ISSN 1025-6814 (Print)
ISSN 2522-4107 (Online)

IFH HAH |

AN N
)
“ 3
°l74/7 h %/

b ¢
4" akagemia PP

1 -




3ACHOBHUKM:
HanjionanbHa akafiemMis HayK YKpaiHu
InctutyT reonoriunnx Hayk HAH Ykpainn

BUIOABEIb:
IncruryT reonoriunux nayk HAH Ykpainn

PEJAKIIITHA KOJIETIA

Tonosenuii pedaxmop

KIMMYYK O.B.|(IHcTUTYT reonorivHmx HayK

HAH Vxpaiun, Kuis, Ykpaina)

3acmynuux 2071061020 pedaxmopa
HEMVPOBCBKA T.I. (IHCTUTYT reoloriYHmx Hayk
HAH VYxpainu, Knis, Ykpaina)

AHICTPATEHKO O.O. (InctutryT 300morii
im. L. I. IlImanpraysena HAH Ykpainn, Knis, Yxpaina)

BAAPI C. (YuiBepcuteT XacerTerne, AHkapa, Typeuunna)
BYTAM [1.0. (Inctutyt reonoriunnx nayk HAH Ykpainn,
Kuis, Ykpaina)

ITHTOB O.B. (Inctutyt reogisuxn im. C.I. Cy660Tina
HAH VYxpainn, Knis, Ykpaina)

JVIKAHD H.I. (IHCTUTYT reomorivyHux HayK

HAH VYxpainn, Knis, Ykpaina)

IYBJIATHCBKMI 10.B. (InctutyT reonorii i maneonronorii
YuiBepcntery IncOpyka, Incpyk, ABcrpis)

KOMAP M.C. (HarioHanbHMiT HayKOBO-TIPYPOHIYNI
myseit HAH Ykpainu, Knis, Ykpaina)

KPUBJIK C.I. (IncturyT reoximii, Mineparorii ta
pynoyrsopenHs iMm. MLII. Cemenenka HAH Ykpainn, Kuis,
VYkpaiHa)

MAJIVIK IIMTEP (Biggin rigporeosnorii Ta reoTepManbHOI
eHeprii [eororiunoi cry>x6u CroBarpkoi Pecrry6miku,
Bparncnasa, CrnoBanpbka Pecrry6ika)

MAPKC JIEIIEK (BapmaBcpkuit yHiBepcuTeT, Bapinasa,
Ionbia)

OJIbHITMHCBKA O.II. (IHCTUTYT reomorivHnX HayK
HAH Vxpaiun, Kuis, Ykpaina)

ITEPUT TAIEVII MAPEK (Jlep>xaBHuii reosmoriaHmit
incturyT, Bapiasa, ITonbiia)

PIOYII B.T. (YepHiBeubKuii HalliOHAIbHUI YHIBEPCUTET
im. ®enpkoBuya, YepHisii, Ykpaina)

PABOKOHD T.C. (IHCTUTYT reoNoriyHyuX HayK
HAH Vxpainn, Knis, Ykpaina)

TEMOBCKMN M. (JocmigHUIBbKMII LeHTP 130 TOITHOL
K/1iMaTo/IOTii Ta HABKOMIIHBOTO cepefioBuia Incturyry
SIIEPHUX JOCI/PKeHDb Yropcbkoi AkaeMmii Hayk, [leOperies,
VropiunHa)

IMECTOITAJIOB B.M. (IHCTUTYT reonoriuHmX HayK
HAH Vkpainn, Kuis, Ykpaina)

IMEXYHOBA C.B. (IHCTUTYT reo/oriyHux Hayk
HAH Vxpainn, Knis, Ykpaina)

FOUNDERS:
National Academy of Science of Ukraine
Institute of Geological Sciences of the NAS of Ukraine

EDITOR:
Institute of Geological Sciences of the NAS of Ukraine

EDITORIAL BOARD
Editor-in-Chief

|[KLIMCHOUK O.B/(Institute of Geological Sciences of
NAS of Ukraine, Kyiv, Ukraine)

Deputy Editor-in-Chief
NEMYROVSKA T.I. (Institute of Geological Sciences of
NAS of Ukraine, Kyiv, Ukraine)

ANISTRATENKO O.Yu. (I.I. Schmalhausen Institute of
Zoology of NAS of Ukraine, Kyiv, Ukraine)

BAYARI S. (Hacettepe University, Ankara, Turkey)

BUGAY D.O. (Institute of Geological Sciences of
NAS of Ukraine, Kyiv, Ukraine)

GINTOV O.B. (S.I. Subbotin Institute of Geophysics of
NAS of Ukraine, Kyiv, Ukraine)

DYKAN N.I. (Institute of Geological Sciences of NAS of
Ukraine, Kyiv, Ukraine)

DUBLYANSKY Yu.V. (Institute of Geology and
Palaeontology, Innsbruck University, Innsbruck, Austria)

KOMAR M.S. (National Museum of Natural History of
NAS of Ukraine, Kyiv, Ukraine)

KRYVDIK S.G. (M.P. Semenenko Institute of
Geochemistry, Mineralogy and Ore Formation of NAS of
Ukraine, Kyiv, Ukraine)

MALIK PETER (Department of Hydrogeology &
Geothermal Energy, SGUDS — Geological Survey of Slovak
Republic, Bratislava, Slovak Republic)

MARKS LESZEK (University of Warsaw, Warsaw, Poland)

OLSHTYNSKA O.P. (Institute of Geological Sciences of
NAS of Ukraine, Kyiv, Ukraine)

PERYT TADEUSZ MAREK (State Geological Institute,
Warsaw, Poland)

RIDUSH B.T. (Fedkovich Chernivtsy National University,
Chernivtsy, Ukraine)

RYABOKON T.S. (Institute of Geological Sciences of
NAS of Ukraine, Kyiv, Ukraine)

TEMOVSKI M. (Isotope Climatology and Environmental
Research Centre, Institute for Nuclear Research, Debrecen,
Hungary)

SHESTOPALOV V.M. (Institute of Geological Sciences of
NAS of Ukraine, Kyiv, Ukraine)

SHEKHUNOVA S.B. (Institute of Geological Sciences of
NAS of Ukraine, Kyiv, Ukraine)

CBiffoLITBO PO IepXKaBHY peecTpaliio IpyKoBaHOro 3acoby MacoBoi inpopmaii

cepisa KB Ne 13744-2718 TIP Bix 28.02.2008 p.

PexomeHnz10BaHO [0 IPYKY
PeMaKLiiHO KOJIETIiE€r0 XKy pHATy

CBiflo1ITBO PO BHECEHHs CY0 €KTa BUAABHIIOIL CIIPABH IO IEPXKABHOTO PEECTPY BUAIABLIIB, BUTOTIBHUKIB
i po3noBCIOIKyBayiB BUuAaBHIYO0I mpoaykuii cepis JK Ne 4631 Big 14.10.2013 p.



HALIIOHAJIbHA AKAJIEMISA HAYK YKPAIHU « THCTUTYT FEOJIOTTYHMX HAYK HAH YKPATHU

rEQJOrTYHNMI
JRYPHAI

(383)
2023

" T rzonorw“h* .
YKPATHU

I'H HAH

Q”.

S
<

)
o

Uity 9

4 Akagems W

3MICT

Brpatu Hayku

[TaM’ATi BUZATHOTO BYEHOTO-CIIENIE0IOTa, TOTIOBHOTO
penakropa «leomoriunoro >ypHany» OnekcaHpapa
Bopucosuya Kimnmuyka (29 cepniua 1956 - 12 tpas-
HA2023) . oot 3

HocnimHubKi Ta OINIAMOBI cTATTI

Kupumox B.I1., Iatioscoxuti O.B. PerioHanpHUI MeTa-
MopdisMm i crpaturpadis dyHgameHTy YKpaiHCbKOrO
mura. Crarra 3. OcobmmBocri niTorenesy i Meramop-
¢disMy paHHBOJOKEMOPINICBKMX KOMIIIEKCIB Ta IXHs
Y9 70:2:) £ 105 3 30 13

Jlroma H.I', Canina 1.B. TIpocTopoBo-4acoBi 0co6mmBoc-
Ti 3MiH XIMIYHOTO CK/Iagy BOf Oe3HAIIPHIX BOLOHOCHNX
TOPM30HTIB Y YeTBEPTMHHNMX BifKnagax 6acertny [Tuinmpa 30

HInax O.M., Inspumox Pb., /lozsunenxo O.1., 3anono-
cokuti I.M. OuiHKa BINIMBY KONMMBaHb PiBHA I'PYHTO-
BUX BOL Ha TpaHCopMauio HadTOIPOZYKTOBOTO
3a0pynHEHHs MiJ3eMHOTO CePeNOBULIA. « . ..« ... .. 40

Mapmuwun A1 Tymkivia primitiva gen. nov. sp. nov. —
HOBUIT BUJ, CKaM SIHUIOCTEN 3 BiK/IaniB KaHMIiBCHKOI
cepii misHboro eniakapito (Bexny) [opinns, Ykpaina. . . 58

Iinmotesu. [Iuckycii. Penensii

Haymxo I.M. IlifcyMKoBe BUfaHHA 3 icTOpil MiHepa-
7orii i MiHepanoriYHMX 3HaHb B YKpaiHi

HAYKOBUM JKYPHAIJI

3ACHOBAHUM
Y BEPE3HI 1934 poxy

BMXOINTD 4 PA3V HA PIK
KNIB

CONTENTS

Losses of science

In memoriam of Alexander Klimchouk, promi-
nent scientist in speleogenesis, Editor-in-Chief of
the “Geological Journal” / “Geologi¢nij Zurnal”
(August 29, 1956 - 12 May, 2023) ................. 3

Research and review papers

Kyrylyuk V.P, Gaiovskyi O.V. Regional metamorphism
and stratigraphy of the basement of the Ukrainian
Shield. Article 3. Features of lithogenesis and meta-
morphism of the Early Precambrian complexes and
their duration ............. .. .. .. oLl 13

Lyuta N.G,, Sanina 1.V. Spatial and temporal features
of water chemistry changes in the quaternary uncon-
fined aquifers of the Dnipro River basin ............ 30

Shpak O.M., Havryliuk R.B., Lohvynenko O.I., Zapol-
skiy L M. Assessment of the impact of groundwater
table fluctuations on the transformation of subsurface
contamination with petroleum products .......... 40

Martyshyn A.I Tymkivia primitiva gen. nov. sp. nov., a
new type of fossils from the Late Ediacaran (Vendian)
Kanylivka Group in Podolia, Ukraine .............. 58

Hypotheses. Discussion. Reviews

Naumko IM. Final edition on the history of
mineralogy and mineralogical knowledge in Ukraine 68

© Incturyt reonoriunux Hayk HAH Ykpainn, 2023



Appeca pegaKuii:

01601 Kuis-54, Byn. O. Ionuapa, 55-6
Incturyt reonoriunnx Hayk HAH Ykpainu
Ten: 486-38-76

E-mail: geojournal@igs-nas.org.ua

Bignosiganbunmit cekperap H.1. [[yzina
Pepaxrop I.I. Cmans

Texuiunmit pegakrop C.O. Iladpina
Komrr'rorepua Bepctka H.K. Pe3nik

ITign. go gpyky **.**.2023 p. ®opmar 60 x 84/8.
TapH. Minion Pro. Ym. apyk. apk. 00,00. O6:1.-Bug. apk. 00,00.
Tupax 100 mp. 3am. Ne 0000

TI/Ipa)K BUTOTOBJIEHO

CBifonTBO Mpo BHeCEHH 10 [lep>XKaBHOTO PeecTpy Cy0 eKTIB
BUAABHIYOI cripaBu cepii K Ne



BTPATN HAYRHA
LOSSES OF SCIENCE

https://doi.org/10.30836/igs.1025-6814.2023.2.282086
VIK 55(092)

Ilavm’aTi BUZaTHOrO BYE€HOTO-
CIIeJIe0JI0Ta, TOJTOBHOTO
penakropa «I'eosroriunoro
srypuaxy» Qaexcanapa
bopucosuua Rimumuyka

(29 cepuna 1956 — 12 rpasua 2023)

rEOJIOr!
il L 02
S S,

I'H HAH YKPAIHU

S
2 S
0, N
A R
41/1,,., G
A" Akapemis W

In memoriam of Alexander
Klimchouk, prominent scientist
in speleogenesis, Editor-in-
Chief of the “Geological

Journal” / “Geologicnij Zurnal”

(August 29, 1956 — May 12, 2023)

Cmammio npucesiueHo nam’ami eudamnozo 00cniOHUKA
2eomoponozii ma esonOuil Kapcmy, NOX0ONeHHS ma po3-
BUMKY NPUPOOHUX Nedep, yueH020-2i0po2eosioad, cheneo-
noza, naypeama [eprcasroi npemii Yxpainu y 2any3i Hayku
i mexniku (2011), dokmopa eceonoeiunux Hayx (2014),
unena-kopecnondenma HAH Yipainu (2018), iniyiamopa
cmeopenHa ma ouinvHuxka y 2006-2014 pp. Haykoso-

docnioHo20 yenmpa «Yxpaincokuti Incrmumym cneneonoeii

i kapcmonoeii» npu Taepiticokomy HAYIOHATLHOMY YHi6ep-
cumemi im. B.I. BepHadcvkoeo, 207106H020 HAYK08020 chi6-
pobimnuxa Incmumymy eeonoeiunux Hayxk HAH Ykpainu,
2071081020 pedaxmopa «leonoeiurozo xypuany» Onexcan-
opa Bopucosuua Knumuyka.

Kntouoei cnoea: Onexcandp bopucosuu Knumuyx; xapcms;
cneneozenes; «leonoziunutl scypran»; Incmumym zeonoziu-
nHux nayxk HAH Yxpainu.

The article is devoted to the blessed memory of Alexander
Borysovych Klimchouk, the outstanding researcher of geo-
morphology and evolution of karst, origin and develop-
ment of natural caves, hydrogeologist, speleologist, Laure-
ate of the State Prize of Ukraine in Science and Technology
(2011), Doctor of Geological Sciences (2014), Correspond-
ing Member of the National Academy of Sciences of Ukraine
(2018), initiator and head (in 2006-2014) of the Ukrainian
Institute of Speleology and Karstology at the V.I. Vernadsky
Tauride National University, Chief Research Scientist of the
Institute of Geological Sciences of the National Academy of
Sciences of Ukraine, Editor-in-Chief of the “Geological
Journal”.

Keywords: Alexander Borysovych Klimchouk; karst; spele-
ogenesis; “Geological Journal”; Institute of Geological Sci-
ences of the National Academy of Sciences of Ukraine.
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Bmpamu nayxu

12 TpaBH:a 2023 p. Ha 67-My pOLi BHACTiLOK BaX-
KOI XBOPOOMU IIIIIOB i3 )KUTTS BCECBITHBO BiOMMIA
Y4YEeHMI-Ti[pOreoor, reoMopdosor, TOCTiFHUK
reosorii Kapcry i medep, HOKTOP T€ONOTiYHMUX
HayK, uneH-KopecnongeHT HAH Ykpainu, rono-
BHUII HayKOBMII CHiBpOOITHUK [HCTUTYTY Teoso-
rivaux Hayk HAH Ykpainu, ronoBumit pefakrop
«leonoriunoro xxypHamy» Onexkcanjp bopucosuu
Knumyyk.

On May 12, 2023, at the age of 66, Alexander Klim-
chouk, world-famous hydrogeologist, geomorpho-
logist, scientist in karst geology and explorer of caves,
Chief Researcher of the Institute of Geological Sci-
ences of the National Academy of Sciences (NAS) of
Ukraine, Editor-in-Chief of the “Geological Journal"
/ "Geologi¢nij zurnal", Doctor of Geological Sciences,
Corresponding Member of the NAS of Ukraine,
passed away due to a deadly disease.

Tipcokuit MacuB Apabixa, 3axigunit Kaskas, 2004 p.

Arabica massif, the Western Caucasus, 2004

Onexkcannp bopucosnu Kmmmuyk Hapopuscsa
29 cepnnsa 1956 p. y M. Opeca. Y 1983 p. 3akiHuMB
reorpacgiunmii ¢paxynsrer KuiBcbkoro iepykaBHOTO
yHiBepcurery im. T.I. IlleByenka, 300yBIIM KBasIi-
dixanito reorpada-reomopdornora. e 3 oHAI[BKUX
POKiB BiH 3aXONMBCA JOCTIIHKEHHAMI KapCTOBUX
1iedep, B SIKMX [104aB OpaTy y4actb 3 1968 p. 3 17 po-
KiB CTaB IIpaljloBaTy TEXHIKOM B IHCTUTYTI Teoro-
rivaux Hayk AH VYkpainu y Kuesi. Excnepnuiiini
TOCTI/IKEHHA TIeYep i KapCTy, 10 PO3IOYMHAINCA
3 Ykpainu (Ilopinna, Kpum, Jon6ac) ta KaBkasy,
3 YacOM OXONWIM iHIINi KapCTOBi perioHM IaHe-
™ — B €Bpasii, A¢ppui, IliBHiunii Ta IliBgeHHin
Amepuii.

4

Alexander Borysovych Klimchouk was born on
August 29, 1956 in Odesa. In 1983, he graduated
from the Department of Geography at Taras
Shevchenko National University of Kyiv, being
qualified as geographer-geomorphologist. Yet, in
his youth, he became interested in the exploration
of karst caves, in which he was involved since 1968,
and from the age of 17 he worked as a technician at
the Institute of Geological Sciences in Kyiv. Expe-
ditionary studies of caves and karst, which were
started in Ukraine in the regions of Podillia,
Crimea, Donbas, and in the Caucasus, eventually
spread to other karst regions of the planet -
Eurasia, Africa, North and South America.

ISSN 1025-6814. Ieonoziunuii scypran. 2023. Ne 2



Iam’ami sudammoeo 8ueHo20-chesnieonoed, 2071061020 pedaxmopa «Ieonoeiuroeo sxcyprany» Onexcandpa Bopucosuua Knumuyxa

I1ix 9ac HaBYaHHA B YHiBEepCUTETI, Ha OCHOBI IIO-
TIbOBMX CIIEJICONIOTIYHMX CIIOCTEPEKEHb Y PailOHaxX
BUCOKoripcbKoro kapcry Cepennboi Asii, Onek-
CaHJIp 3BEPHYB yBary Ha 0COO/IMBY POJIb IPUIIOBEPX-
HeBOI (erikapcToBoi) 30HM Y IepepOo3NOfIii MeTeo-
PHUX BOJI, €BOJIIOLIHIM HAC/IiIKOM 4oro Oyya xa-
pakTepHa MOPQOJIOrisi MOBEPXHEBUX YTBOPEHb Ta
crenydika BepTUKATbHO-KAHA/JIOBOTO O KVIBJICHHS
nifiseMHUX NOpoXHUH. IIpofoBXeHHs crnocTepe-
JKEHb B IHIIVX PajiOHaX 3rOfOM CIyTyBa/M IifICTa-
BOIO JIJIA OIIpaljloBaHHA LIJIiICHOI KOHILIEMIIii emiKap-
CTY, IIPeJICTaB/IeHO] Y psfii cTaTell Ta MOHOTpadil.

Crryck y nedepi Ha mmato Kmpkray, Y36exucras, 1973 p.

Descent into a cave on the Kirktau plateau, Uzbekystan, 1973

[Tisninre (1985-1990 pp.), 6asyrodnch Ha po3po-
onenux B IncturyTi reonoriunnx Hayk HAH Ykpa-
iHM 3aKOHOMIPHOCTAX BOHZOOOMIHY B apTesiaH-
cbKux cucremax, Onekcanzip Kmumuyk o6rpysry-
BaB INPUHLNUIIOBO HOBY — apTe3iaHCbKy MO[E/b
IIOXOJPKEHHS Ta PO3BUTKY HalO1/IbIIMX Y CBIiTi rinl-
coBux sabipuHTOBMX Tedep JliBoOepe>xHOro
[TpupHicTpoB’a. Mopenb cK1ana OCHOBY /1A 3MiHN
MIOIIALIB Ha 0COOMMBOCTI BO}IOO6MiHy B MiOIleHO-
BOMY BOJOHOCHOMY KOMIUIEKCI IiBIEHHO-3aXiiHO1
yacTyHy BonuHo-Ilopinbcbkoro apTesiaHCbKOTO
OaceifHy, HOBOTO PO3yMiHHA (OpPMYBaHHA Cipda-
HYX poposui [Tepenkaprarts, 6a3ucom ays perio-
HAJIbHOI Ta JIOKA/JIbHUX OLIIHOK IIBMAKOCTi PO3BMU-
TKY KapCTy 1 KapCTOBOI HeOe3IIeK.

ISSN 1025-6814. Geologicnij Zurnal. 2023. Ne 2

While studying at the university, due to field
speleological observations in the highland karst
regions of Central Asia, Alexander noticed the
special role of near-surface (epikarst) zone in the
redistribution of meteoric water, whose evolu-
tionary consequence was the characteristic mor-
phology of surface formations and the specifics
of vertical-channel feeding of underground cavi-
ties. Continued observations in other areas led
to the development of a holistic epikarst concept,
presented in a number of articles and a mono-

graph.

Ileuepa ATnantupa Ha Ilogini, Becinna Onexkcangpa ta Haranmii
Knmmumuykis, 1975 p.

Atlantida Cave in Podillia, wedding of Alexander and Nataliya
Klimchouk, 1975

Later (1985-1990), relying on the patterns of
water exchange in artesian systems, which were
revealed by researchers of the NAS Institute of
Geological Sciences, Alexander Klimchouk sub-
stantiated a fundamentally new artesian model of
the origin and evolution of the world's largest
gypsum labyrinth caves in left-bank Transnistria.
The model led to reconsidering water-exchange
peculiarities in the Miocene aquifer complex of
the southwestern part of the Volyn-Podilskyi arte-
sian basin, generated new insights into the forma-
tion of sulphur deposits in the Precarpathian re-
gion, and became the basis for regional and local
assessments of the karst development rate and
karst hazard.



Bmpamu nayxu

[Tpaurorour Haj NUTAaHHAMU CIETIEOTEHE3Y
1 KapCTOYTBOpEHH: Y Tillcax i aHTifipuTax, JOCIiI-
HIIK, ITepebyBatouy Ha cTaKyBaHHi B Itanii (Vai-
Bepcuret [anyi), iHilil0BaB Mi>KHApOTHMIT TPOEKT
i3 17106aNBbHOTO y3araJibHEHHs JAHMX IIPO Tilco-
BMI1 KapcT, 3a MiCyMKaMU KOO IIif| J10T0, y TOMY
4UCT, pefakiiero Oyl1o MiATOTOBIEHO ¥ BUJAHO
MoHorpadiro «[ircoBuit kapct cBity» (1996).

Y 1980-x pokax Omekcauap Bopucosuu 06-
I'PYHTYBaB iMOBipHICTb 3HaXO/KEHHS HAWIINO-
moi KapcToBoOi Iedepu CBiTy Ha MacuBi Apabika
(3axiguuit KaBka3) Ta 3amo4aTKyBaB LIMPOKO-
MaclITabHi CIeneopo3BinyBaabHi pobOTH y 11bO-
My perioni. 1984 poky opraHizoBaHMI HUM €KC-
IIEpVIMEHT i3 TpaCyBaHHA IiI3€MHUX BOJ, Y LBOMY
MacCHBi IOBiB iCHyBaHHA TYT r160KOI KapCTOBOI
TiIpOreonoriYHoOl CUCTEMU 3 aMIUIITYLOK IOHA[,
2300 m. Y 2001 p. excriepuuia Ykpaincpkoi Cre-
neonoriynoi Acouianii (YCA) Bigkpuna Ha 1ii
TePUTOPil HOBY HEPCIEeKTUBHY LIOA0 IIMOMHHO-
ro po3BuTKy nedepny cucremy (Kpyb6epa-Bopo-
HA4a). [Iporo sx poxy Onekcanap Kmmmuyk 3amo-
YaTKyBaB JOoCHigHNLbKNI TPpoeKT YCA «Ilokmmk
bBesopHi», MeTOI0 sIKOTO OY/IO CIIe/neonoriyne fo-
CATHEHHS PeKOpAHOI y I7106aipHOMY MaciuTtabi
rbuHy — nmoHan 2000 M. Y HacTYIHI poku 1ieit
IIPOEKT OTpMUMaB IiATpuUMKY HalioHanbHOrO re-
orpacdiunoro toapuctBa CIIIA Ta crnoHcCOpiHT
Bizt xypHany «National Geographic». ¥ 2004 p.
MeTH IIPOEKTY OyI10 JocsATHYTO B riedepi Kpybepa-
Bopomnsua. Iocnipyroui excneguuii YCA mosenn
bVHY 1jiel medepu go mMaibke 2200 M, 1[0 Xyp-
Han «National Geographic» HasBaB opgHUM i3
HalBU3HAYHIMNX TreorpadiyHuMX BigKpUTTIB 3a
Munyni 100 pokis.

Onexcanppom Kmumyykom pospobrieHo Teo-
pif0  TiOreHHOro KapCTOYTBOPEHHSA, 3TifHO
3 KO0 MacUB KapCTYETbCSA 3HU3Y — 6€3 MPAMOro
3B’A3KY 3 ITOBEPXHEBJM >KMBJIEHHAM Y HallipHUX
BOJJOHOCHMX KOMIUIEKCAaX i TPillIMHHO-XMUIbHUX
cUcTeMax IiJ Ai€X0 BUCXiJHOTO KPi3bIIJIACTOBOTO
Ta KpisbpopMaliitHOro BOHZOOOMiHY. YueHmit
PO3pOOUB CIlefieoreHe TMYHMII MifIXifT 1O eBOJIoL il
KapcCTy, AKUI BU3HA4YA€ PONIb KAPCTOBOI IIOPOXK-
HIHHOCT] Pi3HOTO IOXOIKEHHA y (OpMyBaHHi
Ti[pOreoNIoriYHNX Ta iH)XEHEpHO-TeOOriYHUX
BJIACTUBOCTEN TEPUTOPIil PO3MOBCIOMKEHHA PO3-
yyHHMX nopif. Li po3po6ku, npencrasieni y 6a-
raThoX CTATTAX y M>XKHAPOJHMUX )KYPHaJIaX i TphOX
Bufianyux y CIIA aHIMOMOBHMX MOHOrpadifx,
OTPMMaIN IINPOKE Mi>KHApO/IHE BU3HAHHA.

6

Doing research addressing speleogenesis and
karst development in gypsum and anhydrite for-
mations while on an internship in Italy (the Uni-
versity of Padua), he initiated an international
project on the global synthesis of data on gypsum
karst, which resulted in the preparation and publi-
cation of the monograph “Gypsum Karst of the
World” (1996).

In the 1980-ies, Alexander Klimchouk substan-
tiated the possibility of discovering the deepest
karst cave in the world in the Arabika massif (the
Western Caucasus) and launched large-scale spe-
leological survey in the region. In 1984, an experi-
ment on groundwater tracing in that massif, orga-
nized by him, proved the existence of a deep karst
hydrogeological system with the amplitude of over
2300 m. In 2001, an expedition of the Ukrainian
Speleological Association discovered a new cave
system (Krubera-Voroniacha) which showed
promise in terms of the cave system stretching in
depth. In the same year, in the framework of the
research project “Call of the Abyss”, supervised by
the Ukrainian Speleological Association, Alexan-
der Klimchouk launched exploration aiming at
reaching the world-first speleologically record
depth of over 2000 m. In the following years, this
project won support from the US National Geo-
graphic Society and sponsorship from “National
Geographic” magazine. In 2004, the project goal
was achieved in the Kruber-Voroniacha cave. Sub-
sequent expeditions of the Ukrainian Speleologi-
cal Association showed the depth of this cave to be
nearly 2200 m, which “National Geographic”
called one of the most significant geographical dis-
coveries of the past 100 years.

