOrO M aHTPOmMo-
reHHOro reHesucy.

Ta6bnuys 1

KoediuieHTn kopensuii MipcoHa (R) mixk BenuunHo BoaoBia6opy 1 OCHOBHUMM NOKa3HMKaMM XiMiYHOro cknagy AochigxXyBaHUX

niagsemMHux Boa

Koeqm:ueHT Kopensuii Cyxwii 3anuwok 3aram?Ha I'IepmaHraHe_\THa pH NH, cl SO, F
MipcoHa (R) XKOPCTKICTb OKUCHIOBaHICTb
Boposiabip 0,18 0,5 0,65 -04 | 042 | 0,25 | 0,14 | 0,77
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Puc. 3. fiarpama Mannepa, wo Bigo6paxae cniBBiAHOWEHHA OCHOBHUX KaTiOHIB 1 aHIOHIB
y AocnigaxyBaHUX Nig3eMHUX Bogax:
e —2009 p., c—2010 p., m — 2011 p., 01— 2012 p., A —2013 p., 0 — 2015 p., ¥ — 2018 p.
Tabnuysa 2
MopiBHAHHA BENMYUH OCHOBHUX NOKa3HUKIB XiMiYHOro cknaay AocChiAXyBaHUX Nig3eMHUX Bo4
i3 FOK 3rigHO 3 aKTyanbHMMKU HOpMaTuBamMu
Moka3Huk ximiyHOro cknagy [diana3oH 3Ha4YeHb rok FAK 3a ACanMiH

3a ACTY 7525:2014* 2.2.4171-10**
Cyxwit 3anuiuok, mr/om® 260-3224 1000 1000
3arasnbHa XopcTKiCTb, Mr-eks/am® 3,9-23,7 7 7
pH 7,5-8,2 6,5-8,5 6,5-8,5
MepMaHraHaTHa OKUCHIOBaHICTb, MrO,/am® 1,1-2,9 5 5
HCO3, mr/gm® 143-348 He HOpMYeTbCS He HOpMYyeTbCH
SQ,, mr/am® 19-856 250 250
Cl, mr/am® 38-709 250 250
Ca, mr/am® 31-832 He HOpPMYETbCS He HOPMYETbCA
Mg, mr/am® 44-132 He HOPMYETbCA He HOpMYETbCH
Na+K, mr/gm® 62-347 200 200
Mn, mr/am® 0,01-0,02 0,05 0,05
F, mr/am® 0,12-0,42 0,7 0,7

Mpumimku: * OCTY 7525:2014 [epxaBHui ctaHaapT YkpaiHu "Bopga nuTtHa. Bumory Ta mMeToan KOHTPOMIOBAHHS SKOCTI";
** NCaHIiH 2.2.4-171-10 JepxaBHi caHiTapHi Hopmu Ta npaswuna "MirieHivHi BUMOrM 4o BOAM NMUTHOI, NPU3HAYeHOI Ans CNOXUBAHHS NOANHOK"

Y 3B'AA3ky 3 OOMexXeHHsM TpuBianbHUX Nigxodis Ao
BM3HAYEHHs1 Hebe3neku Ans 340poB'A noauHM 3 Ooky
OOBKINMs Ta HEMOXIUBOCTI BCTAHOBMEHHS  NPSIMUX
NPUYNHHO-HACMIAKOBUX 3B'A3KIB BUHMKNA HeobXigHiCTb
BUKOPUCTAHHS Cy4aCHMUX MEeTOAIB OLiHIOBAHHSA LUKOAW 340-
poB'to — MeToAIB aHanidy pusuky. Lie gactb amory ouiHUTK
peanbHy 3arposy ans 340poB's NMOAMHU i 06r'pyHTYBaTH
HeoOXigHICTb pPO3pOONeHHs BIANOBIAHUX MPEBEHTUBHUX
3axofiB. 3Baxarum Ha Le, Ha HacTynHoMmy eTtani gocni-
OXEeHHs aBTopamu Byrno BMKOHaHO OLHIOBaHHS HekaHLe-
pPOreHHOro puanky 3a 06e3noporoBuM MeToAOoM, Lo
BUKOPUCTOBYE BENUUMHU Be3neyHnx 4o3, siki € inaueigya-
NBbHOK XapaKTepUCTMKOK KOXHOI peyoBuHW (Bernard,
2003; Pon, 2017). Ansa po3paxyHky Oynu B3STi eCeHUinHi
MiKpoenemeHTun, GionoriyHy ponb sikMx goBegeHo — Mn ta
F. Puauk BusHayanv gnst Mn, wo 3a opraHonenTU4HUM no-
Ka3HUKOM LUKIANMBOCTI HanexuTb Ao 3 knacy Hebeaneku,
Ta F, Aakomy Bignosigae 2 knac HeGe3nekn 3a caHiTapHo-
TOKCUKOMOriYHMM MoKa3HWKOM. Po3paxyHok pusuky 3ainc-
HIOBanu 3a Takok hopMyrioko:
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. In(0,84)
Risk =1 —exp -C,

TAKK;

ae Risk — iMOBIpHICTb pO3BUTKY HecrneungiyHUX TOKCUYHUX
edekTiB 3a XpoHiyHoI iHTokcuKKauii (Big 0 4o 1); C — cepenHs
LLoAEHHA KOHLEHTpaLisi pe4OBUHU, WO HAAXOAMTb B opra-
Hi3M NOAVHM 3 MUTHOK BOAO NPOTArOM XUTTS. [Ans ouiHio-
BaHHSA edeKTiB, NOB'A3aHWX i3 TPMBanMM BNMBOM PEYOBVH,
BMKOPUCTOBYEMO CepedHE 3HaYeHHS KOHLEHTpauin 3a
3 poku; [OK — rpaHnyHO gonycTUMa KOHLEHTPaLlist PEYOBUH;
K3 — koedpilieHT 3anacy, Skuin NpUMMaeTbCA 3anexHo Bif, BU-
pakeHOoi MMOBIPHICTi BigganeHnx Hacnigkis.

[ns aHanisy ogepXaHux BENWYMH HEKaHLLepPOreHHoro
pV3UKYy BUKOPWCTOBYEMO PaHroBy LUKanmy 3a PiBHAMU pu-
31Ky, NpeacTaBneHummn B Tabn. 3.

PesynbTaty po3paxyHKy pusnKy 3a HaBegeHow copmy-
noto Taki: pna F Risk = 0,68, ana Mn Risk = 0,99.

OTmxe, 3a F piBeHb Hebe3nekn € Hag3BMYanHO Hebeaney-
HWUM, a 3a Mn — kaTtacTpoivyHNi.
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Tabnuys 3

XapakTepucTuka BenM4mMH HeKaHueporeHHux pusukiB (Pon, 2017)

BenunuuHa pusuky PiBeHb HeGe3nekun Onwuc
Lo 0,05 [MpUAHATHUIA BigcyTHi HecnpuaTNMBI MeAMKO-eKONOriYHI TeHAeHLji
0,05-0,16 Buknvkae 3aHENOKOEHHS BuHukae TeHaeHUis o 3pOCTaHHs HecneundgidHoi natonorii
0.16-05 HeBeaneunuit BuHukae poctoBipHa TeH,EleH!.liﬂ A0 3pOCTaHHs HecngHMququ'l' nartonorii
32 NOSsIBM OQUHUYHMX BUNAAKIB cneumngivyHoil naTonorii
BuHukae focToBipHe 3pocTaHHs HecneumdiyHoi natonorii
0,5-0,84 HapssuyaiHo HebeaneyHuit 3a NosiBM 3HAYHOI KiflbKOCTi BUNagkiB cneumdiyvHoi naTonorii,
a TakoX TeHAeHUis 4o 36inblUeHHS CMEPTHOCTiI HaceneHHs
3abpyaHeHHs [OBKINMAS B LbOMY pasi NepewLLrio B iHLWWIA SAKICHUIA cTaH
0,841 KaTtacTtpodiuHni (nosiBa BUNaakKiB XPOHIYHOIO OTPYEHHS!, 3MiHa CTPYKTYpU 3aXBOPHOBAHOCTI,
[OCTOBIpHA TeHAEHLiS A0 3pOCTaHHA CMEPTHOCTI TOLLO)

BapTo 3ayBaxuTt, WO HUHI daxiBLsMy po3pOBIeHO HN3KY
pi3HUX MeTopAiB 0O6paxyHKy MNOTEHLINHMX PU3VKIB AN 300POB'A
HaceneHHs  y 3B'sA3Ky 3i CNOXXMBAHHAM BOOW HEMPUAHATHOI SIKO-
CTi. Po3yMmiHHS pr3uKiB Big BNAMBY XiMIYHUX PEYOBUH Y AOBKINA
yCKNagHEeTbC GaraTtbma hakTopamu, SK-OT: MIHMUBICTb i
CMPUNHATAUBICTE HAaceNeHHs, TpuBani 3aTPUMKM MK KpUTUY-
HVMM BMMVBOM i BUsiBaMM XBOpPOOW, a TakoXK (DOHOBUIA BMSvB
OOBKINNs. ICHyIOTb TakoXk MEeTO4omMOoriyHi Npobnemun y BU3Ha-
YeHHi BiANoBIgHMX PU3MKIB 3@ YMOB NEBHMX POHOBKX BrMBIB
HaBKOMNWLLHBOTO CEPEeAOBYLLA, OCKINbKU BiH MOXe 3MiHUTK Ba-
30Bi MOKA3HMKN 300POB'S abo BNIMHYTM Ha peakLito LinboBoi
XiMiYHOT pe4oBUHW. [leTarnbHille MeTo40MOri0 OLiHIOBaHHS py-
3uKiB npeacTaeneHo B poboti (KowapHa, 2023).

MpoaHanidyBaBLUM OTpUMaHi pe3ynbTaTi, aBTOPW AiNLLnn
BMCHOBKY, LLIO MiA3EMHI BOAM Y Bigknagax BEPXHbOro cap-
MarTy, SKi eKcrnnyaTtyrTbes BinbLUicTio 06CTEXeHNX CBEPAno-
BWH, Ha TepuTopii M. XepcoHa MalTb  CKIagHy
CMPSIMOBAHICTb 3MiH XiMiYHOrO CKragy, 3anexHo Bif YMOB ix-
HbOro hOpMyBaHHS, L0 BU3HAYAKTLCS KOMIMIEKCOM NpUpo-
OHWX | TEXHOrEHHUX YMHHUKIB. KntoyoBy porb TYT BigirpatoTs:

® HasIBHICTb Y MOKPIBIi BOLOHOCHOIO FOPU30HTY BOAOTPU-
BKUX LUApIB, iXHi hinbTpaLiiHi BMAacTUBOCTI;

e NSl KpanoBWX AiNsHOK poaoBMLLLA — SKICHWIM cknag nia-
3eMHUX BOJ, 3a MOro MexaMu;

e [nsi iCTOPUYHOI LeHTparnbHOI YacTMHU MiCTa — Hacnigku
Big ckvay rocndekanbH1X Bog A0 Bigknagis MeOTUCY-MOHTY;

e BiACYTHICTb ULeHTpanidoBaHol kaHanisauii B Mexax
NpUBaTHOrO CEKTOPY;

® XXMBMEHHS NOBEPXHEBMMM BoAamu p. [HINpo;

® KOHCTPYKTUBHI 0COBNMBOCTI CBEPASIOBUH;

e eKkcnryaTauilHi HaBaHTaXXeHHS Ha BOAOHOCHUI ropu-
30HT (/nzory6, 2021).

Yci nepepaxoBaHi YMHHUKM HagalTb TepuTopii pogo-
BULLA YiTKO BUPaXKEHOI NMOLLUMHHOI, a B AesSKUX BUNagKax i
BEPTUKanbHOI, rapoXimMidHOI 30HaNbHOCTI NiA3eMHMX BOA,.

OCHOBHOK MPUYMHOK OCOBNMBOCTEN MOBELIHKU TaKMX
NoKasHWKIB XiMIYHOrO cKnagy AOCNiMAXKyBaHUX Mig3eMHUX
BoA, Ak F Ta nepmaHraHaTHa OKMCHIOBaHICTb (iXHSI BUCOKa
Kopensilis 3 BenuynHow BoAoBiabopy), aBTopy BBaXawTb
YMOBW NPUPOAHOI 3aXMLLEHOCTi BEPXHbOCAPMAaTCbKOro BO-
OOHOCHOrO FOPU3OHTY Bif MOXIMBOI (inNbTpaLlii 3 NOBEpPXHi.
MOKPUBHI CYyrnnHKM MIcTATb Y cobi nerkopo34vmHHi coni. Ha
3abynoBaHMX TEPUTOPISX POrb NMOBEPXHEBOrO CTOKY 3MEH-
WwyeTbcs B Gik 36inblieHHA obcariB BepTUkansHoi inbTpa-
uii (Jlnsory6, 2021). Tam, pe cdopmyBaBCcs TFOPU3OHT
I'PYHTOBMX BOA, PO34INbHUIA LWap NNioLeH-HWKHbOHEOoNen-
CTOLEHOBUX [MWH € [OCUTb HadiiHUM, 3aBaxae notparn-
NSIHHIO PO34YMHEHUX coneln i 3abpyaHeHb 0O ekcnnyaTalin-
HOro ropu3oHTy. Ha ainsiHkax, posTalloBaHUX Ha Cxunax
[Hinpa, HasiBHICTb TaKoro Lwapy He 3aBaxkae 3abpyAHEHHI0
nig3eMHUX BOA, adXe BOAOTPUBKI IMUHM TYT MalTb 3HAYHO
MEHLLY MOTYXHiCTb. KpiM TOro, BOHM € HE HaCTiNbKK
WiNbHMMM  BHACNIOOK BUBITPIOBAHHA, a oOmke, OinbLu
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NPOHUKHUMU. MOXNKMBI 3MiHWM XiMiYHOrO cknagy Yepes Hag-
XO)KEHHS Y BOOOHOCHY CUCTEMY CTiMHUX i KaHanisauinHnx
BOA Yepe3 Opak hakTUYHUX JAHUX He po3rnsigani.

ABTOpM NpuMycKawTb, LIO, NOTpannsyM OO0 MeOoTuC-
MOHTUYHOIO BOAOHOCHOIO FOPU3OHTY, (pinbTpaLinHi Boau nia-
BULLYIOTb Or0 NMPUPOOHUIA PiBEHb, 4OOATKOBO PO3YMHSIOUM
coni y Bigknagax noHty (Nnsory6, 2021). Yepes po3ainbHuia
LWap MEOTUYHUX TMUH, SIKUA € MarnonoTYXXHUM, a iHoai 1
30BCiM BifICYTHIM, Lii BOAM HaaAXoasiTb 4O BOLOHOCHOTO ropu-
30HTY Y BEpPXHbOCAPMAaTCbKMX Bigknagax, 3HaA4YHO MOripLuy-
FOUM MOro SIKICTb 3 NMO3uLii yMOB BogonocTavaHHA. 3aranom
crocTepiraeTbCs TEHAEHLA A0 NiaTAryBaHHs 6inbLu MiHepaniso-
BaHWX I'PYHTOBUX BOZA [0 BOA03abipHUX Cnopya yHacnigok Tpu-
Banoi ekcrinyatauii CBEpArioBUMH. TakoX Ha (OpMyBaHHSA
SIKICHOrO CKMazly AOCNIMKYBaHUX BOA, 3HAYHUIA BNIUB Mae HasiB-
HICTb Y MWHYNOMY TaK 3BaHMX MOMMMHaNbHUX KOMNOAS3IB,
yepes SKi 34iNCHIOBaNoOCa CKuaaHHs rocndyekanin Ta iHwWmnx
3abpyaHeHnX BoA OO BigknagiB NoHTy. AkicTb nikeigauinHoro
TaMMOHaXy TaKMX KONoAs3iB € HU3bKOH.

[unckycis i BUCHOBKMU

YHacnigok npoBefeHoro AocnigXeHHst 6yno BCTaHOB-
NEHO, L0 NPOAYKTUBHI BOAOHOCHI rOpU30HTM XepPCOHCHKOro
pOAOBMLLA MUTHUX NIA3EMHUX BOA 3a SIKICHMM CKaJoM xa-
pPaKTEePU3YyOTLCA CTPOKATICTIO Ta HEOAHOPIAHICTIO. Y npo-
ueci BMBYEHHA 6araTopiyHOi AMHaMIKWM, YpaxoBYHOYM
KONMBaHHS BENWYMHWN BOAOBIAOOPY, BUSIBNIEHO BUCOKY O0-
OaTHY KOpensiLito MK BENTMYMHO LIbOrO NOKa3HMKa Ta nep-
MaHraHaTHOK OKWMCHIOBAHICTIO, @ TaKoX BUCOKY Big'€MHy
Kopensuito Mixk Bogosiabopom i BMicTom ¢pTopy. 3'scoBaHo,
L0 B JOBOEHHUI Yac Biabynmcsa 3miHW B 3aranibHOMY XiMmiy-
HOMY cKnapi Nia3eMHuX Bo4 — Y KaTioHHOMY ckrnagi Binbyscs
nepexig Big KanbLieBo-MarHieBoro 4o HaTpieBo-kaniesoro, B
aHioOHHOMY — Bif XnopugHo-rigpokapboHaTHOro Ao rigpoka-
pboHaTHo-xnopuaHoro. Y 6araTopidyHoMy po3pisi 3adikco-
BaHO nepeBueHHa MOK ana TakMx nokasHuKiB, SK: CyXun
3anuuok, 3ararnbHa xopcTkicTb, SO4, Cl Ta Na. OuiHka He-
KaHLepOreHHoro puanky 3a 6e3noporoByM MeTOAOM Moka-
3ana, Wwo piBeHb Hebe3nekn Ans 340POB'S HACeNeHHs 3a
nokasHukamu Topy € Haa3BM4anHo HebeaneyHum, a 3a no-
KasHMKaMy MaHraHy — katacTpodiyHNM.

BapTo nigkpecnuTu, o, 3Baxaroum Ha nigpme KaxoBcb-
koi MEC, rigpoavHamiyHa Ta rigporeoximiyHa o6CcTaHOBKa pe-
rioHy 3a3Hana CyTTeBMX 3MiH, O MNOTpebye KoMmnnekcy
JopatkoBux gocnigkeHb. MNpeacrasneHi y cTaTTi pe3ynstatu
MOXYTb BYTU KOPUCHUMM ANS BCTAHOBIEHHS (POHOBUX [OBO-
E€HHWX MOKa3HUKIB Y MeXax JOCNigKyBaHOI TepuTopii.

BHecok aBTOpiB: TeTAHa KowwnskoBa — HanmcaHHs (opuriHanbHa
YepHeTKa), KoHLenTyarnisauis Ta dopmanbHuin aHanis; Onekcini Koww-
NSKOB — HaNMCcaHHS (Nepernsg i pegarysaHHsl), Banigawis aHuX.

Mopsika Ta mxepena cpiHaHcyBaHHsA: PoboTy BMKOHaHO B
mexax Haykosoi Temn 0123U100510 "TigporeoximMis MikpoenemeHTiB
cenitTebHMX naHawadTiB YKpaiHu sk OCHOBa paLlioHanbHOro NpMpoao-
KopucTyBaHHS" IHCTUTYTY reoximii, MiHepanorii Ta pyAOyTBOPEHHS
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imeHi M.IN. CemeHeHka HAH YkpaiHn. ABTOpU BUCIOBIIOOTL CBOKO
noasiky asTopam 3BiTy, 3okpema B. IlnsoryOy, 3a mo6'a3Ho HapaHi
martepianu 3 netansHoi reosrioro-eKOHOMIYHOT
OLIHKM eKcnnyaTauiiHux Bof XepcoHcbkoro poposuwia. OCHOBHI
pesynbTaTty, siki 6ynu oTpumaHi aBTopamu CTaTTi 3a OONOMOroH
MaTeMaTUKO-CTaTUCTUYHOI 0OpOBKN, MiATBEPKYIOTb BUCHOBKM, LLO
MictaTbes y 3BiTi (Jluzory6, 2021).
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CHANGES IN THE CHEMICAL COMPOSITION OF DRINKING GROUNDWATER
OF THE KHERSON DEPOSIT ACCORDING TO LONG-TERM OBSERVATIONS IN PRE-WAR TIMES

Background. Afterthe destruction of the Kakhovskaya HPP and the spillway dam, and devastation of the Kakhovskaya Reservoir, the issue
of water supply to the south of Ukraine became very acute. This problem is the most painful for the Kherson region. In this regard, there was a need
to conduct monitoring studies on the quality of groundwater, which serves as a source of water supply for the population of Kherson. The analysis
of changes in the main indicators of the chemical composition of groundwater over time makes it possible to assess potential risks for the health of
consumers and to obtain predictive assessments of the state of the studied hydrogeological system.