Alexander Klimchouk developed the theory of
hypogene karst formation: according to it the mas-
sif is karstified without a direct connection with
surface feeding in pressure aquifer complexes and
fissure-vein systems under the action of upward
through-layer and through-formation water ex-
change. The scientist proposed a speleogenetic ap-
proach to the evolution of karst, which determines
the role of karst cavities of various origins in the
formation of hydrogeological and engineering-
geological properties of areas with soluble rocks
occurrence. These concepts, presented in numer-
ous articles in international journals and three
English-language monographs published by the
Ukrainian Speleological Association, won wide in-
ternational recognition.
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Kapcrosuit MacuB Anagarnap, Typeuunna, 2003 p.
Karst massif Aladaglar, Turkey, 2003

be3 mepebinblieHHA MOXXHa KOHCTAaTyBaTH,
10 TEOpPeTUYHi pOoOOTU Ta CIeNeoOTiuHi Bifi-
kputTa Onexkcanzpa Knumdyka cyTTeBoO 3MiHMK-
JIV IOT/IAIM HA YMOBM PO3BUTKY KapCTy Ta CIIe-
7leoreHes, CHPUAAM 3HAYHOMY PO3LIMPEHHIO
YABJIEHD IIPO 3aKOHOMIPHOCTI €BOJIIOLIiI KapCTO-
BUX IIOPOXXHMH, Ie4ep i KapcTy B3araji no4m-
HAIO4M 3 iHiliaIbHUX cTafii. BoHu cTanm ocHO-
BOIO [iIs1 PO3pOONeHHsT HOBMUX WiAXOMiB [0
[OB’sI3aHMUX i3 KapCTOM NMPAaKTUYHUX NPobaeM
i 6ynmu BusHanui Ilpesugiero HAH Ykpainu (Ilo-
craHoBa Ne 243 Bif 27.09.2017 p.) ogHMM i3 1pi-
OPUTETHMX HaNpAMiB QyHIaMEHTaTbHUX i IpU-
KJIaJHUX JOCIiJKeHb HAyKOBUX yCTaHOB Bingi-
neHHA Hayk npo 3emno HAH Ykpainn.
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Jlexuia Onexcanppa Kmimuayxa y Bpaswii, 2008 p.
Alexander Klimchouk’s lecture in Brazil, 2008

Hanionanbunit mapk «Bitpsana neuepa», CIIIA, 1990 p.
Wind Cave National Park, USA, 1990

It is no exaggeration to state that Aleksander
Klimchouk's theoretical work and speleological
discoveries significantly changed the views on the
conditions of karst development and speleogene-
sis, and led to a significantly broader understand-
ing of the patterns of evolution of karst cavities,
caves and karst in general, starting from the initial
stages. They became the basis for elaborating new
approaches to karst-related practical issues and
were recognized by the Presidium of the National
Academy of Sciences of Ukraine (Resolution
No. 243 of September 27, 2017) as one of the pri-
ority areas of basic and applied research of scien-
tific institutions of the NAS Department of Earth
Sciences.
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Kpnm, Ykpaina, 2012 p.
Crimea, Ukraine, 2012

Y 2014 p. pociiicbka okynania Kpumcbkoro
niBoctpoBa amycuna Onexkcanjpa Kinnmuyka 3a-
mumnty Kpum, ge Bin y 2006 p. cTBOpUB Ta 040-
JII0BAaB HAYKOBO-JOCTIJHUI LIEHTP « YKPaIHChKUI
InctutyT cneneonorii i xapcronorii» npu Tas-
pilicbKOMy  HalliOHaIbHOMY  YHiBepCHUTeTi
im. B.I. Bepnapcpkoro. ITlosepnysmmnch o Kuepa
i mpauoo4y B [HCTUTYTI reonoriyHux Hayk,
Onexcanpp Knumuyk npucsatus cebe kooppu-
Hallii JOC/Iif>KeHb IilOTeHHOro KapCcTy CBiTY, pe-
3y/IbTaTOM SKMX cTajma MoHorpadia «Hypogene
Karst Regions and Caves of the World» (2017),
ormy6/1ikoBaHa BUJaBHUIITBOM Springer.

Big mo4aTKy BipOJIOMHOTO pPOCIiICBKOTO
BTOPrHEHHA B YKpaiHy y mrotomy 2022 p. Onek-
capp KnmMuyyk akTMBHO BKIWOYMBCA y 6o0-
poThOY 3 arpecopoM Ha HayKoBO-iHdopmaiii-
HOMY GpPOHTI. 3aBAAKM I0TO HAYKOBOMY aBTO-
puTeTy Ta AaKTUBHIN I'POMafAHCHKIN MO3UILi
HM3Ka NPOBiJHUX MIDKHAPOSHNUX HayKOBUX OP-
raHisamii pimyde sacyiuia arpecito Ta migTpu-
Masia YKpaiHy B I IPOTUCTOAHHI POCIMCHKiN
HaBani. Cepep Hux - MixxHapopguui Cneneosno-
rivamit  Comws, bpurancbka Cneneonoriuna
Aconiania ta bpurancpka Acownianis Hocmi-
mxeHHA [leuep. OcTaHHA 3aK/IMKana o Heraii-
HOTO TIPUIMHEHHA OOioBMX [ill Ta BIeplue
B CBOIll iCTOpil mpucyauaa 3BaHHA JOBIYHOTO
IToyecnoro uneHa Aconianii iHo3eMHOMY B4e-
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Pepomonisa rignocTi, 2013 p.

Revolution of Dignity, 2013

In 2014, Russian aggression forced Alexander
Klimchouk to leave the occupied Crimea, where in
2006 he had set up and, before the annexation, had
headed the research center "Ukrainian Institute of
Speleology and Karstology" at V.I. Vernadsky Tavri-
da National University. Returning to the Institute of
Geological Sciences, Alexander Klimchouk devoted
himself to coordinating research on the hypogene
karst of the world, which resulted in the monograph
“Hypogene Karst Regions and Caves of the World”
(2017), published by Springer Nature Group.

Since the beginning of russia's perfidious invasion
of Ukraine in February 2022, Alexander Klimchouk
was actively involved in the fight against the aggressor
on the scientific and information fronts. Thanks to his
authority in science and active civic position, a num-
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HoMY — Onekcanzapy Knumuyky, 3a BenndesHnii
BHECOK y CBiTOBY HayKy B JOC/Ti>KEHHAX IeYep
i KapcTy, a TAaKOX AK CBiflueHHA noBaru Acoui-
alii ;0 My>KHbOI IO3ULIi1 YKpalHCHKOTO HApOAy
B J1oro 60poTbbi 3 poOCilicbKMM arpecopom.
Teonmoriune ToBapuctso CHIA (Bigain Kapcry),
y cBoIo uepry, Haropoguno Onexkcanppa Knnm-
qyKa CIlellia/IbHO0 Bifl3HaKOI0 — 3a pyHaMeH-
TaJIbHUJ BHECOK Yy JOCTiJKEHHA KapCTy Ta IIe-
gep. Buecok O. Kimumuyka y cBiToBYy HayKy 6yB
TOOLiHeHUI TAaKOXX YTOPChKMM CIIe/Ie0/IOTiYHUM
TOBApUCTBOM, sKe 06paio itoro csoim Ilogec-
HIUM YIEHOM.

Onexkcanpp Knumuyk 6yB Haitb6inpi nmurosa-
HMM YKPAalHCBKMM BYE€HNMM Y Tajy3i HayK IIpo
3eMJII0 Ta OHUM i3 HaiOIIbII MTOBAHNX ydUe-
HUX B YKpaiHi saraom. Moro crarti mopoky my-
OmiKyBamucsi y BiOMMX HAayKOBUX J>KypHamax
CBiTY, a caM BiH OyB WIEHOM pefKOJIeriil pAmy
TaKUX MDKHApOJZHUX BUCOKOPENTMHIOBUX BM-
naHb, K «International Journal of Speleology»,
«Mediterranean Geoscience Reviews», «Theoret-
ical and Applied Karstology» Ta iH.

Onexcangp Knumuyk € aBTOpoM i pelakropom
noHaz 300 HayKOBUX IIpalb, 30Kpema 14 MOHO-
rpaiit (ciM 3 HMX BUIAaHO 3a KOpHOHOM), 70 cTa-
Tell y paxoBuX HayKOBUX BUJAHHAX YKpaiHM Ta
iHmmx mepkas (i3 Hux 45 cTaTeil — y XypHaax,
10 BXOJATH 4O MDKHAPOJHMX HAYKOMETPUYHUX
6a3 «Scopus» i «Web of Science»), umcrneHHUX
po3ziniB y MOHOrpadifx i cTaTeil B eHIMKIIONe-
IVYHUX BUTAHHAX.

Onexkcanpp KnuMuyk npupings sHauHy yBary
OpraHisaliliHill MiATPUMII BiTYM3HAHOI HAyKM.
3 2021 p. BiH OyB rO/IOBHMM peaKTOPOM Haii-
CTapillloro0 YKpPaiHChKOTO TeOJIOTiYHOIO BUAH-
HA - «[eonoriuHoro >xypHany», 3abe3me4nBIIN
JIOrO BUCOKUI HayKOBUI CTaTYC.

Y 2017-2021 pp. yueHnit 6yB 4IeHOM IepILIO-
ro cknapy Haykosoro Komirery HanionanbHoi
pany 3 pO3BUTKY HAYKM Ta TEXHOJIOTI, ay 2019—
2021 pp. — sactynHukom ronosu Komirery. IIpn
po3INIAAl CKIaJHNUX NMUTaHb LIOJO OpraHisaiii
i piHaHCYBaHHA HayKM 3aBXX/JV 3a/IMaB aKTUBHY
IPUHIUIIOBY II03MLi10, 6OPOBCA 3 INPOSABAMU
Kopynuii B Hayni. JIK 4iIeH crenpap i3 3axucry
OUCepTaNil 3 Tifporeosorii i iHXeHepHOI reo-
JI0TiI Ta JIiTOJIOril BAYM/IMBO aHA/Ii3yBaB HAYKOBi
3006yTKM [IUCEpPTAHTIB, POOUB 3BaXkKeHi BUCHO-
BKJ IIOA0 iX OOIPYHTOBAHOCTI i HayKOBOI IIiH-
HOCTI.
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ber of leading international scientific organizations
strongly condemned the aggression and supported
Ukraine in its opposition to the russian invasion.
Among them are the International Union of Speleol-
ogy, the British Caving Association and the British
Cave Research Association. The latter called for an
immediate cessation of hostilities and, for the first
time in its history, awarded the title of Life Honorary
Member of the Association to a foreign scientist — Al-
exander Klimchouk, for his tremendous contribution
to world science in the exploration of caves and karst,
as well as a testimony to the Association's respect for
the courageous position of Ukrainian people in their
fight against the russian aggressor. The US Geological
Society (Karst Division), in turn, honored Alexander
Klimchouk with a special award for his fundamental
input to the study of karst and caves. Alexander Klim-
chouk's contribution to world science was also recog-
nized by the Hungarian Speleological Society, which
elected him its honorary member.

Alexander Klimchouk was the most cited Ukrai-
nian scientist in the field of Earth sciences and one
of the most cited scientists of Ukraine in general.
His articles were published every year in the world's
top-rated scientific journals, and he himself was a
member of the editorial boards of international
high-reputation editions - "International Journal of
Speleology”, "Mediterranean Geoscience Reviews",
“Theoretical and Applied Karstology" etc.

He is the author and editor of more than 300 scien-
tific works, in particular, 14 monographs (seven of
those were published abroad), 70 articles in special-
ized scientific editions of Ukraine and other coun-
tries (45 of them were published in the journals in-
cluded in the international scientometric bases Sco-
pus and Web of Science), he authored numerous
chapters in monographs and encyclopedia articles.

Alexander Klimchouk gave much effort to orga-
nizational support for national science. Since 2021,
he was the Editor-in-Chief of the oldest Ukrainian
geological periodical - "Geological Journal", en-
suring its high scientific status.

In 2017-2021, he was a member of the first Scien-
tific Committee of the National Council for the Devel-
opment of Science and Technology, and in 2019-
2021 - the Deputy Chairman of the Committee. When
considering complex issues related to the science ad-
ministration and funding, he always took an active
principled position and fought for academic integrity
in science. As a member of specialized councils for de-
fending dissertations in hydrogeology and engineering
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HaykoBa Ta rpoMajicbka akTuBHicTh Onek-
canppa Knumdyka BUCOKO OLIiHIOBa/ach TaK0OX
B YKkpaiHi. Bin 6yB maypeatom Jlep>xaBHoi mpe-
Mii Ykpaium y ramysi Haykm i Texnikm (2011),
BigsHaueHni [Touecunorwo rpamororo HAH Ykpa-
iHM 3a 6araTopiuHy IUIiJHY HAyKOBY IpaIfio

(2016) Ta  HaropomKeHmit  BixsHakorw
HAH Vkpainm 3a mpodeciithi 3m06yTKn
(2021).

o ocTaHHIX AHIB CBOTO >XMUTTs BUYEHUI BiB
aKTMBHY HayKoBy [isAnbHicTb. CMepTenbHa
xBopoba 3acrana itoro B YHiBepcureTi MaH-
gyectepa (BenukobGpuranis), sikuit Hagas oMy
TPAaHT Ha NPOBEJIeHHA NOCiKeHb Y KapCTOBO-
My paitoni District Peak y camomy mentpi kpai-
Hu. HesBakalouy Ha BaXkki IposABU XBOpoOH,
BCTUT Pa3oM 3 OPUTAHCHKUMY KOJIETaMy BUKO-
HAaTU OCTAaHHi y CBOEMY >XUTTI IIOJIbOBi BOCTIi-
JPKEHHA KapCTy.

Crneneonoria y WMPOKOMY PO3yMiHHi cro-
Ba — IOWIYKM i BIZKpMUTTA Iedep, opraHisanisa
Ta IPOBENEHHA CIENEONOTIYHNX NOCTiIKEHb,
BceOiuHe BMBUYEHH:, epeKTUBHA OXOpOHA Ta
NpaKTUYHE BUKOPUCTAHHA IiI3EMHUX MOPOX-
HIUH - Oya Xurtrepoo naciero Onexcanppa bo-
pucoBMYa, SAKill BiH MOCBATUB cebe ycboro 6e3
samumky. Pasom 3 pgpyxunoro - Haraniero
Knumuyxk (51610K0BOI0), «medepHOTO Oanmaar»
BiH 3allenuB CBOIM [iTAM Ta OHyKaM, fAKi Ta-
KOXX 3aXOIUIIOIOTHCA CIIE/IE0IOTI€EI0 Ta aKTUBHO
HiIOTb Ha HMBI JOCTI>KEHHA IIedep.
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geology, as well as lithology and marine geology, he
thoughtfully analyzed the scientific achievements of
the degree applicants, made balanced conclusions
concerning the validity and scientific relevance of their
works.

Aleksander Klimchouk's scientific and public
activities were also highly appreciated in Ukraine.
He was a laureate of the State Prize of Ukraine in
Science and Technology (2011), a recipient of the
diploma of the National Academy of Sciences of
Ukraine for many years of fruitful work in science
(2016) and was awarded with the distinction of the
National Academy of Sciences of Ukraine for pro-
fessional achievements (2021).

Until the last days of his life, he was an active re-
searcher. His fatal illness overtook him at the Univer-
sity of Manchester (UK), which gave him a grant to
conduct research in the District Peak karst area in the
heart of the country. Despite the severe manifesta-
tions of the disease, he managed to carry out his last
field studies of karst together with British colleagues.

Speleology in the broad sense of the word - search-
ing for and discovering caves, organizing and con-
ducting speleological research, comprehensive study,
effective protection and practical use of underground
cavities — was the life passion of Aleksander Bo-
rysovych, to which he devoted himself without re-
serve. Together with his wife, Natalia Klimchuk
(Yablokova), he passed the "cave bacillus” on to his
children and grandchildren, who are also fond of cav-
ing and are active cave explorers.

Ilepyancepki Anpn, 2018 p.
Peruvian Andes, 2018
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Benukobpurasis, 2023 p.
Great Britain, 2023

Onexcannp Knumuyk 3 oHykaMu Ha CBOEMY IHi Hapo/pKeHH, 2012 p.
Alexander Klimchouk with his grandchildren on his birthday, 2012
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Bapro sasmaumty, mo Onekcanpp Knmmayk
0yB CU/IbHOIO, YeCHOIO i IIPMHIIUIIOBOIO JIFOVHOIO.
Hikomn He mifmaBaBcA KOH IOHKTYPHUM CIIOKY-
caM 4aciB Ta 00CTaBMH, 3aBX/IU TPUMaBCs 00pa-
HOTO 1I¢ y MOJIOOMY Billi XUTTEBOTO KYpPCY Ta
nornAxis. He mo6us ¢anbiry, ane BICOKO IIiHNUB Y
MIONAX BifJJaHICTD CIIpaBi Ta BipHICTb cnoBy. bys
JIIOVIHOO 3 He3TaMHMM XapakTepoM. Hekponorn
4acTo MOYMHAWThcA ¢pasow: «Ilo mosriit 6o-
poTb0i mporpas 3 xBopo6oro...». [lo Onexcangpa
Bbopucosnua 1ie He BifHOCUTbCA. YCBiOMIIIOIOYY
CBilf cTaH 3[0pOB’S Ta CUTYallii, IepeMarardu
6i71p, IpaIlfoBaB O OCTAHHIX JHIB CBOTO >KUTTS,
3aCIIOKOIOI0YM PifHUX Ta [APY3iB, IO «BCE Iif
KOHTpO/eM». BifiimoB 3 4ecT0 — AK IepeMo-
xelp. TakuM 3aMMIINTbCA HA3aBXAM y IaM ATi
J10TO KOJIET Ta gPY3iB.

Onekcangp Knumuyk - BueHmMit i3 CBiTOBUM
iM’ M, 0COOMCTICTh HABULIIVIX MOPAIbHMX SKOC-
tell. CaMe Taki JIIOAM PYXarOTh MIOACTBO BIIEpEN,
BiIKpMBawO4yM HOBiI TOPM3OHTM 3HAHb i MOXK/INU-
BOCTeI II0ICHKOro nyxy. HenmonpasHa BTpara i
Ykpainu Ta ciroBoi Hayku. [Tam’sate nmpo Orek-
caHApa Bopucosuda 3anmMmmTbCA HaBIKM y JIOTO
BM3HAYHOMY Ta YHiKaTbHOMY HayKOBOMY CIaJIKy.

HaykoBa rpoMaficCbKiCTb, KOJIETH, IIOCTiIOBHU-
KJ, YYHi Ta JIpy3i IMOOKO CYMYIOTDb 3 IIPUBORY
cmepTi Onekcanppa Knumuyka Ta BUCTOBIIOOTD
IMPi CIIiBYYTTS JIOTO POAVHI i O/IM3BKYIM.

Peokonezis «Ieonoeiunoeo xypHany»,
Incmumym 2eonoziunux nayxk HAH Yxpainu,
Koneau, 0py3i
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It should be noted that Alexander Borisovich
was a strong, honest and principled man. He nev-
er succumbed to the opportunistic temptations of
the times and circumstances, always sticking to
the life course and views he had chosen at a young
age. He did not like falsity, but highly valued
people's dedication and fidelity to their words.
He was a man of unbreakable character. Obituar-
ies often begin with the phrase: "After a long
struggle, he lost his battle with the disease...".
This does not apply to Alexander Klimchouk. Be-
ing fully aware of his situation, overcoming the
pain, he worked till the last days of his life, reas-
suring his family and friends that "everything
was under control". He died with honor - as a
winner. He will always be remembered as such by
his colleagues and friends.

Alexander Klimchouk was a scientist with a
world name, a person of the highest moral quali-
ties. It is such people who move humanity forward
by opening up new horizons of knowledge and the
possibilities of the human spirit. It is an irreparable
loss for Ukraine and for world science. The memory
of Alexander Borysovych will remain forever in his
outstanding and unique scientific legacy.

The entire scientific community, colleagues, fol-
lowers, students and friends are deeply saddened
by the death of Alexander Klimchouk and express
their condolences to his family and relatives.

Editorial Board of the "Geological Journal”,
Institute of Geological Sciences of the National
Academy of Sciences of Ukraine, colleagues, friends
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*ABTOp /11 KOPECITOH/eHIIi1

Cmpamuepagpiure posuneHysaHHI HUNKHb020 00KeMOPito 6i0 camozo no4amky Oy0 HepO3PUBHO N06 A3AHE 3 BUSHEHHAM
memamopizmy. Jlesxuti uac cmynino memamopizmy KOMNAEKCI8 HABIMb 8UKOPUCOBYBATU K 03HAKY 8i0HOCHOZ0
8iky. L[5 03Haxa He 3HATIMAA NiOMEePOHEHHS I30MONHUM OAMyB8aAHHAM, NICA 4020 CIMYNiHb Memamopdizmy He Opanu
00 ysazu npu cmpamuezpagiunomy posuneHysanni pyrnoamenmy wumis. Cmynino memamopismy Kkomniexcie ésxe 0as-
HO He 6PAX08YEMbCA | NPU CKNA0AHHT 0PiuitiHux crpamuepagiunux cxem 0okemoOpito YkpaincoKozo wsuma, uio npusee-
710, HA OYMKY 6a2amvox 2e07n02ie, 00 cnomeopeHs peanvHoi cmpamuepagii pyHoameHmy ubozo pezioHy.

Asmopu cmammi 66axarmy, W0 CMyninb Memamop@ismy 6ce x Maxu moxe 0ymu UKOPUCAHUL Npu po3pooyi
cmpamuepadii Ykpaincoxozo wsuma. Moxnusicmos makozo 6UKOPUCAHHS MemMamopPismy po3ensiHymo y yukni HAauux
nybnixayiil. Y nepuiii cmammi HaséedeHo xapakmepucmuky cmpamuepadii ma memamopdizmy ecix mezabnokis Yipa-
iHcoko20 wiuma. Ilokasano, wio y KoxmHoMy 3 Me2abnokis Ginvui 0asHi cmpamueenHi KOMNAEKCU XAPAKMEPUIYIOMbC
binvuw sucokomemnepamypHum memamopgimom. IIpu ypomy 6i0MiHHI pucu cxnady ma cmynews memamopizmy
cmpamuzeHHUX KOMNEKCi6, HA OYMKY A8Mmopis, € 6i000paxeHHAM 6eUKUX NOCTIO06HUX etani6 2e07102i4H020 PO3BUMKY
Ypaircokozo uguma 6 panHvbomy 00Kem6pii ma moxcymv 6ymu 0CHOB010 0715 CKIAOAHHS pe2ioHanvHoi crmpamuzpagiuroi
cxXeMU HA iCMopuKo-2e0n02iuHili 0cHO61. Bapianm pezionanvroi cmpamuepagiunoi cxemu YkpaiHcoko2o wuma Ha icmo-
PUKO0-2€07102i4Hili 0CHOBI, CKNAOeHUI HA PiIBHI KOMNEKCI8, 3aNPONoHO8aHo y Opyeiti crnammi yuxmy. Y il 3axkmounii
cmammi po3ensHymo 6ipoeiOHi ymMosU ma mpusanicmo imozeHesy i Cynymubozo memamop@izmy pisHux nocnidosHo
cpopmosanux cmpamuzeHHUX KOMNIEKCi6 HUNHb020 doKeMOpito. Bucnosneno ysenenns npo me, w0 6UXioHusi domema-
MOpPiuHULl CKIA0 KOMNIIeKCi8 ma ix Memamoppism 00ymoeneHi memnepamypHum cmanom 6epxHix 06010HoK 3emui ma
IXHDOW CNPAMOBAHOI0 MENJI0B010 e60NIIOUIEI HA PAHHIX emanax eeonoziunoi icmopii. Ilepedbauaemocs icHy8aHHA 6e3-
2idpocepHoz0, paHHbo2o MepmoziopochepHo20, Ni3HLO20 MePMOziOpPOCPHePHO20 Ma HOPMO2IOPOCPHePHO20 2100ANTBHUX
emanie nimozeeresy, mpusanicmio 6id 300 0o 700 man pokis, ma mpueanozo 6es3nepepeHozo memamopgizmy 6i0 3,8 0o
2,0-1,9 mapo poxkis. 3a ueti uac 6yno cpopmosaro eoury memamopdiuny (naneomemnepamypuy) 30HanvHicmv GyHOa-
Mmenmy Ykpaincokoeo wjuma, 6 AKiil 3a0isfiHi yci pi3HOSIKOB] cmpamueenti KOMNIEKCU.

Kntouoei cnosa: memamopizm pezionanvruii; cmpamuepagist; 2e0XpoHOn02ist; HUNCHITE 0okemOpiti; Yipaincokuti uwgum.

Hurysanua: Kupumok B.I1., latoBcbkuit O.B. Perionanpumit meramopism i crparurpadisa pynpamenty Yipain-
cokoro mura. Crartst 3. Ocob6mmBocCTi niToreHesy i MeTaMopisMy paHHbOFOKEMOPIICBKIX KOMIUIEKCIB Ta IXHS TpH-
BaJticTh. Teonoeiunuti sypran. 2023. Ne 2 (383). C. 13-29. https://doi.org 10.30836/igs.1025-6814.2023.2.262163
Citation: Kyrylyuk V.P, Gaiovskyi O.V. 2023. Regional metamorphism and stratigraphy of the basement of the
Ukrainian Shield. Article 3. Features of lithogenesis and metamorphism of the Early Precambrian complexes and their
duration. Geologicnij Zurnal, 2 (383): 13-29. https://doi.org 10.30836/igs.1025-6814.2023.2.262163

© Bupasernp IncturyT reonoriunux Hayk HAH Ykpainy, 2023. CrarTa ony61ikoBaHa 3a yMOBaMM BiIKPUTOTO ZOCTY-
my 3a ninensiero CC BY-NC-ND (https://creativecommons.org/licenses/by-nc-nd/4.0/)

© Publisher Institute of Geological Sciences of the NAS of Ukraine, 2023. This is an open access article under the CC
BY-NC-ND license (https://creativecommons.org/licenses/by-nc-nd/4.0/)

ISSN 1025-6814. Geologicnij Zurnal. 2023. Ne 2 13


https://doi.org
https://doi.org
http://geojournal.igs-nas.org.ua/workflow/access/262163
https://doi.org
https://doi.org
https://doi.org
https://doi.org
http://geojournal.igs-nas.org.ua/workflow/access/262163
mailto:Kyrylyuk.V@i.ua

B.II1. Kupunwxk, O.B. Iatioscvkuti

Beryn

I cTaTTa IpOROBXY€E PO3NMOYATUIl y IONEPENHIX
ny6mnikanisx (Kupumok, TaitoBcpkuit, 2022, 2023)
pOSITIALL HeAKUX acIeKTiB periOHa/IbHOTO MeTa-
MopdismMy Ykpaincekoro mmra (YIII), 3oxpema
ocobmBocTelt MeTaMop$i3My TOTOBHUX CTpPaTH-
rpagiyHMX KOMIUIEKCIB PerioHy Ta MOXXIMBOCTEN
BUKOPVUCTaHHA VX 0COOMBOCTEN /IS CTpaTUTpa-
¢iuHOrO po3unenyBaHHs ¢pyHpamenty YIII. 3sep-
HEHHsA HaMU JJO LIbOTO acIeKTy perioHa/jbHOL Ieo-
norii YIII 3yMOB/I€HO TUM, 1110 BXX€ YIIPOJOBX TPU-
BQJIOTO 4Yacy TakKi OCOOIMBOCTI CTPaTMI€HHUX
KOMIIJIEKCIB IIbOTO PETiONHY, AK TUII Ta CTYIIiHb Peri-
OHaJIBHOTO MeTaMopdi3My, 30BCiM He BPaXOBYIOTb
i 9ac po3poOKM perioHa/IbHUX CTpaTurpapivHmx
cxeM YIII Ta Bu3HaueHHs B HUX BiKOBOI ITO3UIIii
MeTaMOp(iYHMX KOMIUIEKCiB, fAKi y cxemax YIII
TpapuuiiHO QirypyooTh SK «cepil». Y BuIagkax
PO36DKHOCTel 1I0f10 BiKOBMX CIiBBi/{HOIIEHD Ce-
Piit M>X T€OTIOTiYHMMM JAHVUMMA 11 YABIEHHAMMY, AKi
BPaXOBYIOTb, y TiM YNCIIi, 11 0COOIMBOCTI MeTaMop-
¢isMy, i pesyabpraTamy i30TOIHMX TI'€OXPOHOMe-
TPUYHMX HOCI/PKEeHb OCTaHHIM BifjaloTb 6e33a-
IepeyHy Iepesary. Taka cuTyalisl XapaKTepHa 3a-
pas He nuute gy Y, a i1 py1a feAKuX iHIIUX LIUTIB
maBHiX mwatdopm. by yac, Koy CTyIiHb MeTa-
Mop(isMy BBaKamM 0e3yMOBHOIO O3HAKOW Bifi-
HOCHOTO BiKY HYDKHBOJOKeMOPIlICbKMX MeTaMop-
(ivHMX KOMITIEKCIB 32 IPUHIUIIOM: «9MM BUIIVIA
CTyHmiHb MeTaMOpdi3My, TUM HABHIIIMII KOMII-
JIeKC». YTIM HACTYIIHMMM i30TOIIHO-T€OXPOHOME-
TPUYHUMU JIOCTI/PKEHHAMM 1Ii yABJIEHHA, AK 3a-
raJIbHUI ifXifl, CIIPOCTOBAHO i TaKe CTaBJIEHHS IO
HUX 30epernocs moTerep. A B yMOBax, KO MK
Metamopdiuanmy kommviekcamu Y11, Axi BBaxa-
I0TbCSA pisHMMM CTpaTUrpadiYHNMM TiAPO3AiNnaMu
y paH3i cepiil 41 KOMIUIEKCIB, 6e3rocepeHi KOH-
TAaKTM 3a3BUYAll BiICYTHI, TO TyT HiONTO BXXe IpoO-
CTO HE 3a/IMIIAETHCA iHIIOTO LUIAXY BU3HAYEHHS
IXHbOI BIKOBOI IIOC/IIOBHOCTi, KpiM i30TOIIHOTO
JATYBaHHA.