Methods. When performing the work, mathematical-statistical, graph-analytical research methods were applied, comparative analysis was
performed, and constructions were carried out using the specialized software tool GW_Chart.

Results. A high correlation was found between the amount of water withdrawal and permanganate oxidizability and fluorine content. It was
established that during the studied period of time (from 2009 to 2021) there were changes in the general chemical composition of groundwater — in
the cationic composition there was a transition from a calcium-magnesium to a sodium-potassium, in the anionic composition — from chloride-
hydrocarbonate to bicarbonate-chloride. A non-carcinogenic risk assessment was performed using the non-threshold method for Mn and F. It was
found that the danger level for F is extremely high, and for Mn — catastrophic.

Conclusions. The authors made the conclusion that groundwaters in the Upper Sarmatian sediments, which are exploited by the majority of
examined wells on the territory of Kherson, have a complex direction of changes in chemical composition, depending on the conditions of their formation,
which are determined by a complex of natural and man-made factors. The key role is played by: filtration properties of confining bed layers in the roof of
the aquifer; consequences of the discharge of domestic sewage to Meotis-Pont deposits; lack of centralized sewerage within the private sector; recharge
with surface waters of the Dnipro River; design features of the wells; operating loads on the aquifer. In general, it can be stated that the qualitative
composition of groundwater has undergone significant changes. All these factors give the territory of the deposit a clearly defined lateral and in some
cases, vertical hydrochemical zonation of groundwater.

Keywords: groundwater, hydrogeochemistry, Kherson deposit, monitoring studies, risk assessment.
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THE CHANGES OF THE AiR TEMPERATURE CHARACTERISTICS
iN THE AZERBAIJAN TERRITORY DURING GLOBAL CLIiMATE CHANGES PERIOD

(MpedcmaeneHo 4neHoM pedakyiliHoi Koneaii 0-poM 2eos1. HaykK, cm. HayK. cniepo6. O. J1. Llleg4yeHkom)

Background. Air temperature observation data covering the years 1981-2022 of about 70 hydrometeorological stations
operating in the territory of the Republic of Azerbaijan were used in the study. In order to determine the influence of climate changes on
the air temperature regime, the results of 1981—2010 were compared with the corresponding results of 2011-2022.

Methods. In the study, the trend of monthly, seasonal and multiannual changes in air temperature was considered using
mathematical, statistical and cartographic methods.

Results. Studies show thatthe air temperature has increased by 0.9°C at the country level. The positive anomaly has been reached
to 1.3° C at the belt with an altitude of 2001-2500 m. The main high indicators were noted in highland regions. The temperature anomaly
is in the range of 1.5-1.7° C, mostly in May and June months. Long-term temperature dynamics show that in 2001—-2010 the temperature
increase (0.057° C/ 1 year) is observed. It was the warmest time during 1961—2022 comparing with previous decade.

The results of the study can be used in the protection against climate changes, mitigation and studying the modern temperature
regime. In addition, solar radiation can be used as an alternative energy source in flat areas where high air temperature indicators are
observed. The results will be announced at the conference on climate change COP 29 (Conferences of the Parties), which will be held in
Baku on November 11-22, 2024.

Conclusions. The influence of climate changes in the air temperature regime in the territory of Azerbaijan will lead to the
disruption of the traditional climate regime, the disappearance of the green landscape and expansion of semi-desert and arid landscape
in the front mountainous areas, the increase of possible evaporation and the increasing of environmental crises such as drought at the
1000 m elevations. An increase in the radiation balance in Nakhchivan province may worsen the continentality of the climate type here.
The increase in temperature in the Kura depression province will create conditions for the expansion of the semi-desert-arid climate in the
piedmonts of the Greater Caucasus Mountains.

Keywords: mathematical, statistical and cartographic methods, temperature indicators, greenhouse effect, flat areas, alternative

energy source, climate norm, altitude zone, ArcGIS.

Background

The Earth has undergone climate changes several times
during the geological eras in which it was formed. Such
processes have been observed with millennia of "warming"
and "glaciation" (Mahmudoyv, 2022; Richard et al., 2013). Long-
term changes were formed as a result of natural factors.
However, during the last 200-250 vyears, the Earth's
temperature has been continuously increasing, and this
process continues rapidly, although it sometimes slows down
(Huseynov, 2020). Since 1860, when hydrometeorological
measurements were made, the global temperature has
increased by 1.5-2.0° C (Rzaeva, Tagiyev, & Zeynalova, 2022;
Rzaeva, Guseynov, and Tagiyev, 2023). Researchers
consider that modern climate changes are caused by
anthropogenic influences (Huseynov, 2022; Thomas,
Rachael, & Cameron, 2020).

According to a continuous temperature analysis by NASA's
of Goddard Institute for Space Studies (GISS), the average
global temperature on Earth has increased by at least 1.1° C
since 1880. Most of the global 'warming' has occurred in recent
times, amounting to about 0.15-0.20° C per decade since 1975
(Goddard Institute for Space Studies, 2023).

In the middle of the 20th century, the temperature was in
a stable phase with small amplitudes, which can be
explained by natural variability and the cooling effect of
aerosols created by factories, electric plants and motor
vehicles during the years of rapid economic growth after
World War Il. After the war, the increase in fossil fuel use
(5 % per year) increased the amount of greenhouse gases
in the atmosphere, which in turn formed the greenhouse

ISSN 1728-3817

effect. Rapid cooling occurred due to aerosol pollution of the
atmosphere.  Unlike aerosols, greenhouse gases
accumulate in the atmosphere more slowly, but they remain
there for a longer time (Ahmadov, 2023).

According to the Special Science Report on Climate
Change of US for 2017, if annual emissions continue to rise
as fast as they have done since 2000, models predicted that
global temperatures will be at least 1.2°C higher than the
average indicators of 1901-1960 at the end of this century,
as well as 2.5°C is predicted. If average annual emissions
increase more slowly and begin to decrease significantly by
2050, model-predicted temperatures will still be at least
0.6°C and possibly as much as 1.4°C warmer than the first
half of the 20th century (Mammadov, 2015; Fel, 2023).

Observations show that the last 10 years from the
beginning of these measurements until today are the years
when the highest air temperature indicators were recorded.
In particular, the air temperature indicators of 2016-2023
broke all historical records (Goddard Institute for Space
Studies, 2023).

One of the regions most affected by climate change is the
South Caucasus region located in Azerbaijan. in recent times,
the reduction of glacier areas, floods, floodings, lightning, hail,
torrential rains, changes in the level of the Caspian Sea, and
other dangerous natural manifestations are developed
(Abdullayev, & Rzayev, 2023; Kazimova, 2015).

Before that, R. Mahmudov, F.Imanov, N.Huseynov,
A. Mammadov, S. Safarov, U. Taghiyeva, H. Nabiyev,
C. Huseynov, and other scientists have conducted various
studies related to climate changes in the country. The
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studies of the researchers show that air temperature
increases in the range of 0.7-1.0° C and atmospheric
precipitation decreases in the range of 26-31 mm (7 %)
(Huseynov, & Ismayilova, 2023; Mahmudov, 2022;
Huseynov, 2022). The constant change of meteorological
elements in the territory of Azerbaijan, the increase of time
series necessitates the constant study of climate changes.

Methods

The study is based on the temperature observation data
of 68 continuously operating hydrometeorological stations of
the National Hydrometeorological Service covering the
years 1981-2022. In addition, periodical publications,
electronic resources and satellite data were also referred to
in the study (Annual meteorological station data, 2020).
Since there is no data about the southern and eastern part
of the Lesser Caucasus region, satellite data was used.
Mathematical, statistical and cartographic methods were
used in the study. With these methods, the mathematical
expectation of the ranks, the statistical significance was
checked, and the regularities of the distribution on the
earth's surface were investigated. As record indicators have
been observed since the last 10 years of temperature
measurements until today, a comparative analysis of the air
temperature indicators of 1981-2010 and 2011-2022,
recommended by the General World Meteorological
Organization as the last norm, was carried out.

Purpose of work. The purpose of the study is to determine
the influence of global climate changes on the air temperature
regime in the territory of the Republic of Azerbaijan in 2011-
2022, comparing with the climate norm (1981-2010). For this,
time-space variations of air temperature were investigated. In
order to detect any regularity in the obtained results, the
distribution of air temperature indicators on the earth's surface
was mapped using cartographic methods for both periods
(1981-2010, 2011-2022).

Results

As the territory of the country has a complex relief, it is
impossible to conduct complex research. Therefore, regions
with  similar ~ physical-geographical and  climatic
characteristics should be studied individually. Also, global
circulations constantly show the effects of climate changes
in the synoptic conditions of the country located in complex
conditions (State Land and Mapping Committee, 2014;
Mammadov, 2015).

Our research shows that, compared to 1961 & 1990,
during 2013-2022, the area of large glaciers in Azerbaijan
decreased by 25 % in Tufandag, 21.3 % in Bazarduzu, and
15.7 % in Shahdag. In all glaciers, the ice line retreated 95—
100 m in just 6 years (2016—2022). In the rivers fed by snow
and glacier waters in the Greater and Lesser Caucasus, as
a result of rapid melting in the spring months (end of March-
April), the volume of water in the rivers increases leading to
waterflood sharply, and this is accompanied by landsides
and the periodic recurrence of floods. As a result, in river
basins such as Gobustan-Absheron, water consumption
decreases sharply in summer months, and the drought
extends for a long time.

The negative impact of climate change on water
resources is manifested in both quantitative and qualitative
parameters. Thus, a sharp increase in the degree of water
mineralization is observed in the lower reaches of the rivers
in the mountainous areas of Azerbaijan. The level of
underground water decreases, piezometric pressure in
geological wells and water consumption decrease sharply.
The quality of groundwater, especially the degree of
mineralization, increases, and this, in turn, negatively affects
the quality indicators of pressurized water.

Conducted analysis shows that in 2011-2022,
depending on the regions in Azerbaijan, the air temperature
varies in the range of —1-6° C in January, 0-6°C in
February, and 3-9° C in March (Tab. 1). During these
months, the minimum average monthly temperature was
observed in the north-east of the Greater Caucasus region
and Nakhchivan province, and the maximum average
monthly temperature was observed in the Absheron water
area and Kura depression (Huseynov, & Ismailova, 2023)
located within the Gobustan-Absheron region of the Greater
Caucasus province. In spring, the air temperature increases,
in April it is in the range of 9-14° C, in May it is 14—21° C, in
June it is in the range of 19-26° C. In these months, the
minimum average monthly temperature is observed in the
northeastern piedmonts of the Greater and Lesser
Caucasus mountains. Air temperature reaches its maximum
in July (21-28° C) and August (20-28° C). In these months,
the maximum values are recorded in the Absheron water
area (27° C) and Kura depression (28° C).

Starting from September (16-23° C), the temperature
decreases in all provinces. Air temperature is 10-17°C in
October, 4—11° C in November and 1-8° C in December.

Table 1
Indicators of air temperature in physical-geographic provinces and regions in different periods
Periods Province Months y.
| Il 11] W \ VI VII | VI IX X XI XII
Absheron water area 51| 48 |69 |115|17.0|225 257|261 |222[169|113| 7.0 14.8
northeastern of Greater Caucasus |-1.7| -1.2 | 21| 76 [12.1[16.6 | 19.2 | 19.0 |14.8]| 98 | 4.2 0.4 8.6
o | South, southeast of Greater 03| 10 |46[103 150|200 230|226 |180|122]| 6.4 | 22 | 11.3
S Caucasus
g Kura depression 35| 46 | 81137191 244|271 |26.7 |222[16.2| 9.7 | 5.0 15.0
S northeastern of Lesser Caucasus 02| 07 43|99 1411186214213 171|116 | 6.2 2.0 10.6
- south and east of Lesser Caucasus [ 0.2 | 1.1 [ 51112 [16.1 211 ]23.8[23.3[189 (128 | 64 1.9 11.8
Nakhchivan -3.0] 02 |55|119 165|218 [ 253|252 [206|13.7]| 6.4 | -0.1 12.0
Lankaran 28| 3.0 [6.0]11.3[16.820.7 | 246|229 ]20.3]|14.0] 87 | 46 12.7
Absheron water area 58| 56 | 77121186 2411268270 |231[172|112| 7.5 15.6
northeastern of Greater Caucasus |-0.5| 0.0 | 3.1 | 86 | 14.1|18.6 |20.5]|20.1 |115.6]10.2] 4.3 1.0 9.6
§ | South, southeast 16| 23 | 57110169 | 220|242 | 240 | 190 |126| 66 | 29 | 124
S of Greater Caucasus
I Kura depression 43| 56 [ 90143 [20.7 | 26.0 | 28.0|275[23.0|16.4| 98 | 54 15.8
S northeastern of Lesser Caucasus 16| 20 |58 [10.8|16.0 | 206 | 229|225 [18.0[11.8| 6.2 2.3 11.7
N south and east of Lesser Caucasus [ 0.9 | 1.9 [ 6.1 | 114 [ 17.7 | 223 245|236 [19.2 126 6.0 2.2 124
Nakhchivan -1.2| 1.8 |7.0[128 | 178 | 235 |26.6 | 26.3 |22.1|14.4| 6.7 1.0 13.2
Lankaran 381 40 |71 | 117|172 1221|241 |23.7 198|141 | 84 | 4.8 13.4
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The average annual air temperature indicators in the
country is 13° C, 15.6° C in the Absheron water area of the
Greater Caucasus region, 9.6° C in the northeastern regions
of the Greater Caucasus province, 12.4° C in the south and
southeast of the Greater Caucasus province, 15.8° C in the
Kura depression province, 15.8° C in the northeast of the
Lesser Caucasus province. Itis 11.7° C, 12.4° C in the south

and east of Lesser Caucasus province, 13.2°C in
Nakhchivan province, 13.4°C in Lankaran province.
Seasonal indicators are different in 2011-2022 in the
territory of Azerbaijan (Fig. 1). Thus, in winter, which is the
coldest season, the air temperature is lower in the
northeastern part of the Greater Caucasus province.
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Fig. 1. Seasonal indicators of air temperature in physical-geographic provinces and regions

In this season, high temperature indicators are in the
range of 5-6°C in the Kura depression province and
Absheron water area. In spring, air temperature is higher in
Kura depression and Nakhchivan province, Absheron
physical-geographic region (13-15° C). In the summer
season, higher temperature indicators are 25-27° C, in
Absheron water area, Kura depression (Huseynov, Hajiyev,
Huseynov, 2023) and Nakhchivan province. This
temperature indicator in autumn is about 14—17° C along the
country, except of the northeastern regions of the Greater
Caucasus (10° C) and Lesser Caucasus (13° C). In autumn,

Temperature, 0C

2 3 4 5

—e—1981-2011

6

lower temperature indicators in the north-east of the Greater
Caucasus and in the Lesser Caucasus provinces are
observed. The average air temperature in the country is 2—
3° Cin winter, 11-12° C in spring, 23—24° C in summer, and
13-14° C in autumn.

The study also paid attention to changes in air temperature
in 2011-2022 compared to 1981-2010 (Fig. 2). Fluctuations in
different months in the country show that the increasing air
temperature in January (1.1° C), February (1.2° C), March
(1.1° C), May (1.5° C), June (1.7° C), July (0.9° C) and August
(0.9° C) is observed and is in the range of 0.9-1.5° C.

8 9 10 11 12

Mothhs

—e—2011-2022 —e— Anomaliya

Fig. 2. Air temperature trend in Azerbaijan territory

In April and in September 0.7° C is noted, in October (0.3° C)
and December (0.5° C) although less than 0.7° C, so there is no
change in November (0.0° C). The increase in air temperature
was higher in June (1.7° C). In these years, the 0.9° C increase
in air temperature along the country is observed.

Seasonal anomalies show that the temperature increase
was 0.9°C (0.6-1.6° C) in winter, 1.1°C (0.9-1.4°C) in
spring, 1.2°C (0.8-1.5° C) in summer and 0.4° C (-0.1-
0.4° C) in autumn. In winter, higher indicators were recorded
in Nakhchivan (1.6° C), lower ones in the south and east of
the Lesser Caucasus, Absheron water area (0.5-0.6° C).
In spring, the maximum limits of the anomaly were in the
north-eastern regions of the Greater and Lesser Caucasus
provinces (1.4° C), and the minimum indicators were in the

ISSN 1728-3817

south, east and Lankaran of the Lesser Caucasus (0.9° C).
The temperature increase in the summer was 1.0-1.5° C in
all regions, except of the south and east of the Lesser
Caucasus (0.8° C). In autumn, the air temperature in the
south and east of the Lesser Caucasus was slightly less
than the climatic norm (0.1° C). The maximum increase in
Nakhchivan province is observed up to 0.9° C. Higher
temperature indicators the whole year were repeated in the
highlands of the Greater Caucasus province, the north-east
of the Lesser Caucasus and Nakhchivan.

Air temperature anomalies in individual stations in the
2011-2022 years compared to the climate norm (1981-
2010) are given in the table (Tab. 2). If we pay attention to
the table, it is possible to see that the air temperature has
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increased in May and June at all stations during the last Zagatala, Mingachevir, Hadrut, Agstafa, Ganja, Paragachay

11 years. The maximum indicators of these increases are stations. The analysis shows that higher temperature

2-3° C in Kiriz, Khinalig, Guba, Gabala, Sheki, Oguz, increases were observed in the low and mid-mountain zone.

Table 2

The temperature fluctuations in the hydrometrological stations (2011-2022)
Ne Stations Months y
| 1l 11l \Y V Vi VI Vil 1X X Xl Xl )
1 Kiriz 1.2 1.3 0.9 0.9 19 | 24 0.9 0.9 0.2 0.0 0.4 0.5 0.9
2 Khinalig 1.9 1.3 1.6 1.6 3.1 2.8 21 1.6 1.3 0.9 0.6 0.4 1.6
3 Altiagach 14 1.0 0.7 0.8 1.7 1.5 0.8 14 1.1 0.2 0.1 0.5 0.9
4 Khaltan 0.6 1.5 1.0 1.1 2.1 14 1.3 0.4 0.6 0.1 0.0 0.3 0.9
5 Guba 1. 1.0 1.1 1.0 23 | 21 1.2 1.5 0.7 0.4 0.1 0.8 1.1
6 Khachmaz 0.9 1.0 1.0 0.5 14 15 15 0.9 1.2 0.4 0.1 1.0 0.9
7 Mashtaga 0.7 0.9 0.9 0.5 1.6 1.7 1.2 0.7 1.0 0.5 0.1 0.7 0.9
8 Baku 0.7 1.0 1.0 0.7 1.7 1.7 1.1 1.1 0.9 0.2 —0.2 0.7 0.9
9 Chilov 0.7 0.6 0.6 0.5 14 1.5 0.9 0.8 0.2 0.0 0.3 0.7
10 | Neft Dashlari 1.1 0.8 0.9 0.8 1.5 | 2.2 14 1.3 1.1 0.5 0.8 0.6 1.1
11 | Sumgqayit 0.8 0.9 0.7 0.9 1.6 1.5 1.2 1.0 0.6 0.0 0.8 0.9
12 | Pirallahi 0.7 0.7 0.7 0.8 1.8 1.7 1.3 1.1 1.1 0.3 —0.2 0.5 0.9
13 | Alibey 1.5 2.1 1.9 1.0 2.1 1.8 1.5 1.3 0.8 0.7 0.7 1.1 1.1
14 | Gobustan 1.1 1.3 0.8 0.7 1.8 | 2.1 1.1 0.9 0.9 0.4 0.5 0.2 1.