MixX TUM BBa>Ka€MO, 1110 3HAYEHH TUITY 11 CTY-
neHsA MeTaMopdisMy CTPaTUTeHHNUX KOMIUIEKCiB
JULS1 1iJ1eit perioHaIbHOro cTpaTurpadivHoro pos-
YIeHyBaHHA Ta KopenAlili cebe He BUYepIIano
i BOHVM MalOTbh BpPaXOBYBATHCA AK IIifi Yac po3poo-
ku crparurpadiunoi cxemu Y1II, tak i ana inrep-
npeTanil i30TOINHO-T€OXPOHOMETPUYHUX BU3HA-
4yeHb. Taki MOX/IMBOCTI IIOKa3aHO y INoIepegHix
ny6mikauisax (Kupnmok, [aitoBcbkmit, 2022, 2023).
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Y mepuuiit 3 HUX PO3IIAHYTO cTpaTurpadimo i me-
tamopdism merabnokis Y1IJ Ha piBHI cTpaTOMeTa-
MOpP(}IYHMX KOMIUIEKCIB Ta 3p00/IeHO BUCHOBOK,
O /I OKPeMUX MerabyokKiB CTYIiHb MeTaMop-
¢$isMy KOMIIEKCIB € 03HAKOI0 IXHBOI BiTHOCHOI
crparurpadivnoi nocrigosHocTi. Kpim Toro, yep-
TOBMII pa3 HaroJIOIIEHO, 1[0 TOCiIOBHO c(HOpMO-
BaHi cTparoMeTaMoOpdiyHi KOMIUIEKCH Bifipi3Hs-
I0TbCS He /niile CBOIM MeTamopdismom, a it reo-
noro-popMaLiffHUM CKIaioM, IO Jja€ 3MOTy
pO3IIAfATH iX AK CTPYKTYPHO-PE€4YOBMHHE BiflO-
OpakeHHsI Pi3HUX eTaliB PaHHbOTOKeMOPIICbKO-
rO re0JIOTiYHOr0 PO3BUTKY Ta BUKOPMUCTOBYBAaTU
il yac po3po6Ku perioHanbHOI cTparurpadivnol
cxemu YIII B AKocTi 1I iCTOPMKO-TeOIOrivHOI
ocHoBH. Y pipyriit crarti (Kupnmiok, [aitoBcbkmit,
2023) micia BigIIOBiTHUX MOACHEHb Ta IOCUIAHb
3aIllpONIOHOBAHO IiATOTOBIEHMII 3 MO3ULiN icTO-
PMKO-T€ONIOTIYHOIO IigXOAY BapiaHT CTpaTUrpa-
¢iunoi cxemn ¢yHpmamenty YIII Ha piBHI koMmm-
JIEKCiB. Y IOfIa/IbIIOMY B PO3TOPHYTIil CTpaTurpa-
¢iuHilT cxemi MOXHAa IIOKasaTM  PpeabHO
JOCATHYTUI PiBE€Hb PO3YIEHYBAHHA KOMIIJIEKCIB
Ha cepii Ta CBiTH, OfjHaK IIpA 1JbOMY BiKOBY ITOCITi-
DOBHICTb KOMIUIEKCIB BJKe He MO>KHA 3MiHUTIL.

Y Wil 3aK/II0YHIN CTATTi BUK/IALEHO YABJIEHHA
II0[0 HaiMOBIpHIIIOI, 3Ba)Kal0O4YM Ha Cy4acHi
laHi, IPUPOAM pPaHHBOJOKEMOPIICBKUX KOMII-
JIEKCIB IUTIB, IIOYATKOBMX YMOB Ta TPUBA/IOCTi
iXHbOrO POpPMYBaHHA i CYIyTHBOTO MeTaMoOpdi3-
Mmy. IIpusHayeHHA CTATTi O[O B/IACHE CTpaTU-
rpadii monArae B icTropmko-reonorivHOMy (Mo-
[eIPHOMY TeO0eBOJMIOLINIHOMY) OOIPYHTYBaHHI
caMe Takol, K mMokasaHo y Tabmmui (Kupmmox
TatoBchkmit, 2023), BIZHOCHOI IOCTiIZOBHOCTI
KOMIIJIEKCIB. A yABJI€HHS IIPO TPUBAJIICTh JIiTOTrE-
He3y Ta MeTaMopQisMy, Ha Halll IIOI/LAN, HeoOXif-
HO BPAaXOBYBaTH IIiJ| Yac iHTepIpeTalil pe3ynbra-
TiB i30TOIIHO-T€OXPOHOMETPUYHUX [OCTiPKEHD,
AKa J0Ci IPOCTO OMMHAE i aCIIeKTV POPMyBaHH:A
cTparoMeTaMOpP}iYHNX KOMIIIEKCIB.

OcobimBocTi siTorenesy
i meramopgismy panabo-
MOKEMOPilichKUX KOMILTEKCIB

Panie, y ToMy uncri B nonepenHiit my6mikarii, 3a-
3HaYa/M, IO CTYHNiHb MeTaMop(i3sMy paHHBOJO-
KeMOPIIIChKIX KOMIITEKCIB 0Ope KOPETIEThCA 3 IX-
HiM reosnoro-dopmaniitanm cxmagoM (Kupnok,
1991, 2007, 2013; Kupwmmook, TaitoBcbkmit, 2023).
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Pezionanvruii memamopism i cmpamuepadis pynoamenmy Yipaircvkoeo wsuma. Cmamms 3

e mamo mipgcTaBy OMHOMY 3 aBTOPIB BUCIIOBUTH
IPUITYIIEHH PO 3B’A30K 000X IIMX XapaKTepyc-
THUK CTpaToMeTaMOp(iyHMX KOMIUIEKCIB 3 yMOBa-
MM IXHBOTO foMeTaMopdiuHoro nitorenesy. Crep-
1y Ije 3po06JIeHO /NI IOJO apXeVIChbKIX TPaHyIi-
ToBUX KomIuiekciB (Kupnrok, 1971), a misnimre 1
YABJICHHS IIOMIMPEHO Ha aMibomiTo-rHeiicoBi Ta
iHIIi pPaHHBOJOKEMOPINICbKI KOMIUIEKCH IIUTIB
(Kupumok, 1977, 1991, 2007, 2013 Ta in.). CyTb
LVX yABJIEHD IIOJIATAE Y TOMY, IO 1 BUXiTHWUII [O-
MeTaMOpdiUHMUIT CKIaJ KOMIUIEKCIB, i IXHiil MeTa-
MopisM moB’A3aHi 3 nepegdadyBaHNM crenydi-
HJM IIOYaTKOBMM TEMIIEPATYPHUM CTaHOM BepX-
HiX 000/0HOK 3eMi Ta IXHBOI CIIPSIMOBAHOIO
TEMIIEPATyPHOIO €BOJIIOLIEI0 Ha PaHHIX eTalax
reO0JIOTiYHOI iCTOpIil.

Huni By)xe MO>KHa BBaXKaTy TOBEIEHVM iCHyBaH-
HA [I09aTKOBOI BUCOKO] (+300-500 °C) Temmeparty-
pu noBepxHi 3emiti B panHbomy apxei (Ilymbam-
Hep, 1976; [Jo6peros, 1980; Hansen, 2007 Ta iH.) Ta
il MOC/TiJOBHE 3HUYKEHHA, TAK CAMO fIK 1 IIOB sI3aHe 3
LVIM OXOJIO[)KE€HHA IIPUIIOBEPXHEBOI YACTNHY 3€M-
Hoi kopu. HaiiBiporifgHiie, came 3araJbHUM OXO-
JIOIPKEHHSM MO)Ke OyTy IOsICHEHa 3MiHa B Te0sIo-
TiYHOMY pPO3BUTKY LINTiB MOHOdAIiaIbHOTO MeTa-
MOp}i3My KOMIUIEKCIB HVDKHBOTO i CepeHbBOro
apxero momidanianbHuM MetamopdisMoM mi3Hi-
VX HVDKHbOJOKeMOpiiicbkux Komiiekcis. [lfomo
Bi]MiHHOCTeJI reonoro-GpopManiifHOro CKaagy Ta
MeTaMop(}isMy OKpeMMX MOCTiIOBHO cHopMOBa-
HUX KOMIUIEKCIB, SIK MOHod)auia)IbHMX, Tax 1 MOJIi-
¢auiabHNX, TO BOHM MOITM OYyTHU ITOB’sI3aHi BXe
HE 3 CaMJIM OXOJIOJ[)KEHHAM, a 3 HAaC/IiIKaMI1 OXOJI0-
IDKeHHs 30BHIIIHIX 000/I0HOK 3emiti, a came — 3i
3MiHOI YMOB BYJIKAHOT€HHO-0Ca/I0OBOTO JIiTOreHe-
3y Ha I IIOBepXHi Ta 3 BIUIMBOM CK/Iany copmoBa-
HUX OCajiB Ha perioHa/bHUII MeTaMop(ism.
Y crTucnomy BUITIAML 3arajibHa MOJENb €BOMIOLI
PaHHbOJZOKEMOPIICHKOrO JIiTOreHe3y Ta MeTaMop-
¢i3My ysBIIAETBCA y TAKOMY BUTTIALI.

1. [Tepenbava€erbcs, 1[0 HATPOMA/PKEHHS BUXiJ-
HIUX TOBIL] PAHHbOAPXEVICBKUX 2PAHYTIMO-2Hetico-
8UX KOMNeKCié6 Bifl0yBa/ocsi B «CyXux» cybae-
panbHux (6esrigpocdepHnux) yMoBax, sKi mopioHi
IO TUX, 110 iCHYIOTb HMHI Ha IOBEpXHi IUIaHETU
Benepa (Kupwmok, 1971; Ilnanera..., 1989;
Hansen, 2007). Ixue YTBOPEHHS MOIJIO BiH6YBaTI/I-
s IULAXOM: ) i3MYHOro i XiMiYHOTO 3BiTprOBaH-
HdA, €0JIOBOTO IIEPEHECEHHs Ta HarpoMaJpKEeHHSA
IPORYKTiB 3BiTpIOBaHHA, 0) By/IKaHi3My Ta B) Xi-
MIYHVX peaKliil y IIi/IbHi IIapo-BYITIEKUCIIIi aT-
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Mocdepi, a TakoX MK arMocdeporo i mitocde-
poro. 3a TaKMX BUXiTHMX 0€3BOIHNIX YMOB Harpo-
MaJPKEHHs#A, BUCOKOI TeMIlepaTypy IIOBEPXHi Ta
TIPUNIOBEPXHEBOI YaCTVHU KOPU, HACTYIHUIL Me-
tamop}i3M TOBIL BiffOyBaBCA B yMOBaX IpaHyIiTO-
BOI cbaui'l', MUHAIYM OiIbIn HU3bKOTEMIIEpATyPHi
dauii, i Ha TMMO6MHAX, NOPIBHAHHUX i3 BU3HadYe-
HOIO TOTY>KHICTIO TPaHy/iTO-THEMICOBUX PO3pi3iB
(15-17 xm). Ponb dmroiny y mporeci metamopdis-
MYy BifjirpaBaB COZ. Came Taka MOJe/Ib MOXKe IIO-
SICHUTY IIPUPORY MOHOaILliaTbHOTO I'PaHy/IiTOBO-
ro MeTaMop}i3My Ha BCIO HOTY)XXHICTb I'PaHyIIiTO-
THEJICOBUX KOMIIJIEKCIiB, PpO3NOYMHAIOYN MarbDKe
Bifi IOBepxHi 3emti, He HOB’HsonqM 1oro, fK 11e
3a3BMYAll BBa)kac€ OLIbIIICTD JOC/TIHNKIB, 3 BE/IN-
KO0 ITIOMHOI0 3aHypeHH:A (30-40 kM) i HacTyn-
HIUM 3HAYHVM JIeHyaLillHUM 3Pi3oM.

[mo6anpHi cybaepanbHi (6esrifpocdepHi) ymo-
BM JAIOTh IiJCTaBM IPUITYCKATU IOBCIOJHE IIO-
IIMPEHHA TPaHYIITO-THEICOBUX KOMIIIEKCIB Ha
noBepxHi paHHbOI 3emi. PopMyBaHHA «CyXMX»
BUXiJJHVX TOBILJ I'PAaHY/IITO-THEMICOBUX KOMIIIEK-
CiB Ta iXHiJl HaCTYIHMI IIOYaTKOBUI METaMOp-
¢ism Mor/m BifGyBaTICA Ha T/Ii SHYDKEHHS TeMIIe-
paTypu OBepxHi ax 1o Temmeparyp +150-170 °C.
Came 3a Takux TeMIepaTyp, 3 ypaXyBaHHAM BMU-
COKOI III/IBHOCTI Iapo-BYITIEKMCIOI aTMocdepn,
MOTJI PO3IIOYATUCA KOHJIEHCallid MapiB BoAM Ta
dbopMyBaHHA INepBUMHHOI BMCOKOTEMIIEpaTypHOL
rigpocdepu («repmorigpocdepu»). JI.I. Camon
NIPUITYCKaB YTBOPEHHS «...II€PBUYHOTO TOPAYETO
OKeaHa ... IpY CHIDKEHNM TeMIIepaTyphbl IOBEPX-
HocTu 3emnu Hyke +370 °C» (Canor, 1982, c. 73),
TOOTO 3a Ie BUIMX TeMIeparyp, L0 MajIoiMo-
BipHO 3 pi3HUX NPUYKH, AKi 3aCTYTOBYIOTh CaMO-
CTiITHOTO PO3IIALY.

2. TlosBa «Tepmorizpocdepn» cTama MOYaTKOM
NIPUHLIMIIOBO HOBOTO CEPEHbOAPXENICHKOrO eTaIry
niToreHesy Ta pOpMyBaHHA BUXIJHVX TOBL am¢i-
6071imo-eHeticosUx KOMNIeKCi6. 3a3BIYall 3 IIOABOIO
rifpocdepy MOB’SA3YIOTh BUHMKHEHHA IIE€pPIINX
BOJHMX TEPUI€HHUX OCAJKiB, YIIyCKalO4M pasoM
3 TUIM Te, 1[0 TOJIOBHVM YVMHHVKOM YTBOPEHHS Te-
PUTeHHVX ITOPiJ] € He caMa Tifpocdepa, a rigpocde-
pa B IOENHAHHI 3 K/TIMaTUYHOIO 30HAJIbHICTIO 1 KPY-
roo6irom Bogyu. Came Kpyroo6ir Bopy 3abesmedye
TPaHCIOPTYBaHHA MaTepiany 3 obmacTeil pyiHY-
BaHHA 1 3HECEHH Ha CYIII IO MiCIIb I0T0 HarpoMa-
JDKEHH:A Y BOGHUX OaceliHax. 3a mepepbadyBaHuX
TeMIIepaTyp HepBUMHHOI rigpocdepn (moHap,
+100 °C), TeMIIepaTypHOi 30Ha/IBHOCTi Ha TOBEPXHi
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3emsii He iCHyBano, «KIiMaT» (SKIIO JOTO MOYXKHA
TaK HasBaty) OyB a30HA/JIbHMM, KPYroobir Bomu
BifICyTHil, i TepureHHMI1 TiTOreHe3 MaB Oy 3yIHM-
mnca (6yB «3araJbMOBaHMIl») y IJOOATBHOMY
macutabi. Ile mpusBeno 1o HarpoMajpKeHHsA B Ll
Yac ro/IOBHO BY/IKaHIYHMX YTBOPEHb, AKUMMI i CK/Ia-
nieHi aMmdi6oiTo-THeNCcoBi («CipOrHeiicoBi») KOMII-
JIeKCH, cepell AKUX JIOBOMi €K30TMYHO BUITIAZNAE
CYTTEBO J1iToreHHa cepid Icya B [pennanpii. YMosu
dbopmyBaHHA wi€l cepil e MOTPeOYIOTh TOKATKO-
BOro BUB4YeHHs. [IpoTe Bxe 3apa3 Ha mificTasi jo-
CIIiJIKEHHA i30TOIHOTO CK/IaJy KUCHIO KPEMEHIIC-
TUX NOPif cepii Icya Bu3HaueHO, 1110 IXHE YTBOPEH-
HA BigOyBamaca 3a Temmeparyp +90-150°C
(Oskwarek, Perry, 1976), mo no6pe y3romKyerbes
3 YABJIEHHAMU IIpO IepefdadyBaHi «TepMorifpoc-
(depHi» yMOBU HarpoMaKkeHHs aMpibomiTo-rHeit-
COBMX KOMIIIEKCIB.

Huni BifgcyTHI BifOMOCTI IPO NIEpBMHHE IIOLIN-
penHs aMbib0TiTO-rHEICOBMX KOMIUIEKCIB Ha I10-
BepxHi panHboi 3emi. OfHaK flaHi Ipo iXHIO Ha-
ABHICTD 4V MOXX/IMBE iCHYBaHHA B T€OJIOTIYHOMY
MUHYJ/IOMY B 6inbII0CTi MerabIoKiB MNTIB HAIOThH
IiZCTaBy IPUITYCKATH IXHIM [OBOJMI IIMPOKUIA
PO3BUTOK i Ha IUIOWIi IINTIB, i Ha IOBepXHI 3emi
3arajioM.

ITosiBa KOMITEKCiB, AKi chopMyBaics 3a yMOB
«repMorigpocdepu», TOKOpiHHO 3MiHMIO i IIepe-
6ir y Hux nporeciB MeTamop¢isMy NOPiBHAHO
3 IIONepEeJHIMM TPAHY/IITO-THEIICOBUMM KOMII/IEK-
caMIL. 3a TeIVIOBOTO CTaHy BepXHbOI (IIpUIOBepX-
HeBOI) YaCTUHY 3eMHOI KOPU, KNI OTU3bKUIL 10
TOTO, 10 3a0e3nevyyBaB IPaHy/TiTOBUII MeTaMOp-
¢disM BUXITHMX «CyXVX» TOBIL, TeMIepaTypa Me-
TaMop$isMy epBMHHO BOJJOHACYYEHNX TOBII] aM-
($ibomiTO-THENICOBMX KOMIUIEKCIB He MOITa IIif-
HATHCA Bue aMibomiToBol danii. 3a HagIMIIKY
BOIM caMe B YMOBax Iji€i ¢auii BifOyBaeTbcs Ma-
coBe pOPMYBaHHS TPaHITHOI €BTEKTUKY Ta Tep-
MOCTATyBaHHA CUCTEMM Ha IJbOMY TeMIIEpaTyp-
HOMY PiBHI, 110 IEPELIKOKAE MTOAA/IbIIOMY IIifl-
BUILEHHIO TeMIIepaTypu aX [0 IIOBHOTO
BUIUIAB/ISIHHA TpaHiTHOI Marmu. Lli ymoBu ¢op-
MyBaHHA aM}ib0IiTO-THENICOBUX KOMIUIEKCIB
i 3HAVIIUIN CBOE BimoOpaXkeHHS B IXHill MOBCIOf-
Hill «TpaHiTU3aMii», AKa NPOABIAETbCA Y IINPO-
KOMY PO3BUTKY MIrMaTUTIB i pi3HOMaHITHMX IJIa-
rio- Ta ABONONIBOBOILINATOBYUX IPaHITOIfiB.

[IposiBu perioHambHOrO MeTaMOpdizMy Oy/b-
SIKOTO TUITY — i 30HaJIBHOTO, i MOHOaIiaTbHOTO —
3a3BMYAll IIOB A3YIOTD i3 TEKTOHIKOIO, 3 TEKTOHIY-

16

HUMM pyXami, fepopMalnissMy Ta CYmyTHIM Tif-
BUIIEHHSIM TEIUIOBOTO IIOTOKY, ab0 3 ITIMOMHOI
3aHypeHHs Ta 301IbIIeHHAM TeMIlepaTypu i Tuc-
KY, AKi 3yMOBJIEHi iCHyBaHHAM BIiAIIOBIJHNX Ipa-
IieHTiB. BigIoBifHO O 3allpOIIOHOBAHOI MOJEi,
MetaMopdisM MoHOaliaTbHUX KOMIUIEKCIB, 5K
i 6ynp-sKi iHIII Teosmoriyni mpornecy, BinOyBaBcs
Ha T/Ii TEKTOHIYHUX PYXiB, OfIHAK He BU3HAYaBCA
TeKTOHiK0X0. OCHOBHMMM YMHHUKAMJ PaHHbOJIO-
KeMOpiricbkoro MoHodarjianbHOro mMeramopdis-
My 6y r1o6anbHi BUCOKI TeMIepaTypy BepXHix
00070HOK 3emyii Ta 6e3BOmHMIL («CyXuil») I
TPaHY/IiTO-THEJICOBMX KOMIUIEKCiB a0 BofjoHaCH-
qeHU g aM@iboiTo-THeCOBMX KOMIUIEKCIB
CK/IaJ BUXiHMX MeTaMOp(i30BaHMX TOBIL.
3a 6/113bKO] IToIIepefHbO BUCOKOI TEI/IOBOI eHep-
TOHACUYEHOCTI 3¢MHOI KOpU Pi3HUM CK/IAJ, BUXIiJI-
HUX TOBIL IIPU3BOJUB [JO IPMHLUNUIIOBO Pi3HOTO
nposBy MeraMopdisMy B HIDKHbOAPXEVCHKIX
TPaHY/ITO-THENICOBUX Ta B CEPENHbOAPXENCHKUX
aM@ibomiTo-rHeitcoBUX KoMiiekcax. CyTTeBy un
HaBiTb BU3HAa4Ya/bHY PO/b TEKTOHiKa BiflirpaBasa
BXe Y IIpoljecaX 30HaJbHOrO MeTaMopdismy
CTPaTUTEHHMX KOMIUIEKCIB BEPXHBOIO apXero Ta
HIDKHBOTO IIPOTEPO3010.

3. HacTynHmi1 Ni3sHbOApXEChbKNII €Tall JIiTore-
He3y — Lie 3e/1eHOKAM SHI KOMNIeKCU, sIKi CKIafieHi,
AK 1 monepenHi aM@pi6OMiTO-THENCOBI KOMIIEKCH,
TOJIOBHO  BY/IKaHIYHVMMM  YTBOPEHHAMM, XOY
1 IpMHOUIIOBO iHIIOTO CKIAAY. Ixwiit IepeBakHO
BY/IKQHIYHMII CK/Ia[ 1 MifANOPAJKOBAHUII BMICT
IIEPBMHHO OCA[IOBMX IOPif, IMOBipHO, TAKOX, K
i pma BuxigHux ToBII aMdi6OMiTO-THENICOBUX
KOMIIIEKCIB, 3yMOB/IeHUII (POPMYBAaHHAM B «Tep-
MorigpocdepHnx» YMOBaX 3a BiICYTHOCTi Kpyro-
06iry Boziu. CBiJueHHAM I[bOTO MOXXYTb OYTI BU-
3HAYeHHA Ia/IeOTEMIIEPATypy HarpOMa>)KeHH:
KPEMEHVCTNX ocajKiB cepil ®ir-Tpu
3e/ieHOKaM siHoro moscy bap6epron y IliBpenHii
Adpnui, mo cranoBATh +70 °C (Knauth, Epstein,
1976; Canom, 1982). OpgHak cKmaj, BYJIKaHIYHMX
dbopmartiit 3eleHOKaM STHMX KOMITIEKCIB pi3Ko Bif-
PpisHAETbCA Bifl BUXiIHMX BYIKaHiYHUX YTBOPEHb
aM(ibo/iTO-THEeICOBUX KOMIDIEKCIB, 30KpeMa Ha-
ABHICTIO KOMATIITiB, 1[0 3yMOBJIEHO, OYE€BUJHO,
TEKTOHIYHVMMY YMOBaMU IXHbOTO (POPMYBaHHS.

TumnoBsi 3emeHOKaM AAHi KOMIUIEKCH, Ha BifMiHy
Bifi amM}i60miTO-THENICOBUX, MOMIMPEH] IepeBax-
HO Ha Jy>Ke 0OMe)XeHUX TePUTOPISX, 0 OfjeprKa-
NV HasBy «TPaHiT-3€JIEHOKAM AHUX OOIacTei».
I1i obmacTi 3aitmaioth o 7-10 % mrowi gyHpa-
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MEHTY HaBHIX mwratdopM i o 15-20 % Tepuropii
IIUTIB, X04a IM HEPIAKO MPUNKUCYIOTh Y HE Hall-
IPOBIAHILNTY PONb y CTPYKTYpi HOKeMOpiiicbKoi
3eMHOI KOpM, IIOPiBHAHHY 3 TPaHy/TiTOBUMMU 00-
nMacTAMU. 3e/IeHOKaM sIHi KOMITJIEKCY B MeXKaX I[UX
obnacreit 3amAralTb Ha amMdibOMIT-TPaHITOBUX
KOMIUIeKcax. [paHiT-3eneHokaM saHi obmacti (Me-
rab/IoKy) € IepuMMM y paHHil icTopil 3eMHOI
KOPM T€OCTPYKTYPHUMM €/IEMEHTaMU, AKi YiTKO
inpuBigyanisoBani Ta oOMexeHi po3nomamn. 3 ix-
HIM TEKTOHIYHMM PO3BUTKOM i IOB’s3aHi yTBO-
PEHHs BY/JIKAHOT€HHIIX 3€JIeHOKaM STHUX KOMII/IEK-
CiB, 0cOONMMBOCTI IXHBOTO CK/IAAy i MeTaMopdismy.
3a MeXaMM TIpaHiT-3e/IeHOKaM AHUX obacTeit
TPAaIIAIOTbCA JIMILIE TOOAVHOKI IPUMPO3TOMHI
3e/IeHOKaM siHI Tosicy, sIKi QopmyBamucs mepe-
BKHO Ha IpaHy/iToBill ocHoBi. Ha YIII Taki mos-
cu Bigomi y IIpnasoBcbkomy merabmoni. Ocazmosi
YTBOPEHHS, sIK 3a3Ha4€HO BHIIIE, y 3eJIEHOKaM STHUX
KOMIIIEKCaX BiflirparoTh IiAIIOPANKOBAHY PpOJb.
ITpy 11bOMY TOBCIOIHO BUPa>KeHUI YiTKNII 3B’ 130K
CK/Iafly YIaMKOBYIX IIOPif 3 HMiICTM/IPHNMM BYJIKa-
HiTaMMu, IPOAYKTaMM PYMHYBAHHA AKUX BOHM i €.
151 ocobmuBicTh CBiAUNTD PO NMapaaBTOXTOHHUI
XapaKTep y/IlaMKOBOT'O MaTepialy Ta JI0ro He3Ha-
YHe NepeMillleHHA Bif MiCLisl YTBOPEHHs caMe Ye-
pe3 BiACyTHICTb Kpyroobiry Bomm. PyuriitHumm
CUJIaMy YTBOPEHHA YTaMKOBOTO MaTepiaay MOITIN
OyTu 3BiTpIOBaHHS Ta XBWIEHpMOIiiiHi mpouecy,
AKi CyIIPOBOMI)KYIOTb 3€M/IETPYCH.

MeTtamop@isM 3e1eHOKaM sSTHMX KOMIUIEKCIB Ta-
KOX Pi3KO BifIpi3HAETbCA Bif INOINEpenHiX TUIIIB
KOMIUIEKCIB i BifJIIOBifja€ IIepEeBa>kHO 3€/IEHOC/IAaH-
neBiit Ta emigor-amdibomitosiit darnisam. Binp
HU3bKOTEMIIEPATYPHMIL 3a TIOTIEPEIHI Ta iHIINI 3a
TUIIOM, a caMe 30HaJIbHMII MeTaMopQism
3€/IeHOKaM sIHMX KOMIIIEKCIB, SIKMIl IPUIIIOB Ha
3MiHy MoOHoauianbHOMy MeTamopdisamy, Tex
OB’ s13aHMIT, IMOBIpHO, i3 3araJIbHUM OCTUTAHHSIM
30BHIIIHIX 06010HOK 3emti Ta BiJICTYTIOM BUCOKO-
TeMIepaTypHUX i30TepM Ha ImbuHy. Pasom 3 Tum
HIVDKHI, IPUKOHTAKTOBI 3 QYHJAMEHTOM, YaCTUHY
po3pisiB 3elMeHOKaM SHUX KOMIUIEKCIB iHOpAi Ime
HOTpaILsiM B yMoBM aM¢ibonitoBoi darii, mo
6mm3bki 10 06cTaHOBOK MeTamopdisMy mormepe-
pHix amdibomiTo-rHelicoBUX KomiutekciB. Came
y TaKMX BUIIAJKax CIIBBiJHOLIEHHA KOMILIEKCIB
BUIVIAAIOTD AK IOCTYIIOBUII ITEPEXifi MXK HUMIL.

4. Ilomanplile SHIKEHHA TeMIIEpaTypy IIPUIIO-
BepxHeBUX 000/10HOK 3emti (mpn6mmsHO o +50-
40 °C) npu3sBeo 0 MOsIBY Ha 3eMJTi KJIiMaTUIHOI
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30HAJIBHOCTI Ta «3aIllyCKaHHA» MEXaHi3My Kpyro-
06iry Bogu. Lle 3amoyaTkyBaso MPUHIUIIOBO HO-
BUJ, PaHHbOIIPOTEPO3OVICHKMII €Tall JIiTOreHesy,
IO XapaKTepU3yBaBCSA MACOBMM HarpOMaJKeH-
HAM pPi3HOMAaHITHMX TEPUT€HHUX 1 X€MOTE€HHUX
MOpifl 3 MiAMOPAZKOBAHOI POJIII0 BYTKaHIYHUX
nopip. Leit eran miToreHesy, AKUil NPUHOUIIOBO
nofibHmit 10 haHepo30iIcbKOro, MO>KHA Ha3BaTU
«HopMorigpocdepuuit». Ha itoro movarky ¢op-
MYBAJICA TIEpEeBa>KHO Ppi3HOMAHITHI TepUTeHHI
YTBOpPeHHs, fAK cnabko audepeHuniitoani (rpay-
BaKOBI, ITONIIMIKTOBI), TaK i BUCOKO3pisi (kBapio-
Bi) 0cafioBi mopoaM, AKi BUHUK/IV BHACTITOK Pyii-
HYBAaHHA Ta IIEPEHECEHH MOTY>XHMUX Kip 3BIiTpIO-
BaHHA, 1[0 ¢GOPMYBaIICA BIPOJOBK MTONIepeHiX
eTaniB po3BUTKY. [lisHime o HUX KomamucA i xe-
MoreHHi (kap6OHaTHi, KpeMeHMCTi Ta 3ai3MCTi)
Bigknagn.