15 | Shamakhi 1.2 0.8 0.5 0.4 1.5 1.6 0.7 1.2 0.5 0.3 0.5 0.6 0.7
16 | Gabala 1.5 14 1.1 1.1 22 | 22 1.5 1.9 14 0.7 0.3 1.0 14
17 | Sheki 1.1 1.3 1.0 0.9 20 | 22 1.3 1.6 1.2 0.4 0.1 0.2 1.1
18 | Oguz 1.5 14 1.4 1.0 20 | 25 1.7 2.0 1.5 0.6 0.5 0.9 14
19 | Ismayilli 0.9 1.0 0.8 0.2 14 1.3 0.8 0.3 0.6 0.1 -0.3 0.9 0.7
20 | Zagatala 1.1 14 1.1 0.8 21 2.3 1.3 1.8 1.2 0.3 0.5 0.6 1.2
21 | Ceyrancol 0.5 0.6 0.8 0.0 1.3 | 2.3 0.7 1.3 1.0 -0.1 0.2 -0.2 0.7
22 | Tertar 0.8 0.3 0.6 0.8 1.6 1.6 0.8 0.3 0.7 -04 0.0 -0.3 0.6
23 | Goychay 0.8 0.9 1.0 0.5 1.7 1.6 0.9 0.9 0.9 0.3 0.1 0.4 0.8
24 | Mingachevir 1.1 15 1.3 0.9 22 | 22 1.3 0.8 1.2 0.6 0.0 0.5 1.1
25 | Bilasuvar 1.0 15 1.1 0.7 2.1 1.8 1.1 1.1 1.2 0.6 0.4 0.9 1.1
26 | Barda 0.8 0.9 0.7 0.8 1.5 14 0.6 0.5 0.4 0.1 0.0 0.3 0.7
27 | Beylagan 1.1 1.9 1.2 0.8 1.8 1.8 1.3 1.0 0.8 0.9 0.3 1.0 1.2
28 | Yevlakh 0.5 1.0 0.9 0.4 1.6 1.7 0.7 0.7 0.8 0.3 0.1 0.1 0.7
29 | Kurdamir 0.5 0.7 0.4 0.3 1.3 | 0.9 0.6 0.6 0.6 -0.2 | -0.3 0.3 0.5
30 | imishli 0.9 1.1 1.0 0.7 1.6 14 0.9 0.8 0.8 0.0 0.1 0.6 0.8
31 | Zardab 0.6 1.0 0.7 0.3 1.2 1.2 0.7 0.6 0.5 0.3 0.4 0.4 0.6
32 | Hacigabul 0.8 1.0 0.8 0.5 1.9 1.8 1.1 1.0 0.9 0.3 0.1 1.0 0.9
33 | Jafarkhan 0.5 1.0 0.7 0.4 1.5 14 0.7 0.6 1.0 0.0 0.1 0.9 0.7
34 | Salyan 0.7 1.1 0.7 0.7 1.8 1.5 1.1 0.8 0.5 0.3 0.1 0.8 0.9
35 | Neftchala 0.9 1.1 0.8 0.7 1.7 1.7 1.3 0.9 0.8 0.2 0.0 0.7 0.9
36 | Dashkasan 0.9 1.5 1.1 0.7 1.8 | 2.1 14 1.4 15 0.5 —0.3 0.8 1.1
37 | Goygol 3.0 2.0 3.3 14 2.1 1.6 1.8 1.7 0.9 -0.8 | -0.7 | -0.2 1.3
38 | Gadabay 14 1.3 0.9 0.5 14 1.5 0.8 0.7 0.8 0.3 0.1 0.2 0.8
39 | Shamkir 0.8 0.8 1.2 0.6 1.7 1.8 1.3 0.9 0.9 0.2 0.1 -0.3 0.8
40 | Agstafa 14 0.9 1.3 1.4 20 | 29 2.2 1.1 0.8 0.6 0.7 0.8 1.3
41 | Ganja 1.1 1.2 1.1 0.8 20 | 21 1.3 1.0 0.6 0.0 0.3 0.4 1.0
42 | lstisu 0.7 | -0.3 0.3 0.6 1.0 | 0.9 0.1 0.2 0.4 -04 | -0.8 | 0.3 0.2
43 | Shusha 08 | -0.6 0.6 0.4 14 1.0 0.6 0.5 0.6 -02 | =06 | 0.5 0.3
44 | Lachin 0.7 | -0.7 0.2 0.5 1.2 | 0.9 0.2 0.2 0.3 -06 | 1.2 | 0.6 0.1
45 | Khankendi 06 | -0.7 0.5 0.4 14 1.1 0.6 0.6 0.6 -0.3 | -0.7 | -0.5 0.3
46 | Hadrut 1.1 0.5 0.9 2.0 20 |02 | 04| 09| -02 | 09 | 03 0.6 0.4
47 | Jabrayil 0.7 | -0.7 0.5 0.4 1.6 1.0 0.5 0.5 0.6 -0.3 | -0.7 | -0.5 0.3
48 | Asgaran 08 | -0.7 | -0.5 0.3 1.7 1.2 | 01 0.4 0.8 -03 | -04 | 04 0.2
49 | Fuzuli 05 | -0.8 0.5 0.4 14 1.1 0.4 0.4 0.5 -0.3 | -0.7 | 04 0.2
50 | Agdara 1.7 | -0.1 —0.6 0.9 1.9 [ 0.5 | 0.5 0.1 0.3 -04 | -04 0.1 0.3
51 | Adam 05 | -0.6 0.4 0.3 14 1.0 0.5 0.4 0.5 -0.3 | -0.7 | -0.5 0.2
52 | Khojavand 0.7 | -0.7 0.5 0.4 14 1.1 0.5 0.4 0.5 -02 | -04 | 0.3 0.3
53 | Minjivan 0.7 | -0.7 0.6 0.3 1.3 1.0 0.4 0.3 0.4 -02 | -06 | 0.5 0.2
54 | Astara 0.8 1.0 1.3 0.7 1.5 1.5 1.0 0.8 0.9 0.4 0.0 0.6 0.9
55 | Lankaran 0.9 1.1 0.8 0.5 1.3 1.3 0.6 0.5 0.7 0.2 —0.1 0.3 0.7
56 | Goytepe 0.7 0.6 0.9 0.5 0.8 1.2 0.9 0.9 0.7 -0.1 —0.2 0.3 0.6
57 | Yardimli 1.0 1.0 1.3 0.5 14 | 2.0 14 1.0 0.7 0.2 0.5 0.4 0.9
58 | Lerik 1.1 1.0 0.8 0.5 1.7 1.6 0.8 0.9 1.3 0.3 -0.8 | -0.3 0.7
59 | Kalvaz 1.6 1.2 1.1 -0.1 14 | 0.8 0.9 0.6 0.5 -0.3 | -0.7 | -0.5 0.5
60 | Paragachay 2.3 2.7 3.2 21 26 | 3.0 2.4 1.7 1.9 1.6 0.8 2.9 2.3
61 | Shahbuz 0.9 1.1 0.2 -04 | 0.5 1.1 0.4 0.4 0.4 -0.8 | —11 -04 0.2
62 | Naxchivan 1.6 1.5 1.6 0.8 1.1 1.7 1.7 1.2 1.2 0.0 —0.1 0.6 1.1
63 | Ordubad 6 1.9 1.1 0.7 1.3 1.9 1.7 1.8 2.4 0.8 0.7 0.8 14
64 | Sharur 2.5 2.1 1.3 1.0 1.1 1.4 0.8 0.7 1.2 1.1 0.3 0.5 1.2
65 | Julfa 1.6 2.5 1.1 1.2 1.0 1.1 0.9 0.6 1.9 1.6 14 2.0 14
Country 1.0 0.9 0.9 0.7 1.6 | 1.6 1.0 0.9 0.9 0.2 -0.1 0.4 0.8
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In all remaining stations, the increase in air temperature was
around 1-2° C in May and June. The second highest phase of
air temperature increase was registered in January. So, although
there is a slight increase in Khaltan, Kurdamir, Zardab, Yevlakh,
Jeyranchol, Aghdam, Fuzuli, Khankendi, Jafarkhan (0.5-0.6° C),
the limit of increase in other stations rises to 0.7-3.0°C. In
February, in some stations (Alibey, Beylagan, Goygol,
Paragachay, Ordubad, Sharur, Julfa), the temperature increase
was 2-3°C. The analysis shows that the stations where the air
temperature increases more in the winter months are located in
Nakhchivan province, low and mid-mountains areas.

In 2011-2022, low indicators of air temperature
anomalies were recorded in October and November. Thus,

Anomaly, 0C

0-500 501-1000

in these months, the highest anomaly index was not higher
than 1.6° C (Paragachay, Julfa). During these months it was
even observed that the air temperature was slightly below
than the climatic norm in others stations.

Besides, air temperature anomalies in altitude belts
along the country were investigated in the study (Fig. 3). The
analysis shows that the highest temperature increase in the
territory of the country was recorded in 2001-2500 m
altitude (1.3° C). At the altitude zone of 501-1000 m and
1501-2000 m, this indicator is 1.0° C. This indicator does
not exceed 0.8° C at an altitude of 0-500 m (also below sea
level) and 1001-1500 m.
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Fig. 3. Anomaly of air temperature by altitude in Azerbaijan territory

In order to analyze the trend of air temperature in 2011—
2022 by territory compared to 1981-2010, the temperature
distribution was given by applying the IDW model of
interpolation in the GIS (Geographic Information Systems)
environment (Fig. 4).

If we pay attention to the map, the Kura-Araz lowland,
Absheron Peninsula, Arazboyu plains, Lankaran lowland are
with higher, Greater and Lesser Caucasus, Talysh
mountains and the highlands of their ridges are with lowest
air temperature aerials (Huseynov, & lIsmailova, 2023;
Huseynov, & Huseynov, 2022; Nasibova et al., 2023).
Analyzes in GIS technology show that in the country in
1981-2010, high air temperature indicators prevailed in

smaller areas, more precisely, in zones up to 500 m,
compared to 2011-2022. In 2011-2022, high temperature
indicators, i. e. 15° C and above, have shifted slightly higher
(Gulmammadov, Mammadova, & Tagiyev, 2022). This shift
manifests itself in the higher parts of the lowland. Thus,
temperature fluctuations were determined at an altitude of
2001-2500 m, where long-term hydrometeorological
measurements were made.

The analysis of anomaly indicators in the territory of
Azerbaijan attracts interest in how the air temperature
changes in the long term. Air temperature trends during
1961-2022 were viewed as 10-year periods (Fig. 5).
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Fig. 4. Map of air temperature in the territory of Azerbaijan in 1981-2010 (a) and 2011-2022 (b)
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Fig. 5. Trend of air temperature in the territory of Azerbaijan by decades

If we pay attention to the multi-year dynamics of
temperature, starting from 1961-1970, compared with
previous decade, the temperature of the country decreased
by 0.2° C (-0.024°C/1 year) in 1971-1980. In 1981-1990,
this indicator increased by 0.1°C (0.015° C/1 year), in
1991-2000 by 0.4°C (0.032° C/1 year), in 2001-2010 by 0.5° C
(0.057° C/1 year), in 2011-2020 by 0.4° C (0.040°C/1 year),
and in 2021-2022 by 0.7°C (0.062°C/1 year). The highest
temperature increase in decadal periods occurred in 2001—
2010. In 2010, the increase in air temperature along the
country reached a record level. This record is updated every
year from 2016 to 2023. The temperature observed in the
country in the last 7 years has been a new record every year
since 1881.

Discussion and conclusions

As a result of the comparative analysis of air temperature
in 2011-2022 compared to 1981-2010 in the territory of
Azerbaijan, the following results were obtained:

1. The air temperature in the territory of Azerbaijan
increased by 0.9°C in 2011-2022. This indicator was 0.9° C in
winter, 1.1° Cin spring, 1.2° C in summer and 0.4° C in autumn.

2. The highest increasing rate was 1.6° C in May and June.

3. The highest indicator of temperature anomaly was
recorded at an altitude of 2001-2500 m.

4. The highest temperature increase in the long-term
period was 0.5°C in 2001-2010. This indicator reached
0.7° Cin 2021-2022.

The influence of climate changes in the air temperature
regime in the territory of Azerbaijan will lead to the disruption of
the traditional climate regime, the disappearance of the green
landscape and expansion of semi-desert and arid landscape in
the front mountainous areas, the increase of possible
evaporation and the increasing of environmental crises such as
drought at the 1000 m elevations. An increase in the radiation
balance in Nakhchivan province may worsen the continentality
of the climate type here. The increase in temperature in the
Kura depression province will create conditions for the
expansion of the semi-desert-arid climate in the piedmonts of
the Greater Caucasus Mountains. Replacement of the snowing
climate to a higher altitude (15m/1year), melting of
permanent glaciers creates conditions for the lack of drinking
water, accelerates the decrease in the level and volume of
underground water sources.

At the same time, the results of the study show that the
hydrometeorological elements and manifestations should be re-
examined such as solar radiation, albedo, precipitation, glacier
volume, river and groundwater flow balance, wind, radiation
balance, etc. The results of the increase in air temperature should
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be taken into account in new designs in tourism, energy,
agriculture, construction industry. Thus, it is possible to increase
the use of solar energy as an alternative energy source within the
framework of mitigation measures in the country.

Authors’ contribution: Jamal Huseynov — conceptualization,
methodology, writing (original draft), formal analysis; Allahverdi
Tagiyev — data validation, writing (review and editing).
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AsepbainmpkaHCbKU AepXXaBHUIA yHiBepcuTeT HadhTh Ta npomucnoBocTi, Baky, Asep6ariaxaHcbka Pecny6nika

XAPAKTEPUCTUKA BMNITUBY 3MIH KNIMATY HA TEMMNEPATYPY MNOBITPA
HA TEPUTOPII ASEPBAVUOXAHY B NEPIOA NMOBAJIbHUX KNIMATUYHUX 3MIH

B cTyn. Y docnidxeHHi 6yno esukopucmaHo daHi cnocmepexeHb 3a memMnepamyporo noeimpsi 3a 1981-2022 pp. 6nu3sbko 70 2idpomemeopo-
no2iyHUX cmanuyit, wio ditomb Ha mepumopii AsepbalidaHcbKoi Pecrniy6niku. 3 Memoro eu3HayeHHs1 ennuey 3MiH Kilimamy Ha memnepamypHul
pexum nosimpsi npoeedeHo nopieHsiHHsI pesynbmamie 1981-2010 pp. 3 eidnosidHumu pesynsmamamu 2011-2022 pp.

MeToAau. Y docnioxeHHi 3a 0NomMo20r0 IYHUX, C ICMuYHUX i KapmoepagiyHUX Memodie po32s1AHymo mpeHO MicsIYHUX, ce-
30HHUX i 6a2amopiyHuUX 3MiH memnepamypu nogimpsi.

PesynbTaTun. focnioxeHHs nokasyroms, o memnepamypa noeimps e kpaivi nideuuwjunacsi Ha 0,9° C. [losumueHa aHomanis docsiena
1,3° C Ha nosici 3 eucomoro 2001-2500 M. OCHOEHi 8UCOKi MOKa3HUKU 8id3Ha4YeHi y sUCOKO2ipHUX palioHax. TemnepamypHa aHoMarisi Kosueaemucsi
8 mexxax 1,5-1,7 ° C, nepeeaxxHo 8 mpaeHi ma 4epeHi micsiyi. BazamopiyHa duHamika memnepamypu noka3sye, ujo y 2001-2010 pp. cnocmepizaembcsi
nidsuweHHsi memnepamypu (0,057° C / 1 pik). Lle 6ye Halimenniwuii nepiod npomsizom 1961-2022 pp.

Pe3ynbmamu docnidxeHHs1 MOXXymb 6ymu eukopucmaHi 0ns1 3axucmy ei0 3MiH KiiMamy, NoM'siKWeHHs1 Hacnidkie ma eus4YyeHHs1 Cy4acHO20
memnepamypHoz2o pexumy. Kpim mozo, coHsiuHe eunpomiHIo8aHHsI MOXHa 8UKOPUCMO8ye8amu siK albimepHamueHe 0)kepesio eHepaii Ha PiBHUHHUX
dinsinkax, e criocmepizatombCsi 8UCOKI MOKa3HUKU memmnepamypu nogimpsi. [lpo ompumaHi pesynbmamu 6yde noeiodomneHo Ha KOHgepeHyir 3i
3MiHu knimamy COP 29 (KoHgbepeHuii cmopiH), sika npolide e baky 11-22 nucmonada 2024 p.

B ucHoBEkKU. Bnaue kniMamuy4yHux 3MiH Ha memnepamypHuli peXxum noeimpsi Ha mepumopii Asep6altidxaHy npuseede Ao NopyweHHs mpa-
OuyiliHo20 K/liMamu4YyHO20 pexumy, 3HUKHEHHS 3esleHux naHowagbmie i po3wupeHHs1 HanienycmesnbHUX i nocywnusux naHowagmie y nepedosux
2ipcbkux palioHax, Moiuee 36inbWeHHs1 aunapoeyeaHHsl Ma NMOCUJIeHHST eKO/I02iYHUX Kpu3, makKux sk nocyxa Ha eucomi 1000 m. [lideuweHHs1 pa-
JdiayiliHo2o 6anaHcy e HaxiyeeaHchbkili obnacmi Moxe nozipwumu mym KOHMuUHeHmManbHicms knimamy. [lidsuweHHsi memnepamypu y nposiHyii
KypuHcbkoi 3anaduHu cmeopums ymoeu O71s1 TOWUPeHHs1 HarienycmesbHO-MoCcywsiueo2o Kiimamy e nepedzip 'six Benukozo Kaeka3sy.

KnoyoBi cnoBa: Mmamemamuy4Hi, cmamucmu4Hi ma kapmozpaghiyHi Memodu, memnepamypHi Noka3HUKU, napHukoeaul eghekm, pieHUHHI
mepumopii, anbmepHamueHe d)xepeJio eHepaii, KniMamu4yHa Hopma, eucomHa 30Ha, ArcGIS.

ABTOpU 3a9BMSATbL NPO BIACYTHICTb KOHMNIKTY iHTepeciB. CnoHcopu He 6panu yyacTi B po3pobneHHi AocnimkeHHs; y 36opi, aHanisi un
iHTepnpeTauii 4aHuX; y HanucaHHi pyKkonucy; B pilLeHHi Npo nybnikavito pesynbsTaTis.
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'YkpaiHCbKMUii HAyKOBO-AOCHIAHMIA IHCTUTYT NPUMPOAHMX rasie, Xapkis, YkpaiHa
2KuiBcbKuii HaUioHaNbHWUI yHiBepcuTeT iMeHi Tapaca LLesyeHka, Kuis, YkpaiHa
3XapkiBCbKMi HauioHanbHWiA yHiBepcuTeT iM. B. H. Kapasina, XapkiB, YkpaiHa

OCOBNMUBOCTI riAPOreosiOriyHUX | TEPMOBAPUYHUX YMOB
BANIOXIBCbKOIro HA®TOrA3OKOHOAEHCATHOIo POOOBULLA

(MpedcmaeneHo 4neHoM pedakyiliHoi Koneaii 0-pom 2eos. Hayk, npogh. O.€. Kownskosum)

B ¢ Ty n. Huni npakmu4HumMu 3ae8aHHsIMU Haghmoz2a3080i 2eos1ozii € nowykoeo-po3eidyeasnibHi po6omu, 0c80EHHS Hadp, po3pPo-
6ka Hagpmoeux i 2azoeux podoeuwy ma 6a2amo iHWuXx, Moe'sI3aHux 3 8eJsIUKUM KOJIOM CYMIXKHUX HayK, MaKux sik mexHO2eHHe HagaHma-
JKEeHHs1 Ha 2eoJ1oziyHe cepedosuuye, eKos102iYHi ma 2idpozeosioz2iyHi NumaHHs enuey Haghmoaa3oeux podoeuwy Ha MUMHIi 800U Mouwo.
Y npononHoeaHili po6omi po3anssiHymo 2idpozeosioz2iyHi ma mepmobapuyHi ymoeu Bantoxiecbko2o Haghmoza3okoHAeHcamHo20 podo-
euwa (HFKP), wio po3miujeHe 8 30Hi 34/leHyeaHHs1 NieHIYHOI NMPU60PMOEOoI 30HU i yeHMpPasbHOI NPUOCLOBOI 30HU [JHiNPoeckKo-
Honeuwkoi 3anadunu (443).

MeToawu. [lponoHosaHuli MemoduyHull nioxid rpyHMyembCcsi Ha MeopPemuYHUX YS8JIEHHSIX, W0 pe2ioHalbHi 2eo0mepMidHi aHo-
marii MoXXxymb ymeoprogamucs siuwie 8yar1ee00He8uUMU (MemaHo8UMU) 2a3aMu 8HacJli00K iXHbOI eepmukanbHOI Migpayii. Omxe, npio-
pumemHuMuU € nowyku OiNsiHOK y Mexax Haghmoz2a3oHOCHUX baceliHie, siki @Hacsidok Oii negHuUx ¢hakmopie (HeEOMeKMoOHi4Hi pyxu
mouwjo) xapaKkmepu3yrombCcs MidsuweHUMU 3Ha4YeHHSIMU 2eomemMrepamypHozo noss. Ha HacmynHomy emani eusHa4yaeMo 2idpozeorsio-
2iYyHi ymoeu po3pi3sy, docnidxyemo ixHili 368'A30k 3 Haghmoza3oHocHicmto pezioHy. Hadani 3'acoeyemo 2a3ozeoximiyHi ymogu po3pi3y,
8CMaHoBIIFOEMO 38 'A3KU KOMIMOHEHMHO20 ckady 8inbHUX 2a3ie 3 2/IU6UHOI0 | cy4acHUMU n/1acmosuMu memrepamypamu.

Pe3ynbTaTtu. Bamnoxiecbke HTKP 3 no3uyii 2idpozeosoaii yikaee mum, wjo y (io20 po3pi3i y Mexax HUXHbO20 2idpozeosioziy-
HO20 noeepxy Habyeae po3eumky mepmodezidpamauiliHa 2i0pozeosiozidHa 30Ha Ma noe'sizaHi 3 Hero s;sUWA@ — aHOMaJIbHO 8UCOKI
nnacmoei mucku mowo. Kpim mozo, mepmodezidpamauiiiHa 30Ha mym € He mifnbKu 8eslu4e3HOK 30HOI0 Migpayil eyaresodHie, a wie U
micmume ixHi npomMucriogi CKynyeHHs y sidkiadax mypHelicbKo20 ma ¢haMeHCbKO20 sIpycis.

BucHoBku. Hanidcmaei npoeedeHo20 aHanizy 6ysio ecmaHoesieHo, Wo kamazeHemu4Hul ¢iroidoynop (K®Y) e pospisi podo-
suwa 3asnsieae 8 inmepsarni anubuH 4,6-5,0 km ma mae HeoOHOPIOHICMb HUXXHBLO20 2i0po2eos102iyHO20 nosepxy. BudineHo dei 2idpo-
2e0J102iYHi 30HU: 8€PXHS1 — eli3iliHa, Po3Moectod)XeHa 8 YacmuHi po3pizy Had K®Y, HuxHs 3oHa — mepmodeziOpamauiliHa, Habysae
po38umKy 8 4acmuHi po3pi3y nid K@Y. lpodykmueHi 2opuzonmu Bantoxiecbko2o HIKP gidomi sik y mexax eni3itiHoi 2idpozaeosoaiyHoi
30Hu (El3), mak i @ Mexxax mepmodeziopamayitiHoi 2idpozeonozidHoi 3o0Hu (TAr3).

Ypaxoeyroyu ompumaHi OaHi, MoxxeMo cmeepOXyeamu, W0 2eosiozidHa o6cmaHoeka 21ubokux 2opuzonmie Bantoxiecbkoz2o HIK
podoesuwia crpusie He siuuie eepmukarsnbHil miepayii eyaneeodHie (BB) y mexxax TAI3, a i Hakonu4eHH!O iX y npomMucsiogux Macwmabax.

Knw4yoBi cnoBa: Banwxiecbke Hagpmoz2a3zokoHdeHcamHe podosuuwe, [Hinpoecbko-[JoHeybka 3anaduHa, 2idpozeodu-
HaMmiyHi cucmemu, eniziliHa 2i0po2eosio2iyHa 30Ha, mepmodeziopamauyiliHa 2idpozeosiozi4Ha 30Ha, aHOMaslbHO 8UCOKI NJ1acmoei mucku,
KamazeHemu4Huli ¢osiroidoyrnop.

Bcrtyn

MpakTMYHMMK 3aBOaHHSAMW HAdTOra3oBOi reosnorii HUHI
€ MOLLYKOBO-pO3BigyBaribHi poboTn, OCBOEHHS HaAp, po3pobka
HaTOBKX | ra30BMX poAoBwLY | 6araTo iHWKX, NOB'A3aHNUX 3
BEIMKMM KOMIOM CyMidXHMX Hayk. Lle i TexHoreHHe HaBaHTa-
XEeHHS Ha reonoriyHe cepegosue (Yaanos, 2016), n eko-
NOriYHi Ta rigporeonoriyHi NMTaHHA BAAMBY HadTOrasoBuX
popoBul, Ha nuTHI Bogn (Levoniuk et al., 2019; PewweTos,
Yomko, @., & Yomko, [., 2004), i, HaBiTb — EKOHOMIYHI
nutaHHsa (Yomko, & PeBa, 2017 Ta iH.).

OaHMM i3 NpiopUTETHUX HaNPsIMKIB HAadpTOrasoBoi reo-
noril i rigporeonorii € BiAKPUTTA Ta 3aCTOCYBaHHS HOBUX Me-
TOOUYHUX MiAXOAIB [0 MOLUYKY BYrNEBOOHEBUX CKYMYEHb.
OpauH 3 Takux nigxodis 6yB po3rnsaHYTUA y AucepTauiiHin
po6orTi (Himeupb, [., 2014), e 3anponoHOBaHO HOBY METO-
OVKY OLiHIOBaHHS HadTOrasoHOCHMX OGacelHiB Ta iXHix
OKPEeMUX CTPYKTYPHO-TEKTOHIYHMX perioHiB Ha ocHOBi obpa-
HOro KOMMIEKCY MOLLUYKOBUX KpUTEpIiB — rigporeonoriyHoro,
TepmobapuyHOro, ra3oreoxiMiyHoro. Y CBIiTNi CUHepreTuy-
HOI mapagurmuv, NpeAcTaBreHa MeToauKa CnpsMoBaHa Ha
PO3BUTOK 3araribHOro MeTOAOJIONYHOro HanpsMy Ha Mexi
Bigpasy Linoro kona reonoriyHNX Hayk — reonorii HadTn Ta
rasy, HadTorasoBoi rigporeonorii ToLLo.

MeTtoau

HoBui meToanYHMI NigXig rpyHTYETLCA HA TEOPETUYHMX
YSBIEHHSIX, WO perioHanbHi reoTepMidHi aHoMarnii MoXyTb
YTBOPIOBATUCS NULLE BYrNEBOOHEBUMU (METAHOBMMM) ra-
3aMu BHaACNigokK iXHbOI BepTUkanbHoi Mirpauii. OTxe, npio-
PUTETHUMU € MOLLYKU LiNSIHOK Y MeXax HagTOrasoHOCHUX
OaceviHiB, ki BHAcnigok Aii neBHMX dhakTopiB (HEOTEKTOHIYHI
pyXu TOLLO) XapaKTepusyTbCsa NiABULLEHNMWN 3HAYEHHSMM
reoTeMnepaTypHOro nons. 3Baxaruu Ha Lie, 3rigHO 3 HOBO
METOAMKOIO Ha nepLlioMy eTani AoChigXylTb reoTepMiyHi
YMOBM 06paHOro perioHy, BU3Ha4arTb MO3UTUBHI re0TEPMIYHI
aHomanii, Wo OKPEeCHoTb FOPU3OHTAlbHI OiNsHKA 3 iHTEH-
CMBHUM TenrioMaconepeHeceHHsM BYrneBOoAHEBUX (MeTa-
HOBMX) rasiB. Takox BMBYaKTb reobapuyHi  yMOBMU
po3pi3y, Mpu LbOMY aHOManbHO BWCOKiI MMacToBi TWUCKM,
MalouM €OUHWUA i3 reoTepMiYHUMKM aHoManisiMu reHesuc,
po3rnsafanTb SK 03HaKy BMCXIQHOT Mirpadii ByrrneBOAHIB,
i — BiANOBIAHO, SIK NMOLUYKOBUI KPUTEPIN.

Ha HacTynHoMmy eTani Bu3Ha4valTb [igporeosorivHi
YMOBW pO3pi3y, OOCNIMKYHOTb IXHill 3B'A30K 3 HadhTOra3oHoC-
HiCTIO perioHy. BuBYeHHs XimiyHOro cknagy niasemMHux Bof
[jae 3MOry BCTAHOBUTW HEOL4HOPIAHICTb rigporeonoriyHoi by-
[0BY 06paHOro perioHy i BUAINMMTM CaMOCTilHI rigpOreosnorivHi
30HU. [leplwoyeproBoi yBaru noTpebye rigporeonoriyHa
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30Ha PO3BUTKY CEAUMEHTOreHHMX PO3ConiB i3 NPSMOLO ria-
pOreosoriYyHo 30HAMNbHICTHO, WO MOSICHIOETLCS GaraTtbMa
NO3UTMBHUMU MOMeHTamu. TyT pO3BMHEHA cucTemMa perio-
HanbHWX MIAOHOCHNX KOMMNekciB i dproigoynopis. Ma-
poreosoriyHa 3aKpuTICTb po3pidy crpusic 36epexxeHHIo
BYIMEBOAHEBUX MOKMNaAIB, LLO YacTO 3anAaratoTb Ha BiAHOCHO
HEBENUKNX rMnBUHax. BUBY4EHHS OCHOBHOIO Ta MiKpOKOMIMO-
HEHTHOro cknagy MiA3eMHUX BOA, 3anexHo Big rmubuHu Ta
Cy4acHUX MnactoBuX TemnepaTyp Aa€e 3Mory npocniguTu
3B'A30K rigporeonoriyHnx yMoB 3i BCTAHOBMEHOK MpoOMMUC-
NOBOIO HAPTOra3oHOCHICTIO PErioHy.

Hapani 3'sacoByloTb rasoreoxiMiyHi ymoBu po3pisy, BCTa-
HOBINIOKOTb 3B'A3KN KOMMOHEHTHOro cknagy BifbHWUX rasis i3
rMMBMHOLO | Cy4acHMMKY NacToBUMK TemnepaTtypamu. BusHa-
YalTb MUOWHHI Ta TeMNepaTypHi MeXi iCHyBaHHsI BYrneBos-
HiB, OOCMIMXYIOTb CTPYKTYPY PO3MILLEHHS BYrNIEBOAHEBMX
noknagis y reotremneparypHoMy nori. Takuin MeToauvHuiA
nigxig Aae 3mory BUAINUTM BepTUKanbHi YaCTUHWU po3pisy,
NpUypoYeHi A0 NEBHWX iHTepBaniB M1OWH i NNacToBNX TeM-
nepatyp, y Mexax sikMx JOLNbHO CKOHLEHTPYBaTH 3yCUnns 3
noAanbLUIOro MOLYKY CKyMYeHb BYrMEBOAHIB.

3asHaueHuii meToauyHMiA Niaxig 6yaemo BMKOPUCTOBY-
BaTW AN aHani3y BENUKOro CTPYKTYPHO-TEKTOHIYHOIO peri-
OHy — niBHiYHOroO 60pTY Ta NiBHIYHOI NpnbopToBoi 30HM A3,
BUAINEHHs1 B MOro po3pisi TemnepaTypHUX iHTepBanis i Yac-
TWH pO3pi3y, Lo € NEPCMNEKTUBHMMM 3 NO3ULIii MOLLYKIB CKyn-
YeHb ByrneBofgHiB. OTXe, HadaHa y NPOMOHOBaHIA CTaTTi
rigporeosioriyHa Ta TepmobapuyHa ouiHka BantoxiBcbkoro
HapTOra3okoHAEHCaTHOrO pPoaoBMLLA € MOYaTKOM OOCUTb
TpuBanoi HaykoBoi poboTu, siky 6yayTb BUKOHYBaTU HayKOBI
cniBpobiTHMKM YkpHIrasy.

OTxe, NpiOPUTETHUMU LINSMM LiET CTaTTi €:

e JOCNIgMTU TigporeosnorivyHi Ta TepmobapuyHi yMoBU
Bantoxiscbkoro HIKP;

e Ha NiacTaBi BUBYEHHS MigporeonoriyHux i Tepmobapmy-
HMX YMOB BCTaHOBUTU HEOAHOPIAHICTb HUXKHBLOTO TiAporeo-
MNOrYHOrO  MOBEpXy, BU3HAYUTM MUOKHHI  iHTepBanu
3anaraHHsa KOY, Buginutu enisinHy Ta TepmogerigpartauiviHi
riAporeosnorivyHi 30HU.

HaykoBa Ta npakTtu4Ha npobrnema nonsirae B Tomy, o6
OXONUTW TaknMMm JocnigxeHHaMmu Bco O3, gk y nnowmH-
HOMY, TakK i B rMMbuHHoMy ceHci. MopaibHi poboTn ansa nie-
AeHHoro GopTy Ta niBOeHHOI NpuMOOPTOBOI 30HM Oynun
nposeaeHi [. Himuem (Himeup, [., 2014). ManbyTHi gocni-
DXKEHHs AN niBHiYHOro 6opTy Ta niBHiYHOI NpuBopTOBOI
30HM ByayTb YacTMHOK 3aranbHoi HayKoBOT Mpobnemu.

Haragaemo, Lo 3a cy4acHUMM TigporeosioriyHUMm ysiB-
NEeHHsIMU Mpo rigporeonoriyHy 6yaoBy ocafoBux GaceliHis
pocnigHukamn (Kapues, 1963; 1980; Konoain, & Hyawk,
1980; KanueHko, 1983; TepeLueHko, 1987, 2001; 3apiybkui,
& 3iHeHko, 1991 Ta iH.) NnepeBaxHO BMAINAOTLCS rigporeo-
NOriyHi (rigpoAvHamiyHi) NoBepXM 3a O3HaKamn PO3BUTKY Y
IXHiIX Mexax rigporeogmHamiyHmx cuctem (IMAOC). OgHum 3
nepwmnx reHeTuyHy knacudikadito MOC 3anponoHyBaB
O. KapueB, skuin Buginve iHIiNbTpauiiHi 1 enisinHi cuc-
Temu, Wo Gyno OCHOBOK BMBYEHHSI 0cafoBux GacenHiB y
60—70-Ti pokn XX cT. (Kapues, 1963). HakonuyeHHs gaHux
rmMubuHHOro BypiHHA Nokasano, Lo 3a CBoe OyaoBOK HU-
XHi  rigporeonoriyHuii  NoBepx € HEeOAHOPIAHWUM, TOMY
B. TepewieHko (TepelieHko, 1987) Ta geski iHWi gocnia-
HUKW ONS OaBHIX NManeo30MCbKMX naTdopM i BHYTPILLHIX
NPOrvHIiB (B0 skMx HanexwuTs i A3) Bnainunm nocrenisinHi
(BupomxeHi) IMAC, a B. Konoginn 3anponoHyBaB BMOKPEM-
noBaTK, KpiM ABOX 3rafaHux, We W TepMoAeriapaTauinHy
rinporeoanHamiyHy cuctemy (Konogin, 1980; Konogin, B.,
Konogin, I., & Maescbkuin, 2009).

OTmxe, 3a cydacHMMU BEpPTUKaNbHUMMW TigporeonoriyHmm
30HaNbHOCTAMM BUAINAIOTE ABa FApPOreorioriyHi NoBepxu —
BEPXHIN i HWXKHIA. Y Mexax MepLloro noeBepxy pO3BUMHEHA
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iHinbTporeHHa MAC. Y mMexax HWKHBOrO FiaporeonoriYHoro
nosepxy BuokpemntooTb EM3 Ta TAM3, Wo oTpMmanu Haseu
3rigHO 3 PO3BUHEHUMM Y iXHIX Mexxax TAC.

3ayBaxuMmo, L0 aBTOpU MPOMOHOBaHOI CTaTTi 3anMma-
HOTbCH LUMPOKMM KOJIOM FigporeonoriyHux NuTaHb, 30Kkpema
i HachTorasoBoi rigporeonorii. Lle 3HaxoanTb BiooGpaxeHHs
K Yy IXHIX HayKoBMX [OOCHIOXKEHHSX Yy Mexax TemaTuku
YkpHIlIragdy, XapkiBCbkOro HauioHanbHOro yHiBepcuTeTy
im. B. H. KapasiHa, KuiBcbKoro HawuioHanbHOro yHiBepcu-
TeTy iMmeHi Tapaca LeB4yeHka, Tak i B HaykoBUx nybnikauisx
(MeTinH Ta iH., 2013 Ta iH.). O. Himeub HeogHoOpa3oBo GpaB
y4yacTb y nporpamax Manoi akagemii Hayk Ykpainu (HimeLb,
2013; Himeub, O., 2014), ioro HaykoBo-gocnigHi pobotu Ta-
Ko B6ynu nos's3aHi 3 rigporeonorieto A03.

PesynbTaTtn

CkopoyeHo posrnsaarym rigporeonorivyHi ymosu Banto-
xiBcbkoro HI'KP, 3a3Hauumo, Lo B Mexax BepXHbOro rigpo-
reorioriYyHoro NoBepxy BUAINATL PA, BOAOHOCHUX FOPU30HTIB,
Lo MiCTATL MpicHi Bogy 3 miHepanisauieto o 1,0 r/am3, aki
BMKOPUCTOBYIOTb ANS MUTHOTO Ta rocrnofapCbKoro BOAOMO-
cTayaHHsa. Cepef HMX MOXHa BWOKPEMUTM MNaneoreHoBi
MEXUTIPCbKO-00YXIiBCbKUIA | By4aLlbkuii BOOOHOCHI FOPU30OHTMH,
a TaKoX CEHOMaH-HWKHBbOKPENASIHAN BOAOHOCHWI FOPU30HT.
MnBWHM 3ansraHHsA NaneoreHOBUX rOPU3OHTIB CTAHOBNATD,
BignosigHo, 100,0-170,0 m Ta 215,0-255,0 m. [ebitn ceepa-
NOBMH LIMX TOPU3OHTIB gocsaraits 120,0-240,0 m3/0oby.
CeHOoMaH-HWKHBbOKPENaaHNIA BOGOHOCHUIA KOMMNIIEKC 3ansirae
Ha rmubuHax 1245,0-1316,0 M. 3a cknagom Ue nepeBaxHo
rigpokapboHaTHi HaTpieBi Boau 3 MiHepanisauielo a0
1,0 r/om3. Lia yacTuHa pospisy niansrae peTerbHiii OXOPOHi
Bil MOXNMBOro 3abpyaAHEHHS y npoLeci GypiHHS cBEpAOBUH
i po3pobku pogoBULLA.

BepxHbolopcbka rmmHMUCTa ToBLLa € perioHanbHUM donio-
iA0ynopom, Lo pPO3AINSE BEPXHilN i HUXKHIW riaporeonoriyHi
nosepxu. ToBWUHa dntoigoynopy craHoBuTb 350,0 M.

AK BUOHO 3 po3pidy, HMKYEe 3anaraloTb KENOBENCHKUN i
0anoCbknUin BOOOHOCHI FOpU3OHTU. [NMMOMHA 3ansiraHHs
OCTaHHbOro 3 HUX gocsrae 1721,0-1800,0 M. TyT po3BUHEHI
3a XiMiYHUM CKNagoM XnopuaHi HaTpiesi Boau. MNokasHUK ix-
HbOI MiHepanisauii konueaeTbes B Mexax 50,0-80,0 r/am3.
Mpunnueu 3 ropusoHTy gocsratotb 300,0 M3/0o6y i GinbLue.

BepxHsa yacTnHa TpiacoBux Bigknagis cpopmoBaHa ne-
peBaXXHO MMUHUCTUMM MOPOAAMM i € perioHanbHUM nigo-
ynopom. Hwxkue, Ha rmnbuHax 2080,0-2460,0 m, 3ansrae
Hanbinbw BMcokoAebITHWMIA TpiacoBUA BOOOHOCHWIA KOM-
nnekc. [punnuen Boam 3 Hboro pgocdarawote 600,0—
1000,0 m3/goGy. 3a XiMiYHMM CcKMagoMm nnacTosi BoAu —
XNopuaHi HaTpieBi, iXHA MiHepanisauis 3MIHIOETLCA Y Mexax
80,0-140,0 r/gm3. TpiacoBuit BOAOHOCHUI KOMMIEKC BUKO-
PUCTOBYIOTb sl NOBEPHEHHS CYNyTHBO-NAcTOBMX BOA,.