JloMiHyBaHHS OCaflOBUX, IIEPEBAKHO TEPUTEH-
HMX BUXIJHUX ITOPiJ] € XapaKTepHOI 0COO/MBICTIO
BCIX ITOCT3€T€HOKaM AHUX HIDKHBOIIPOTEPO30il-
CbKMX TOBII, 110 BUHUK/IY, AK 3a3HA4€HO BUIIIE,
y Pi3HMX CTPYKTYPHO-TEKTOHIYHMX 0OCTaHOBKAX.
Haragaemo, o Ha myTax BCTaHOB/IEHO iBa TUIIN
CYTTEBO TEPUTEHHUX CTpaToMeTaMOp(iuHMX
KOMIUIEKCH: a) METaBY/IKAHOT€HHO-XeMOTI'€HHO-Te-
pureHHmit  (3asi3UCTO-KPEMEHVCTO-C/TAaHIIeBIIT),
HOIIVIPEHNII y TPaHiT-3e/leHOKaM AHUX Merabio-
Kax i 6) MeTrakapOOHAaTHO-TepUreHHMI1 (THeVCo-
CTTaHLIeBMIT) — Y MeXKaX TPaHiT-IHelICO-CIaHLeBUX
Merab6nokiB. O6yBa TUIIN XapaKTepU3YIOThCS 30-
Ha/pHUM MeTaMopdismom. [lepmmit 3 HUX MeTa-
MopdizoBaHNUIT B YMOBaX 3€/I€HOCTAHIIEBOI i 3pifi-
Ka emigoT-amdibonitoBoi dariit, siki 67M3bKi 10
MeTaMOpQi3sMy  3€I€HOKaM AHUX  KOMIUIEKCIB.
Ipyruit xapakTepusyeTbcsl OiIbII BUCOKOTEMIIe-
paTypHuM MeramopdismoM emigoT-amibomiro-
Boi, aM}i60miTOBOI Ta MOMEKyAY HaBiTh TpaHyIi-
toBoi ¢amniit. PisHuns B cryneni MeTaMop(bi?,My,
AK i reomoro-opMaliitHoMy CKlIafii KOMIUIEKCIB,
3YMOBJIEHA IXHbOIO IIPUYPOYEHICTIO IO Pi3HUX TH-
I1iB Merab/IoKiB Ta IOB’sA3aHa 3 TEKTOHIYHUM PO3-
BUTKOM Merab/IoKiB, 1O SIKMX BOHM NPUYPOYEHi.
Mopernp, sika MOSICHIOE BifiMiHHOCTI MeTaMopis-
MY KOMIUIEKCiB Ta JI0r0O 3B’A30K 3 TEKTOHIYHUMMU
pyXamiy, pO3ITIIHYTO Y CHelianbHil my6mikamii
(Kupnmok, 2013).

Buknageni Buile jaHi MOKa3yOTh BUpasHy KO-
PeJIALIIo TUITY Ta CTYIeHs MeTaMop$i3My HI>KHBO-
IOKeMOpIICPKMX KOMIUIEKCIB 3 IXHIM CKJIQJioM,
a MoOfie/ibHA TE€O0EBOJMIOLIHA iHTepIIpeTalisd LuX
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B.II1. Kupunwxk, O.B. Iatioscvkuti

O3HAK Jja€ MiAIPYHTA 1A cTpaTurpadivHoi Kope-
ALl koMIvIekciB. OfHaK ORiOHY YMCTO PeYOBMH-
HY Teonoro-popMalilfiHy KOpeIALil0 B Cy4acHUX
yMOBax 6araTo AOCIITHUKIB BBa)Ka€ HeIEpeKOH-
JIMBOIO Ta He CIIpUiiMae 6e3 BUKOPUCTaHHA i30TOII-
HIX TeOXPOHOMETPUYHMX faHuX. Kpim Toro, cTpa-
turpagiuHe 3icTaB/eHHA Ha IifcTasi mopibHOCTI
CK/Iaay i cTyneHsa MeTaMopdisMy KOMIUIEKCIB Jo-
CUTb 4aCTO CYIIEPEYUTH i30TOIHUM BiKOBUM JIaTy-
BaHHAM, SIKi € O/IM3bKUMM JJIS Pi3HUX CTpaTOMeTa-
MOpPQIYHMX KOMIUIEKCIB Ta HEpifiko my>ke Bimpis-
HAITbCA B OJHOTUMIIHMX KOMIIIeKcaX. Tomy, A
TIOPiBHAHHA 11 OLIIHKYM MOXX/IMBOCTEN BUKOPVICTAH-
HSl pEYOBMHHO-MeTaMOPQiYHMX Ta i30TOMHO-TeOo-
XPOHOMETPUYHMX JAHUX Y cTparturpadil HI>KHbBO-
o I0KeMOPpito, JOLIIbHO CTHUCIO PO3ITIAHYTH YSB-
JIEHHA  IpO  TPUMBAICTh  JIiTOreHesy  Ta
MeTaMop}isMy paHHbOZOKEMOPIICBKMX CTpaTo-
MeTaMOP(}ivHIX KOMIUIEKCIB.

Tpusanicts crparositorenesy
Ta Mmeramopgismy paHHbO-
MOKEeMOPilichKUX KOMILICKCIB

OpHuM 3 HaMBOXX/IMBILINX JTOCATHEHb i30TOMHNUX
TreOXPOHOMETPUYHUX JOCHI[PKEHb BXXe B IepIi
HEeCATWIITTA IXHbOIO CUCTEMATUYHOIO BUKOPUC-
TAaHHA CTaJI0 BUABJIEHHA BENNYE3HOI, IOPIBHAHO
i3 mepen6ayyBaHoOI0 paHille, TPUBAIOCTI SIK YCbO-
ro J0KeMOpilo, Tak i paHHbOTO I0KeMOpito (apxero
i paHHBOTO IIPOTEPO3010), IO CTAHOBUTD, 32 CY-
YaCHVMMIU VSIB/IEHHAMM, O/M3bKO 2 MJIPH POKiB —
Bip nmonapg 4,03 no 2,0-1,9 mipp poxkis. Llen gaco-
BUI [ialla30H, BIITIOBITHO O HaBeNEeHUX BUIIlE
reOiCTOPUYHMX YABIEHD, OXOIUIIOE YOTUPY €TallN,
110 BifITIOBiZAI0Th €0OHAM Y IPUMHATIN HAMU I'e0-
XPOHOJIOTIYHIN cucTeMaTulli 1 TepMiHOJIOrIL
Eonn, AK 1okasaHo Bulle, pO3Pi3HAIOTbCA YMOBa-
MM BYJIKaHOTE€HHO-OCA/IOBOTO JIiTOT€HEe3y, Y XOfi
AKUX i copMyBamics BUXifiHI TOBIIi BCiX THIIB
cTpaToMeTaMopdiyHNX KOMIUIEKCiB muTiB. Tpu-
BaJIiCTb KOXXHOTO 3 €OHIB CTAaHOBWIA HE MEHIIe
300 MH poOKiB i, BiporifHo, mMorna caratu 700-
800 myH pokiB. IMOBipHO, 110 3a TaKOI TPUBAIOCTI
y BiKOBMX Me)XaX KOXXHOTO 3 €TalliB-€OHiB Tepy-
TOpia/IbHO pO3’€[HaHI KOMIUIEKCH OJZHOTO TUITY
Mo (popMyBaTUCs AK CMHXPOHHO, TaK i 3 CyT-
TEBVM 3MillleHHAM (CKOB3aHHAM, IVITHOM) Y Yaci.
Pasom 3 TMM, He3Ba)Ka049M HA IXHIO MOXK/IMBY Pi3-
HOBIKOBiCTb, BOHU 30epiranu OCHOBHI XapaKTepHi
pUCU CKIafy Ta IORIOHICTD TepUTOpiaNbHO
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PO3’€IHAHNX KOMIUIEKCiB, OCKi/IbKM 6/IM3bKi yMO-
BU IXHBOTO (POPMYBaHHA 30epiranucsa BIPOLOBK
YCbOTO €OHY.

IIi yaBreHHA NpO NIPUHIMIIOBY MOXK/IMBICTb
aCMHXPOHHOTO POPMyBaHHA MOAIOHIX KOMIUIEKCIB
HiATBEP/PKYE JATyBaHHS 3€€HOKaM SHMX KOMII-
JIeKCIiB Pi3HUX perioHiB 3a CHMHIIETPOTeHHMMM (HI0-
MeTaMOp(}iYHVMY) IMPKOHAMM BMXiJHMX BYJIKa-
HIYHVIX HOpiJ, 110 ITOKa3ye peasibHe, a He mepenoda-
YyBaHe, BipOriflHe iCHyBaHHA PiSHMX BiKOBUX IPYII
OfHOTUITHMX KOMIUIEKCiB. Y PpisHMX mHyOikaiisax
3a3BMYall  HABOJATb  TpU  BIKOBI  Ipymm
3e7IeHOKaM STHMX KOMIUIEKCIB, [/IA IKMX aBTOPY BKa-
3YIOTb pi3Hi 4acoBi pybesxi, yTiM TaKVX TPy y IJIO-
OarpbHOMY MaciuTabi MOXXHa BUAUIMTH ¥1 Oijblie.
Hanpuxknapg, BigoMuil JOCTiTHUK 3€JICHOKAaM AHUX
nosciB (3KII) A.b. BpeBcbkmit BKasye Ha «...CyIle-
CTBOBaHMe, 10 KpaiiHeil mepe (kypcus Haml — B.K,,
O.I’), Tpex BO3pacTHBIX IpyHII (1epronos) Gpopmu-
posanms 3KII (3,55-3,1, 3,0-2,85 u 2,8-2,65 mipp
net)» (BpeBckwmit, 2011, c. 34). ¥V 3aranbHilt crpaTn-
rpacdiuHiit mKam HIKHBOTO JokeMOpito Pocii Tak
CaMO PO3pI3HSIOTh TPY TeHepallil 3e/leHOKaM STHUX
HOACIB, YTIM 3 [eII0 iHIIMMI 9aCOBMMM Jialla30Ha-
mu: 3200-3000, 3000-2800, 2800-2550 MIH poOKiB
(O6mas. . ., 2002).

PisHi BikoBi paMKV KOMIUIEKCIB 3€JIeHOKaM STHUX
HOSCIB /U1 PiSHMX IUTIB HaBeleHO y QyHAaMeH-
TaJIbHYUX MPAISIX 3 JOKeMOPilo OCTaHHIX TeCATUTITh
(Eart's..., 2007; Gradstein et al., 2012). Ognax pa-
30M 3 TMM YCi 3€/leHOKaM sIHi KOMIUIEKCH, Ha 3a-
TaJIbHY AYMKY, XapaKTepU3yI0Th OfVH IJI0OA/IbHII
eTall po3BUTKY 3eMHOi Kopy, Akuii JLI. Canon Bupi-
NUB TIiJ, Ha3BOK «CTafiNM 3€J€HOKAMEHHBIX IIOS-
coB» (Cajor, 1982, c. 332) 3 BikoBUM iHTepBaioM
3500-2600 miH pokis. Leit cammit inTepBan 3500
2500 mH pokis JLII. 3oHeHInaliH 3i crliBaBTOpamMu
(3oHeHMIaNH U Ap., 1976) wmie B cepenuni 1970-X pp.
POSITIANAB AK Yac IPOABY ACMHXPOHHOI «CKOB3HOI»
TpaHNLi, IO PO3AUIAE [ABa IPUHIUIIOBO Pi3HUX
eTany B paHHbOJOKeMOpiricpKiit icropii 3emmi. Ha
HepIIOMY eTalli «...He OOHAPY>KMBAeTCs aHaJIOTOB
(haHepOo30IICKMX reOiMHAMUYIECKIX 0OCTAaHOBOK I,
OYEeBUIHO, MeXaHM3M TeKTOHMKM IIUT He JiefiCTBO-
Ba/» (30HEHLIAVH 1 Ap., 1976, c. 204). [Ipyruii etan
(mo 1700 M/IH pOKiB) IPOMDKHMIAL: «...B HEM, C OfI-
HOII CTOPOHBI, TPOJO/DKAETCA «HENMHENHAA TEKTO-
HUKa»..., & C OPYTOil — ..BO3HMKAIOT IpEBHEIIINE
OaccelfHbI OKEaHMYECKOTO TUIIA, XOTS ¥ OT/INYAI0-
myecsi oT 6oree MO3HMX, HO K Pa3BUTHIO KOTOPBIX
y)Ke TPWIOKMM MEXaHWU3M TEKTOHUKM IIIUT»

ISSN 1025-6814. Ieonoziunuii scypran. 2023. Ne 2



Pezionanvruii memamopism i cmpamuepadis pynoamenmy Yipaircvkoeo wsuma. Cmamms 3

(3oHeHwarH u ap., 1976, c. 204). Biporigno, mo
Yy BUITIAAL TaKOl «CKOB3HOI» TPaHMIL IIPUITHATO
ACYIHXPOHHMII IT0YaTOK (OPMYBaHHS B PiSHMX peri-
OHaX Mi3HbOAPXEIICHKIX 3e/IEHOKaM STHUX KOMILIEK-
ciB. AJte 3a 3ara/IbHOI TPUBAJIOCTI «3€/IEHOKaM STHOTO
eTamy» 6/m13bko 0,9-1,0 MIIpA POKiB, K OKa3ye fia-
TYBaHHs BEPXHIX 1 HVDKHIX YaCTUH PO3pisiB, KOXKEH
KOHKPETHMII 3€/IeHOKaM sTHMiI KOMIUTeKC (opmy-
BaBCsA BIIPOJOBX MOPIBHAHO KOPOTKOTO IPOMIXKKY
vacy B 120-150 mH poKiB.

Copobu BU3HaYeHHs TPUBATOCTI Ta BiKOBUX
pybexiB popMyBaHHs 3[ilicHIOBaMM i A1 CTabko
MeTaMop(}i3oBaHUX 3a/Ti3UCTO-KPEMEHNCTO-C/IaH-
LIeBMX KOMIIIEKCiB, 30KpeMa [/ KpMBOPi3bKOI ce-
pii Ha mificTaBi JaTyBaHHA NepenOavyBaHOI CYHTe-
HETMYHOI ypaH- i CBMHEUbBMICHOI MiHepaisalii
(Tyrapunos, BoiitkeBuy, 1966; CeMeHeHKO U [ip.,
1974; bapTanukuit u fp., 1985). Ognak 11i Bu3Ha-
YEHHA He JJa/lIy Ha[iiHUX pe3y/IbTarTiB i, AK CKasa-
HO B OJHIil 3 HeIJOfJaBHIX y3araJibHIOYNX ITy0Ii-
Kallili, 3a CyJYaCHUMM JaHUMMU «...T€OXPOHOJIOTU-
qeckye pybexu (GopMupOBaHMS KPUBOPOXKCKON
cepum 6ecoma npubnuiceHHv (Kypcus Hai. — B.K,,
O.I') n3-3a OTCYTCTBUA B ee pa3pese LIUPKOHCO-
IepKalX BY/IKAHMYECKUX IIOPO], VICIIONIb3YeMbIX
1A IPeI3MOHHOTO JlaTnpoBanus» (leoxpoHoro-
rus..., 2008, c. 202).

Y pesynbrari i py6esxi i rpuBanicts popmyBaH-
Hs1 KPYBOPi3bKOT'0 KOMIUIEKCY B 00’ €Mi KpUBOpi3b-
KOI cepil, a TaKOX ITIeI0BAaTChKOI 1 IMIaHIIiBCbKOI CBIiT
BM3HAUYE€HO Ha IifICTaBl JATyBaHb K/IACTOT€HHUX
LVIPKOHIB 3 Pi3HMX YaCTUH PO3Pi3y KOMIITIEKCY. 3a
UMMM JAHUMY, «...HVDKH:AA BO3pacTHasA TpaHUIA
MeTa0CaJKOB KPUBOPOXKCKOII cepumt — 2800 MIH 11eT
(2,8 M7pp 1T — BO3pacT K/IAaCTOT€HHOTO MOHAIINTA
B MeTalleCyaHMKaX cKeneBaTckoil cButhl)» (Teo-
XPOHOJIOTHA. ..., 2008, c. 202). O6rpyHTYBaHHA BiKy
BEpPXHDBOI YaCTVMHM PO3Pi3y KPUBOPi3bKOTO KOMII-
nexcy 3pobwm [.B. ApTemMeHKO Ta J10T0 CIiBaBTO-
PM TAaKOX 3a pe3y/bTaTaMy BMBYEHHS K/IaCTOT€H-
HUX IUPKOHIB 3 MOpiJ] I7Ief0BaTCchKoi cBiTH (ApTe-
MeHKO ¥ fp., 2018). «Haitmomopma» rpyma
LUPKOHIB CBiTM Mae BiK 2,09-2,14 mipy pokiB, Ha
nifcTasi 40ro 3p06/IeHO BUCHOBOK, 1[0 «...HVDKHSIS
BO3pAacTHasA TpaHMIA METaTeppPUTEHHBIX IIOPOf
I7Ie€BATCKOM CBUTBI COCTAB/IAET OKO/O 2,1 MIIpA eT.
BepxHs4 Bo3pacTHasA rpaHuIia 0CafIKOHAKOIJIEHN A
METaTePPUTE€HHBIX IIOPOfi I7IE€BATCKOM CBUTBI
OIIpefiefisieTCsl MO JATMPOBKE INPOpPbIBAIOLIUX ee
anpOuTNTOB 1890 * 75 MJTH /1eT» (ApTeMeHKoO 1 fip.,
2018, c. 55).
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Take maTyBaHHA rpaHuUIb i TpUBanocti popmy-
BaHHA BUXIJHUX TOBII iHIINX THUIIB CTPAaTOMeTa-
MOp(}iYHUX KOMIUIEKCIB 3a MEPBUHHUMMY CUHTe-
HETUYHVMM MiHepasaMyl HEMOXX/IMBE Yy 3B SI3KY
3 IXHIiM NOBCIOJHUM iHTEHCUBHUM BUCOKOTEMIIe-
parypHuM MeTamMop(disaMoM, 110 IpU3BiB 10 CHO-
TBOPEHHS BUXIJHMX i30TONHMX BiJHOIIEHb Ta
YTBOPEHHsI MeTaMOP(OTreHHNX IIMPKOHIB 3 HOBU-
MM i30TODHMMMU cCUCTeMaMu. [/ BU3Ha4YeHHS
TpaHUIb JeAKNX IMifIpO3LiNiB TaKMX KOMIUIEKCIB,
HaIIpUKIaf [1d KOIIAPO-O/I€KCAHAPIBCbKOI CBITU
1006Y3bKOT'0 KOMIUIEKCY, @ Pa3oM 3 Helo i s Bciel
6y3b1<o'1' cepii, TaKoXX iHOAI BUMKOPUCTOBYIOTDH Hi-
6uro xnacrorenHi nupkonu (Jlecuas u fp., 1995;
CremaHiok u zip., 2010), xou Taka ixXHsA Ipupoza
3aBXAM JOCUTH mpobnemarnyHa (JlecHas u fip.,
1995; llymnanckuii, 2012). BepxHi rpanuii koM-
JIEKCiB BU3HAYAIOTh Ha MiJCTaBi JaTyBaHb yIbTpa-
MeTaMop¢iyHuX a00 iHTPY3MBHMX YTBOPEHb, 1[0
ix, BigmoBigHO, 3aMilytoTh a60 npopusawTs. Ofi-
HaK yci Iji HelIpsAMi IaHi He JAIOTh IifCTaB aHi A1
BU3HAUEHH iCTUMHHOTO «CTpaTurpagivHoro» Biky
KOMIIIEKCIB, aHi [JIs TPUBAIOCTI IXHBOTO GopMY-
BaHHA.

3a3Buyaii 1A JaTyBaHHA BIUCOKOMeTaMopdi3o-
BAaHMX KOMIUIEKCIB K Y PEeTiOHa/IbHIX CTPATUTPa-
¢iuanx cxemax, Tak i B GTS BUKOPKUCTOBYIOTH
«HAJABHIIl» 3HAYe€HHA i30TOIHOIO BiKY, AKi
OTpMMaHo ab0 3a OKpeMUMH MiHepanaMu 3 MOpif
LVIX KOMIUIEKCIB, 200, SIK y BUNAZIKY i3 cepieto Icya,
3a nopogpor 3aranom (Maiiepc, 1982). Onnak Ha-
BiTh «HaJABHIlll» JaTyBaHHS 3 BUCOKOMETaMOp-
¢isoBaHMX KOMIIIEKCiB, HalliMOBipHiIle, BifIIOBi-
lAI0Th Yacy ixHboro MeTamopdismy, abo «oMoro-
JDKeHi» B X0fli MeTaMOpdi3My Ta He BiToOpa)karoTh
«cTpaturpadivHmii» BiK KoMIiekciB. Takmx ysB-
JIeHb JOTPUMYIOThCS 6araTo JOCTiTHUKIB, 30KpeMa
i Ix.C. Maitepc, saxmit mmme: «Kemesucrtbie
KBapuuThI (cepii Icya — gogano Hamu. - B.K,. O.I)
VIMEIOT Pb-Pb-usoxponHsrit BO3pacT
3760 = 70 MJIH /IeT, @ HEKOTOpbIe THENCBHI MOLYT
OBITD JpeBHee, 4eM CYIEPKPYCTaIbHbIe ITOPOHbI
Vcya, xots1 oHM a0t Rb-Sr-n3oxpoHHbIl Bo3pacT
10 opozie B uestom 3170 + 140 myH net» (Maiiepc,
1982, c. 177). 3a Takoro mifxoxy 3a METOJIOM «Hail-
MABHILINX» IaTYBaHb J/I BUSHAYEHHA BiKy IeAKMX
KOMIIJIEKCIB i Cepiil HepiIKO BMKOPUCTOBYIOTb, Bi-
porigHo, ay>xe 3MiHeHi («oMomomKeHi») i3oTonHi
JATyBaHHA IIOPIBHAHO 3 BIKOM BUXiJHMX TOBII,
i mpuitHATUI Ha IXHiT OCHOBI «cTpaTurpadiyHm»
BiK KOMIIJIEKCIB BUABJIAETHCA Iy>Ke CIIOTBOPEHUM,
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AK Y BUIIAJIKY 3 POCHMHCBKO-TIKMIIPKOIO, 3aXiJlHO-
Ip1a3oBChbKOI0 Ta Oysbkoto cepiamy KXC VIII. Pa-
30M 3 TUM MOTPIOHO WiZKPeCINUTH, IO IOPSAX
3 «HaMJABHIIIMMI» JATyBaHHAMH Yy TUX CAMUX BU-
coKoMeTaMOp(i30BaHMX KOMIUIEKCAX 3a3BMYAll
€ 1 3HaYHO MOJIOJIIII BUSHAYEeHHS, TIPO 11j0 Oyfie CKa-
3aHO HIDKYe.

[TuTaHHsA MOX/IMBOI TpUBaIOCTi MeTaMopdis-
MY Ta JI0T0 BIUIMBY Ha Oflep>KyBaHi JaTyBaHHA IIif
qac cTpaTurpaivHoOro posdIeHyBaHHA Ta Mo0y-
foBU cTpaturpadiyHux cxeM 3a3Bu4Yail He PO3-
[JI7a10Th. 32 YMOBYaHHAM BBaXkaloTb, 1[0 MeTa-
MopdisM  cTparoMeTaMOpPdIYHMX  KOMIUIEKCIB
€ JOCUTb KOPOTKOYacHUM IIPOLIECOM NOPiBHAHO
3 TPUBAIICTIO IXHBOI'O JIiITOTE€HE3Y, a TAKOXK MOXKe
IPOSBIIATICA HEOZHOPA30BO y 3B’SI3KY 3 TilloTe-
TUYHUMU «TeKTOHIYHMMM MOmiaMIm» («emisoma-
MI», «iMITybcaMy MeTaMopdismy»), Ipo Lo Hi-
O6UTO CBifYaTh JUCKpETHi 3HaYeHH: BiKy MiHepa-
JiB, OTPMMYBAaHMX 3 OFHOTO 1 TOrO CaMoOro
MeTamop¢ivuHoro Komiiekcy. OfHak CIiibHa iH-
TepIpeTalisd JaHUX PO PeriOHaIbHMUI PO3MIOJIN
Ha YIII metramop¢iunux dariit i HassBHI HUHI fa-
TYBAaHHA JAOTh IifICTAaBU IO-IHIIOMY HOINIAHYTU
Ha 4Yac i TpuBamicTh MeTaMop¢i3My B Te0/IOTriuHi
icropii Y1II.

3 LbOro IpMBOAY HAaraJlaeMo, IO Yy cCepenyHi
1970-x — Ha movarky 1980-x pp. P.4. benepues Bu-
CJIOBMB IIPUITYILI€HHA PO HaABHICTD Ha YIII enm-
HOi perioHanpHOI MeTaMoOp(idHOI 30HaIBHOCTI
(Benesues, 1975, 1982). HasaBHicTh TaKOi 30Ha/b-
HOCTI HiATBepyKeHo Mif yac cknafgaHHsA «KapTbl
¢daumit permoHanbHOro Meramopduama YKpanH-
ckoro mmrTa» Macmrabdy 1:500 000 (Kapra...,
1982), y OACHIOBa/IbHIl 3aNUCLIi B0 AKOI CKa3aHO:
«bonpmmHCTBO paitoHoB (Ykpaitcvkozo wuma —
nopano Hamu. — B.K., O.I') cBsi3aHO Mex/y o601t
HepexXOIHbIMM 30HaMI. JTO 0COOEHHO XapaKTep-
HO JI/Is1 pajiloHOB 3amagHol yacTu mura — CeBepo-
3anapgHoro, [THecTpoBcKo-byrckoro n Pocuncko-
Tuxmdckoro. CyecTByeT, MO-BUAMMOMY, U IIepe-
XofiHaA 30Ha oT JIHecTpoBcKo-byrckoro paiiona
K VMuryno-JVurynenkomy. B Hee, BepoATHO, cneny-
€T BK/IIOYUTDb Bparckmil CMHKIMHOPUI U I0XKHYIO
qacTb [loOyxps. 3amagHo-VIHTy/IeKyl0 30HY
MO>XHO pacCMaTpMBaTh KaK IEPEXOJHYI0 MEXIY
Vnryno-Vuryneuxkum n CpegHenpyugHepOBCKIM
parionamm» (Kapra..., 1982, c. 68).

[Tpuknagy MOCTYNOBUX MEPEXOMIB MiXK ITOPOJ-
HYMU acolianiamm pisHux ¢arniit meramopdismy,
10 MiATBEPKYIOTh TaKy perioHajlbHy MeTaMOp-
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(ivuHy 30HA/IBHICTD Y KOKHOMY 3 I€OJIOTiYHNUX pa-
ioniB YIII, HaBefeHo y BifOMill IPyHTOBHIN KO-
nekTuBHiT MoHOrpadii (Meramopdusm..., 1982),
AKa He BTpaTu/Ia 3Ha4YeHH:A JoHMHi. BogHo4ac mo-
TPiOHO 0COOIMBO MiAKPECTNUTH, IO 1LIi HepeXonu
3a3BMYall omMcaHi 6e3BiJHOCHO BiKy cTparurpa-
¢ivHMX migpospinis, mo 6epyTh y HUX Y4YacTb,
i cynyrnix i3o¢ariianbHux ynprpameTamopdiy-
HIUX YTBOPEHD, a MalKe BUHATKOBO Ha IIifCTaBi
pO3IofiNy i B3aEMoIepexo/iiB MOPOAHNX acollia-
it pisHux Metamopdiunux ¢auiit. Ik 3a3Hava-
I0Tb CaMi aBTOpM Y BCTyMi o MoHorpadii (Mera-
Mop(bI/I3M..., 1982), «...HacTosAIasg KHUra HaIlK-
CcaHa KaK OODACHNUTENbHAsA 3alMcKa K KapTe
danmit permonanbHoro MmeramMopdusma YKpanH-
CKOTO LIUTA ... U ABJIAETCA PE3y/IbTaTOM MEKO-
MaclITabHOTO MeTaMOp(UYecKoro KapTUpoBa-
HIsA, KOTOPOE ... BeleTCA Ha YKPaMHCKOM LUTe
KO/IeKTBOM VIHCTUTYTa reoxummm U QUSMKH
muHepanoB AH YCCP nHaunnas ¢ 1968 r.» (Mera-
MopdusM..., 1982, c. 5). Ha uro ocobnuBicTs mif-
X0y aBTOpiB MoHOTpadii 1o omicy metamopdis-
My YIII mopiBHAHO HEIOaBHO CIIELlia/IbHO 3Bep-
HyB yBary K.O. Casko (Casko, 2013). Ha jioro
IYMKY, «...aBTOPBI KapThl (aluii pernoHaIbHOTO
MeTaMop®u3Ma YKPaMHCKOrO IINTa, MO CYTH,
BBIIIOJIHU/IM M OTPasUIM Ha KapTe Pe3y/IbTaThl
MeTaMOp(UUECKOro KapTUPOBAHNA KaK CaMOCTO-
ATENbHOTO BJJIA T€O0/IOrO-CheMOYHBIX PpaboT»
(Casko, 2013, c. 7).