PerioHanbHWiA nepmcbkuin cproigoynop y mexax Banto-
XiBCbKOrO POA,0BMLLIA OXOMNIE MMMHUCTY NEPECAXCBKY CBITY
BEPXHbOI NepMi, XeMOreHHy TOBLLY Ta KapTaMULLICbKY CBITY
HWXKHBOT Nepmi i Mae 3aranbHy TosLmHy 400,0—450,0 m.

BoaoHOCHI ropn3oHTHU, L0 € NPUYPOYEHMM 0 NiCKOBU-
KiB BEpXHbOro KapbGoHY i MOCKOBCLKOrO sipycy cepeiHbLoro
KapOOHy, YTBOPIOIOTL Y pO3pi3i poaoBuLLa EAMHNIA BOOOHOC-
HWIN KOMNNEKC, AU 3andarae B iHTepsani rmubuH 3180,0—
3666,0 M i BMilLyEe OKpeMi rOPU3OHTM MOTYXHICTIO Big
7,0-10,0 go 25,0-35,0 m. Mpunnunem Bogm i3 LMX rOPU3OHTIB
konueatoTbea Big 2,0 go 250,0 m3/goby. MnacTosi Bogw
npeacTaBneHi po3conamm XNopuaHOro HaTpieBoOro cknaay,
iXHA MiHepanisauis gocsrae 170,0-210,0 r/ams.

Bigknagn GalukvpcbKkoro sipycy npeacTaBneHi Linb-
HUMUK Nopoaamu.

Hwk4ye 3a pospisoM 3andrae HWKHbOKaM'SHOBYTiNbHWNA
BOJOHOCHMIA komnneke. Ha rmmbuHax Big 4180,0 oo 4510,0 m
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BOZOHOCHi FOPM30HTM MOXHA 3YCTPIHYTU Y BEPXHBOCEPMYXOB-
CbkuX Bigknagax. TosLia, Wo MiCTUTb BOOOHOCHUA FOPU3OHT,
npeacTaBneHa LwapyBaHHAM NiCKOBUWKIB, anesponiTiB 1 aprini-
TiB. Ha MNagsiubkoMy pogoBwLLi i3 LMX ropu3oHTiB Bynu oTpu-
maHi npunnmem soam Big 100,0 go 200,0 m%/0o6by. MnacTosi
BOAM 3a XiIMIYHVUM CKITafioM € XIOpUAHI HaTpieBi, IXHA MiHepa-
nisauia gocsirae 190,0-220,0 r/amd.

MpooykTuBHI BigKNagn BepPXHLOBI3EWCLKOro Mig'sapycy
3ansaralTb B iHTepBani rmmbuH Big 4600,0 no 5150,0 M i BMi-
LytoTb 6araTo BOAOHOCHWUX TFOPU3OHTIB, MPUYPOYEHUX OO0
NiCKOBUKIB 1 aneBponiTiB. Boan LUnX ropnsoHTIB € 3aKOHTYp-
HUMW LWOAO ra3oBuMX noknagis. Hanbinbwuin npunnmMe Boau
OyB OTpMMaHuWi nig Yac BUNpobyBaHHSA CBEPAJIOBUHM 2 HA
lagaubkomy pogosuLi, BiH gocsr 523,0 m%/ao6y 3a guHami-
yHoro pieHa 450,0 M. MiHepanisauis nnacToBux Bof BEPX-
HbOBI3eNncbkuX Biaknaais craHosuTb 197,0-281,0 r/am3, 3a
CKNagoM BOHW XMOPWUAHI HaTPiEBI.

3ragaHi BOOOHOCHI KOMMIIEKCH | TOPU30OHTU HanexaTb A0
€nisifiHOI rigpOoreonoriyHOi 30HU HWPKHBOTO TiApPOreosnoriy-
Horo noeepxy. Hx4ye 3a po3pizom 3ansrae nepexigHa 3oHa,
Tak 3BaHUIN KaTareHeTuuyHwW dnigoynop (KOY), skun y

003 3a3Buyain NpuypoyYeHWn OO TemnepaTypHOro iHTep-
Bany 110,0-120,0 °C.

Ha icHyBaHHs1 Takoro cpntoigoynopy y 003 neplimm
3BepHyB yBary B. TepelueHko (TepelieHko, 1987). Mopans-
LIOrO PO3BUTKY LW HaykoBMI Mornsig HabyB y HaykoBUX
npausx aBTopis Mogeni BepTukanbHoi 3oHanbHocTi — O. 3a-
piubkoro # |. 3iHeHka (3apiubkui, & 3iHeHko, 1991). Pospo-
OneHa BYEeHVMM MOAENb BepTUKaNbHOI igapOreonoriyHol
30HAnNbHOCTI 'PYHTYETLCHA Ha TOMY, LLIO YOTMPW OCHOBHI ene-
MEHTM 0Ca[0BOI TOBLLi — rpCbKi NOPOAM, NiA3eMHi Boan, po-
3CiiHa OpraHiyHa pevyoBMHa i BYrNeBOAHI — B3aEMOAIOTb
oOHe 3 OOHWM M4 BMSMBOM €4MHOMO MiTOreHEeTUYHOro
npouecy, TOMy BU3Ha4anbH1M pakTopoM € nrnactoBa TEM-
nepatypa, npeacTaBrneHa B 3eMHili KOpi KOHBEKTUBHUM
TennonepeHocoMm.

3a reotepmiyHum ymoBamu (puc. 1), npeacrtaBneHnMm
Tepmorpamoto cB. 1 BantoxiBcbkoro HadhTorasokoHgeHcar-
Horo pogoBuwa, KOY TyT 3anarae npubnvsHo B iHTepBani
rnu6buH 4600,0-5000,0 M y HWKHIA YaCTUHI BEPXHbLOBI3EN-
cbkux Bigknagis. Mig KOY Habysae possutky TOM3.
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Puc. 1. Po3noain nnactoBux TemnepaTtyp y po3pisi Bantoxiscbkoro HIKP

CkopoyeHo xapaktepuaytoun TA3, 3ayBaxxmmo, WO TyT
B YMOBax Ni3Hboro katareHesy (ctagii MKs.s i Buwe) goko-
PiHHO 3MIHIOETLCSI CTPYKTypa NOPOBOro NMPOCTOPY KOMEKTOo-
piB, Npouecu enis3inHOro BiXXMMaHHA TMWH 3aKiHYYTbCS |
3MiHIOIOTbCA NpolecaMy Tepmoaerigparauii Bxe He nopia,
a MiHepaniB — MOHTMOPUIIOHIT nepexoaunTb Y rigpocnioan
(iniT). BuBinbHeHHSs B Npoueci TepmoaerigpaTauii Mixapo-
Boi Boau ("BigpomkeHoi" 3a TepMiHonorieto J1. KanueHka
(KanyeHko, 1983)), arpecrBHOi B XiMi4HOMY CEHCi, NpU3Bo-
AWTb A0 PYWHYBaHHSA, PO3UYMHEHHS, BUNYrOBYBaHHS, a NOTiM
3i 3HMXKEHHAM napuianbHOro TUCKY B PO34MHI — BTOPUHHOIO
nepesigknagaHHs, nepekpucranisauii nopig i MiHepanis
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(Hacamnepen kapboHaTiB), HacnigKoM 4YOro € MoripLIeHHsI
KOneKTopcbkMx BnactusocTern nopig (Kanvenko, 1983). 3
BUBIMbHEHHAM BiAPOAXeHUX BOA MOB'A3aHe iCHyBaHHA ria-
poximiyHux iHBepciii. Lle siBuwe 3adikcoBaHe Ha GaraTbox
nnowax i pogosuiax A3 — Ha Mauycbkini, PogHUKIBCbKMIA
Ta iH. Y mMexax niBHi4YHOI NpMbopTOBOI 30HWU iICHYBaHHSA ria-
POXiMi4HOI iHBEPCii BCTAHOBMEHO Y BOAOHOCHMX FOPU3OHTax
HWKHLOTO kKapOoHy BepesiBCbKoro poAoBuLLa Ta OEAKUX iH.

[aHnx npo XiMiYHWI cKNag HWKHBbOBI3EMCBKNX MIacToBUX
BOJ, HEOOCTaTHbO, TOMY iXHI XapakTepUCTUKY HaBOOUMO 3
ypaxyBaHHsIM [aHuX LWoAo cycigHix nnowl. CTaTuyHi piBHi y
CBepAsioBMHaxX BCTaHoOBMBanNM Ha rmubuHax 40,0-210,0 m;
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B 1 C H U K KuiBcbkoro HauioHanbHoro yHieepcurety imeHi Tapaca LleBueHka

crocTepiranocsi BUHECEHHS MNacToOBUX XMOPWUAHUX HaTpie-
BUX Bog ryctmHoto 1129,0 kr/m3, miHepanisauieto 186,7 r/omd.
BucokomeTamopgisoBaHi po3conu Lmx ropusoHTiB 30arayeHi
MiKPOKOMMOHEHTaMK: h0goM, OopoM, 3ani3oM, aMOHIEM
Towo. MnacToBi BOOW TakoXX BUCOKOHACUYEHi BYrneBOOHE-
BuMy razamm go 1200,0-1900,0 cm3/n. Y KOMMOHEHTHOMY
cKknagj BoAOpO34MHEHOTO ra3dy AOMiIHYE METaH.

[JeBoHcbki Bigknagu BunpobysaHi y cBepanosuHi 1, 3
AKoi ogepxaHo npunnus Boau 43,0 m3/006. MiHepanisauis
BOOM cTaHoBUTL 223,7 r/am®, ryctnHa — 1152,0 kr/m3. 3a
CKNafoM BOHa XropuaHa HaTpieBa.

BantoxiBcbke HadpTorasokoHaeHcaTHe POA4OBULLE, CeEPEn
iHWKMX, UikaBe Oekinbkoma obcTaBmHamu. lMo-neplue, oro
CTPYKTYPHE pO3TallyBaHHsI 3yMOBIIOE BiIHOCHO Hernmboke
3anaraHHa  dyHoameHty — 6,2-6,8 km. Lle pae Harogy

OLiHWUTW MOXIMBUIA MaKCMarnbHWIA piBeHb aHOMarbHO 8UCO-
Koeo nnacmoeoz2o mucky (ABIT), nos'asaHoro 3 TAM3. 3a
HaWVMK pO3paxyHKamu, 3arnuviikoBa ToBLUA (Pi3HWLUS MixX
rmmbuHamu 3ansranHsa pyHaameHTy | KOY) gopisHioe npumb-
nm3Ho 1,5 km. CybBepTukanbHe BYrnMeBOOHEBE CKyMYEHHS
Takol BUCOTM Moxe maTtu nig KOY 3a ryctuHm sogm 1150 kr/m3
HaAMMLLKOBUIA TUCK, Lo aopiHioe 13,43 MIa. BiH gogaetbcs
[0 (hoOHOBOrO riAPOCTaTUYHOrO TUCKY Ha piBHI nigowsn KoY
(53,05 MMa) i 36inbwye noro go 66,48 Mla. BigHoweHHs
Pnn/Pyr ANst UbOro 3HaveHHs ctaHoBuTb 1,36. BOHO € makcu-
MarnbHO MoxnuemuM gns Banoxiscekoro HIK pogosuiia. Ha
pvC. 2 HaBeAEHO 3HAYEHHS NIAaCTOBOrO TUCKY Y CBEPAJIOBYHI
3, 3 AkOi 3a JONOMOroH NnacToBMnpobyBaya oaepxaHo Npu-
NnAvB rasy 3 NractoBUM TUCKOM Ha rnmbuHi 5083,0 M, wo go-
piBHioe 65,7 MIMa, a Pnn/Pyr= 1,32.
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Puc. 2. Po3noain nnactoBux TUCKiB y po3pi3i BantoxiBcbkoro HFKP

OTxe, MakcumanbHuii reobapuyHuMiA NoTeHuian Hagp
BantoxiBcbkoro pogosuiia nigTBepAXeHUA hakTUHHUM BU-
mipom ABIT y cBepanosuHi 3.

ABTOpW cTaTTi He cTaBunu cobi 3a Uinb BAaBaTucs A0
npobnemu reHeauncy ABMT. Libomy nuTtaHHio Oynu npuces-
YeHi coTHi ny6nikauivi y apyrin nonosuHi XX cT. (Kapues,
1980; Konogin, & Hyauk, 1980; TepeweHko, 1987; Hooci-
neubkuin, 1969; Opnos, 1980; Ocapguin, 1976 Ta iH.), 30k-
pema i 6baraTbox BiZOMMX YKpaTHCbKMX HAYKOBLIIB.

Y poku icHyBaHHS YKpaiHM siKk He3anexHoi AepxaBu nu-
TaHHSA reHe3ucy rmmbuHHnx ABITT, xo4 i He Tak rocTpo, sk
paHiwe, ane NopyLlyBanu B HayKOBIN NiTepaTtypi, 3okpema
1 aBTOpM Uiei pobotn (Himeub, O., 2014; MeTiH Ta iH., 2013;
Himeub, 2013; Himeub, ., 2014; Himeup, 2008; Oprnoe Ta
iH., 2007a; 2007b; BeHbko Ta iH., 2013; NykiH, 2008; Kabu-
wes Ta iH., 2011).

HeobxigHo nigkpecnutu, wo, no-nepwe, ABMT sk reo-
noriyHe sBMLLE MOCTIHO nepebysano i nepebyBae Tenep y
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LEHTpi yBary 3aKOpA4oHHUX reorioriB sik Y MUHYNOMY CTOpiudi
(Hast, & Nilson, 1958; Ferran, 1973; Hanson et al., 1990 Ta iH.),
Tak i B HUHiLWHbOMY (Trick, 2003; Aplin, & Larter, 2005; Wu, &
Bai, 2009; Song, 2015 Ta iH.).

Mo-gpyre, BantoxiBcbke pogoBuLLe LikaBe e 1 TUM, Lo
NPOAYKTUBHI FOPU3OHTU B MOro po3pisi BCTAHOBMEHI, SK Y
mexax El3 (rop. B-15, rmnbunu 4545,0-4673,0 m), Tak i B
mexax TAr3 (T-1, rmubuHmn 5238,0-5412,0 m; ®m-1, rnu-
6uHM 5269,0-5486,0 m).

Moxemo cTBepaXyBaTW, LIO reomnorivHa oGCTaHOBKa
rmubokmx ropu3oHTiB BantoxiBcbkoro HIK pogosuila
cnpuvsie He nuLe BepTuKanbHin mirpauii BB y mexax TO3,
a " HaKOMUYEHHIO X Y NPOMMCIOBMX MacluTabax.

Ouckycist i BACHOBKU

Y nponoHoBaHi poboTi aBTopamu 6ynu BUCBITNEHI OCO-
6nmBoCTi rigporeonoriyHmx i TepmobapuyHux ymos Banto-
xiscbkoro HIKP. Ha nigcrtasi npoBegeHoro aHaniay
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3'ACOBaHoO, WO KaTtareHeTUYHUA Onigoynop y po3pisi po-
JoByLLa 3ansrae B iHTepsani rmubuH 4,6—5,0 km.

Byno BCTaHOBMNEHO TaKOX HEOAHOPIAHICTb HWXXHBOIO
rigporeonoriyHoro nosepxy. BuaineHo Agi rigporeonoriyHi
30HUW: BEPXHS — enisiiHa — pO3MNoBCIOAKEHA B YaCTUHI pO3-
pidy Hag K®Y, HmxHA — TepMopgerigpaTauiiia — HabyBae
PO3BUTKY B YacTuHi po3pisy nig KoY.

3BepTac Ha cebe yBary Tou ¢hakT, Lo NPOAYKTUBHI ropu-
30HTW pofoBMLLA BigoOMi sk y Mexax El3, Ttak i B mexax
TAOr3. Ue, Ha Haww nornag, € AyXe BaXNMBUM, TOMY LLO HUHI
y 003 pna nowykiB ByrnmeBOOAHEBUX CKynyeHb Aenani
GinbLue yBaru NpuainstoTb rMMboko3aHypPEHUM ropu3oHTamM
(BeHbko Ta iH., 2013; NykiH, 2008; Kabuwes Ta iH., 2011),
nos'azaHum i3 TAM3. Ak Hacnigok, ue Npu3BOAMTL 4O BUHU-
KHeHHSA 3aBdaHb i3 nporHo3yeBaHHsa ABIT. Hanpuknag, y
Mexax MiBHIYHOI NpMOOPTOBOT 30HKU, HA KonomaubkoMy ra-
30KOHAEHCATHOMY POAOBMULLI, Ha rMMbuHax noHag 5,0 kv 3a-
ndaraloTb BEPXHbOCEPMNYXOBCbKi ropn3oHTn 3 ABIIT, a Ha
rmubuHax noHag 6,0 KM — Bi3eNCbKi rOPN30OHTU, reobapuYHi
YMOBMU SIKMX MOKM LLie 30BCIiM He AOCHIAXEHI.

MaiibyTHi HayKoBi nraHM MOB'sI3aHi 3 OXOMIIEHHSIM Ta-
KMMK JocnigXeHHsIMW Beiel TepuTopii niBHiYHOro 6opTy Ta
niBHiYHOT NpnbopToBoi 30HKM 3.

[Hocsig BMBYeHHSA rmnbokosaHypeHux ropmaoHTie y A3,
AKi po3TalloBaHi y TepMoAaeriapaTauiiHin rigporeonoriyHin
30Hi, MOKa3ye, L0 3anu1LLIKOBa 0CafoBa TOBLUA, BUKOHYOUN
rasoreHepyBarsibHy posib, YacTO NOCTa€ BEMNUYE3HOO 30HOK
cybBepPTUKANBHOrO TPaH3UTYy BYITIEBOAHIB, Cepea SKMX ne-
peBaxae, 6€3CyMHIBHO, MeTaH.

OTxe, y 30HI Ni3HLOro KaTareHesy 4acTo 3yCTpidatoTbCs
nokarbHi, oOMexeHi 3a po3Mipamn 30HW PO3YLUINIbHEHHS,
ycknagHeHi ABIMT, Bucokumm TemnepaTtypamu, ski NpakTu4Ho
He MaloTb NPOMWUCMOBOr0 3HadeHHsl. Po3pobka abo HaBiTb
NPOCTO PO3KPUTTA TaKUX MOKNAaAiB MOXe CynpOBOLXKYBaTUCS
LUBMOKMM 3HIDKEHHSIM MITaCTOBUX TUCKIB.

MigcymoByrOUM, HAroIOCMMO, LLIO HUHILLHI NOTpebu HadTo-
ra3oBOI reonorii i rigporeonorii BUMararoTb pa3oM 3 po3B'A3aH-
HSIM TEOPETUYHUX NUTaHb (reHesucy ABIMT Towo) wemnakux
pilleHb KOHKPETHUX MpaKTUYHMX 3aBAaHb, MOB'A3aHUX i3
NoLIYKOBO-pO3BiAyBanbHUM BypiHHAM i po3kputTam TO3.

BHecok aBTopiB: OnekcaHap Himeub — doopmanbHuin aHanis,
HanucaHHs (opuriHanbHa YepHeTka); OmuTpo Himeub — HanucaHHs
(opuriHanbHa YepHeTka), meTogonoris; AmuTtpo Yomko — Banigauis
OaHvX, HanucaHHsa (nepernsig i peparyBaHHs); Irop Ypanos —
KOHUenTyani3auis, Banigauis gaHux.
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FEATURES OF HYDROGEOLOGICAL AND THERMOBARIC CONDITIONS
OF THE VLACHIVSKE OIL AND GAS CONDENSATE FIELD

Background. Today, the practical tasks of oil and gas geology include prospecting and exploration, subsoil development, development of
oil and gas fields and many others related to a wide range of related sciences, such as anthropogenic impact on the geological environment,
environmental and hydrogeological issues of the impact of oil and gas fields on drinking water, etc. This paper deals with the hydrogeological and
thermobaric conditions of the Valyukhivske oil and gas condensate field (OGCF), which is located in the junction zone of the northern coastal zone

and the central axial zone of the Dnipro-Donetsk Basin (DDB).

Meth ods. The proposed methodological approach is based on the theoretical notion that regional geothermal anomalies can be formed only
by hydrocarbon (methane) gases due to their vertical migration. Therefore, the priority is to search for areas within oil and gas basins that are
characterised by elevated geothermal field values as a result of certain factors (neotectonic movements, etc.). At the next stage, the hydrogeological
conditions of the section are determined, and their relationship with the oil and gas content of the region is investigated. Subsequently, the gas-
geochemical conditions of the section are determined, and the relationship of the component composition of free gases with depth and current

reservoir temperatures is established.
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Results. The Valiikhvske OGCF is interesting in hydrogeological terms because in its section within the lower hydrogeological floor a thermo-
dehydration hydrogeological zone and related phenomena, such as abnormally high reservoir pressures, are developing. In addition, the thermo-
dehydration zone here is not only a huge area of hydrocarbon migration, but also contains their commercial accumulations in the sediments of the
Tournai and Famenian stages.

Conclusions. Based on the analysis, it was found that the catagenetic fluidic stop (CFS) in the field section lies in the depth range of 4.6—
5.0 km and has heterogeneity of the lower hydrogeological floor, two hydrogeological zones were identified. The upper one is elision zone, which is
widespread in the section above the CFC, and the lower one is thermo-dehydration zone, which becomes extensive in the section below the CFC. The
productive horizons of the Valyukhivske OGCF are known both within the EGD and TDGD.

Taking into account the data obtained, we can state that the geological setting of the deep horizons of the Valyukhivske OGCF field contributes
not only to the vertical migration of HC within the TDGF, but also to their accumulation on an industrial scale.

Keywords: Valyukhiv oil and gas condensate deposit, Dnipro-Donetsk basin, hydrogeodynamic systems, Elysian hydrogeological zone,
thermodehydration hydrogeological zone, abnormally high reservoir pressures, catagenetic fluid resistance.
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THE STATISTICAL SIMULATION OF DATASET IN 3D AREA
WITH "CUBIC"” CORRELATION FUNCTION
ON EXAMPLE RIVNE NPP GEOPHYSICAL MONITORING

(lMMpedcmaeneHo YneHoM pedakyiliHoi kosezii 0-pom 2eon. Hayk, npog. b. 1. Macnoeum)

Background. The model and algorithm were developed by using optimal in the mean square sense "cubic" correlation
function. An example of supplementing the results of geophysical studies of karst-suffuses phenomena with simulated data in the
task of monitoring the density of the chalk stratum on the territory of the Rivne NPP is presented.

The complex geophysical research was conducted on Rivne NPP area. The monitoring observations radioisotope study of soil
density and humidity near the perimeter of buildings is of the greatest interest among these. In this case a problem was occurred
to supplement simulated data that were received at the control of chalky strata density changes at the research industrial area with

use of radioisotope methods on a grid that included 29 wells.

This problem was solved in this work by statistical simulation method that provides the ability to display values (the random
field of a research object in 3D area) in any point of the monitoring area.

Methods. Based on the spectral decomposition of random fields in 3D space, a statistical model of the distribution of the
average density of the chalk layer in the 3D observation area was built.

Results. An algorithm for statistical simulation of random fields with a "cubic” correlation function is formulated. On the
basis of the developed software, additional simulated realizations of the random component of the research subject on the grid of
observations of the necessary detail and regularity were obtained. A statistical analysis of the results of the numerical simulation
of the distribution of the average density of the chalk layer was carried out and their adequacy was tested.

Conclusions. The method of statistical modeling of random fields with "cubic" correlation functions allows you to

supplement data with a given accuracy.

Keywords: Statistical simulation, "cubic” correlation function, spectral decomposition, conditional maps.

Background

Due to the increasing number of dangerous natural and
technogenic disasters in the world, the development of
geological environment monitoring system is actual using
modern mathematical tools and information technology. The
regular local monitoring of potentially dangerous objects of
human activity is an important part of the overall
environment monitoring system. When monitoring such
objects, many actual problems were raised, for example,
such as the lack of some data in the database, or insufficient
quantity or necessity to supplement the database on the grid
with required detail without conducting additional research.

Theoretical aspects of capacity use of the statistical
simulation methods based on spectral decomposition to
solving different apply problems considered in the works
(Yadrenko, 1983; Guyon, 1993; Chiles, & Delfiner, 2012;
Vyzhva, 2003, 2011, 2021). Practical testing on real density
chalky strata data on the Rivhe NPP territory was carried out
for the 3D area — in the following works by using Bessel
correlation function (Vyzhva, Demidov, & Vyzhva, 2013),
Cauchy correlation function (Vyzhva, Demidov, & Vyzhva,
2014b) and spherical correlation function (Vyzhva,
Demidov, & Vyzhva, 2020b).

In this paper, the statistical simulation method for
random field in 3D area we propose to use with the model
and procedure involving enough adequate in the mean
square sense data "cubic" correlation function. It is known

ISSN 1728-3817

(Chiles et al., 2005), that the "cubic" covariance model is
used for differentiable variables as well as potential fields in
geological modelling. The potential-field method was
designed by (Chiles et al., 2005) to build 3D geological
models from data available in geology and mineral
exploration, namely the geological map, structural data,
borehole data and interpretations of the geologist, because
most 3D geological known modelling tools were designed
for the needs of the oil industry and are not suited to the
variety of situations arisen in other application domains of
geology. This problem was considered also in paper
(Vyzhva, Demidov, & Vyzhva, 2020a).

Note, that methods of 3D random fields statistical simulation
used in geosciences problems was developed by the scientists:
Mantoglov, & Wilson, 1981; Wackernagel, 2003; Emery, &
Lantuejoul, 2006; Webster, & Oliver, 2007; Chiles, & Delfiner,
2012; Tolosana-Delgado, & Mueller, 2021 and other.

The essential problems of karst-suffusion phenomena
monitoring at Rivne NPP territory. The problems of the
random field simulation in 3D area arise in solving the actual
environmental geophysical monitoring problems. The complex
geophysical research was conducted on Rivne NPP territory
during many years. The radioisotope study of soil density and
humidity near the perimeter of constructed buildings on object
is of the greatest interest among these monitoring observations.
The soil density was determined by gamma-gamma well

© Vyzhva Zoya, Demidov Vsevolod, Vyzhva Andrii, 2024
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logging, soil humidity was determined by neutron-neutron
logging, when conducting this research.

In this case (Vyzhva, Demidov, & Vyzhva, 2013) a
problem occurred to supplement adequately simulated
adequate data that were received at the control of chalky
strata density changes at the research industrial area with
use of radioisotope methods on a grid that included 29 wells.

Schematic representation of the measurement results
chalky strata density at the Rivne NPP object that was
investigated, and the well locations are shown on Fig. 1.
These data are obviously not enough in detail to represent
the overall picture of the chalk strata on object, where due
to the aggressive water action the karst-suffusion processes
were significantly intensified.
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Fig. 1. Observation points and chalk strata averaged density at industrial area of Rivhe NPP

This noted problem was solved in following works:
(Vyzhva, Demidov, & Vyzhva, 2013, 2014a, 2014b, 2019,
2020b) by statistical simulation method that provides the
ability to display values (random field in three-dimensional
space) in any point of the monitoring area. The chalk strata
averaged density at the industrial area was simulated using
the built 3D model and the involvement of the Bessel type
correlation function (Vyzhva, Demidov, & Vyzhva, 2013),
Cauchy correlation function (Vyzhva, Demidov, & Vyzhva,
2014b) and spherical correlation function (Vyzhva,
Demidov, & Vyzhva, 2020b).

This paper continues further development of 3D
statistical simulation methods, involving "cubic" correlation
function that is well-known in geostatistic works (Chiles
et al.,, 2005; Chiles, Delfiner, 2012; Vyzhva, Demidov, &
Vyzhva, 2020a). This operation was done for data array of
density chalk strata in the years 1984-2002 for 29 wells at
Rivne NPP industrial area and depths are 28 m, 29 m and
30 m below the surface. The difference between the card
input density values and the trend is in most cases a
homogeneous isotropic random field (Vyzhva, Demidov, &
Vyzhva, 2014b, 2019). The stationary random component in
the three-dimensional area is proposed to modeling on the
basis of spectral decomposition (Vyzhva, 2003, 2011) with
"cubic" correlation function in this paper.

The statistical method of solving the problems at
Rivne NPP territory. The statistical simulation of density
chalky strata data at the Rivhe NPP object was performed
at three levels (28, 29, 30 meters from the surface) in this
paper. While constructing graphs of density chalky strata
data for each specified account, we noticed that it is
expedient to distinguish deterministic and random
components. Deterministic component can be selected as
function by the method of approaching the minimum curve
(separation of the so-called trend). The difference between
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the map of input density values and the trend is a realization
of homogeneous isotropic random field in the most cases,
as we mentioned above and which is very important.

Input data on the each of three level from the surface is
a realization of random field in 3D space n(x,y,z;), i = 1,2,3;
z, = 28m, z, = 29m, z3 = 30m. n(x,y,z) =n;(r,6,0),
(r,8,¢@) — spherical coordinates, i — level numbers. The
trend f;(r,6,¢9) and the random component &(r,6, @)
(frequently homogeneous isotropic random field in 3D
space, so-called "noise") were selected for each level:

n;(r,8,¢) = fi(,6,0) +§,(r,6,), i=1,23.

The imposing array of random field realizations
¢;(,6,9) (i =1,2,3) was got by statistical simulation in add
points from three-dimensional observations area for the
approximation of real data, we superimpose on the trend
fi(r,0,9), i = 1,2,3. As a result of final modelling stage, we
received more detailed addition for the chalk layer density
data in the selected three-dimensional area at Rivhe NPP.

We use the method of statistical simulation of
homogenous isotropic random fields in 3D area for the
solving arising problem, which is based on their spectral
decomposition (Vyzhva, 2003). This technique allows to find
the sufficiently perfect image of input data random fields in
the whole observation area at the Rivne NPP by means of
simulated realizations of random component of this data.

At first it is necessary to make the statistical analysis of
data before building the model and procedure of chalky
strata density simulation at observation 3D area. If the three-
dimensional input data has distribution density with
approximately Gaussian type, then procedure can be used,
which is developed in (Vyzhva, Demidov, & Vyzhva, 2013;
Vyzhva, 2011), to generate on the computer realizations of
the simulated data by means of sequences standard normal
random variables.
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The distribution of chalky strata density data at the Rivne
NPP is determined. The preliminary statistical analysis of 3D
input data shows that the distribution histogram of chalky strata
density at the Rivne industrial area (29 boreholes)
approximately has Gaussian distribution (Fig. 2).

The use of authors' techniques of statistical simulation
involves preliminary statistical processing of data to
determine their statistical characteristics, in particular, the
correlation function model. If the hypothesis of Gaussian

distribution of the investigated data field is confirmed, then
the mathematical expectation and the correlation function
completely define this random field in three-dimensional
area and give us the opportunity to build the adequate
statistical model for data field, which is based on the spectral
decomposition. The principles of constructing the models
and statistical simulation procedures for the "cubic"
correlation function were considered in work (Vyzhva,
Demidov, & Vyzhva, 2020a), and described below.
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Fig. 2. Histogram of the chalky strata density (averaged data for all years of observation):
1 — the number of observations in a separate range of density; 2 — theoretical Gaussian curve

Then for the data correlation function B(p) (p) —t he
distance between vectors x,y € R3(x = (1,081,91),
y = (1,,0,,9,)) statistical models were chosen for the
distribution of the density of chalk strata in the three-
dimensional observation area. This function is determined
by comparing the root-mean-square approximation of
empirical and theoretical variograms of the density data
of chalk layers.

As a result, the input data was most adequately
described using of 3 types of correlation functions: the
Bessel correlation function (1) at the value of parameter ¢ = 5,
the Cauchy correlation function (2) at the value of parameter
a = 1, the spherical correlation function (3) at the value of
parameter a ~ 1,25+%1072 and the "cubic" correlation
function (4) at the value of parameter a =~ 1,25 * 1072,

B(p) = ]%(Cp)! c=5, (1)

where Ji (x) is the Bessel function of the first kind of order
k=1/2,

T

2cr

B() = oo, a=1, )
3
B(p)={1—§ §+0%(§) - psw 3)
) p a.
B(p) ={1_7(§)2 +%(§)3 +§(§)5 +%(§)7' P=a; gy
0, p>a.

It is known, that homogenous isotropic random field has
a variogram y(p). In that case the variogram (Chiles et al.,
2005) is linked to the correlation function B(p) by the relation

v(p) = B(0) — B(p). ®)
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Thus, the variogram of a homogenous isotropic random
field is bounded by 2 B(0). Equation (5) shows that if the
correlation function is known, the variogram is also known.
Conversely, if the variogram of a homogenous isotropic
random field is bounded by a finite value, y(p) is of the form (5).
If the variogram has a sill, the value of B(0) must be chosen
equal to or greater than the sill. It is then equivalent to know
v(p) or B(p).

Variograms of input chalky strata density 3D data at the
Rivne NPP was built by using the R software and geoR
package They corresponding to the: Bessel (1) correlation
function (the mean square approximation is 0,0008599),
Cauchy (2) correlation function (the mean square
approximation is 0,002816), spherical (3) correlation
function (the mean square approximation is 0,000480) and
"cubic" correlation function (4) (the mean square
approximation is 0,001360). Variograms plots were
presented at Fig. 3a, according to Bessel type of correlation
function, at Fig. 3b, according to Cauchy type of correlation
function, at Fig. 3c, according to spherical type of correlation
function for the random component of investigation three-
dimensional data.

The built empirical variogram (Fig. 4) of input chalky
strata density 3D data at the Rivhe NPP has the best
approximation by theoretical variogram which is connected
to the "cubic" correlation function (4) with parameter
a ~ 1,25%1072,

We have, that the constructed variogram of realizations
in the studied territory (Fig. 5) has sufficiently adequate
approximation by the theoretical variogram, which is
associated with a "cubic" correlation function (a mean
square deviation is 1,36 * 1073).
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Fig. 3. Empirical (crosses) and theoretical (curve) variograms for input data of the chalky strata, that corresponding to the:
a — the Bessel (1) correlation function; b — the Cauchy (2) correlation function; c — the Spherical (3) correlation function
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Fig. 4. Empirical (crosses) and theoretical (curve) variograms
of input data arrays of chalk layer density,
corresponding to "cubic" correlation function
(a ~ 1,25%1072)

Methods

The spectral representation of homogeneous
isotropic random fields in the 3D area, approximation
theorem, model. Now we present some theorems from the
spectral theory of random fields. We consider a real-valued
homogeneous isotropic random field &(r, 8, @) in the three-
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Fig. 5. Empirical (crosses) and theoretical (curve) variograms

of simulated data arrays of chalk layer density,

corresponding to “cubic" correlation
(a ~ 1,25%1072)

dimensional area (§(r, 0, @) — spherical coordinates). It is
known (Yadrenko, 1983; Vyzhva, 2003; Vyzhva, 2011,
p. 208) that square-mean continuous real-valued isotropic
random field £(r, 8, ), that is in 3D Euclidean space RS,
admit the spectral decomposition by spherical harmonics.
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The correlation function of the homogeneous isotropic
random field &(r,6,¢) in three-dimensional area B(p)
depends on distance p between the vectors x,y € R3 (x =
(Tl' 91 ’ (pl)! y = (TZ! e2 ) (\02):

p=ry 2(1 —cosy) = rsin(y/2),
where cos | — angular distance between vectors x,y € R3:
cosy = cosf;cosf, + sinelsinezcos((p1 - (pz).

However, the spectral decomposition of this random field
is used to solve the problems of statistical modeling of

§(r,8,0) = X=o XiZoCmu Pr(co

where P}, is associated Legendre functions of degree m, &,,,
— constants sequences are calculated by the formula:

- 1 - ) 1, L#0,
=t B OD emen, w={y I
random  processes sequences {gﬁnlk(r)}, k=1,2:
Y
gin_k(r) = fo 2 — 7L, (d\), satisfying the following
conditions:

Mg, ()=0;
2) Mg, (1) ¢k ()= 8 81 6K bu(m), (8)
where Sm' — Kronecker symbol, b,,(r) — the spectral

coefficients and { Z.,(.) }is a sequence of orthogonal random
measures on Borel subsets from the interval [0,+x), i.e.

E ZL(S) ZL(Sy) = 8 8 (5. nSy),

for any Borel subsets S; and S,,

e 8,0) =XN_o Xt Cmu Prh(cos)

We need the mean square approximation of random
field §(r,6,¢) by model (11) in the convenient form
for the constructing statistical simulation of homogeneous
isotropic random field realizations in the 3D space
algorithm.

Further we used mean square estimate from the paper
(Vyzhva, Demidov, & Vyzhva, 2018), what we have in
following theorem.

Theorem 2. Let a mean square continuous realvalued
isotropic random field §(r,6, @) on the sphere S;(r) in 3D
space with zero mean (r — radius of sphere). If p, < +oo,
then the mean square approximation of this random field by
model (9) is such that

f®) =2 [ pAsinQp) (1 -7

The spectral coefficients, which correspond to the
"cubic" correlation function (4) of homogeneous isotropic

2
It
mtz

A2

() =2

These spectral coefficients b,,(r),m =0,1,2,..N are
calculated by Mathematica software for density chalky
strata data.

Results

The statistical simulation procedure of random field
in 3D area with the "cubic" correlation function. In this
paper we generated the realizations of homogeneous
isotropic random field in 3D area with the "cubic" correlation
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[

(

AT)
[foa pAsin(Ap) (1 —7 (s)z +

realizations of a random field in three-dimensional space,
where real-valued random variables occur. Let's add this
decomposition.

Theorem 1. Let a mean square continuous realvalued

homogeneous isotropic random field §(r, 6, @) is in 3D space
with zero mean. Then this random field admits (Vyzhva, 2011,
p. 210) the following spectral decomposition:

$8) [Gh, 1 (1) cosld + ¢, ,(r)sinld], (6)

where ®(1) is the bounded nondecreasing function so-
called spectral function of random field §(r, 6, ¢).

The spectral density of homogeneous isotropic random
field §(r, 6, @) is defind as f(A) = d®(N)/d\ and it is obtained

by correlation function of this random field as integral:
fO) =2 [} ohsin(hp) B(p) do. (9)

The spectral coefficients b, (r) of random field &(r, 6, @)
are defined by the spectral density (L) of this random field

in three-dimensional space in the way:
2 an)
fN)dA (10)

w Imel
bn(r) = fo )\72,

Further the statistical simulation of homogeneous

isotropic random fields in the 3D space on the basis the

spectral decomposition (6) coefficients (10) are considered.
Approximation model for the homogeneous isotropic
random field &(r, 0, @) is built by using the partial sums of

series (6) and is presented by the formula:
g, (cosle + I ,()sinl |, NEN.

2
M [E(T, 8, (P) - gN (T, 8, (P)] = (1 2)
where i, = [° A*® (d\) . (13)
If we proposed, that r (radius of sphere) is not fixed, then

the random field £(, 8, ¢) is in 3D Euclidean space R°.
Further, we described the algorithm for the statistical

simulation of realizations of Gaussian homogeneous isotropic
random fields £(r, 8, ) in 3D Euclidean space R®, which was
constructed on the basis of model (11) and estimate (12)

We constructed on this paper the algorithm for the
statistical simulation of Gaussian homogeneous isotropic
random fields on three-dimensional space space with
"cubic" correlation function (4).

The spectral density is obtained for "cubic" correlation
function (4) by means the formula (9) as:

P 2 P 3 P 5 3(p 7

D) 5 () +2() +10)de
random field §(r, 6, ), are calculated by the formula (9) and
we have:

(11)

st
2N2

”31

7
)

35
4

(14)

35
4

7

(&)«

2

5 7

() +3C) o an (15)
function (4) at the values of parametera ~ 1,25 = 1072. The
statistical simulation of density chalky strata data at the
Rivne NPP object was performed by the technique of
spectral decomposition and finding of spectral coefficients.

The procedure of numerical simulation of the realizations
of the 3D data field random component, by means of the
above mentioned model (11), was conducted, which is

described in (Vyzhva, Demidov, & Vyzhva, 2018).