SIKILIO pOSIJILAHYTH LIX0 30HA/IBHICTD Ha T/Ii Pi3HO-
BIKOBUX CTpaTroMeTaMOp(iuHMX KOMIUIEKCiB, TO
MOYKHA TO0A4NTH, 10 BOHA OXOIUTIOE SIK 30HM IIPO-
IPecUBHOTO MeTaMopdi3My, Tak i IUIomi IposBiB
miadTopesy, IO BUCTYNAOTh AK IEpeXifiHi 30HM
MDK Pi3HOBIKOBMMM KOMITIEKcaMM. Takuii mepexin
Bif rpaHy/iTOBOI darii T00y3bKOro KOMIUIEKCY i Cy-
NYTHIX i30darianbHNX «OepANdiBCbKUX TPaHITiB»
4epe3 30HY fiadTopesy 0 «KUTOMUPCHKUX IPaHi-
TiB» Ta TETEPIBCHKOI0 KOMIUIEKCY JIETA/IbHO OINCa-
HO y miBHiuHii yactuHi Ilopinbepkoro 61oka Ta
npwrerii yactuHi BommHcpkoro 6oka (MeTtamop-
dusm. .., 1982, c. 71-72, 85-91). IlepexigHoI0 30HOIO
MDK HOOY3BKMM TpaHY/ITOBMM Ta POCHHCHKO-
TIKMIBKMM aM$ibOiTO-THENICOBUM KOMITIEKCAMU
€ mobpe BimoMa TepuTOpisi pO3BUTKY AiadTopuTis
Ta CYIIyTHIiX TpaHiToiAiB y 6aceii p. Co6.

[Hmmit M mepexomy HaABHMII Yy MeXKax
HiBJIEHHO-3aXiHOI 4YacTMHM [HIyIbCbKOTO Mera-
6710Ka y Mipy HaOMVDKeHHs O IUIOLi MOIIVPEeHHS
rpanysiToBoro Komiiekcy Cepegaboro ITo6yxoks.
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L et KoMILIEKC IEPEXOIUTD Y CyCiiHil [HTynbChKII
Merab/I0K, y Me)Xax sIKOTO JI1 HbOTO 3aIIpOIIOHOBA-
HO BJIACHY Ha3By «OpaTchkuit Komiureke» (Kupu-
mok, Cmoromiok, 1993). B 1jpoMy HampsMKy 30-
HaIbHMIT ~ MeTaMop(isM  iHTy/IO-iHTy/IeIbKOro
KOMIUIEKCY MiBUINYETbCA [O piBHA TPaHYIiTOBOI
¢auii, y Mexxax fAKoi il BTpaueHO («3HUKa€e») KOH-
TaKT MK iHI'y/10-iHTy/IeIbKMM Ta OpaTChbKMM KOMII-
neKcaMy. A XapaKTepU3yI0uM 30HA/IbHICTb YCbOTO
Inrymo-Inrynenpkoro paiiony ab6o IHrymbcbkoro
Merab/ioKa y IIpUIHATIN CydacHiil cxeMi paiioHy-
BanHA (Kopemaniiiza..., 2004), aBTOpU NMIIYTb:
«ITopopns! opHOM darym nm cybdanmm MeTaMmop-
¢dusma craraoT 607bIIINe TIIOLIANN, KaK B HYDKHe-
IPOTEPO30VICKOM TOJIILE, TAK V1 Ha BBICTYIIAX apXeil-
CKOTO TPaHUTOUHOrO QyHAAMEHTa. DTI 30HBI 110
JaTepay 3aKOHOMEPHO NEPEXOJAT PYT B Apyra 1
00pasyIoT eAVHYIO PETMOHATbHYIO MeTaMopdudec-
KYI0 30Ha/IbHOCTb PAaHHEIIPOTEPO30JICKOTO BO3pac-
ta» (Meramopdusm. .., 1982, c. 167).

3a JaHuMU aBTOPIB, i «...Ha Tepputopuu Cpep-
Hero [IpuagHenpoBbsa MpociexeHa 3aKOHOMepHas
pernoHanbHas MeTaMopduyeckas 30HaIbHOCTD,
KOTOpas, MOAYNHAACH OOIeMy IIIaHy I'eOJIOTH-
YEeCKOTr'0 CTPOEHNA, B [IeTa/IAX HaK/Ia/[bIBaeTCA Ha
CKJIaff9aTble CTPYKTYpbL. JTa MeTaMopduueckas
30HA/IPHOCTb 3aKOHOMEPHO IIepPEXOAUT B MeTa-
Mopduueckyio 30HanbHOCTh KpuBoposxcko-Kpe-
MeHuyrckoit u OpexoBo-IlaBmorpasckoit 30H.
[To oTHOWIEHMIO K OCa/J0YHO-BY/IKaHOTE€HHBIM
MeTaMOp(pMUYECKUM TONMIAM BEpPXHEro CTPYK-
TYPHOTO 9TaXka ... MeTaMOpU3M AB/IAETCA IPO-
TPECCUBHBIM ¥ PETMOHATIbHBIM, a TI0 OTHOILEHNIO
K TpaHuTOMziaM apxelickoro (QyHgamMeHTa
(1 aynbCcKOM cepuy) — HAJTOXXEHHBIM, IOBTOP-
HbIM» (MertamopdusM..., 1982, c. 196). [lemo
paHille y 1jiii mpani cKasaHo, 11O «...B paliOHe
BBIJIE/IAIOTCA TPU Pa3HOBO3PACTHBIX CTPYKTYPp-
HO-MeTaMOp(MUeCKMX KOMIUIEKCA: HVDKHMIIL,
Ipe/iCTaBIeHHbII TIOpPOfaMI IepepaboTaHHOTO
dbyHmaMeHTa, cpefHMIt, BKIIOYalomuii oopa3osa-
HIA KOHKCKO-BEPXOBIIEBCKOI CepUy U COOTBET-
CTBYIOIME €ii IO BO3PACTY I'PAHUTON/IbI, U BEPX-
HUI, TPEeACTaB/IEHHbII KPUBOPOXCKOI cepueil.
B cBs131 ¢ TeM, 4TO 110 HEKOTOPBIM 0COOEHHOCTAM
Te0JIOTMYECKOTO IONOXKEHNA M XapaKTepy MeTa-
MopdusMa [jBa MOC/IETHUX KOMIUIEKCa OOHapy-
JKMBAIOT OIIpeJie/IeHHOE CXOACTBO, B Ja/IbHelIIeM
OHU Oy T paccMaTpUBaTHCA COBMECTHO B COCTA-
Be eIHOTO BepxHero sApyca» (Meramopdusm...,
1982, c. 171).
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[ToxibHa perionanbpHa MeTamMopdiuyHa 30HANb-
HiCTb, Ky, MaOyTb, Kpallle Ha3MBaTI «PeTioHa/Ib-
HOI0 IIaj/IeOTEMIIEPATyPHOI0 30HA/IbHICTIO», IO
oxomnoe Becb pynmament YIII, y Tim umcni He
nuire MeTaMopgivHi yTBOpeHHS, a I yIbTpaMeTa-
MOpQiyHi KOMIUIEKCH, He MOI/a CpOpMyBaTHUCS
BHACIIOK AMCKpeTHMX eTamlmiB MeTamMopdizmy.
Y4acTb y Hill MOHOdAIIaTbHUX KOMIIIEKCIB, AKi
3as3Ha/my fiaTopesy Jyile YacCTKOBO y IPUKOH-
TAKTOBMX YaCTMHAX 3 MOJIOAIIVIMI KOMIIJIEKCAMU,
aiHopi i1 63 OBTOPHUX 3MiH i IPOCTO OB I3aHUX
3 HUMU [TIOCTYIIOBVMM IepeXOfaMI, Ja€ MificTaBu
IPUIYCTUTY, 1[0 GOPMYBAHHA IIi€l 30HATBHOCTI
BifOyBaI0Cs TPUBAIIO, BIIPOLOBK YChOTO PAaHHBO-
ro JOKeMOPpilo, 3 TOCTiJOBHUM 3a/Ty4eHHAM 0 3a-
TaJIbHOTO  BUCOKOTEMIIEPATYPHOIO  TEIIOBOTO
TI0/IA BCiX HOBOYTBOPEHMX CTPATUTE€HHUX KOMII-
JIEKCIB.

IligTBepI>KeHHAM Iy>Ke TPUBAJIOIO METaMOp-
q)isMy, toyHime PT-yMoB, y AKux TpuBammit 4ac
icHyBaim  pisHOBikOBi ~ cTpaToMeTamopgiuHi
KOMIUIEKCH Ta BijOyBanucs MiHepaibHi epeTBo-
PEHHsI, MOXXYTb OyTU MacoBi i30TOIHI faTyBaHHS,
SKi OTPMMAHO BIIPOJIOBXX OCTaHHBOTO JEeCATUIIT-
TS 3 TIOPij, MOOY3bKOTO I'PAaHY/IITOBOTO KOMIIIEK-
cy. Ina HayiBuoi (3a HAIIMMY JaHVIMM) Y po3pisi
no6y3b1<or0 KOMIIJIEKCY Ca/IbKiBCbKOI CBiTH, 3 Ti-
IIepCTeHOBMX IUIariorHeiiciB kap’epy Opeca, He-
nopamik ¢.M.T. 3aBajud, sAKi y nyb6mikanii (bubn-
KOBa, 2004) Ha3BaHO «eHpiepbiTaMu»,
O.B. bi6ikoBoro me 6m13pk0 20 poKiB TOMY «...
IJIs1 MaKCUMa/IbHO KOHKOPJAHTHBIX IVPKOHOB I10
u30TONHOMY oTHoIeHno 207Pb/206Pb monyyen
BO3pAacCT, paBHbII 3,65-3,60 mipg nert. [l1s1 ogHOrO
HE30HA/IBHOTO Afpa BHYTPM 30HAJIBHOTO KpHC-
TaJ/I/Ia ONpefeieH IIOYTY KOHKOPHAHTHBIN BO3-
pact - 3,78 mnpp net» (Bubukosa, 2004, c. 16).

Y pesynbraTi i30TOIIHO-T€OXPOHOMETPUYHUX
OOCII[P)KEHb OCTAaHHbBOTO JHECATWIITTA 3 IOpif
Ca/lIbKiBCHKOI CBITM, KPiM HaBe[eHMX BUIIE AATY-
BaHb, OTPMMAHO 11 [JOJATKOBi JaBHi BU3HAaYeHHs
«...Bo3pacToM pmo 3800 Ma (37894
u 3775+5 MJIH JIeT) ¢ IOYTY HEHapYIIeHHON
yPpaH-CBUHIIOBOJ M30TOIMHOII cuctemoit» (bubu-
KOBa U p., 2013, c. 117), i uncnenHi, mo BUMipsHi
B)X€ COTHAMMU, AKILO HE TUCAYAMM, MOJIOZIII ATy~
BaHHA. Lle gano sMory pisHUM JOCIiFHMKAM 3pO-
OUTYU OFHAKOBI BMCHOBKM IIPO Te, 1[0 OTPUMaHi
BU3HAYEHH:A BiKy «...II0 M30TOIIHOMY OTHOIIIE-
H110 *’Pb/**Pb 3aHMMaIOT BeChb Malla30H MEXAY
3500-1900 Ma» (bubukosa u mp., 2013, c. 109),
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«...eHHepOiTO-THeICY [[iOPUTOBOTO CKIAfy Mic-
TATH MOJITeHHUI KOMIIZIEKC KPUCTAJIIB LIMIPKOHY,
1o ¢GOopMyBaIICA BIPOLOBX TPUBAIOTO 4acy —
Bix 3790 mo 1855 miH pokiB Tomy» (Illymman-
cbkmit, 2012, c. 77), «...NONTy4eHHble 3HAYEeHNS
JIOCTOBEPHBIX (KOHKOPJJaHTHBIX) IaT JIEKAT B BO3-
pactHOM mHTepBaje 3,65-1,99 mpa. net» (Jlo-
6au-’Kydenxo u zip., 2011, c. 3). Y npomy BikoBo-
my piamasoni C.b. Jlo6au-)Kydenko Ta ii criBas-
TOPM BUJIAIOTH NMPAKTUYHO Oe3nepepBHUI psL
TPUBAINX Te€OJIOTIYHUX IIOAiN, cepel AKMX i 3a-
BepIlIajibHa «...I1a/Ie0IIPOTEPO30JICKasA CTPYKTYP-
HO-MeTaMopduyeckass mepepaborka: medopma-
1y, npusenuie Kk gpopmuposanuio shear zone,
TPaHYIUTOBBINI MeTaMOpdusM (~2 MIpH JeT)»
(JTo6au->Kyuenxko u ap., 2013, c. 96).

HiarpamMu posmopiny faTyBaHb LMPKOHIB, IO
MiATBEPIPKYIOTh BUCHOBKM aBTOpPiB, HaBEJECHO Ha
pucysky. HeobxigHo migkpecinTy, 1o BCi maTy-
BaHHJ, fAKi IIOKa3aHO Ha KOXXHIN 3 [liarpam, OTpu-

MaHO 3 OffHi€i mpobu, To6TO aHami30BaHi Pi3HOBI-
KOBi IIVIPKOHM € CIIiBiCHYIOUVMI Y Me)XXaX oOMexe-
HOTO IpocTopy. PasoM 3 Tum, AK 3a3HA4YaOThH
aBropy, it npobu C-10-U-04 3 kap’epy Kosaunii
SIp «...cTerleHb KOHKOPHAHTHOCTM OONBIIMHCTBA
M30TOITHBIX BO3PACTOB BbICOKasi» (bubukosa u ap.,
2013, c. 104), mnsa mpobu 06-BG38 3 Opecpkoro
Kap €py «...00BIIMHCTBO M30TOIMHBIX BO3PACTOB
muckopmaHTHbD» (Bubukosa u ip., 2013, . 109).
JI.B. HlymMnAHCBKWII, AKUI BULIINB [IEKilTbKa
BIKOBUX TPYI IIMPKOHIB, yKa3ye Ha BMCOKY KOH-
KOPJAHTHICTb 3HaY€Hb i30TOIHOIO BiKy LIMPKOHIB
pisHUX TPYI: «...IUPKOHM 3 KOHKOPJAaHTHUMMU
3HaYEHHAMH i30TOIHOTO BiKy CIIOCTEpiraloTbCs
a60 B inTepBasi >3400 miH pp. (Bci 3HaueHHs 260
KOHKODPZIaHTHi, a60 6/1M3bKi /10 HIX), B iHTepBai
2600-2800 mnH pp. (mepeBakHa OIMBLIICTD 3Ha-
4eHb a00 KOHKOP/IaHTHI, 60 6/IM3bKi 10 HUX) Ta B
intepsani 1850-2100 MH pp. (Bci 3HaYE€HHS KOH-
koppaHTHi)» (Iymnanackmi, 2012, c.  69).
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Jliarpamy posIoziny faTyBaHb y Ipobax rillepCTeHOBMX IUIATio-
rHejiciB mo6/m3y c.M.T. 3aBama (Cepente [To6yxoks): a — ricto-
rpama BiKy LIMPKOHIB 3 eHpep6iry kap’epy Kosaumit fIp (mpoba
C-10-U-04, 68 BusHayeHb) 3a i30TONHMM BigHOImeHHAM *’Pb/2°Pb
(Bubmkosa u fip., 2013); 6 - ricrorpama BiKy [ IMPKOHIB 3 eH-
mepbiry Opecbkoro kap’epy (mpoba 06-BG38, 76 Bu3HaueHb) 3a
isoTomHnM BigHoOIIeHHAM *7Pb/**Pb (Bubukosa u ap., 2013); 8 —
BIKOBMIT POSIOAIT KPUCTAJIB LIPKOHY 3 eHepOiTo-rHeliCiB, AKi
poskpuro OpnecbkuMm kap epoM (Illymnancbkuit, 2012)

Diagrams of the distribution of dates in samples of hypersthenic
plagiogneisses near the village of Zavallya (Middle Bug Area):
a — age histogram of zircons from enderbite of the Kozachyi Yar
quarry (sample C-10-U-04, 68 determinations) according to the
27Pb/**Pb isotopic ratio (Bybykova et al., 2013); 6 - age
histogram for zircons from enderbite of the Odesa quarry
(sample 06-BG38, 76 determinations) according to the *’Pb/**Pb
isotopic ratio (Bybykova et al., 2013); 6 — age distribution of
zircon crystals from enderbito-gneisses, which were discovered
by the Odesa quarry (Shumlyanskyi, 2012)
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Ak i C.b. Jlo6au->Kyuenxo i3 koneramu, O.B. Bibi-
KOBa Ta ii CHiBaBTOPM 3a3HAYAIOTh, 1110 0OOTOHKN
30HAJIbHUX KPUCTAIB «...MMEKT VMCKIIOYUTENb-
HO HM3KME COfiep>KaHMs ypaHa, 0COOeHHO 060-
704Ky, copMupoBaHHBIE OKONMO 2.0 MJIpA. JIeT
HasaJl, 4YTO YKasblBaeT, CKOpee BCeEro, Ha
TPaHY/IUTOBBIE YC/IOBUA MeTaMopdusaMa B 3TO
Bpemsi» (bubukosa u ap., 2013, c. 109).

Hasepeni faHi jaoTb 3Mory 3pobutn nBa Bu-
CHOBKM, Ha[I3B/MYAIIHO Ba>K/IMBNX, HA HALI IIOIJIAN,
IUIA iHTepIipeTanii i30TONHNX JaTyBaHb HacaMIle-
pen crocoBHO crparurpadivnux mobymos. Ilep-
NI 3 HUX IIOJIATa€ B TOMY, 110 MTOOY3bKIMIT KOMII-
JIEKC YIIPOOBX TPMBAJIOTO Yacy, O/IM3BKO 2 MIIPH,
pokiB (Big noHap 3800 o 1900 MytH poKiB.), epe-
OyBaB y BMCOKOTEMIIEPATYPHNUX YMOBAX, 32 SIKUX
y IbOMY 4aCOBOMY Jiialla30Hi MO>K/IMBeE K HOpPMY-
BaHHA HOBMX MiHEpaJliB 3 IiXHIMM i30TOIHUMMU
CUCTeMaMH, TaK i CIIOTBOPEHH: i30TOIHMUX BifiHO-
LIeHb y paHillle yTBOPEHMX MiHepamax. JIpyrmii
BJICHOBOK, III0 3aC/IyTOBY€E Ha OKpeMe (HOpMyIIo-
BaHHA, MIOJIATAE€ B TOMY, 11O Lii YMOBHU, BIIPOIOBX
YCbOTO JAaTOBAHOIO Yacy, BiOBifany IrpaHy/IiTo-
Bill ¢anii Meramopdismy. Pasom 3 TuMM Hemae
JKOHMX [JAHUX, AKi CBilYaTb PO MOXK/IMBE CYTTE-
B€ 3HIDKEHHA B Liell Iepiof TeMIIepaTypHUX YMOB,
110 BUXOMATH 3a MeXi ofHiel darii, Ta iXHI0 1O0-
[JIBIIy pereHepaliio (TO6TO MPOSAB AMCKPETHUX
eTamiB MetamopdisMy), OfHAK € IificTaBM Ipu-
IIyCKaTH IIOMIiTHY 3MiHY B XOfli T€0JIOTiYHOTO PO3-
BUTKY PEeXKUMY THUCKy Mif 4yac MeTaMopdismy.
[lomo TeMmepaTypHUX yMOB, TO BOHM, HailBipo-
rifuimre, mepeOyBanyu y CTaHi HaJ3BUYAHO IIO-
BIIbHOTO OCTUTAHHSA, IKe JIeAKi JOCTiTHNKN Ha3M-
BAIOTb «OX/IXKJEHNE C HY/IEBOJ CKOPOCTBIO (130-
TepMudeckuii mpotecc)» (JleBckuit, 2006, c. 422).

SK10 IputHATH YacoBUII iHTepBasl Bifi IOHAJ,
3800 po mpubmusHo 1900 M/TH pOKiB, SIKUI BU3HA-
YEHO 3a i30TONHMMM ATYBAHHAMMY, IO OTPUMa-
HO 3 OJIHi€l IpoOu, sIKa HAEKNUTD JI0 BEPXiB PO3-
pi3y HOOY3bKOro KOMIUIEKCY, Ta BBa)XKaTy JIOTO
4acoOM €H/IOT€HHOTO CTaHOBJIEHHA KOMILIEKCY, TO
HeoOXifIHO BM3HaTH Take. [lo-mepiire, Bci BOHM He
CTOCYIOTBCS «CTPAaTUrPadiTHOro» BiKy 0Oy3bKO-
IO KOMIIJIEKCY SK iIHTE€pBaJLy 4acy, BIIPOIOBX AKO-
ro BifOy/nocsa HarpoMapKeHHs JO0ro IepPBUHHIX,
HoMeTaMOp(iYHMX TOBLI. 3 BUKOPUCTAHHAM Ieo-
XPOHOMETPUYHMX JaTyBaHb JIOTO «CTpaTUIPa-
¢ivHMI» Bik MOXKHA BM3HAYMTY JIMIIE K TAKMIL,
o nepesuye 3,8 miapp pokis. Ilo-gpyre, Bci Bi-
IOMi JlaTyBaHHA MOOY3BKOTO T'PaHY/TiTOBOTO
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KOMIIJIEKCY Ha BCill IJIOLi JIOTO IOIIMPEHHA, AK
OTpMMaHi 3 MeTaMOp(ivYHNX IOPifi, TaK i 3 cymyT-
HiX i30¢arianpHUX ynbTpaMeTaMopPidHMX YTBO-
peHb (a I¥X JlaTyBaHb 3arajoM, IMOBipHO, BKe
6araTo coTeHb, AKIO He TUCAYL!), YKIagalOThCA
B LIeil YaCOBUI iHTEpBaJ i He CymepevyaTh YABJIEH-
HAM IIpo Jioro TpuBane popMmyBaHHA (abo mepe-
OyBaHH:) B YMOBaxX IpaHy/iTOBOI (paril.

Y LbOMy caMOMy 4acOBOMY Aialla3oOHi 3HAXO-
IATHCA HAABHI IaTyBaHHA IPMAa30BCbKOTO KOMII-
JIEKCY, OIHAK Y 3B’AI3KY 3 IXHbOIO MEHIIIO Ki/IbKic-
TIO BOHM IIOKV CTAaHOB/IATb He Oe3IepepBHMIL,
a IucKpeTHUI YacoBuil pap. «HaitgaBHimi» 3 HUX
MarOTb 3,95 M/IpJ, pOKiB i OTpMMaHi [/I1 KCEHOT€H-
HUX, AK yBaKaloTb [.B. ApremeHko Ta itoro cmis-
aBTOPU, UVPKOHIB 3 TpaxiaHJE3NUTiB HVDKHBOIIPO-
TEPO30JCbKOI Ty/IANIiNIbChKOI cBiTH. 1li maTyBan-
HS1 aBTOPY OB A3YIOTb 3 yTBOPEHHAM TOHA/IITOBOI
xopu [IprnasoBcbkoro 6/10ka, BKa3yro4n Ha «...Cy-
LIeCTBOBaHMEe HAPAMY ¢ HUMM 3Ha4eHui1 3,67, 3,5
u 3,3 MJIpA. 7IeT, TakKe sIKOOBI OTBEYAIOLIVIX Bpe-
MeHM 006pa3oBaHMsI TOHAIMTOBON KOPBI B IIajle0-
apxee» (ApTeMeHKoO 1 fip., 2020, c. 20), yTim oTpu-
MaHNX i3 BJIaCHE IIPMA30BCHKOIO I'PaHYIiTOBOrO
xommiekcy. C.b. Jlob6au-)Kyuenko Ta il komerm
y reonoriuHiit icropii IIpmasoBcpkoro 6moka Ta-
KOXX PO3pIi3HAIOTH eTan (OPMyBaHHA «...IIAJIe0-
apXeJCKO KOpbI, KOTOpas CI0XKEHAa TOHAIUTAMU
(3,5-3,6 mnpp. 71€T), ... 3TAIl ME30APXEVICKOTO BBI-
CoKOoTeMIepaTypHoro Mmetamopdusma (2,86 mipp.
JIeT) U IOCTIEHMIL 9Tan MeTaMopdusma (~2 MIpA.
net)» (Jlobau-XKyuenko u gp., 2010, c. 217). Yrim,
Ha Bi]MiHy Bif MOOY3bKOTO KOMIIZIEKCY, B SIKOMY
BCi JJaTyBaHHA LIbOTO Jlialla30Hy OTPMMAHO 3 IIO-
pin, mo cdopMoBaHi B yMOBaxX IpaHy/IiTOBOI da-
1jii, y IPUAa3sOBCbKOMY KOMILIEKCI, AKMII ITOIepe-
JIHBO TAaKOX MeTaMOpQi3oBaHMII B yMOBaX IpaHy-
mitoBoi  ¢arii, B 1eil YacoBMIT iHTepBa
MOTPAIIAIOTh i 3HAYHO IOIIMPEHI Y KOMILIEKCI
niadropury amdiboniToBoi darii.

Yci BigoMi gaTyBaHHA 3 MOHOdaLiaTbHNX aMi-
00MiTO-THENICOBUX KOMIUIEKCIB (ay/Ibchkmit i po-
CMHCBKO-TIKMIbKMIT) 1 cynyTHiX isodanianpHNX
y/IbTpaMeTaMOp(iYHIX I'PaHITOINIB, a TAKOXK i3 30-
HaJIbHMX TeTEePiBCbKOTO 1 IHTY/IO-iHTy/IebKOro
KOMIUIEKCIB, BiJJpiSHAIYNCh CBOIMM «HallJaBHi-
IIVMI» 3HA4E€HHAMMY, AKi € MEHIINMY, HDK y Ipa-
HY/ITO-THEMCOBUX KOMIIJIEKCAX, TAKOXX CTAHOB-
NATb HUSXiAHI AMcKpeTHi paAgum ax po 2000-
1900 mH pokiB. BogHo4ac y yacoBi psaan isoTonHux
BU3HA4YeHb OTPAIUIAIOTh He e U-Pb-naryBanna
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B.II1. Kupunwxk, O.B. Iatioscvkuti

3a IMPKOHAMI, a 11 oTpuMani K-Ar ta inmmmu me-
TOJAMI 32 IIOPOJIOYTBOPIOIOYMMM MiHepasaMu
i mopomamu B ninomy (Karanor..., 1978; Teoxpono-
noruA. .., 2008). 1li fa”i Mpo HAaABHICTD JAaTyBaHb
6mspko 2000-1900 MaH pOKiB y pisHOBiKOBUX
i pisHodanianpHUX cTpaToMeTaMOpdiYHNX KOMII-
JIeKCaX TaKOXX MOXYTb OyTM HeHpsMuM MifiTBep-
JDKEHHAM iCHyBaHHA MeTaMopgiuHOI (maneoreM-
neparypHoi) 3oHanbHOCTi YIII ak Ao paHHBOrO
IIPOTEPO30I0 i CBil4aTh, HAIBipOTifHilIe, PO 3a-
TaJIbHy T€KTOHO-TE€PMAJIbHYy KOHCOJIALII0 B Liei
vyac (yHZAMEHTy IWUTA Ta KiHIeBY cTabimisariro
isoTonmHMX cucteM MetaMopdiuHUX TOPif i MiHe-
pastiB B ycixX pi3HOBiKOBMX CTpaTUrpadiyHNX KOMII-
nekcax YIII. IcHyBaHHSA 1jbOTO NMOAITHOTO BiKOBOTO
piBHA B icTopil YIII, AKuit migTBEpIKEeHO i30TOI-
HVIMIU JJATYBaHHAMM, BU3HAIOTH i (paxiBLi B ramysi
TeOXpPOHOMETPUYHUX HOCHiKeHb. OIHAK BOHU
MOSICHIOIOTH IIi JaTyBaHHA He 4acOM 3aBepIICHHA
akTMBHOro po3BuTKy YIII, a paHHBOIIPOTEPO30Ii-
CbKOI0 aKTMBI3alli€10 Ta iIHTEHCUBHOIO ITepepOOKOI0
BCiX JaBHIIIMX KOMIUIEKCIB, I 4OT0, KPiM caMMX
JaTyBaHb, HEMAE XKOHMX Ie€OIOTiYHMX IIi/ICTaB.