~
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The value of number N for the constructed model is
determined by the inequality, which is the estimate of the mean
square approximation of random field §(r, 6, @) by partial sums
&(r, 8, ). This number N corresponds to the prescribed small
number € (approximation accuracy). The mentioned inequality
was obtained in theorem 2. Consequently, the estimate of the
mean square approximation of the random field §(, 6, @) with

My =2 [ A% [f) pPAsin(ap) (1 —7 (E)z *

We define dependence number N on r and ¢ in the case
of-"cubic" correlation function (4) as a following:
5113

N(r,e) =2 |= M, 17)

The statistical simulation procedure of Gaussian
homogeneous isotropic random field §(r,6,¢) in 3D area
with "cubic" correlation function (4) was built by means of the
model (9) and the estimate (15). This random field
is determined by its statistical characteristics: the

2 (K . 2 M2 35
) 3 i —7(% =
Hy = T[J;) A [fo pAsin(Ap) (1 7 (a) +

4

Calculate the spectral coefficients b,,,(r),m = 0,1,2,...N
for the "cubic" correlation function (4) as integral (15).
2. Simulate the sequences of independent Gaussian

normal random variables:

(¢}, k=1 2zm=012..Nl=1.,m
that satisfying the following conditions (8) with spectral
coefficients (15).

3. Calculate the realization of the stochastic random field
§(r,6,9) by formula (11) in given point (r;,6;,¢,),
i=12,.,;j=12,..,G,p=12,.,P in the 3D
observations area by means of substituting in it values from
the previous items 1, 2 and 3, numbers N and sequences of
Gaussian random variables.

4. Check whether the realization of the random field
&(r,6,) generated in step 4 fits the data by testing the
corresponding statistical characteristics (distribution and
correlation function).

The statistical simulation of realizations of the Gaussian

isotropic random fields §(r,6,¢) with "cubic" correlation
function can be done by means of this algorithm.

Note that the procedure can be applied to random fields
with different type of distribution. Then the sequences of

random variables {Ck'i(r),i =12k=012,...,N(r,€) } must

be distributed according to the appropriate distribution type.
The original Spectr software, based on the results of the
statistical data processing and the mentioned algorithm for the
simulation values of such data realization in the 3D area, was
developed in Python, where selected "cubic" type correlation
function (4) was used. We calculate realizations of the random
field &(r,0,¢) in 100 points for each of 3 observations
levels (1,6;,¢,), i=12,..,1; j=1,2,..,6;p=1,2,..,P
in three-dimensional area by means of this software. Based
on these realizations, a statistical estimate of the correlation
function was obtained. This estimate compares with a given
"cubic" type correlation function (4) at the value of parameter
a ~ 1,25+ 1072 and provides a statistical analysis of the
adequacy of realizations. The constructed variogram of
these realizations on the studied area (Fig.6) has an
adequate approximation by theoretical variogram, which is
associated with a "cubic" correlation function. The results
show that the chosen data model on the density of chalk
layers at the Rivne NPP site is quite adequate. The Spectr
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p
a

"cubic" type correlation function (4) by the partial sums §(r, 6, @)
has the following representation:

5
M [5(r,6,0) — Ex (0@ < T,

3

where

(16)

correlation
1,25 % 1072,

3 (3)3 + Z(g)s + %(2)7) dp] d\ K = K(a) — const.

4 \a 2
mathematical expectation and the "cubic"
function B(p) (4) at the value of parameter a
Algorithm:
1. Natural number N (border of summation) is chosen
according to necessary accuracy € > 0 of approximation the

model (11) mentioned below:
smrs <
e Has &

=~

(18)
where

2 4 \a

software developed for generating such realizations of the
random field works with sufficient accuracy.

The results, obtained using additional modeling
procedures, are shown in Fig. 6 a presents an example of
constructed chalky strata density map according to
observations data boreholes (averaged data over the years
to 29 boreholes at a depth of 28 m) by Surfer software.
Using available data, the accuracy of this design cannot
provide a reliable characterization of the state of the chalk
layers, since the number of measurement results is
insufficient.

In Fig. 6 b presents contours of equal chalky strata
density values based on simulation data, including values of
anchor boreholes by calculating spectral coefficients of the
"cubic" type. In addition, the output data (100 simulated
values in the intervals between observation points of this
level) can have more reliable approximation, that allows for
more informed decisions about the state of chalky strata and
identifies places for testing and additional research.

The following results, which were obtained using the
simulating procedure for boreholes of observations data
(averaged data for years up to 29 boreholes at a depth of
29 m, are displayed in Fig. 7. In Fig. 7a presents an example
of a constructed map of the density of chalky strata according
to observations for this data by Surfer software. In Fig. 7b
presents contours of equal density values of chalky strata,
which are based on simulation data, including values of the
anchor boreholes. In addition, the output data (100 simulated
values in intervals between observation points of this level)
can have a more reliable approximation, which allows making
more informed decisions about the state of chalky strata.

Finally, the results, that were obtained using the
simulation procedure for boreholes of the observational data
(averaged data over the years for 29 boreholes at a depth of
30 m, are shown in Fig. 8. Fig. 8 a shows an example of
constructed map of the density of chalky strata according to
observations of these data by the Surfer software. In Fig. 8b
presents contours of equal density values of chalky strata,
which are based on simulation data, including values of
anchor boreholes. In addition, the output data
(100 simulated values in the intervals between the
observation points of this level) can have a more reliable
approximation, which allows making more informed
decisions about the state of chalky strata.

a

)3 n Z(E)S n 5(3)7> dp] d\, K = K(a) — const.
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Fig. 6. The distribution of chalky strata density is on the industrial area of Rivne nuclear power plant at a depth of 28 m from the
surface, according to (a) the averaged data of 29 observational boreholes over 1984-2004 years, for (b) the simulated data that
based on the values in secure boreholes by spectral coefficients the "cubic" type
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Fig. 7. The distribution of chalky strata density is on the Rivhe NPP object at a depth of 29 m from the surface, according to (a)
the averaged data of 29 observational boreholes over 1984-2004 years, for (b) the simulated data that based on the values
in secure boreholes by spectral coefficients the "cubic" type
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Fig. 8. The distribution of chalky strata density is on the industrial area of Rivne nuclear power plant at a depth of 30 m
from the surface, according to (a) the averaged data of 29 observational boreholes over 1984-2004 years,
for (b) the simulated data that based on the values in secure boreholes by spectral coefficients the "cubic" type

The statistical evaluation of the correlation function was
obtained for the simulated realizations of the density
distribution data of chalky strata in the 3D zone at the Rivne
NPP facility. This estimate compares with a given theoretical
"cubic" correlation function (4) at the value of parameter
a ~ 1,25 %1072 and ensures the adequacy of realizations
on their statistical analysis. The constructed variogram of
these realizations in the studied area (Fig.5) has an
adequate approximation by the theoretical variogram, which
is associated with a "cubic" correlation function. The results
show that the chosen model of the correlation function of the
random component of the data is sufficiently adequate and
the developed Spectr software for generating realizations
works with sufficient accuracy.

Discussion and conclusions

The theory, methodology and procedure of statistical
simulation of random fields in a three-dimensional area using
the optimal in the mean square sense "cubic" correlation
function allows significantly increasing the effectiveness of
monitoring observations on the territory of potentially
dangerous objects. This makes it possible to simulate values in
the area between regime observation grids and abroad, more
adequately describe 3D density data of chalky strata in the
industrial area of Rivne nuclear power plant. It should be noted
that the variogram of input data has the best approximation of
the theoretical variogram, which is associated with a "cubic"
correlation function with a mean square deviation of 0,00136,
compared to the mean square approximation for the Cauchy
correlation function of 0,002816.

The method of statistical simulation of random fields with
the "cubic" correlation functions allows supplementing the
data with a given accuracy. It can also be used to detect
abnormal areas when studying geophysical parameters in
three-dimensional space.

There are many other areas of statistical simulation of
random fields in a three-dimensional area methods application
in geosciences. Among them primary are soil science and
environmental magnetism (Menshov et al., 2015).
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CTATUCTUYHE MOOENIOBAHHSA JAHUX Y 3-D OBNACTI 3 "KYBIYHOIO" KOPENSALIAHOIO ®YHKLIEIO
HA MPUKNAJI FEO®I3NYHOIO MOHITOPUHIY PIBHEHCbKOI AEC

BcTyn. Po3po6rneHo Modesns i an2opumm cmamucmu4Ho20 ModesiroeaHHs1 daHux y 3D obnacmi 3 eukopucmaHHsIM onmumasnbHOi e cepeod-
HbOMY KeadpamuyHOMY HabnuxeHHi "Ky6iuHoi" kopensyiliHol ¢yHkyii. HaeedeHo npuknad donoeHeHHs1 3ModenbogaHUMU GaHUMU pe3y/bmamie
2eoghizuyHux docnidxeHb Kapcmoeo-cygo3iliHux seuw, y 3adayvi MOHIMopuHay 2ycmuHu KpelidsiHoi moew,i Ha mepumopii PieHeHcbkoi AEC.

Ha mepumopii po3miweHHs1 PieHeHcbkoi AEC npoeedeHo komrinekc 2eogizuyHux docnidxeHb. Ceped makux MOHIMOPUH208UX CITIOCMePeXeHb
Halibinbwulii iHmepec euknukaroms padioizomonHi ocsidKeHHsI 2ycmuHU ma eosiozocmi rpyHmie 3a nepumempom 36ydoeaHux crnopyd. lMpu ybomy
8UHUKIa npobsiema 0ornoeHeHHs1 MOOesIto8aHHSIM OaHUX, siKi ompuMaHo Mnid Yac KOHMPOJIo 3MiHU 2ycmuHu KpelidsiHoi moew,i Ha mepumopii docni-
0J)KyeaHo20 npoMMatidaH4uKa 3 euKopucmaHHsM padioizomonHux memodie rno cimyi, uyo oxonstoeana 29 ceepono8uUH.

MeTonaun. 3a3HayeHy npobnemy e po6omi 6yso po3e’'s3aHo MeEMOOOM CMamucmMu4YyHO20 MOOesI08aHHsI, Wo Hadae Moxueicmb eidobpa-
)Xamu sisuuwje (eunadkoee nosie 06'ekma docnidxeHHs1 y mpusuMipHili o6nacmi) y 6ydb-sikili mo4yi o6nacmi cnocmepexeHHsi. Ha ocHoei cnekmpa-
NbHO20 po3knady eunadkoeux nosie y 3D-npocmopi no6ydoeaHo cmamucmu4Hy Modesib po3nodiny ycepedHeHol 2ycmuHu kpelidsiHoi moewii y 3D

ob6s1acmi crrocmepexeHHsl.

Pe3ynbTaTtu. CehopmynboeaHo asrzopumm cmamucmu4Ho20 ModesnroeaHHsl eunadkoeux nosie 3 "Ky6i4yHO" KopensyiliHoto ¢pyHKUiero.
OmpumaHo Ha 6a3i po3pobrieHo20 npozpamHo20 3abesneqyeHHs1 0od0amkKoeo 3ModesibogaHi peaniszayii eunadkoeoi cknadoeoi npedmema docni-
O)eHHs1 Ha cimyi cnocmepexeHb HeobxiOHoi demanibHocmi ma peaynspHocmi. [[poeedeHo cmamucmuy4HuUl aHani3 pe3ynbmamie YucesbHO20 MO-
Oesro8aHHs1 po3nodiny ycepedHeHoi 2ycmuHu KpelidsiHol moeuwji ma ixHro nepeeipky Ha adekeamHicme.

BucHoBku. Memod cmamucmu4yHo20 MoOeso8aHHs1 eunadkoeux rnojsiie 3 "Ky6iyHUMu" KopensyiliHumMu ¢pyHKUYissMu 0ae 3Mo2y O0MnoeHo-

eamu daHi 3 docmamHbOI0 MOYHicmio.

Knio4yoBi cnoBa: cmamucmuyHe ModentosaHHs, "KybGidyHa" kopensiyiliHa ¢pyHKuisi, cnekmpasnbHuUll po3knad, KOHOUYiliHicmb Kapm.
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USING REMOTE SENSING TECHNOLOGIES FOR MONITORING URBAN HEAT ISLANDS

(MpedcmaeneHo 4YneHoM pedakuyiliHoi Koneaii 0-poM 2eos. Hayk, cm. docnidHukom O. |. MeHbwoeum)

Background. The urbanization process is accelerating every day, which entails significant changes in the natural landscape.
This leads to microclimatic changes, air pollution, thermal effect, etc. Due to air pollution by man-made emissions in urbanized areas, the
thermal regime is changing; the concentration of carbon dioxide and water vapor has now reached 90 % of the total amount of pollutants.
As a result, another problem arises that contributes to global warming — the "greenhouse effect". Elevated air temperatures affect human
health leading to breathing problems, seizures, heat and sunstroke, heat stress, and increased mortality. Considering the potential danger
of elevated air temperatures caused by urban heat islands affecting the lives of residents, an effective and relevant method for surface
temperature analysis and heat island location determination should be developed.

Me th o ds. During urban heat island monitoring, the main factor of analysis is surface temperature, which was determined in the
study using indices such as: Normalized Difference Vegetation Index (NDVI), Urban Thermal Field Variance Index (UTVFI) and Normalized
Difference Built-up Index (NDBI).

Results. This paper describes a study of the distribution of urban heat islands in three European capitals, including Kyiv, Oslo
and Rome, from May 2013 to August 2023. Using the capabilities of the GoogleEarthEngine cloud platform and data from the Landsat 8
OLI/TIRS satellite, the condition of green spaces, the number of impervious surfaces and indices of surface temperatures (LST) were
compared, resulting in maps of the distribution of urban heat islands (UHIs) in the areas of selected cities and towns demonstrating
quantitative changes.

Conclusions. Thus, the study showed a decrease in the number of urban heat islands along with impervious surfaces in the
city of Kyiv by 4 %. At the same time, Rome and Oslo experienced an increase in the number of urban heat islands along with impervious
surfaces. The data obtained prove the feasibility of using the chosen research method and can be used to assess the environmental

condition, identify risk zones, and develop effective measures to further prevent the spread of UHI in megacities.

Keywords:
GoogleEarthEngine, Remote sensing, GIS.

Background

Over the past decades, human activities have led to
unprecedented climate change and environmental
degradation, making global warming and energy shortages
extremely visible. As a consequence, there have been
significant changes in people's attitudes and behavior
prompting them to take strict measures to avoid further
development of environmental disaster, one of which is
reducing carbon emissions.

The urbanization process is accelerating every day, so
this rapid development is turning the natural landscape into
an artificial one (Ghosh, 2019). In turn, the growth of
urbanization entails significant changes in the natural
landscape. This leads to microclimatic changes, air
pollution, thermal effect, etc. An urban heat island (UHI) is
an area of a city whose air temperature exceeds the
suburban temperature by 4 degrees or more (Solecki et al.,
2011). Due to air pollution by man-made emissions in
urbanized areas, the thermal regime is changing; the
concentration of carbon dioxide and water vapor has now

urban heat island, surface temperatures,

impervious surfaces, green spaces, Landsat 8 OLI/TIRS,

reached 90 % of the total amount of pollutants. As a result,
another problem arises that contributes to global warming —
the "greenhouse effect". Elevated air temperatures affect
human health leading to breathing problems, seizures, heat
and sunstroke, heat stress and increased mortality
(Sakhniuk et al., 2022).

Considering the potential danger of elevated air
temperatures caused by urban heat islands affecting the
lives of residents, an effective and relevant method for
surface temperature analysis and heat island location
determination should be developed.

The purpose of this work is to analyse the urban heat
island problem using geographic information systems,
technologies and publicly available remote sensing data to
qualitatively and quantitatively analyse changes and
conditions of impervious surfaces, and to investigate areas of
interest as they are potentially susceptible to changes in
surface temperatures over time. There should also be
developed an effective algorithm of actions that will help solve
the urban heat island issue. The research also aims to identify
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the relationship between the number and location of built-up
areas in megacities and the spread of elevated temperatures
as well as to propose an effective UHIs monitoring
methodology to further prevent environmental disasters.

The objects of study in this work are surface
temperatures, green spaces and built-up surfaces of such
megacities as Kyiv, Oslo, and Rome.

The subject of the study is the monitoring of urban heat
islands, their impact on residents, and the search for
effective preventive solutions.

Methods

Despite concerns and attempts to limit global warming,
temperatures in cities exceeded those in surrounding areas
by an average of 4-5 °C, in some cases by 10 °C. This
phenomenon is known as the urban heat island. In monitoring
urban heat islands, the main factor to analyse is surface
temperature, which is derived from satellites. Land surface
temperature (LST), which is the radiant skin temperature of the
Earth's surface and is determined by the energy exchange
between the Earth's surface and atmosphere, regulates and
impacts the biophysical and chemical processes of the Earth's
system (Debele, & Beketie, 2024).

Hence, it is clear that the air temperature measured by
weather stations and the temperature of the earth's surface
obtained using satellite images (U.S. Geological Survey,
2018) are different concepts that must be clearly separated
from each other in further work.

Therefore, having differentiated such concepts at first
glance, it is necessary to highlight the order of actions
necessary for a holistic and qualitative analysis of urban
heat islands.

The first step involves collecting high-quality initial data
that will make it possible to analyze changes over a certain
period of time. Quality means the absence of clouds and
distortions in the images, the complete location of the object
of interest. In the case of UHIs analysis, the survey season
is also important, since to correctly calculate LST it is
necessary to choose a summer or winter period, for these
seasons best reflect the temperature contrast.

The following steps, depending on the selected satellite,
sensor and software in which the analysis will be carried out,
can be the following:

e geometric and radiometric calibration of the image,

¢ restoration of pixels covered with clouds,

e visualization of a composite image from stripes.

In most cases, the vegetation map (NDVI) reflects heat
islands quite accurately, since NDVI allows knowing the
amount of photosynthetic active biomass in plants (OneSoil
Blog, 2018). Therefore, the calculation of this index is the
next step in the analysis of urban heat islands and their
interaction with green spaces. This index is a measure of the
difference in reflectivity between the red band (RED) and
near-infrared (NIR) band of images. NDVI ranges from —1
to +1, with positive values indicating areas covered with
vegetation and negative values indicating areas without

vegetation.
This is calculated as follows:
NDVI = NlR—RED, 1)
NIR+RED

where NIR is the reflectance in the near infrared band; RED —
reflectance in the red band.

When working with spectroradiometer data, simply
select the desired band that will display the desired data, in
the case of urban heat islands, usually this is the surface
temperature band, depending on the data set.

Another way to calculate surface temperature is to use
RED, NIR and TIR (thermal infrared) satellite input signals.

ISSN 1728-3817

In this case, it is necessary to find the ratio of vegetation in

a pixel using a previously defined vegetation index, namely

its minimum and maximum values (Quintano et al., 2015).
__ (NDVI-NDVIyn\?

p(v) = (NDVlmaX+NDVI) ’ @)
where NDVImin is the minimum NDVI value; NDVImax —
maximum NDVI value.

Then, the emissivity of the earth's surface is required,
which is found from the equation:

e=mPw) +n, (3)
where m is the value of the soil emissivity and is equal to
0.004; n is the value of vegetation emissivity equal to 0.986.

The spectral irradiance value of the infrared thermal
image is used to calculate the temperature. This
temperature is also known as radiant or brightness
temperature. For Landsat thermal infrared image data, the
brightness temperature is given by (Sobrino, Jimenez-
Munoz, & Paolini, 2004).

K2
b ln(1+%), (4)
where LA is the value of spectral irradiation; K1 and K2 are
constants obtained from the Landsat image metadata file.

After determining the surface emissivity, the brightness
temperature will be adjusted to obtain the surface
temperature value. Land surface temperature (LST) is
defined as follows:

Tbh
LST 1+(A:b)*lns’ (5)
where Tb is the value of the image radiation temperature; A
— value of the central wavelength of the thermal infrared
range; € — surface emissivity; p — became Stefan-Boltzmann
(1.38.10-23J/K).

The remaining step in the search for urban heat islands
is to calculate the urban thermal field deviation index
(UTVFI), which varies in the formula given below and is
assigned a high value for the six categories of the

environmental assessment index (Tab. 1).
Ts—-Tm

UTVFI = , (6)
Ts

where Ts is the temperature of the earth's surface; Tm is the
average temperature of the earth's surface.