Orxe, HaBeJieHi BUILE JJaHi TPO HAaABHICTD peri-
OHa/IbHOI MeTaMop¢ivHOi (ITaeoTeMIepaTypHOI)
3oHanpHOCTI y pyHmamenti Y1, B sikiit 3amisini yci
pisHOBiKOBi cTparurpadiyHi KOMIIeKcH, Ta 3Ha-
YHY TPUBAJICTD ii popMyBaHH: — Bif moHay 3800
mo 2000-1900 MIH POKiB, MOACHIOIOTH AK HasAB-
HiCTh Pi3HMX i30TOIIHMX JATyBaHb LIbOTO YaCOBO-
o [Jialla30Hy B OJHOTUIIHMX TE€PUTOPiaJIbHO
po3’eqHaHMX CTpaToMeTaMOpdiyHMX KOMIUIEK-
caX, TaK i OfHAaKOBi MAaTyBaHHA Yy Pi3HOBIKOBUX
cTpaTurpadivHNX KOMIUIEKCax. 3a I[UX YMOB, a Ta-
KOX 3 ypaxXyBaHHAM Ha/I3BMYAIHOI TPUBAJIOCTI AK
MpOLIeCiB HarpOMaJ)KeHHA BUXITHUX JOMeTaMOPp-
¢bivHMX TOBII, TaK i MoganbpIIOro MeTaMopdismy
Ta yabTpaMeTamMopdismy, i30TOIHe JaTyBaHHS
nopiz i MinepasiB 3 ixHiMu GikcoBaHMMM 3HAYEH-
HAMMY He MOXKe Oy TM IifICTaBOIO Hi /I CTpaTurpa-
(ivHOrO po3uIeHyBaHHA MeTaMOPQIYHNX YTBO-
peHb, Hi /14 BiKOBOI KOpenALil IXHiX cTpaTurpa-
¢bivHNX migpospinis.

Bucnosox

Yci posrmanyTi y nmonepenHix (Kupwrok, Iarios-
cpkmit, 2022, 2023) Ta wiit myO6iKanifax acmexkTy
reosIorii Ta paHHBOIOKEMOPIICBKOTO Te0/IOrivHOTO
po3BuTKy YIII, 110 CTOCYIOTbCA CIiBBiJHOILIEHHA
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Metamopismy i crpaturpadii, y cTMCIOMYy BUKIIA-
i 3BefIeHO [I0 TaKOro:

1. Y 6ynosi dyrnamenty Y1II 3amifni mw'aTb ro-
JIOBHUX TUIIB CTparoMeTaMop(iyHMX KOMIIIEK-
ciB: a) rpanymiro-rHeitcoBuir; 6) amdibonito-
THeJICOBMIT; B) 3€/IeHOKaM sHMI (MeTaBy/IKaHO-
TeHHMIT); T) 3ali3MCTO-KPEeMEeHMCTO-CIaHI[eBU
(MeTaBy/IKaHOT€HHO-XeMOT€HHO-TepUTeHHMI);
1) THelico-ClmaHLeBmit (MeTakapOOHATHO-TepU-
reqHnit). Ilepmni gBa Hanexxarb 1o MOHOAIiaNb-
HOTro (apeasbHOTO) TUIY KOMIUIEKCIB, a iHIi — /10
noniganianbHOro (30HanbHOro) TuIy. TepMiH
«CTpaToMeTaMOpP(iuHMIl KOMIUIEKC», IO BUKO-
PUCTAHO [ IXHbOTO IIO3HAYEHH:A, IOKIMKAHUI
HiIKPeCIUTU BaXK/IUBY, a I MOHOQAIiaTbHIX
KOMIIJIEKCIB BM3HA4Ya/IbHY PO/Ib IIPOLECIB CTpaTo-
nitoreHe3y y ¢popMyBaHHi IXHbOTO Cy4acHOTO BU-
IJIARY, ¥ TiM 4Mcri cTyneHsa Metamopdismy, a He
TiZIbKM €HJOT€HHMX YMHHMKIB, AK L€ 3a3BUYail
npuitHATO BBaXKatu. Bei migposainu KXC YIII, mo
II0KAa3aHi B Hill y paHsi cepiit (kpim K1eciBcbKoi Ta
OBPYIIbKOI), Ha/leXXaTh 10 OJHOTO 3 IlepepaxoBa-
HMX TUIIB CTpaToMeTaMOp(}iYHMX KOMIUIEKCIB Ta
3aC/IyTOBYIOTb HAa BUAUIEHHA B pPeriOHa/IbHIN
cTpaturpadiuHiil cxeMi y BUINIAAL «CTpaTurpa-
GbivHMX KOMIIEKCiB».

2. Ik TOKa3yIOTh CTPYKTypHO-CTpaTurpadivxi
CIIBBiJIHOIIEHHS CTPAaTOMeTaMOP(iUYHMX KOMII-
nekcis YIII, npyHONUIT «9MM BUIINI CTYIIiHb MeTa-
Mop(}isMy KOMIUIEKCY, TUM BiH JJaBHIIINIT» IIOBHIC-
TIO0 30epirae cBO€ 3HaUeHH:A B MeXaX YCiX OKpeMo
B3sTuX MerabmokiB (Kupumiok, TartoBcpkuii, 2022,
TabJ1. 2), OfIHAK JI0r0 He MO>KHA BUKOPUCTOBYBATH
UL perioHy B 1ioMy. Y JiesKux Merab/iokax, Ha-
npuknag y BommHcbkoMy it IHTy/IbCbKOMY, HIK-
HBOIIPOTEPO30JIChbKi KOMITIEKCH MeTaMop¢izoBaHi
IHTEHCUBHIlllE 32 BEPXHbOAPXENCbKI KOMIITIEKCU
[TpupHinposcbkoro i IIpraszoBcbkoro MerabmIokis.
Bopgnouvac, BiilmoBi{HO /10 IJbOTO PMHLNITY, PO3Ta-
mryBanHa B KXC YIII y mexxax [Tpnasoscpkoro me-
ra0djloka KOCKBLIBCBHKOI 3€/JIeHOKaM SgHOI TOBILI
(KOMIIIEKCy) MiXK IBOMa TPaHy/IiTOBMMMU CepiAMu,
sIKe 3pobyeHe BUK/IIOYHO Ha MifiCTaBi i30TOIHOrO
JATYBAaHH:A, HE MOXKE MaTy HiAKOIO I'eO0IoriYHOro
OOIPyHTYBaHHS.

3. Xapakrep Mertamopdismy cTpaTroMeTamop-
GbiyHMX KOMITTIEKCIB JOOpe KOPemeThCs 3 0o -
BOCTAMM IXHBOTO CKJIafy, 110, BipOTrifHO, CBilYNTb
PO TeHeTWYHMIT 3B’ 30K IIUIX O3HAK, SIKUI1 3aK/Ia-
IEHO IIle Ha CTafiii CTPaTO/MiTOreHe3y KOMIIIEKCIB.
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Ins  moHodarianbHUX cTpaToMeTaMOpQiyHIX
KOMIIIEKCiB 1Ieff 3B’$130K 3YMOBJICHUII I1ajieoreo-
rpadiuHNMM («IT1aJIeOK/TIIMATVYHNMI») OOCTAaHOB-
KaMy IxHporo ¢opMmyBaHHs: a) Gesrizpocdephi
(«cyxi») cybaepanbHi yMOBM Hif 4ac Harpoma-
IPKEHHA BUXIJHMX TOBIL TPaHy/iTO-THEMCOBUX
KOMIIEKCIB i 6) BICOKOTeMIIepaTypHi rizpocdepHi
(«repmorigpocdepHi») YMOBM HArpoMaKeHH:
IPOTO/ITIB  aM(i6OIiTO-THEVICOBUX KOMIIEKCIB.
Jna nonidarniaTbHNX KOMIDUIEKCiB IIPUYMHOK KO-
pernanii B HUX 0cOOMMBOCTEN CKIafy Ta MeTaMop-
¢ismy Morm 6y Ty TeKTOHIUHI yMOBY (OPMYyBaHHSA
KoMIlekciB. Haragaemo, 1o pisHi TMIm 30Hajb-
HIUX KOMIIIEKCIB BUAB/IAIOTD YiTKy IIPUYPOYEHICTh
IO pi3HMX TUIIIB MerabjoKiB, sIKi Bifpi3HSIOTHCS
CBOEIO T€O0TEKTOHIYHOIO iCTOPI€I0 1 €BOMIOLIENO.

4. OcobmBocTi CKIafy cTpaToMeTaMopidHIX
KOMIUIEKCIiB, IXHBOI Hepef6adyBaHOi 3yMOB/IEHOCTI
YMOBaMJi HarPOMAaJKEHH:A BUXiJHMX TOBIL, @ TAKOXX
3aKOHOMIPHOCTI NOIIMPEHHA KOMIUIEKCIB y CTPYK-
Typi pynmamenty YIII, naroTb MOXX/MBICTD BUAIIN-
TV YOTVPY NOCTTiIOBHYX eTanyt pOpMyBaHH: BUXiJi-
HMX TOBI] CTPAaTOMETaMOPQIYHMX KOMIUIEKCIB
3 BJIACTUBMM KOXXHOMY 3 HMX TUIIOM JITOTE€HE3Y:
a) paHHiit apxeit — 6e3ripocdepHnit cybaepanbHuMit
(IpoTOrpaHyIIiTO-THEICOBUIT); 6) cepenHiit apxeit —
paHHilT Tepmorinpocdepuuit (mporoamdibomito-
THEVICOBMIA); B) Mi3Hil apxeil — Mi3Hill TepMorifgpoc-
bepHMI1 (IPOTO3€/IeHOKAM sTHWI); T) paHHIil IIpoTe-
posoit — HopMorigpocdepHuit (mpoTo3anisucTo-
KPEMEHVCTO-C/TaHLeBMII i MPOTOTHEVICOBO-CTIaHIe-
BUiT). 3MiHa TUIIB JIiTOTeHe3y 3yMOBJIEHA 3arajlb-
HJIM OCTUTAHHAM BEPXHIX 000/IOHOK 3eMJTi Ta Maja
CIIPSIMOBAHNI, HE3BOPOTHUI XapaKTep. 3BaXKarun
Ha 3arajibHy TPUBA/IiCTb PaHHbOTO JIOKeMOpito (Bix
noHaz 4000 o mpubm3Ho 1900 MTH POKiB) Ta 110TO
YOTUPUYICHHMI TIOAI, AKWUII IPUITHATO Yy IIKasIi
GTS, TpuBamicTh KOXXHOTO 3 €TaIliB, YIIPOJOBX AKO-
ro 36epiramics 6/M3bKi yMOBY HarpOMa/PKeHH: BU-
XimHMX ToBIL, cTaHOBWIA Bifi 300 Mo 700 MIIH pOKiB.

5. Y ¢ynmamenti VIII uiTko mposiBieHa Mmeta-
MopdivyHa (maseoTeMIepaTypHa) 3OHA/IBHICTD,
B AIKill 3a/iAHi yci pi3HOBiKOBi paHHBOLOKEMOPpiit-
cbKi cTparurpadivyHi KOMIJIEKCH Ta CYIyTHI y/Ib-
TpaMeTaMopdivHi yTBOpeHH:. Pa3oM 3 TM Yy KOX-
HOMY 3 KOMIIIEKCiB 36epernncst cBOI iHAMBifyan-
Hi 0oco6mBoCTi MeTaMopdi3My, [0 CBIAYUTD PO
nocrnifoBHe GopMyBaHHs («HapOLTYBAaHH:») L€l
30HA/IbHOCTi B Mipy YTBOPEHHA HOBUX CTpaTUrpa-
¢iunnx xomitekciB. PopMyBaHHA Ta iCHYBaHHSA
30HA/JIBHOCTI BifmOyBajocAd pO3MOYNHAIOYY  Bif
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paHHbOrO apxelo (moHaz 3800 M/IH pokiB) i o paH-
HBOTO NPOTEpo3oto (mprbmsno 2000-1900 miH
POKiB). 3a Takoro TpMBAIOro iCHyBaHHA pi3HO-
BiKOBMX KOMIIIEKCIB B YMOBaX perioHaJIbHOro Me-
TaMOp(i3My y HUX CMHXPOHHO IIPOJOBXXYBaINCA
IIpoLieC OHOBJIEHHA PaHHIX Ta BUHVKHEHHA HO-
BJX i30TOIIHMX CUCTEM Yy NOpOAax i MiHepaax.
IIuM, BiporigHO, i MO)XHa INOACHUTM HASBHICTb
Y KO)KHOMY 3 KOMIUIEKCIB Pi3HUX i30TOIIHUX JIaTy-
BaHb, YaCTO B IIMPOKOMY BiKOBOMY [iallasoHi.
HaiiBupasHinie pisHOMaHITTA JaTyBaHb, y BUITIALL
MaiDKe OesmepepBHoro psxy Bim 3800 mo
1900 MIIH pOKiB, BUABIEHO OCTAaHHIMU AEeCATUIIIT-
TSAAMM 32 pe3y/IbTaTaMy MacOBOT'0O i30TOITHOTO JIaTy-
BaHHA B II00Y3bKOMY T'PaHy/IiTOBOMY KOMIUIEKC,
a ITOKM 1O IMICKPETHI PAAY JaTyBaHb BiJOMi B ycix
KOMIUIEKCaX. TpuBajse iCHYBaHHA pi3HOBIKOBMX
KOMIUIEKCIB B YMOBax €A1HOI MeTaMopdiuHoi 30-
HAJIBHOCTI 0Ope MOSICHIOE HAsIBHICTh OMM3BKUX
JATyBaHb Y pi3HOBIKOBMX KOMIIJIEKCAX, WO Haje-
XKaTb MO0 PI3HNX CTpaTOMeTaMOp(iYHMX THIIB,
i pisHMX [aTyBaHb B OJHOTUIIHMX KOMIIJIEKCAX,
HaliBiporifHire, 6IM3bKIX 3a BIKOM.

6. 3a TaKOro TPMBA/IOrO iCHyBaHHA Pi3HOBIiKO-
BUX CTparurpagiyHMx KOMIUIEKCIB B yMOBaxX peri-
OHazlbHOTO MeTaMopdismy, 3pebinpioro cepep-
HbO- i BUCOKOTEMIIEPATYPHOT O, HaBP:AJ, Y/ MOXKHA
ouikyBaTy 30epe)XeHHS Yy HUX IepBUHHUX
(CMHIIETPOTEHHBIX) i30TOIHMX cuCTeM, Xiba 1o
y cmabko MeTaMOpQi30BaHUX MeTaBY/IKAHOTEHHUX
3eJIeHOKaM sTHMX KOMIUIeKcax. Tomy, BiporifmHo,
i30TONHI HAaTyBaHHA IOPif i MiHepaiB paHHbO-
JIOKeMOPINICBKMX CepeHbO- i BICOKOTEMIIepaTyp-
HUX CTparoMeTaMOpQiuyHMX YTBOPEHb HE MOXKHA
eeKTUBHO 3aCTOCOBYBATH I CTpaTUrpadiyHmx
11i7IeVl CAaMOCTIiTHO, a TiTbKY CITiTIBHO 3 BUBYEHHAM
YMOB IXHBOTO JiTOTeHe3y Ta MeTaMopdizmy.

7. BogHOYac, AKIO NPUITHATH K MOXK/IUBY KOH-
LIEMNLI0 CIIPAMOBAHOI, HE3BOPOTHOI €BOJIIOLII JIi-
TOTeHe3y Ta IT0B A3aHOT0 3 Hel0 PerioHa/IbHOTO Me-
TaMOp}i3My B paHHBOLOKEMOpiliCbKOMY Treoso-
riYHOMY  pO3BUTKY, TO  CTparurpadivse
PO3WIeHyBaHHA HIDKHBOTO JIOKeMOPpito i Kopens-
LIi10 JIOTO MifpO3/iliB Ha piBHI KOMIIIEKCIB MOYKHA
3Ii/ICHIOBaTM 3 BUKOPUCTAHHSM OCOOIMBOCTEI
ixHporo Metamop@ismy i reonoro-dopmaniitHoro
CK/Iafly Y BIKOBMX Me>XaX €OHOTEM — HVDKHbBOTO, Ce-
PefHbOTO, BEPXHBOIO apXelo Ta HYXKHbOIO IIPOTe-
PO3010, TOOTO y YaCOBMX iHTEpBa/ax y Ki/ibKa co-
TeHb Mi/NbiiOHiB poKiB. TouHiIllle BU3HAUeHHA BiKy
KOMIIJIEKCIB  TE€OpPeTMYHO MOXJINMBE JIMIle

25



B.I1. Kupuniox, O.B. Iatioscvkutl

3 BUKOPMCTAHHAM i30TONHOro faTyBaHHA. OfHaK
HOKM 1[0 KOPEJIALII0 OCHOBHMX CTpaTUrpadiyHmx
MifpO3i/iB — cepill — Ha MifCTaBi JAHNX i30TOITHO-
o JJaTyBaHHS, AK 1ie i nokasaHo B KXC V1II, spiii-
CHIOIOTb 3 TAaKOI CaMOI0 TOYHICTIO, i TAKOX y Me-
>)KaX 4YOTHMPbOX 3arajbHMX BIKOBUX IIifipO3AiniB

B O[IHi I Ti caMi 3arajibHi reOXpOHOJIOTi4Hi Mipo3-
Oimy IOTPanIAOTh Cepil, AKi YiTKO BifpisHAIOTHCA
SIK Te07I0r0-POpMaliitHUM CKIa[ioM, TaK i ocobmu-
BOCTAMU perioHabHOrO MeTamopdismy. I mnd
LIbOTO, KpiM i30TOIIHMX JaHMUX, HEMa€ >KOOHUX Hi
CTPYKTypHO-CcTpaTturpadiyHmx, Hi icropmko-reo-

JIOTIYHMX MiJICTaB.
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Regional metamorphism and stratigraphy of the basement of the Ukrainian Shield.
Article 3. Features of lithogenesis and metamorphism of the Early Precambrian complexes and their
duration

V.P. Kyrylyuk, O.V. Gaiovskyi
Ivan Franko Lviv National University, Lviv, Ukraine
E-mail: Kyrylyuk.V@i.ua; ogayovskyi@gmail.com

The stratigraphic dismembrement of the Lower Precambrian has always been inextricably linked with the study of
metamorphism. The degree of metamorphism of the complexes was even used for some time as an indication of their
relative age. This sign was not confirmed by isotope dating and was no longer taken into account in the stratigraphic
dismembrement of the basement of the shields, including the preparation of official stratigraphic schemes of the
Precambrian of the Ukrainian Shield.

The authors of the article believe that the degree of metamorphism can still be used in developing the stratigraphy of
the Ukrainian Shield. The possibility of such use of metamorphism is considered in a series of publications. The first
article describes the stratigraphy and metamorphism of all megablocks of the Ukrainian Shield. It is shown that older
stratigenic complexes in each of the megablocks are characterized by higher temperature metamorphism. At the same
time, the distinctive features of the composition and metamorphism of the stratigenic complexes, according to the
authors, are a reflection of large successive stages of the geological development of the Ukrainian Shield in the Early
Precambrian and can serve as the basis for compiling a regional stratigraphic scheme on a historical-geological basis.
A version of the regional stratigraphic scheme of the Ukrainian Shield on a historical-geological basis, compiled at the
level of complexes, proposed in the second article of the series. In this final article of the cycle, the conditions and
duration of lithogenesis and accompanying metamorphism of various sequentially formed stratigenic complexes of the
Lower Precambrian are considered. The idea is put forward that the initial pre-metamorphic composition of the
complexes and their metamorphism are determined by the temperature state of the upper shells of the Earth and their
directed thermal evolutionatthe early stages ofgeological history. The existence ofhydrospheric, early thermohydrospheric,
late thermohydrospheric and normohydrospheric global stages of lithogenesis, lasting from 300 to 700 Ma, and
continuous metamorphism from 3.8t02.0-1.9 Gaareassumed. During thistime, a single metamorphic (paleotemperature)
zoning of the basement of the Ukrainian Shield was formed, in which all stratigenic complexes of different ages
participate.

Keywords: regional metamorphism; stratigraphy; geochronology; Lower Precambrian; Ukrainian Shield.

ISSN 1025-6814. Geologicnij Zurnal. 2023. Ne 2 29



OOCIITHUIIBKI TA OIISAIOBI CTATTI
RESEARCH AND REVIEW PAPERS

https://doi.org/10.30836/igs.1025-6814.2023.2.273768
UDC 551.491.4

Spatial and temporal features of water chemistry changes in the
quaternary unconfined aquifers of the Dnipro River basin

N.G. Lyuta'™, 1.V. Sanina®

'NNI “Institute of Geology”, Taras Shevchenko National University of Kyiv, Ukraine

E-mail: nlyuta@ukr.net, https://orcid.org/0000-0003-4070-0944

2SD Ukrainian Geological Research Institute, SE Ukrainian Geological Company, Kyiv, Ukraine
E-mail: ekogeol@ukr.net, https://orcid.org/0000-0002-6592-9625

* Corresponding author

The article deals with the chemical composition of uppermost aquifers water in the Dnipro River basin. Its study is necessary
not only in connection with the implementation the requirements of the EU Water Framework Directive methodological
documents in the groundwater monitoring, but primarily because of water supply from these aquifers to rural areas. Uncon-
fined aquifers water is characterized by a complex and heterogeneous chemical composition due to natural and anthropo-
genic factors. Natural hydrochemical zoning is distinctly visible on the territory of the Dnipro basin. A number of chemical
elements and compounds in the water are contained in concentrations exceeding the standards for drinking water estab-
lished by the State sanitary norms and rules 2.2.4-171-10 “Hygienic requirements for drinking water intended for human
consumption” in the natural state. In addition, unconfined aquifers are subject to significant anthropogenic impact, as they
are unprotected from pollution. Comparison of the data on total dissolved solids (TDS) and anionic composition of ground-
water obtained during hydrogeological surveys in the period 1965-1975 and 2009-2013 on three sheets of the hydrogeo-
logical map (scale 1:200,000) in different sub-basins of the Dnipro River showed the widespread deep changes in groundwa-
ter chemical composition. In addition to a significant anthropogenic pressure, groundwater is significantly affected by cli-
matic factors. Over a forty-year period, TDS in the north of the Dnipro basin increased by 50 %, in the central and southern
parts - twice, due to an increase in the content of sulfates and chlorides. Within the analyzed areas in the Middle and
Lower Dnipro sub-basins, nitrate pollution of unconfined aquifers is almost widespread. Thus, in a large area, waters of
these aquifers are unsuitable for drinking water supply due to the excessive content of chemical elements and compounds of
natural and anthropogenic origin. Therefore, one of the priorities of the post-war reconstruction of Ukraine should be the
transfer of the rural population to water supply from protected confined aquifers and the improvement of sanitary conditions
in rural areas.
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Spatial and temporal features of water chemistry changes in the quaternary unconfined aquifers of the Dnipro River basin

Introduction

One of the urgent tasks of Ukraine in the near
post-war future will be the State groundwater
monitoring system reforming, taking into account
international experience and the requirements of
European Water Framework Directive 2000/60/
EC. In the European Guidelines for Groundwater
Monitoring (CIS..., 2007), considerable attention
is paid to studying the status of unconfined aqui-
fers, given their vulnerability to pollution, as well
as the close connection with surface ecosystems
and underlying confined aquifers. For Ukraine,
the research of unconfined aquifers qualitative sta-
tus is of particular importance, since they are
widely used for individual water supply in rural
settlements.

Unfortunately, representative State groundwater
monitoring network of observation wells existed
from the 1950s to the 1990s, as of 2023 has suf-
fered significant losses due to insufficient funding
over the past few decades and was finally liquidat-
ed as a result of the russian aggression. Therefore,
adaptation of monitoring to European require-
ments should occur simultaneously with the resto-
ration of the monitoring network.

Materials and methods

To ensure the representativeness of the observa-
tion network and scientifically based planning of
monitoring program activities, it is necessary to

collect and analyze available information on the
groundwater status. This work was initiated in
2019-2021 as part of the Water Initiative Plus pro-
gram for the Eastern Partnership countries, which
aimed to create a framework for the resumption of
groundwater monitoring, considering the require-
ments of the European methodological docu-
ments, especially the implementation of the basin
principle of water resources management. In par-
ticular, groundwater bodies in the Dnipro basin
were identified and their qualitative and quantita-
tive status, vulnerability and risks of failure to
achieve their environmental objectives were pre-
liminarily characterized (Goshovsky et al., 2019;
Lyutyi et al., 2021; Lyuta, Sanina, 2022). The infor-
mation support of these works was carried out on
the basis of data accumulated in geological enter-
prises of Ukraine, published maps of different
scales and the hydrogeological information data-
base created in the Ukrainian State Geological Re-
search Institute.

In the absence of monitoring data, water quality
changes were estimated approximately by compar-
ing the multi-temporal data from the 1:200,000
scale hydrogeological surveys of the 1970s and the
results of the subsequent hydrogeological follow-
up study conducted in 2009-2013. The minimum,
maximum and mean TDS values were compared.
Waters were grouped according to the predomi-
nant anions and the minimum, maximum and
median TDS were determined for these groups
(Tables 1-3).

Table 1. Changes in TDS and anionic composition of groundwater in the Pripyat sub-basin

(hydrogeological map at scale 1:200,000, sheet Korosten)

TDS in groups of waters with predominant anions (g/1),
TDS (g/l), min-max
Year min-max median
mean . HCO," HCO,_ SO > SO * :
HCO, cr 3 31_ 4 Cl4' Cl
0.2-0.4 0.1-1.2 0.2-0.7 0.3-0.7
1971 01-1.2 0.4 0.3 0. 0.4
0.39 Number of wells
8 16 8 0 5
0.4-0.9 0.2-0.5 0.3-2.9 0.4-1.1 0.2-1.0
0.6 0.4 0.6 0.7 0.6
Jo10 0.1-2.9 Number of wells
0.59 7 | 8 | 15 | 5 | 6
Contaminated with nitrates (above 50 mg/1)
0 | 0 | 4 | 2 | 2
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Table 2. Changes in TDS and anionic composition of groundwater in the Middle Dnipro sub-basin
(hydrogeological map at 1:200,000 scale, sheet Pereyaslav-Khmelnytskyi)

TDS in groups of waters with predominant anions (g/l),
TDS (g/), min-max
Year min-max median
mean HCO HCO HCO. SO > o
HCO, 5042_3 cr 3 (3:1_ 4 HCO, NO,
0.2-2.0 0.6-4.0
1965 0.2-4.0 0.5 1.8
0.84 Number of wells
39 0 10 0 0
0.3-1.7 1.2-9.2 2.4-2.6 1.6-4.3 0.9-2.8
1.1 1.8 2. 3.2 2.3
03-92 Number of wells
2009 1.8 21 | 4 | 2 | 6 | 5
Contaminated with nitrates (above 50 mg/1)
14 | 4 | 1 | 6 | 5
Table 3. Changes in TDS and anionic composition of groundwater in the Lower Dnipro sub-basin
(hydrogeological map at scale 1:200,000, sheet Dnipropetrovsk)
TDS in groups of waters with predominant anions (g/l),
TDS (g/), min-max
Year min-max median
mean . HCO, SO SO SO
HCO, $s0,”’ HCO, ! cr
0.2-0.7 0.4-1.2 0.9-2.2 1.2-3.6 )
1973 02-36 0.4 0.7 1.3 2.8
1.46 Number of wells
4 11 8 9 0
1.0-1.7 1.2-1.6 1.3-2.5 2.0-7.0 2.4-9.1
1.3 1.4 2.0 39 4.3
rola 0.8-9.1 Number of wells
27 3 | 6 | 11 | 10 | 6
Contaminated with nitrates (above 50 mg/1)
1 | 3 | 6 | 8 | 6

Natural conditions of the territory

The area of the Dnipro basin in Ukraine is
291,400 km?, or 48 % of the total area of the coun-
try, the basin fully or partially covers the territory
of 19 administrative regions. Its territory is charac-
terized by complex natural and anthropogenic con-
ditions. The Dnipro basin is located within three
sublatitudinal bioclimatic zones — Polissya (marshy
woodlands), Forest-Steppe and Steppe. The terri-
tory of the basin is the southwestern part of the
East European Plain, which consists of upland and
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lowland areas. In the north of the basin the surface
absolute marks are 135-500 m, in the south - 10-
150 m. The climate is generally temperate conti-
nental, from moderately cold in the north to mod-
erately warm in the south. The geological structure
of the Dnipro basin area is complex, consisting of
the Ukrainian Shield, Volyno-Podilska Plate, Dni-
provsko-Donetska Depression, South Ukrainian
Monocline and the Folded structure of the Donbas.

Quaternary sediments cover almost the entire
territory of the Dnipro basin and form the upper
floor of the geological cross-section. The upper-
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Spatial and temporal features of water chemistry changes in the quaternary unconfined aquifers of the Dnipro River basin

most aquifers are confined to them. According to
the lithological and genetic characteristics of the
Quaternary rocks, aquifers are distinguished in the
territory of the Dnipro basin in marsh, alluvial, wa-
ter-glacial sediments, water-glacial and aeolian-de-
luvial sediments and in aeolian-deluvial sediments.

Unconfined aquifers in Quaternary
sediments

The aquiferin marsh Quaternary sediments is wide-
spread in Polissya, in floodplains and relief depres-
sions (Fig. 1). Water-bearing sediments are repre-
sented mainly by peat, fine-grained sands, sandy
loams and loams. The thickness of the aquifer is
0.5-6.0 m; the depth is 0.4-0.7 m. This aquifer is
hydraulically connected with the aquifer in Qua-
ternary alluvial sediments and with surface water

bodies.