Table 1
UTFVI and Environmental Assessment Index threshold values
UTFVI | Urban Heatlsland |, EMvironmental
ssessment Index

< 0,000 None Excelent

0,000-0,005 | Weak Good

0,005-0,010 | Medium Quite Good

0,010-0,015 | Strong Not Good

0,015-0,020 | Stronger Poor

> 0,020 The strongest Very poor

Once urban heat islands are located, visualized and
classified into environmental assessment groups, quantitative
and qualitative analysis of changes that may have
occurred over time is possible. Thus, the main criteria for
analysis will be the values of plant indices, including the
previously mentioned NDVI and the equally important Leaf
Area Index (LAI).

The Leaf Area Index shows the ratio of total leaf area to
ground area. In turn, the amount of light intercepted, the
nitrogen accumulated by it, the surface temperature, etc.,
depending on the area of the leaves (Fang et al., 2019). This
index is a dimensionless coefficient, but it is possible to
reduce its dimension (m?/m?2, ha/ha).
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A special feature of LAl is that it is usually calculated
based on the ratio of NDVI values and other coefficients,
which in turn depend on the location where the leaf area
index is needed to be calculated. That is, the formula for
taking into account LAI values will be one when analyzing
forests in temperate latitudes and the other one when
analyzing savannas, etc. Therefore, when calculating LAI, it
is important to correctly select the formula, which is provided
for the green spaces of the study area.

It is also useful to calculate the areas of urban heat islands
and compare the values for different years, since in this way we
can observe the trend of changes in the area of interest.

It may also be useful to visualize temperature changes
in graphs, calculate changes in the amount of vegetation
and built surfaces using open databases, classify using
standards or calculate impervious surface indices.

So another factor directly affecting surface temperatures,
and therefore the spread of UHI, is the amount of impervious
surface, which can be easily calculated using the Normalized
Difference Built-up Index (NDBI).

NDBI calculation is an effective method for mapping
urban built-up areas, calculated based on the image
difference between NIR and MIR (mid-infrared) (Zha, Gao,
& Ni, 2003). This index is obtained from the equation:

NDBI = MIR—NIR’ (7)
MIR+NIR

where MIR corresponds to Landsat OLI band 6 (1.57—1.65 um).

Index values range from —1 to +1, where negative values
correspond to vegetation and water bodies, and positive
values correspond to built-up areas (Zha, Gao, & Ni, 2003).

Using the Google Earth Engine (GEE) platform, which
uses a combination of satellite imagery, Earth observation
data and machine learning algorithms to allow users to
identify and measure changes in land use, ecosystems and
climate patterns on a global scale, it is possible to identify
urban regions where to focus efforts should be made to
reduce the impact of urban heat islands. Google Earth
Engine relies on numerous technologies in the Google data
center, such as the Flume Java framework, distributed
databases Bigtable, Spanner (Chang et al., 2006), GEE is
accessible through an APl and web interface, allowing rapid
prototyping and visualization of results.

Thus, high-quality and in-depth monitoring of urban heat
islands can be carried out, which will allow analyzing trends
that are spreading in the area of interest, selecting and
timely applying preventive measures, etc.

Results

The study areas in this work were three European capitals
— Kyiv, Oslo, and Rome. Each of the selected cities is a
metropolis, respectively, most prone to the spread of UHIs.

The reason for choosing Rome as a territory for analysis
was great historical status of the city, which, together with
European standards, is the basis for serious restrictions on
logging, and given the geographical location of this city, due
to which residents suffer from heat in the summer, we would
like to identify possible trends in temperature changes and
factors that influenced this.

Oslo is known as the green European capital, so it is
important to analyze the temperature regime in the city and
compare the state of other capitals with the leader.

As for Kyiv, due to the irresponsibility of the authorities,
the city is experiencing problems with massive illegal cutting
of trees, accordingly serves as an example of a city that is
experiencing changes in the amount of green spaces and
impervious surfaces.

Kyiv and Rome are over a million people and have about
three million inhabitants each, and also have many enterprises,
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industrial production, and they are also large transport hubs
through which supplies and transportation pass daily.

Oslo, in contrast, is much smaller in size, has only 702
thousand population, which since 2015 has prohibited
private vehicles from traveling on public roads in the city
center. Besides, since 2019 it has expanded this rule to a
60 km buffer zone.

All three capitals are located at different latitudes and
form an imaginary triangle (Fig. 1). So, Kyiv is located at the
latitude of 50°27'16" N. and at the altitude of 187 meters
above sea level. Oslo is located at the latitude of
59°56'58"N. Rome, in turn, is located at the latitude of
41°53'30"N. and at the altitude of 52 meters above sea level.

Accordingly, the meteorological conditions of these
areas are different, which in turn gives us an excellent
opportunity to analyze the distribution of urban heat islands
in different climatic conditions, which also affect the state of
vegetation, inhabitants, and surface temperature.

Fig. 1. Location of study areas according to OpenStreetMap

The climate of Kyiv is moderately continental, with mild
winters and warm summers; the average temperature in July
is about +25°C. The climate of Rome is subtropical
Mediterranean characterized by very long and hot summers,
+31 °C average temperatures in July, and mild, rainy
winters. Oslo is located in a continental climate zone
characterized by cool summers, the warmest month being
July with an average temperature of +17.8 °C.

The issue of ecology is quite acute today, especially for
megacities. The territories under consideration are no
exceptions. But a serious advantage of these capitals is the
large number of green spaces; more than 50 % of the area
of Kyiv and Rome are forests, parks, squares, alleys, etc. As
for Oslo, about 70 % of the territory is covered with green
space, and recently the authorities have completely
removed parking spaces in the city.

As European capitals of culture that attract visitors from
all over the world have a correspondingly high level of
tourism, and demonstrate different climatic conditions and
decisions of city authorities, an analysis of the distribution of
urban heat islands would be appropriate, and it would
provide a basis for broader comparison.

According to the considered algorithm of actions, a code
was written on the Google Earth Engine platform, so the first
step was to load the geometry of the territory of interest, the
analysis of which was carried out later. Optical and thermal
channels were also scaled (Fig. 2).
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var geometry = ee.FeatureCollection("users/sakhnyuk/Kyiv")

Map.addLayer(geometry,{}, 'geometry')

Map.centerObject(geometry, 9)

// Applies scaling factors.
function applyScaleFactors(image) {

var opticalBands = image.select('SR_B.').multiply(0.0000275).add(-0.2);
var thermalBands = image.select('ST_B.*').multiply(©.00341802).add(149.0);
return image.addBands(opticalBands, null, true)

.addBands(thermalBands, null, true);

Fig. 2. Code fragment with the definition of the area of interest

Subsequently, the obtained results of the processed
code were exported in TIF format for each of the areas of
interest. These files contain information about the Land
surface temperature (LST) value and the Urban Thermal
Field Variance Index (UTVFI) value for 2013 and 2023.

319099 120000 210000 130m 235000 730000

TR0

The obtained data was loaded into the ArcMap
application for subsequent classification and mapping.
Initially, the LST data was divided into six classes to better
visualise temperature differences in different parts of
metropolitan areas, and surface temperature maps were
then created for each of the capitals (Fig. 3).
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Fig. 3. Land surface temperature maps of selected cities made using Landsat 8 OLI/TIRS data. Date of access: 01/30/2024

Mapping land surface temperature of selected megacities,
the approximate location of urban heat islands can be
predicted, just as in the case of the vegetation index. It should
also be noted that all cities except Oslo experienced a visual
increase in surface temperatures, this is noticeable due to the
increase in the number of hot color pixels.

The following step was to distribute the UTVFI data into
six classes according to the level of Environmental
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Assessment discussed earlier (Tab. 1), which in the future
will also make it possible to calculate changes in the size of
the UHIs. Based on the classification of the Urban Thermal
Field Variance Index values, maps of the distribution of heat
islands in each of the capitals for 2013 and 2023 were
created (Fig. 4).
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Fig. 4. Distribution maps of heat islands of selected cities made using Landsat 8 OLI/TIRS data. Date of access: 01/30/2024

As with Land surface temperature (LST) maps, visual
changes in the UHI or an increase in the number of heat
islands indicate a poor environmental assessment.

Since a detailed UHI analysis requires not only a
qualitative assessment, but also a quantitative one, the next
step was to calculate the areas occupied by the
corresponding class of urban heat island in each year. This
procedure was also performed in ArcMap using the
Reclassify, Raster to Polygon, and Calculate Geometry tools.

Then, obtaining certain results regarding surface
temperatures and urban heat islands and analysing them, it
is possible to search for additional factors that could
influence changes in the selected areas.

However, as previously noted, impervious surfaces have
a significant impact on urban heat islands. Therefore,
additional code was written and developed in GEE to
calculate the development index for each city and the
resulting values were subsequently exported to ArcMap.

The Normalized Difference Built-up Index (NDBI) values
were similarly calculated from preliminary Landsat 8
OLI/TIRS data. Thus, maps were constructed to analyse and
evaluate the distribution of urban development according to
the interdependence of the distribution of elevated surface
temperatures in selected capital cities.

In each case, the sums of land areas of each class (high,
low vegetation, water bodies and urban development) were
calculated. Thus, statistical data on changes in the area of
built-up surface were obtained.
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Exploring the territories of the cities of Oslo, Kyiv and
Rome, there was carried out an analysis of changes in
surface temperature and the distribution of urban heat
islands in the period from 2013 to 2023 using data from
Landsat 8 OLI/TIRS satellites. Although the changes in each
city were different, certain trends were observed that
influenced the spread and intensity of UHI (Fig. 5).

Analysing the results obtained, there could be observed an
increase in the area of urban heat islands from 44 % in 2013 to
46 % in 2023 in Rome and from 35 % in 2013 to 37 % in 2023
in Oslo. Thus, the worst trend is in Rome, where the area of the
strongest and worst heat islands according to environmental
assessment has increased by 30 sq.km.

Despite the global increase in temperatures, some cities
still manage to avoid increasing the area of UHI, among
which is the capital of Ukraine (Fig. 6).

Analyzing these changes in the areas of impermeable
surfaces over time (Fig. 7), there is a noticeable decrease in
the values of the Normalized Difference Built-up Index in
Kyiv, which could serve as a potential reason for the
decrease in urban heat islands by 12.7 % of the total area of
the city from 2013 to 2023. Note that this difference indicates
an improvement in the ecological condition of the territory.
Regarding the cities of Oslo and Rome, from 2013 to 2023
urban heat islands increased by 5.9 % (of the total area of
the city of Oslo) and 12 % (of the total area of the city of
Rome). In turn, the decrease in the number of impervious
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surfaces could be caused by an increase in the overlying territories of 100 sg.km. This exactly shows by how much the

vegetation cover. area of artificial surfaces increased in Rome, respectively by
In contrast to Kyiv, two other European capitals experienced 28 sq.km more than in the capital of Norway.

quite significant increases in impervious surfaces on their
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Fig. 5. Maps of the distribution of built-up of selected cities made using Landsat 8 OLI/TIRS data. Date of access: 01/30/2024
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Fig. 6. Percentage charts of urban heat island area changes
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So, the territory of Kyiv, the city, shows a good trend in
reducing the number of urban heat islands (by 30 sq.km in
less than ten years), which is accompanied by a decrease
in the number of impermeable surfaces.

As for Rome, the changes in the city are similar to those
in Oslo, namely of a slight increase in the area of UHIs along
with impervious surfaces.

Thus, comparing the trends in the distribution of urban
heat islands and the amount of development, a possible
relationship was assumed between these characteristics of
the urban environment.

By investigating the distribution of urban heat islands in
areas of interest, both negative and positive trends can be
identified, which can serve as a good sign. In any case, it is
necessary to remember about possible errors in the source
data when performing calculations, etc.

Based on the remote sensing data reviewed, a relationship
was assumed between the spread of UHIs and the increase in
impervious surfaces. An effective algorithm of actions has been
considered and applied allowing for high-quality and quick
analysis and control of the temperature regime of the city. This,
in turn, it makes it possible to create a unified geographic
information system that can help local authorities ensure the
comfort and safety of residents.

Discussion and conclusions

Thus, considering the potential danger involved that
urban heat islands may pose for residents of modern
megacities, it is important to calculate, develop, and
implement a number of precautionary measures that will
allow anticipating and avoiding negative consequences of
these processes.

Using the example of European capitals such as Oslo,
Kyiv, and Rome, the long-term influence of one of the factors
(impermeable surfaces on urban heat islands) was analysed
in detail, namely: using data from the Landsat 8 OLI / TIRS
satellite, maps of surface temperatures were constructed
allowing us to assume the dependence of LST on the
number of impervious surfaces, particularly, a decrease in
the number of UHIs simultaneously with a decrease in the
number of impervious surfaces and vice versa.

The area of urban heat islands was found to increase
from 44 % in 2013 to 46 % in 2023 in Rome and from 35 %
in 2013 to 37 % in 2023 in Oslo. Thus, the worst trend is in
Rome, where the area of the strongest and worst heat
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islands according to environmental assessment has
increased by 30 sq.km.

The data obtained indicate a noticeable decrease in the
values of the Normalized Difference Built-up Index in Kyiv,
which could serve as a potential reason for the decrease in
urban heat islands by 12.7 % of the total area of the city from
2013 to 2023. Note that this difference indicates an
improvement in the ecological condition of the territory.
Regarding the cities of Oslo and Rome, from 2013 to 2023
urban heat islands increased by 5.9 % (of the total area of
the city of Oslo) and 12 % (of the total area of the city of
Rome). In turn, the decrease in the number of impervious
surfaces could be caused by an increase in the overlying
vegetation cover.

From the above mentioned opportunities and
advantages provided to us by modern technologies and
methods of research and monitoring of heat islands, it
becomes clear that this process should be carried out
precisely on the basis of Earth remote sensing data using
geographic information systems.

The use of remote sensing and the products mentioned in
this investigation should speed up and simplify the process of
monitoring temperature regimes in cities and beyond.

The result of this investigation is a specific algorithm for
monitoring urban heat islands, selected on the basis of the
analysed scientific material, which proves the feasibility of
further analysis of the relationship between two modern
problems in megacities, that threaten the population more
and more every day.

Using the collected materials, it becomes possible to
search and evaluate the influence of constant and
uncontrolled urbanization on the formation of the urban heat
island effect, since, as mentioned earlier, it is the increase
in population that is one of the main reasons for the
formation of UHIs. Coverage of these issues provides a
future basis for further research and review of its results.

Authors' contribution: Vitali Zatserkovnyi — conceptualization,
formal analysis, methodology, review and editing; Mauro De Donatis
— conceptualization, methodology; Liudmyla Plichko — review of
publications, selection of scientific novelty, conclusions, revision
and editing; Stanislav Sakhniuk — formal analysis, data treating;
Natalia Odarchuk — revision and editing; Tetiana Mironchuk —
revision and editing.
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'KuiBcbKkMM HauioHanbHMit yHiBepcuTeT imeHi Tapaca LLlesueHka, Kuie, YkpaiHa

2yniBepcuTeT Yp6iHo "Kapna Bo", Yp6iHo, ITanis

SBONMHCLKUI HaLioHaNbHWUM YHiBepcuTeT iMeHi Jleci YkpaiHku, Nyubk, YkpaiHa

BUKOPUCTAHHSA TEXHONOT A AUCTAHLUIWHOIO 30HAYBAHHA
ANA MOHITOPUHIY MICBKUX OCTPOBIB TEMJIA

B c Ty n. lpouyec yp6aHizayii npuckopoembcsi 3 KOXXHUM OHEM, W0 CIIPUYUHSIE 3HaYHIi 3MiHU Yy npupodHomy naHlwagmi. e npuzeodums 0o
MIKpOKNniMamuyHux 3miH, 3a6pydHeHHs1 noeimpsi, mensioeo20 egpekmy mouwjo. Yepe3s 3abpydHeHHsI Nosimpsi mexHo2eHHUMU eukudamu e ypbaHizo-
8aHux palioHax 3MiHIOEMbCS Meno8uli PeXXuM — KOHUeHmpauis eyasiekucsio2o 2a3y ma eodsiHoi napu 3apa3 docsizna 90 % eid 3a2anbHOI Kinbkocmi
3abpyJdHIoeanbHUX Pe4O8UH. SIK HacnidokK, sUHUKaE uje oOHa npobriemMa, wo crpusie 2106a1bHOMY nomensliHHIO — "napHukosul egpekm”. idsuwseHi
3HayeHHs1 memnepamypu noeimps enausarme Ha 300poe’st 1oOUHU, NPUu3800simb A0 NPobrieM 3 duxaHHSAM, CyOOM, Merns1I08020 Ma COHSIYHO20
yOapie, mennoesozo cmpecy ma nideuujeHoi cmepmuocmi. 3 oansidy Ha nomeHyiliHy He6e3neky nidsuweHUX 3Ha4YeHb memMnepamyp noeimpsi, eu-
K/IUKaHUX MiCbKUMU ocmpoeamu mensna, wo ensiuearoms Ha Xummsi MewkaHyie, Heob6xiOHO po3pobumu eghekmueHuUll mMa akmyanbHUl Memood
aHanisy memnepamypu rnoeepxHi ma eusHa4yeHHs1 po3mauiyeaHHsl Mmernjao8ux ocmpoeis.

Me T o au. l1id yac MoHimopuHay MicbKux ocmpoeie mernna 205108 HUM ¢hakmopom Onisi aHasi3y € moeepxHeea memrnepamypa, Ky eusHavanu
8 docnidxeHHi 3a donomo20r0 makux iHAekcie, sik: HopMmasizoeaHuli dugpepeHuiliHuli secemauyiliHuli indekc (NDVI), indekc ducnepcii micbkko2o men-
noeoeo noss (UTVFI) ma HopmanizoeaHuli dugpepeHyiliHull iHdekc 3a6ydoesu (NDBI).

Pe3ynbTaTtun. Y nponoHosaHili po6omi onucaHo ocnidxeHHs1 MOWUPEHHSI MiCbKUX 0CMpOoeie mensia y mpbox €8pornelicbKuX CmoJiuysx,
ceped sikux Kuie, Ocsio ma Pum, y nepiod i3 mpaeHsi 2013 p. no cepneHb 2023 p. Kopucmyro4ucb MoXxnueocmsimu xmapHoi nnamgopmu Google Earth
Engine ma daHumu cynymHuka Landsat 8 OLI/TIRS 6yno 3dilicHeHO nopieHsIHHHSI cmaHy 3e/lIeHUX HacalXeHb, KillbKocmi HerpPOHUKHUX M08EPXOHb i
nokasHukie noeepxHeeux memnepamyp (LST), yHacnidok 4o2o no6ydoeaHo kapmu nowupeHb MicbKux ocmpoeie menna (MOT) Ha mepumopisix
o6paHux micm i cgpopmoeaHo eidcomkoesi diazpamu, w0 OeMOHCMPYOMb KinbKicHi 3MiHU.

BucHoOBEKMU. [JocnioxeHHsI MoOKa3asio 3MeHWeHHs1 Kinbkocmi MOT pa3oM 3 HENPOHUKHUMU MO8EePXHAAMU Ha mepumopii micma Kuie Ha 4 %.
BodHoyac Pum ma Ocno 3a3Hanu 36inbweHHs Kinbkocmi MOT pa3om 3 HeNPOHUKHUMU rnoeepxHsiMu. OmpumaHi daHi doeodsimb AoyinbHicmb 8uKo-
pucmaHHsi o6paHo20 Memody AocliOXeHHsI ma MoXymb 6ymu 3acmocoeaHi Ol oUiHI08aHHSI €KOJ102i4H020 cmaHy, 8U3Ha4€HHsI 30H PU3UKYy ma
po3pobrieHHs1 egpekmueHuUXx 3axodie nodanbwoz0 3anobicaHHsA nowupeHHssM MOT y mezanonicax.

Knwo4yoBi cnoBa: micbkuli ocmpie menna, nosepxHeei memnepamypu, HerPOHUKHi noeepxHi, 3eneHi HacadxeHHs1, Landsat 8 OLI/TIRS,
Google Earth Engine, ducmanuyjitine 30HdyeaHHs1 3emni, I'IC.

ABTOpM 3a8BNSIOTb NPO BiACYTHICTb KOHAMIKTY iHTepeciB. CnoHcopy He Gpanu y4acTi B po3po6neHHi AocnimKkeHHs; y 36opi, aHanisi un
iHTepnpeTaLii AaHKX; y HaNUCaHHi pyKonucy; B pilleHHi Npo nybrnikauito pe3ynbTaris.
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