The chemical composition of water is mixed:
anions are represented by sulfates, chloride, hy-
drocarbonates and nitrates in various propor-
tions. The water is unpleasant in taste and
smell, yellow-brown in color, contains a large
amount of iron and ammonia. TDS is 0.1-
0.7 g/l; hydrogen index from 5.2 to 6.8; total
hardness is 1.9-5.4 mmol/l. Poor quality of
groundwater makes the aquifer unsuitable for
drinking water supply.

The aquifer in alluvial Quaternary sediments is
common within the floodplains and terraces of the
Dnipro River and its tributaries (see Fig. 1). Water-
bearing rocks are fine- and medium-grained sands.
The thickness varies from 10-20 m in the valleys of
small rivers to 50-60 m in the Dnipro floodplain.
Depth of occurrence depending on the relief varies
from 2-4 to 5-15 m. Well flow rates reach 173-
432 m*/day.

I N - . 4 |

s ]e [

| 7

Fig. 1. Unconfined aquifers in the Dnipro River basin

Unconfined aquifers: 1 - aquifer in marsh Quaternary sediments; 2 — aquifer in alluvial Quaternary sediments; 3 — aquifer in water-glacial
Quaternary sediments; 4 — aquifer in water-glacial and aeolian-deluvial Quaternary sediments; 5 — aquifer in aeolian-deluvial Quaternary
sediments. 6 — Sub-basin boundaries: I - Prypiat; II - Desna and Upper Dnipro; III - Middle Dnipro; IV — Lower Dnipro. 7 — Areas of the
sheets of the hydrogeological map at a scale of 1:200,000: I - Korosten; 2 — Pereyaslav-Khmelnytskyi; 3 - Dnipropetrovsk
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The predominant components of the chemical
composition are hydrocarbonate, magnesium and
calcium, TDS ranges from 0.1 to 1.3 g/1. The water is
characterized by high iron content — up to 2-3 mg/1.

The aquifer in water-glacial Quaternary sedi-
ments is widespread within the moraine and sand
plain in the north of the basin (see Fig. 1). Water-
bearing rocks are sands of different grains, mostly
fine-grained. The thickness varies from 3-25 m on
the right bank to 70 m on the left bank. The water
table depth is mainly 2-7 m. Water abundance de-
pends on lithology of water-bearing rocks; well
flow rates vary from 0.4-216 to 259-1000 m*/day.

Chemical composition is varied: hydrocarbon-
ate, chloride-hydrocarbonate, sulfate-hydrocar-
bonate. The predominant cations are calcium, oc-
casionally magnesium and sodium. TDS varies
from 0.3 to 1.8 g/, mostly does not exceed 0.5 g/,
iron content in the water is up to 0.1-0.8 g/L.

The aquifer in water-glacial and aeolian-deluvial
Quaternary sediments is widespread in the water-
sheds of the Middle Dnipro sub-basin and in some
areas of the Volyn Upland (see Fig. 1). The lower
part of the water-bearing rocks is represented by
water-glacial multi-grained sands, the upper part -
by aeolian-deluvial loams and sandy loams. Thick-
ness of water-bearing sediments is unstable and
varies from 2 to 32 m. The depth of groundwater
level is mainly 5-12 m. The lower part of sediments
is more water abundant. Specific flow rates of wells
vary from 0.9 to 345.6 m?/day.

Water is calcium hydrocarbonate, calcium hy-
drocarbonate-chloride and calcium-magnesium
with TDS of 0.3-0.7 g/1.

The aquifer in aeolian-deluvial Quaternary sedi-
ments is located in the watersheds of the southern
part of the Dnipro basin (see Fig. 1). Water-bear-
ing are loams, sandy loams, loess-like loams with
thickness from 1 to 30 m. Depth of water table is
from 1 to 21 m. The aquifer is low-water-bearing.
Well flow rates vary from 0.77 to 20.3 m*/day. The
aquifer is distributed in a zone of insufficient mois-
ture, so there is a natural process of continental salt
accumulation in the soils and rocks of the aeration
zone, which, in turn, causes an increase in water
TDS. Sulfates and chlorides predominate among
anions, and TDS often exceeds the normative val-
ue, up to 3-10 g/l.

All the listed aquifers (except for marsh waters)
are used for domestic needs of the rural popula-
tion, mainly by means of shallow wells.
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Peculiarities of formation,
contamination and trendof water
quality change

All unconfined aquifers are recharged by infiltra-
tion, mainly by precipitation; overflow from sur-
face water bodies, as well as from adjacent aquifers.

According to long-term observations at 12 me-
teorological stations in the Dnipro basin (Osad-
chyi et al., 2008), the TDS of atmospheric water
ranges from 10.0 to 36.0 mg/l, mainly 20.0 mg/l.
The chemical composition of atmospheric water is
sustained and characterized by the following ratio
of the main ions, %-eq:

SO 60 > HCO, 25 > NO, 8 > Cl'4; Ca** 33 >

Na*23 > Mg* 18 > NH* 12 > K* 10.

No spatial patterns of TDS distribution and
chemical composition of precipitation in the Dni-
pro basin are observed.

As for surface waters, they are subject to a clear
natural geographical zonation, and their TDS in
the Dnipro basin varies widely. In water of the Pri-
pyat River tributaries, the Ubort and the Uzh riv-
ers, TDS is the lowest — 0.2 g/1. TDS of the Dnipro
tributaries elevates significantly from north to
south, in the northern part of the basin it is 0.32-
0.38 in the Desna water, while in the Sula, the Psel
and the Vorskla it reaches 0.7-0.9 g/l (Vyshnevskyi,
Kosovets, 2003). Thus, even the lowest TDS of riv-
er water is ten times higher than that of atmo-
spheric water.

The map of surface water TDS (Fig. 2) evidences
in favor of the climatic factor in the formation of
their qualitative composition. The boundary be-
tween surface waters with TDS lower and greater
than 1.0 g/l corresponds to the boundary of leach-
ing and continental salinization zones, or the
boundary of insufficient and sufficient moisture
zones. The chemical composition of surface waters
in the north of the basin is hydrocarbonate calci-
um, in the southern part it changes to variegated
with predominance of sulfate and sodium ions.

It should be noted that the nature of the distribu-
tion of macro- and microcomponents in surface wa-
ters is significantly different; it is quite natural that
macrocomponents are distributed much more
evenly both in space and time. Based on long-term
observations (Osadchyi et al., 2008), in the water of
the Dnipro cascade reservoirs over a 15-year period,
the minimum average annual TDS differed from the
maximum by 30 %, while for zinc and copper this
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Fig. 2. Surface water TDS in the Dnipro River basin

Sampling points of surface watercourses with TDS: I - < 0.5 g/1; 2 - 0.5-1.0 g/1; 3 - > 1.0 g/l
Area distribution of surface water with TDS: 4 - < 0.5 g/1; 5-0.5-1.0 g/1; 6 - > 1.0 g/1

indicator is 6 and 15 times, respectively. This feature
is explained by purely natural factors — uniform dis-
tribution of macrocomponents in rock-forming
minerals and extremely uneven distribution of mi-
crocomponents, in particular metals.

In groundwater, the natural geographical hydro-
chemical zonation is even more contrasting, re-
flecting the additional influence of the basin’s rocks
material composition. In the groundwater of Polis-
sya, TDS is lower than 0.5 g/l, while within the
Lower Dnipro sub-basin it is more than 3.0, some-
times up to 10.0 g/1.

In addition to TDS and macrocomponent con-
tent, groundwater often contains elevated natural
concentrations of microcomponents that exceed the
standards established by the State sanitary norms
and rules 2.2.4-171-10 “Hygienic requirements for
drinking water intended for human consumption”
This primarily concerns iron and manganese within
the Ukrainian Shield, which are widespread in or-
ganic-rich groundwater of Polissya. In addition,
within the Ukrainian Shield, groundwater some-
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times contains elevated content of lead (up to 0.032-
0.09 mg/l) and beryllium (up to 0.29-0.64 pg/l),
which corresponds to the hydrogeochemical speci-
fication of this region.

The varied natural conditions of groundwater
quality formation are complicated by intensive an-
thropogenic impact. An important aquifers char-
acteristic is their protection from the surface pol-
lution. To assess the protection of the uppermost
aquifer the authors analyzed the aeration zone
thickness and lithological structure and compiled
a GIS-map of Ukraine’s territory, a fragment of
which is shown in Fig. 3. According to the existing
criteria (Migulya et al., 1981), all uppermost aqui-
fers in Ukraine are unprotected because they are
not overlain by a clay layer of more than 10 m, and
differ only in the time of pollutants penetration
from the surface. Using the data on the thickness
of various lithological layers of the aeration zone
and filtration coefficients, the time of penetration
of neutral contaminant with infiltration flow was
approximately determined. According to these
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Fig. 3. Time of possible penetration of pollutants into groundwater, days: I — > 3000; 2 - 1000-3000; 3 — 250-1000; 4 — 50-250; 5 —
0-50. Unconfined aquifers: 6 — aquifer in marsh Quaternary sediments; 7 - aquifer in alluvial Quaternary sediments; 8 - aquifer in
water-glacial Quaternary sediments; 9 — aquifer in water-glacial and aeolian-deluvial Quaternary sediments; 10 - aquifer in aeolian-

deluvial Quaternary sediments

estimates, the uppermost aquifers vary in the time
of penetration of pollutants from the surface with
infiltration water (see Fig. 3): from 0-50 days in
the north to 2000-3000 days in the south of the
Dnieper basin (Sanina et al., 2005). Such natural
conditions combined with intensive and long-last-
ing anthropogenic pressure resulted in large-scale
groundwater pollution.

The most significant anthropogenic impact on
unconfined aquifers throughout the Dnipro River
basin is caused by diffuse sources of pollution
within agricultural lands due to the use of mineral
fertilizers and pesticides, irrigation and discharges
of polluted wastewater into surface water bodies.

The detection of large areas of nitrate pollution
indicates a steady trend towards their accumulation
in groundwater. Given the significant demand for
food products on the world market, the volume of
agricultural production will grow and the use of fer-
tilizers and pesticides will increase. Therefore, we
should expect an increase in the pressure from dif-
fuse sources of pollution within agricultural lands.
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The problem of pollution with organic com-
pounds and nitrates is exacerbated within rural
settlements, where the population uses decentral-
ized wastewater disposal systems (septic tanks
and cesspools). According to the regional centers
for disease control and prevention in different re-
gions of Ministry of Health in Ukraine, cases of
acquired methemoglobinemia are periodically re-
ported due to the use of water from wells for the
preparation of infant formula, and in such cases
the nitrate content exceeded the standard
(50 mg/1) by 10 or more times. Considering open-
source information (Nitrate..., 2018) that cases of
an acquired methemoglobinemia also occur at
fairly low nitrate levels (above 10 mg/1), this situa-
tion looks threatening.

Another concern is the fact that oil products and
pesticides have become common pollutants in un-
confined aquifers. Pollution by oil products is spot-
ty, and pesticides are mainly recorded in the south-
ern regions, where their appearance is facilitated
by irrigation (State..., 2021).

ISSN 1025-6814. Ieonoziunuii xypuan. 2023. Ne 2



Spatial and temporal features of water chemistry changes in the quaternary unconfined aquifers of the Dnipro River basin

In the area of mining facilities influence in the
sub-basins of the Middle and Lower Dnipro (min-
ing areas of Dnipro, Zaporizhzhia, Donetsk and Pol-
tava regions), the violation of natural hydrochemi-
cal conditions is associated with discharges of highly
saline drainage and mine waters. In areas with a
high level of industrial development and dense con-
struction, changes in the quality composition of
groundwater are observed. Here, unconfined aqui-
fers are vulnerable to the impact of wastewater from
chemical and metallurgical enterprises, industrial
sites and tailing dumps of mining and processing
plants. In these places (cities of Kamianske, Dnipro,
Zaporizhzhia), waters of unconfined aquifers have
high TDS (up to 3.4-8.6 g/1), elevated content of sul-
fates, chlorides, and high water hardness.

The most considerable changes in groundwater
quality were recorded as a result of the Kryvyi Rih
iron ore deposit development in the Lower Dnipro
sub-basin, which affects not only unconfined, but
also the underlying confined aquifers. The total
area of uppermost aquifers groundwater contami-
nation in the Kryvbas region is 300 km2 with TDS
up to 12.3 g/l. Groundwater in this area is charac-
terized by a high concentration of sulfates, chlo-
rides, iron (up to 2.9 mg/l), strontium (up to
16.6 mg/1), bromine (up to 47.4 mg/l), manganese
(up to 26.1 mg/1) (State..., 2021).

These data confirm the conclusions of previous
studies that the waters of the uppermost aquifer in
most of its distribution area do not meet the re-
quirements of current quality standards by one or
more indicators (Shestopalov et al., 2005).

Hydrochemical characteristics of the uppermost
aquifers are variable both in space and time. To as-
sess changes in water quality over time, we com-
pared the sheets of the hydrogeological map of
scale 1:200,000 Korosten, Pereyaslav-Khmelnitsky
and Dnipropetrovsk, located respectively in the
sub-basins of Pripyat, Middle and Lower Dnipro. It
should be noted that different map sheets are un-
equally provided with hydrochemical information.
Therefore, only the data available on all sheets and
for both time periods were compared, namely TDS
and anionic composition of water.

In the north of the Dnipro basin, in the Pripyat
sub-basin, information from hydrogeological
maps for 1971 and 2010 was compared for 37 and
41 wells, respectively, in the Korosten sheet (see
Fig. 1). Here, the most common aquifers are in
water-glacial and alluvial Quaternary sediments.
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During this period, the mean TDS elevated by
5 0%, increasing from 0.39 (from 0.1 to 1.2 g/I) to
0.59 (from 0.1 to 2.9 g/1). In the natural state,
groundwater in this area is characterized by low
TDS and predominance of hydrocarbonates and
chlorides in the anionic composition. Over the 40-
year period, TDS increased mainly due to chlo-
rides and sulfates, the amount of three-component
anionic composition doubled (see Table 1). The
anthropogenic origin of this growth is evidenced
by the fact that nitrate contamination of water, re-
corded in a quarter of the tested wells, shows a clear
correlation with waters of chloride and three-com-
ponent anionic composition.

Hydrogeological maps of the Pereyaslav-Khmel-
nytskyi sheet (the Middle Dnipro sub-basin) at
a scale of 1:200,000 (see Fig. 1) for 1965 and 2009
were compared for by studying the chemical com-
position of water in 49 and 38 wells, respectively,
which exploit mainly the aquifer in alluvial Qua-
ternary sediments. More significant changes have
occurred here, with groundwater TDS more than
doubling over a 44-year period, from 0.84 to 1.8 g/1.
The anionic composition of water has undergone
significant changes. The number of water points
with natural hydrocarbonate water composition
has almost halved, while the number of wells with
water of mixed composition has significantly in-
creased (see Table 2).

Agrarian specificity of the territory affected the
significant nitrate contamination. Out of 38 tested
wells, 30 contain water with excessive nitrate con-
tent. In five wells, the content of nitrates reached
such values that they together with hydrocarbon-
ates form the main anionic composition of water.
Wells with nitrate content below the maximum
permissible concentration spatially tend towards
the river network, while in watersheds the nitrate
content in water increases.

In the territory of the Lower Dnipro sub-basin
(Dnipropetrovsk sheet, see Fig. 1), hydrogeological
maps drawn up in 1973 and 2012 were analyzed
(respectively, data on 32 and 36 wells were com-
pared, which mainly exploit aquifers in aeolian-
deluvial and alluvial Quaternary sediments). The
analysis showed that over a 40-year period ground-
water TDS increased by an average of 1.8 times
(see Table 3). As of 1973, it was 0.2-3.6, mainly
1.46 g/l, and the anionic composition was domi-
nated by hydrocarbonates and sulfates. After
40 years, groundwater TDS is 0.8-9.1, averaging
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2.7 g/l, and the role of sulfates and chlorides in the
anionic composition increased significantly. Ni-
trate pollution is widespread, the content of sulfates
and nitrates exceeds the MPC in 2/3 of the tested
wells.

Thus, changes in the TDS and chemical compo-
sition of groundwater over the past 40 years have
occurred throughout the Dnipro basin, even in the
north, where the highest amount of precipitation
and the lowest anthropogenic pressure is observed.

Despite the fact that all the tested wells are lo-
cated within settlements, and obviously subjected
to intensive anthropogenic impact, we cannot ex-
clude an additional contribution of a powerful nat-
ural factor - significant climate change in the dete-
rioration of groundwater quality. The main role of
the climatic factor in the formation of surface and
groundwaterqualitative composition causes a justi-
fied concern about the deterioration of their quality
due to climate change. According to the data of me-
teorological observations, conducted in Ukraine
since 1881, the average annual temperature increase
over the last 30 years was 1.20 C, and the average
annual temperature in Ukraine may rise by another
1-1.50 C during the next 30 years. Aridization of
the climate is observed, which may lead to a signifi-
cant shift of the physiographic zones boundaries
and desertification of large territories in the next
30-40 years. One of the negative consequences of
climate change is predicted to be significant chang-
es in the quantitative and qualitative groundwater
status (Wilson et al., 2021).

Russian aggression has greatly exacerbated an al-
ready difficult situation. Throughout 2022-2023,
much of Ukraine was contaminated with oil prod-
ucts, heavy metals, and various chemical elements
and compounds that entered the environment as a
result of industrial plants destruction. Military ac-
tivity has been observed in areas of particularly haz-
ardous facilities, including the largest in Europe
South Ukraine Nuclear Power Plant, which has been
occupied since March 2022. Intense fighting contin-
ues in the Lower Dnipro sub-basin. Surface water
and soil are heavily contaminated over large areas,
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*ABTOD [I/I1 KOPECTIOHEHIIil

I[TpoanasizoBaHO Ta y3araJbHEHO faHi IIPO XiMIYHMIT CKIaf BOJ Oe3HAIPHMX BOJOHOCHMX TOPMU3OHTIB Y baceitHi [IHimpa.
Ile mpoBeneHo He nuIlle Y 3B’A3Ky 3 HEOOXifHICTIO BIPOBa/PKEHHA BMMOT METOMMYHMX JOKyMeHTiB BomHoi PamkoBoi
mupexTuBy ECynpolieci MOHITOPUHTY MifI3eMHMX BO, a IIepeJ0BCiM Yepes Te, 110 IPYHTOBI BOIM IMPOKO BUKOPUCTOBYIOTbCA
U1 BOJOIIOCTaYaHH HACE/IEHHS Y CIIbCKIX HACETIEHUX ITYHKTAX. rpyHTOBi BOJIM BiJ3HAYaI0TbCsA CK/IAIHMM 1 HEOTHOPITHIM
XiMIYHUM CK/IaZioM, OOYMOB/IEHMM KOMIUIEKCOM IIPMPORHMX i aHTpoIoreHHNX YnHHKKIB. Ha Tepuropii 6aceitty [Tninpa
SICKpaBO BUABJIAETbCA IPUPOAHA TifpoXiMidHA 30Ha/IbHICTh. HusKa XiMiYHMX €7IeMEHTIB i CIIONMYK y BOAi MiCTATbCA
y KOHIIEHTPAIlifX, 1110 NIepeBUIIYI0OTh HOPMAaTUBHU /I MUTHMX Bof, ycraHosneHi [JCanlliH 2.2.4-171-10, y npupopHOMY
crani. KpiM Toro, 6esHamipHi BOJOHOCHI TOPM3OHTM 3a3HAIOTb CYTTEBOIO AHTPOINOrEHHOTO BIUIMBY, OCKIIBKU
€ He3axXVIIeHVMI Bifi 3a0pyaHeHHsA. BykoHaHe IOPIBHAHHA JaHMX IOAO MiHepaji3alil Ta aHiOHHOTO CK/Iafly IPYHTOBMX
BOJ|, OTPVMAHNX IIJ Yac TifporeosorosHiManbHUX pobiT y mepiox 1965-1975 i 2009-2013 pp. mo TpbOX apKyIIax
rigporeonoriuHoi kaptu Macitaby 1:200 000 y pisHux cybbaceitnax [IHimpa, 3aCBiT4M/IO TOBCIOAHI BeNKi 3MiHM XiMIYHOTO
CKIafly IpyHTOBMX Bop. KpiM 3HayHOro aHTPOIOT€HHOrO HaBaHTAXEHHdA, IPYHTOBI BOJM 3a3HAIOTb CYTTEBOTO BIUIMBY
K/IIMaTMYHUX YMHHYKIB. 3a 40-piuHnit nepion MiHeparisarjisa Ha mmiBHodi 6aceriHy [JHinpa spocna Ha 50 %, y LieHTpanbHill i
HiB/IeHHIll YaCTUHAX — YABiYi, 32 paXyHOK 301IbIIIeHHA BMICTY cynbariB i xnopuais. Y Mexxax poaHaTisOBaHNUX TEPUTOPIit
y cy66aceitnax Cepennporo i Hywkuporo [IHinpa Bii3Haua€ThCs MPAKTUYHO HOBCIOHE HiTpaTHe 3a0pyAHEHHA IPYHTOBUX
Boy,. Ha 3HauHiit TepuTopii IpyHTOBI BOIM 4epe3 MOHAJHOPMOBUI BMICT XiMiYHMX €/IEMEHTIB i CITOMYK NPUPOJHOTO Ta
AHTPOIIOre€HHOTO OXOMPKEHHSI € HEITPU/ATHUMM [/ IMTHOTO BOJOIIOCTAYaHH:A HaceleHH:A. ToMy OfHMM 3 IepHIIoYeproBux
3aBJaHb MOBOEHHOI BinOymoBM YKpaiHU MOBMHHE CTATH IepPeBENEHHs CUIbCHKOTO HACeleHHs Ha BOJOMOCTAYaHHS i3
3aXMIEHMX HaIliPHMX BOJOHOCHMX FTOPU3OHTIB i IIO/IIIIEHHs CaHITaADHIX YMOB Y CIIbCHbKMX HAaCE/IEHUX ITYHKTaX.

Kntouoei cnoea: niozemni 600u; 6e3HanipHi 6000HOCHI 20pU3OHMU; YMOBU POPMYBAHHS; AKICHUTL CMAH; MiHepani3auis;
6acetin Jninpa.
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Posenanymo axmyanvry npobnemy 3a6pyoHeHHs nid3emHo20 cepedosuuyd HaPmonpooyxmamu ma 1iozo mpamcopmauii
nio 6NIUBOM KONUBAHY PiBHI6 SPYHIMOBUX 600. [Ipoananizosaro ceimosuii 00ceio 00ciONeHHs BNAUBY KONUBAHD PiBHIE
SPyHmMOBUX 600 HA mpaHcopmauio Hapmonpodykmosozo 3abpyoHeHH, 30Kkpema nNpoyecy nepepo3nodiny mMoOinvHUxX
Hagpmonpooykmie, po3uUHEeHHS, BUNAPOBYBAHHA ma 0iodezpadauii 8yene600He8UX CNONYK, 4 MAKON HA PISHUUIO MiX
OiticHO0 NOMYHCHICIO WAPY MOBINIbHUX HAPMONPOOYKMI6 Yy NOPUCIOMY ceped08UL4T Ma YABHOIW NOMYHCHICIMIO HAPMO-
npooyKmis y cnocmepescHiii c6eponosuni, w0 Mae 8axcuee 3HAYEHHS NPU NAAHYBAHHI pemediauilinux 3ax00ie.

Jlocniosceno 8nnue KonUeaHv PieHis sPYHMOBUX 800 HA MPAHCHOPMALi0 oOcepedKy HAPMONPoOyKmMoe02o 3abpyoHeH-
HA Ni03eMH020 cepedosuya Ha JiNAHYI CKA0y NATUHO-MACMUNLHUX Mamepianie aeponopmy «bopucnine». B pesyno-
mami KONUBAaHv PiBHA SPYHIMOBUX 600 8i06Y8ANUCy «PO3MA3YBAHHA» 2ACY 8 30HI depauil, w40 npu3sseno 00 36invuleHH
30HU 3a0pyOHeHHS SPYHMI6 y sepmuKanvHomy po3pisi. bazamopiuna amnnimyda xKonusamv pieHs spyHmMosux 600 cma-
Ho8UMDY 2,4 M, 30Ha 3A6pPYOHEHHS SPYHMIE HAPMONPOOYKMAMU MAKOH 3HAXOOUMbCA 8 uux mexcax. Hatibinvwa nnowa
3a0pYOHeHHS SPYHMOBUX 600 PO3HUHEHUMU HAPMONPOOYKMAMU CHOCEPi2anacy Npu HAUHUNHUUX PIBHAX SPYHINOBUX
600. Hatisuwi konuenmpauii posuunenux nagpmonpooyxmis (75,98 me/om?) sagixcosani 6 pationi ninsu eacy. Ilosa nin-
3010 2acy NAOWUHHE NOWUPEHHS 3a0PYOHEHHS SPYHIMOBUX 800 € OOMeNeHUM. AHAI3 0aHUX MOHIMOpUHEY C8i04UmMb NPO
me, W0 Ha 0aHuti 4ac 3a6pyOHeHH Ni03emMHO20 cepedosUa HAPMONPoOyKmamu Ha OiNAHYI CKA0Y NANUEHO-MACMUTb-
HUX mamepianie aeponopmy «bopucninv» 10Kkaniz06amno, nodanvuie tiozo NOUUPEHHS He NPoeHO3yEMbCs. Pexomeroosa-
HO NPOBOOUMYU MOHIMOPUHE NPOUECi6 NPUPOOHO20 0CIAbNIEHHS 0cepedKy HAPMONPoOyKmMosoeo 3a0pyOHeHHS.

Kmiouosi cnosa: niosemue cepedosuie; Hapmonpooykmu; mpaHchopmanis 3a6pyoHeHHS; KONUSAHHS PIBHS SPYHINOBUX 600.

Ourysansaa: lmak O.M., laBpumok Pb., Jlorsurenko O.I., 3amonbcbkuit .M. OuiHka BIVIMBY KOMMBAHb PiBHA
TPYHTOBUX BOJ Ha TpaHcopMalilo HaQTOIPOLYKTOBOrO 3abpyAHEHHs MiA3eMHOr0 cepefoBua. leonoeiunuil Hyp-
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Ouinka 6nnusy Konuears PiHs SPYHMOBUX 800 HA MPAHCHOPMALiI0 HAPMONPOOYKI06020 3A0PYOHEHHS Nid3eMHO20 cepedosuL4a

Beryn

AxmyanvHicme docnioxenHs. IIporsaroM ocraH-
Hix 50 poKiB cTpiMKMit po3BUTOK HAPTO-XiMi4HOI
IIPOMMCIOBOCTi Y BCbOMY CBiTi IPU3BiB [0 YMC-
JICHHUX aBapiifHNX pO3NMBiB Ta BUTOKIB HagTO-
npopykris (HII), mo 3Ha4HO BIUIMHYIIO HA JOBTO-
TpuBany skictp nifzemuux Box. HII (6ensnuH, rac,
IV3ebHe MTaIMBO TOIIO) € ONHMMM 3 Halioumpe-
HilMX 3a0py/HIOBAYiB IPYHTIB Ta MiJI3eMHNX BOJ.
[ToTpamnaroun y migsemHe cepeposuine, HII me-
PepOsNOAiNAIThCA NUIAXOM Mirpalii 4yepes 30Hy
aepauii (3A) Ta Hacuueny 3ony (H3) i B3aemopii
3 nifgzemHuMu Bogamu. Okpemi komnonenTy HIT
€ TOKCUYHNMY, 110 BIUIMBA€E Ha POC/IVHY, MiKpO-
opraHiamm, TBapuH i 3opos’s mopeit. Lle po6uTs
Mifj3eMHi BOAY HENPULATHUMU AK I CIIbCBKOTO
TOCIOJAPCTBA, TaK i /I MUTHOTO BOJOIIOCTAYaH-
Hs (Cavelan et al., 2021). Ockinbku HII 3a3Buyait
€ CKJIIAHMMY 6araTOKOMIIOHEHTHVMM CyMilllaMy
3 pisHMMM ¢i3suMKO-XiMiYHMMMU BIACTUBOCTSMU,
Ile 3HAYHO YCK/IaJTHIOE Bi[HOB/ICHH: 3a0py/IHEHIX
HIT pinaHok, ske Mo)ke OyTM [JOBrOTPMBAIUM
i moporum. Kpaie posymiHHA kepyouux ¢axTo-
piB mpomeciB Tpancdopmanii HII-3ab6pynHeHHA
Ta BIJHOB/IEHHSA 3a0pyAHEHNUX [IAHOK CTajIo
BOX/IMBOI HAayKOBOI METOKI0 OCTAaHHIX HecATH-
nite (McAlexander, Sihota, 2019; Alazaiza et al.,
2020; Ismail et al., 2020; Cavelan et al., 2021).

3 MeTo0 ITOKpallleHHA IIOBOMKEHHS 3 ocepef-
kamu HII-3ab6pynHeHHs Ta OOMEXEHHS BIUIMBY
3a0pyJHeHHs Ha IOBKi/UIA HeOOXiTHO BpaXoByBa-
TU BIUIMB CE30HHMX KONMBAaHb PiBHIB IPYHTOBUX
Boy (PIB), pexxumy omajis i TeMmeparypu Ha 1o-
Beninky HIT (Cavelan et al., 2021, 2022). Yucnensi
nMabopaTopHi i MONMbOBI ZOCTIPKEHHS Ta MOJE/TbHI
eKCIIepMMEHTH IPOAEMOHCTPYBA/IN, IO CE30HHI
abo crnpuuMHeHi BigKaukow KonuBaHHsA PIB
BIUZIMBAIOTh Ha Mirpanio Ta mnepeposnogin HII
y nigzemHoMy cepemosuuii (Lenhard et al., 2017,
2019), mBMUAKiCTD PO3YMHEHHA KOMIIOHEHTIB
(Teramoto, Chang, 2017), Bunaposysanua (Guo
et al, 2019; Qi et al., 2020) ta 6iomerpagaito
(Dobson et al., 2007; Gupta et al., 2019; Ismail et al.,
2020). ocmimkeHHs IIOKasaau, IO KOMMBAaHHA
PIB Ta/a6o 3MiHM BO/IOTOCTi IPYHTY BIUIMBAIOTh
Ha BEpTMKa/JbHY MANCIIEPCII0 Ta IIepepOS3IIOAiT
koMmItoHeHTiB HII Y KamiIApHii KaiiMi, ITOCUITION-
4Jl iX BUBI/IPHEHHS B IPYHTOBi BOAM Ta IOBITpA.
Konusanus PIB cyTT€BO BIUIMBAIOTH Ha Pi3HMUIIIO
MDK yABHOW ToBIIMHOK wapy HII y cmoctepex-
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Hill CBEpH/IOBMHI Ta MiJICHOI0 TOBIIMHOIO ILAPY
HII y nigsemHoMy cepemoBumi. Lle yckmagHioe
OLHKY Aii¥icHOI ToBIMHY Ta 06csary HII, mo Heo6-
XiTHO BpaXxOByBaTM IpU IPOEKTYBAHHI BUIY4eH-
Hsa HII (Atteia et al., 2019; Deska, Ociepa, 2013;
Lenhard et al., 2017).

B Ykpaini, ge TpuBanmii 4ac iCHyIOTb YMCICHHI
ocepenky HII-3abpynHeHHs Mi3eMHOTO cepeno-
BUINA, JOCHPKEHHA B LIbOMY HAIpsAMi MalTb
BOK/IVBE 3HAYEHHA IIPY IJIAaHYBaHHI peMenianin-
HUX 3aXOJIiB.

Memorw cmammi € OITAL JMTEPATYPHUX JDKe-
pen cTocoBHO BIUIMBY KoimBaHb PIB Ha Tpanc-
¢dopmanio HII-3abpynHeHHsA migseMHOro cepe-
JIOBMIIA Ta OLIHKM BIVIMBY KonvBaHb PIB Ha
TpaHchopmanio ocepenky HII-3abpynHeHHs Ha
OiUIAHL CKMafy IaJMBHO-MAaCTWIBHMX MaTepia-
niB (IIMM) aeponopty «bopucminb».

Teoperuune oOrpyHTyBasHA

Ta aHAJI3 OCTAHHIX JOCJI;KEeHb

i myOurikamii

Ha mirpaniro ta posnogin HII y rpyHrax Ta mig-
3eMHMX BOJaxX BIUIMBAOTb Pi3HI IapaMeTpy,
a came o6’em Buroxy HII, disuko-ximivni Brac-
tuBocTi HII, XxapakTepucTuku rpyHTy Ta aMILIi-
TyZia i IIBUIKICTb KONIMBAHDb PIB.

ITicnst BUTOKIB y mifi3eMHe cepefioBMIIie MOOIbHI
HII mig BimmBoM rpasiTallii IpOCOYYIOTHCA BHI3
Kpi3b opu IpyHTy (puc. 1). ITix qac mirparii uepes
3A 3Hayna yactuHa HII moxxe 6yTu 3axoriena ka-
MAPHUMY CUIAMM 'y BMIVIAJL 3a7MIIKOBUX Kpa-
Ie/b Ta TaHII 260 copOOBaHa 3epHAMMU IPYHTY.
bararo xomnonentis HII xapakTepusyrorbca Buco-
KM TUCKOM TIapy i MOXXYTb 6e3I0ocepesHbO BUIIa-
POBYBAaTHUCA B I'PYHTOBMII I'a3, YTBOPIOIOYM ITOTEH-
LIVHO LIKiJZIMBI BUKUAM JIETKUX OPraHiYHUX KOM-
moHeHTiB — JIOK (Patterson, Davis, 2009). fkio
B IiJj3€MHE CepefoBUIEe IOTPAIlIA€ [OCTaTHiN
06’em HII, mo6inpai HII gocaraiors PIB Ta Hako-
IMYYIOThCA HAa HbOMY (mmB. puc. 1). Jai mipy Brom-
BOM IUIaBYy4YOCTi Ta BifTHOCHOI IPOHMKHOCTI MO-
6impai HIT mommprotoThes aTepanbHO B HAPAMKY
TIOTOKY I'PYHTOBMX BOJ], YTBOPIOIOYM JIiH3/ B Kalli-
JIsApHiN Kaitmi. Mo6inpHi Ta 3ammkosi HIT € mxe-
peloM NOTPAIUIAHHA PO3YMHEHUX BYITIEBOJGHIB
3 iHQIIPTpaliiiHNM IIOTOKOM y IPYHTOBi BOAY,
yTBOpIOOUM M7Ieii¢ po3urHeHnx KommnoHeHTiB HIT
(mmB. puc. 1). Axujo BmicT komnonenTis HII y rpyn-
TOBUX BOJAX IIEpEBUIIYE X HOMiHAJIIbHY PO3YMH-
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) TOE

Puc. 1. KonuenryampHa Mopenb tpaHcdopmanii HII-
3a0pyAHEHH Mi yac konusaHb PIB: (4) mouaTkoBe mONOXeEH-
s PIB mig wac posnusy HIT; (b) sumokenss PIB (cyxmii ceson);
(¢) migitom PI'B (Bonornii ceson) (Cavelan et al., 2021)

HICTb, Ile MO>KHA CIIPUIIMATU K HENPAMY O3HAKY
HAABHOCTI IUIiBKM 260 emynbcii HIT (BPI/IKC Ta iH.,
2015). MexaniyHa pucnepcis ta gudysia B moep-
HaHHI 3 aJBEKTVBHUM IIOTOKOM IPYHTOBUX BOJ,
IIPU3BOJATD JIO IMONEPEYHOI Mirpanii posurMHeHnx
kommoHeHTiB HII, 36inpuryroun pusuxu st
00’eKTiB-pellenieHTiB (HAPUK/Iaf, [PKeperl MUTHO-
r0 BOJOIIOCTAYaHHA), KyAM PO3BAHTaKYIOTHCA
rpyHToBi Bomgm. IIporHosyBaHHs TpaHchopMaril
HII-3a6pyaHeHHs Mij3eMHOTO CepefoBMUINA Y Jaci
Ta BiJ{HOBJICHH: 3a0pyHEHMX A/IAHOK € CK/Ia/{HOI0
3apmauero (Newell et al., 1995; Lenhard et al., 2017).
MikpoopraHismu IpyHTY COPUAIOTD Jierpajalii
kxommoneHTiB HIT. Mikpo6Hi TIOIY/IALII Ta IIpole-
cu bioprerpaariii ByI7IeBOLHIB XapaKTepyU3yIOThCs
PI3SHOMAaHITHICTIO Ta 3HAYHO 3MIHIOIOTHCS 3 TINOU-
HOI0 3aJIEKHO BiJl OKVMCHO-BiJTHOBHUX yMOB, JIO-
CTYIIHOCTI €IeKTPOHHUX aKlenTopis i ckmapy HII
(Garg et al., 2017; Ilmak, JlorBuHenko, 2019;
Sookhak Lari et al., 2019). JocmimkeHHs 3 BU3Ha-
YEHHA INPUPOAM MIKpOOpraHisMmiB i MeXaHi3MiB,
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Fig. 1. Conceptual model showing LNAPL mobilization and
transformation processes in a contaminated site during water
table fluctuations: (a) initial water table level during the oil spill;
(b) low water table level (dry season); (c) high water table level
(wet season) (Cavelan et al., 2021)

[0 KOHTPONMIOITH JKUTTENISANBHICTD OaKTepiit,
CBiflYaTb IpO 3HAYHY pOJb biomerpapauii y mpu-
ponHoMy ocnmabnenni HII-3abpynnenns (Rivett,
Sweeney, 2019; Bruckberger et al., 2021).

B po6ori (Cavelan et al., 2021) npoananizoBaHo
JTepaTypy epeBaXkKHO 3a OCTaHHi [1Ba IeCATUIIITT,
06 IOK/IACTM OCHOBY I PO3YMiHHA AVHAMIKI
IPOLECIB, sIKi BIVIMBAIOTh HA MOOITBHICTD, PO3IIOMT
Ta 6ioperpapanito HIT y minzemHoMy cepenmoBmini
B KOHTEKCTi 3MiHM KiMaTy. [ooBHMM 4MHOM JBa
(daxTopy MaroTh HailOIBIIINIT BIUIMB Ha TpaHcdop-
Mauito HIT-3a6pynHenss1, a came konuBauus PIB
i sMiHM Temneparypu. Binbin rmboke posyMiHHA
JIMOBIpHUX HepeXofiiB y MacmTabax ZOMiHYIOYIX
nporiecis 3abe3nedye OCHOBY Al po3poOKy cTpare-
rii moBompkeHHA 3 ocepenkamy HIT-3a6pynHeHHA Ta
3MEHIIIeHHsI PUSVIKIB, TTOB’s13aHNX i3 3a0pyHEHNMI
HII ginsaakammn.

Y 6e3HamnipHUX BOJOHOCHVX TOPU3OHTAX BUCO-
ta PIB i KanmifApHOI KaliMu 3 4aCOM MOYKE 3MiHIO-
BaTucA 3 papy npuuanH. Taki kniMatnysi pakropy,
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AK KIUIBKICTh OIaJiB Ta 3MiHa TeMIIepaTypHOrO
peXuMy, IPU3BOJATD O 3MiHM aMIUITYANU KOJIN-
Banb PI'B. Y mpani (IlleBuenxo Ta iH., 2021) Ha-
BeJleHO JaHi npo 3MiHM nukiaiyHocTi PI'B,
IIOB’sI3aHi 3 IPOsIBaMy I7I00a/IbHOTO ITOTEIUTiHHS,
a B po6orti (IlleBuenko Ta iH., 2019) iigeThCst PO
B3a€MO3 130K M)XK 3pOCTaHHIM TeMIIepaTypu Te-
IUIOTO Iepiofy, 361IbIIeHHAM BUIIAaPOBYBAHHA Ta
sHIDKeHHAM PI'B i migseMHOro CTOKy, a Takox
3MEHIIEHHAM >XUBJIEHHA OUIbII [MIMOOKUX BOLO-
HOCHMX TOPM3OHTIB Ta 3HVDKEHHAM PiBHIB Y HUX.
Cesonni kommBanHs PIB BigbyBarmoTbCst, Komu
JKUBJIEHHSI, MOIJIMHAHHS POCIMHHICTIO Ta 3abip
MiI3€MHUX BOJl 3MIiHIOIOTHCA IPOTATOM POKY.
Maxkcumanbhi PIB criocrepiraiorbcss BECHOIO 3a-
BIAKM TAHEHHIO CHIil'y, 3pOCTAaHHIO PiBHA BOAM
B piuKax, yactuM onafaM. I1ig yac miTHbOI MOCyxn
i BificyTHOCTI momiiB PIB 3HIDKYIOTbCA. B ocCiHHi
nepion, PIB BigHOBIIOIOTHCA 4yepes 4acTi momii
(BapTo 3a3HauMTH, IO B YKpaiHi OCTaHHI iBa Jie-
CATWIITTA 3a OCiHHI nepiog PIB BigHOBmIOBa-
nuck muire 9actkoBo). KonmmBauus PIB mMoxyTh
BiiOyBaTICS IPOTATOM Oi/IbIII KOPOTKMX Iepiofis
4acy 4epe3 3MiHM BMCOTU BOJHOI IIOBEPXHI y Ha-
BKOJIMIITHIX BOJOMMaX Ta 3aBASKM iHIIMM MeTeO-
poJIOTiYHMM i rigpodisuyHNM YMHHUKAM. 3MiHU
nonoxenHss PIB Takox MOXyTb BigOyBaTmcs
BIIPOJIOBX Oi/IBII TPUBA/IOTO Nepiofy Yacy, AKIIO
cepefHi NOKa3HMKI XKVBJICHHS NIEPEBUILYIOTD Ce-
pefHi MOKa3HMKM BifbOpy Ta NMPUPORHOTO PO3-
BaHT@)KeHHs MiI3eMHUX BOJ, abo Hapmaku. Ta-
KOK Ha monoxeHHst PIB BrummBaioTh 1106abHi
3MiHM K/IiMarty, 110 Bi,u06pa>1<a10Tbc51 B 6araTopitI—
HIX KOJIMBAHHAX — JECATHU i CTOPIYHUX.
KonuBauus mnonoxenus PIB BrmmBaoTh Ha
npocropoBuit posnopin HII y BogorOCHOMY TO-
pu3oHTI. 3a yMOB «cTanioHapHoro» PIB npouecu
PO3YMHEHH, BUIIAPOBYBAHHA Ta IIONIEpeYHa Mi-
rpania po3unmHeHux KommoHeHTiB HII € BigHOC-
HO OOMEeXEeHUMU 4Yepe3 Majy BepTUKATIbHY JUC-
nepciro Ta MOBiNbHY AUQY3il0 pO3YMHEHNX KOM-
noHenTis HIT (Gupta et al., 2019). Yrpumanus
i mo6inpHicTp HII y HacuyeHOMY nOpuCTOMY Ce-
penoBuIi 3ajeXXaTb Bifi HAaCMYEHOCTI KOXXHOI
¢asu (mositps, Bopa, HII) y 3A. Edexr ricrepe-
31CY, 3HAYHOI0 MipOI0 BUK/IMKAaHUI KOJIMBaHHA-
mu PIB, yacTo BUHMKae, OCKiIbKM MOOGiTbHA
¢dasa HII pyxaerbcs BepTMKaAbHO pa3oM i3 Ko-
nuBanHAMM PIB (Gatsios et al., 2018). Hacuue-
HicTb MoOinbHOI dasu HII e Bucokow, a Boga
3aiimae MmeHur mopu. Komm PIB omyckaerbes,
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Mo6inpHi HII opgHOYacHO pyXaoTbcsd BHU3
(nuB. puc. 1, b), mo Ipu3BOAUTD O IIePEPO3NOLi-
ny mo6inpHux HII i 3MiHM po3nofiny KoMIIOHeH-
tiB HIT mix pisaumu ¢asamn. Yacruna HII 3a-
nuumaeTbca B 3A y BUIIALL NTepepUBYACTUX 3a-
mumkoBux — ranrmiin  (Charbeneau,  2007).
Hait6inpm netki Ta posumuni cnomyku HIT mo-
XYTb BMIIAPOBYBAaTuCs a0 BMMUBATKCS 3 iH-
¢inpTpaniitHUMy BogaMu B IPYHTOBI BOJOHOCHI
TOPM3OHTYM Ta CIPUATU YTBOPEHHIO HLUIeldiB
posunHenux ByrreBogHiB (Kechavarzi et al.,
2005). [Nomanplie MiIBUIEHHS PIB
(nuB. puc. 1, c) IpU3BOAUTD IO BUCXiTHOTO TIepe-
posnopiny mobinpayx HII, npu npomy oxpemi
HepyxoMi 3axormureHi Kpamn HII sanmmmarorbcea
y H3 (Charbeneau, 2007). 3ony konusauus PIB
i HII 9acTo HasMBalTb «30HOK PO3Ma3yBaHH»
(Cavelan et al., 2021). ITig yac mocnifoBHKX ¢a3
IpeHaXy/BOVpaHHA BIUIMB KaIli/LIPHOTO TVICKY,
a TaKoX 3axoruieHHs pifiuH y 3A ta H3 mocriitno
3MIHIOIOTD NLAXY TOTOKY Bopu. 1]i epexTn ricte-
pesucy, 10 CyIpPOBOIPKYIOTbCA JIOfaTKOBMMU
B3aemopiamu HII-Bopa (rpyHToBi Ta iHdinbTpa-
nilHi Bogy), copusAoTh MoOinizanii 3a6pygHeHb.
TaxuM 4MHOM, CE€30HHI a60 CIIpMYMHEH] BifjKay-
KO0 KonBaHHsA PI'B 4acTo nmpusBopsATh 0 mepe-
posnopiny ta nomnpenHa HII y soni konuBanb
PIB (mzuB. puc. 1), 3MeHIIEHHS CepeNHbOI Hacuye-
nocti HII ta macu mob6inpuux HII, mo 3annma-
€TbCA IIC/IA IbOTO, TA 3HIDKEHHA HebiTy BUIIY-
yenHsa HIT (Newell, 1995; Charbeneau, 2007).

Y Bigpini oxoponu migsemMHux Boj IHcTUTYTY
reonoriunux Hayk (I'H) HAH Ykpaiun nposene-
HO 71a00paToOpHi JOC/PKeHHs BIUIMBY KOMUBaHb
PIB Ha ctaH i BmicT HII y reonoriunomy cepefo-
Bumi ([TapamonoBa Ta iH., 2017a,6). Buxonasi
eKCIIEPMMEHTY ITI0Ka3alu, O Py I0YaTKOBOMY
migitomi i HacTynHoMy omyckauHi PIB ToBuuHa
1apy MOOiIBHOTO Tacy 3MEHUIYETbCs (Maibke 1o
noBHOro 3HmkHeHHst). [Ipu migitomi PIB 3men-
meHHsA noryxHocti mapy HII Big6yBaerbcs
6inbII iHTEHCUBHO, Yyepes Te mo HII Burpavaers-
Csl Ha CTBOPEHHA HOBOTO IIapy 3 Mo6inpHuM HII
i HOBMX KaIl/IAPHMX 30H, 3a/IMIIAIOYN ITICTIA cebe
samemnenuit Bogoro HIL. ITpu sumwkenni PIB
toBumHa 1mapy HII majae MeHm iHTeHCHMBHO,
ockinbky mwap HII BuTpavyaerbca Ha 3a1MIIKOBMIA
HII, axuit yrpumyeTbcsa I'PYHTOM IIiC/IA I'paBiTa-
iiHoro crikanus. B po6ori (ITapamoHoBa Ta iH.,
2016) pocmimxeHo BIUIMB KonuBaHHA PIB Ha
dbopMyBaHHA 3aIMIIKOBYUX Ta 3armemteHnx HII.
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BcTranoBneHo, 110 3a/IMIIKOBA IIOBHOPiVHHA Ha-
cnuenicty (Boma+HIT) i 3anmimkoBi HacM4eHOCTI
Bopu Ta HIT MaroTh mapaboniyHy 3a/1e>XHICTb Bif
BUXiIHMX HacudeHocTelt Bogu Ta HII mpu gpeny-
BanHi i3 cucremn HII-Boga. IIpu mpupognomy
migitomi PIB HII (y jaHoMy BUNafKy rac) He Iie-
peHocuTbeA Buie 10 cM i 3aleMiseTbca B Kalli-
JIAPHII 30Hi; PV IEPBMHHOMY i HACTYIIHUX OITyC-
kaHHsaX PIB micist popmyBaHHs mapy 3 Mo6inb-
HuM HII 3anmmkoBi HacnmyeHocTi Bogm Ta HII
OyAyTb PpI3HUMM 3aJI©)KHO Bifl JTONOTi4YHOTO
CKJIaJly IPYHTY, IIOYaTKOBOTO HacCUYeHHA, iHTep-
BaJIy Ta 4acy onyckauus PIB.

YrBopenHs 3axomnennx HIT Hyxye PIB mpu-
3BOOUTH MO 3MeHIIeHHs MoOinbHOI dasu HII
y MeXXax Kalli/iApHoi Kaiimu. Lle, iMoBipHO, 3MeH-
mye wmirpanito mMo6inbHux HII pmo o6’exris-
peLenienTiB, po3TalllOBaHUX HIDKYE 32 IIOTOKOM.
Opnak 3axomnenHs HII zmxue PIB 30inpIIye
BEPTUKATIbHY IPOTHKHICTD 30HU Kepena (oce-
penky) 3abpyaHeHHs. binbire Toro, 3aiemMaeHH
HIT (y Burnapi isonpoBaHux Kpamenb abo raH-
71it) 36inburye oy posnoniny HII-Bopa, Tum
CaMUM CIPUAIYM IOCUIEHOMY posunHenHo HII.
Ile moxe 36inpumMTM po3Mip muIeiidy posumHe-
HMX BYIJIEBOJHIB Ta IIBULKICTD 6io;£[erpa;[aui'1' qe-
pe3 3pOCTaHHA NOCTYIHOCTI MOXXMBHNUX PEYOBUH
Ta eIeKTpoHHMX aKenTopis (Cavelan etal., 2021).

3minn nonoxxeHHs: PIB TakoX BIUIMBAOTH Ha
BunaposyBaHHa HII ta Buknau JIOK (Guo et al.,
2019; Qi etal., 2020). I[TocnigoBHicTp mipitomMy Ta
onyckanHs PI'B nmpusBoguth 10 CKOpo4eHHs a6o
IIOJJOBXXEHHA LUIAXiB TPAaHCIIOPTYBAaHHA BUIIAPiB
Bix mwreridy posunnenux HII go mosepxHi (nuB.
puc. 1) i nocuoe nepeHeceHHs Macu o 1utelidy
posunnennx HII ta rasosoi ¢asu rpynry. Komn
PI'B 3HIDKY€ETHCS, IPYHTOBI Boiu, 36aradeHi pos-
uyHeHuMU KoMnioHeHTaMu HII, 9acTkoBo gpeny-
10TbCsA (muB. puc. 1, b). PosunHeHi kKoMIoOHeHTH
HII y noposiit Bojii IOCTYIIOBO Mi/Iar0ThCA BIIJIN -
By HOBITpsAHOI (asy, CHpUAYM IepeHeCeHHIO
JIOK y nmaposy a3y (Qi et al., 2020). Ie 36inbluye
pusuku Buknjis JIOK i nponukHeHHs BUHapiB,
0COONMMBO /I HEIMMOOKMX BOZOHOCHUX TOpU-
30HTIB.

Ha  excnepumenranpHiit  cranuii ~ GISFI
(Homécourt, ®panuis) 6yn0o [oCIipKkeHo BIINMB
iHTeHCMBHOCTI KOMMBaHb PIB Ta pisHuX pexxumin
OIaJiB Ha CTaH 3a0pyIHEHUX AU3eleM IPYHTIB.
PesynbraTit MOHITOPUHTY, AKIIT IPOBOAMUBCA IIPO-
TsaroM 120 #HIB, IPOJEMOHCTPYBaIN, IO 30i/1b-
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IIeHHS iHTeHCMBHOCTI KonubaHb PIB mocmmioe
posnoscromKenHa Ta saxomnenHa HII y mopax
IPYHTY, CIPUAKOYM IpoOLiecaM BUIIAPOBYBaHHA
HII i, oTxe, 36inbmyloq1/1 [IOBEPXHEB1 BUKUV TOK-
cuyHuX rasis. OgHaK BIUIMB Ha IIPOLIECU PO3UM-
HeHHs HII y pesynbraTi BUBi/IbHEHHA MOOIIBHIX
ta 3anumkoBux HII mig giero onmamiB Ta KonuBaHb
PIB 6yB 0OMexeHMM a0, IPUHANIMHI, KOMIIEHCY-
BaBcs b6ioperpapauniero sHaynoi yactuay HIT, pos-
YMHEeHMX y IpyHTOBUX Boziax (Cavelan et al., 2022).

ITopiBHAHHA €KCIIEPMMEHTIB 3 YMOBaMI CTalli-
onaproro PIB Tta PIB, skuit 3a3Hae KONMMBaHb,
IIOKa3aj10, 110 MOC/iIOBHI MifIBUIIIEHHA Ta OIyC-
kauHs PIB i moganpimit posnopis KOMIIOHEHTIB
HIT cunpHO 3MiHIOIOTH MIBUAKICTH bioferpajariii
HIT (Gupta et al., 2019; Ismail et al., 2020; Van De
Ven et al., 2021). Excnepumentu (Rainwater et al.,
1993) npoeMOHCTpYBay, O Y KOJIOH], sIKa Mifi-
JaBajachb LMKIIYHUM KOJVMBAaHHAM piBHA BOAU
(miammasoH KoiMBaHb CTAHOBMB 15 M KOXKHi 48 T0-
IVH), CIIOCTepiraoch Ha 15 % MeHIe 3aIiIIKO-
BOTO 3a0py/HEHH [Ta/IMBOM 4epe3 9 TVDKHIB, HDXK
y KOJIOHI 3i cTaTuyHMUM piBHeM Boau. KonuBaHHA
PIB Tako>X TMMYacOBO BIUIMBAIOTh Ha BOJIOTIiCThH
TPYHTY, 3MiHIOIOUM HIBUKICTH nM(l)ysﬁ KMCHIO
B 3A, a oTXe, mporiecu aepobHOI Giomerpaparii.
Ile BMBae Ha 3[ATHICTH 4O 6i0/IOTIYHOTO PoO3-
K/TalaHHA OPraHiYHUX 3a0pyHHIOBAdYiB i BUBiNIb-
HeHHA JIOK y nmositps (Gupta et al., 2019; Van De
Ven et al,, 2021). Y 6inbin 3arajbHOMY IUIaHi IO-
C/1ifoBHI KonmBaHHA PIB mocumionoThb nndysio
kucHio (Gupta et al., 2019), oHOBNIeHH: MiKpoerte-
MEHTIB y I'PYHTI i BOJHIN TOBIII IIJIAXOM aJIBEK-
tTuBHOro neperecents (Rezanezhad et al., 2014),
eBaKyallilo OOIYHMX ITPOAYKTIiB peakiiii, Hakomu-
JeHMX Iifj 9ac 6iogerpazpanii, yHKIIOHANIbHY pi3-
HOMAHITHICTb 1 PYXIMBICTH MIKpOOpraHismis
(Zhou et al., 2015). Lle npupogHNM YMHOM MTOCHK-
moe 6i0xiMiuHY Ta MiKpOOHY AMHAMIKY, IO IIpHK-
3BOAMTD JI0 OIIbII BUCOKOI IIBUIKOCTI biomerpa-
Jalil pO3YMHEHMX, 3aXOIUIEHMX 1 3a/MIIKOBUX
opraHiyHux 3abpypHioBauiB (Rezanezhad et al.,
2014). JlaboparopHi excrmepumentu (Dobson
et al., 2007) mpofeMOHCTpyBaIy, 0 KOMMBAHHSA
PIB npussenu mo saxomwnenus HII ta moitps
HIDKYe ITOBEPXHi IPYHTOBOTO BOJJOHOCHOTO FOpU-
30HTY, 30i/IbIIEHHA BEPTUKATbHOI IPOTKHOCTI
3oHM ocepenky HII-3abpynnenns (y 6,7 pasa),
30iypIIeHHs 6ioferpajaliiiHoOl ak TMBHOCTI Ta I10-
CUIEHHA BUMUBAHHS PO3YMHEHMX KOMIIOHEHTIB
HIT (y 10-20 pasis). OTxe, MOXXHa O4iKyBaTH,
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1110, He3Ba)KaI04Yy Ha MigBUILEeHH: Giomerpapaii,
konuBanHs PIB Y BOJOHOCHMX TOPU3OHTAX, 3a-
opynuennx HII, MoxyTp mpmssectnt fo 36imb-
IIEHHA  pUSUKy  3a0pyfHeHHs 00 €eKTiB-
pelLemieHTiB, pO3TAalIOBAHNX HIDKYE 3a IIOTOKOM.

Hwuska HaykoBuMX Ipalb HpUCBSAYEHA [OCHI-
JPKEHHIO BIUIMBY KonuBaHb PI B Ha ToBIuHY mapy
HIT y crocrepexHiint cseppmoBuHi (Charbeneau,
2007; Deska, Ociepa, 2013; Lenhard et al., 2017;
Atteia et al., 2019). 3 MeTOI0 IIPOEKTYBAaHHA peMe-
nianii 3a6pynnenoro HII mifzemMHoro cepenosuina
HeoOximHO ouiHNTU 06cAT MOOiNbHUX HII, axuit
MO>KHa BU3HAYMTH Ha ocHOBi ToBmmHM HII, Bu-
MipsIHOI B CBEPAJIOBMHAX, IPOOYPEHNX Y KiIbKOX
Toykax 3abpynHenoi pingaku (Charbeneau, 2007).
[Tpore ToBmmua mapy HII, Bumipsana y cnocre-
peXHiiT cBepayIoBUHI (YsBHA TOBILVHA), 3aBXIU
BifpisHAeTbCA Bij ToBIMHM 1m1apy HIT 'y mopucro-
My cepenoBui (ivicHa ToBumHa) (Deska, Ociepa,
2013). L5 pisHMIIS 3a/IeKUTH BiJ XapaKTePUCTUK
IPYHTY, KiIIBKOCTI Ta (i3MKO-XiMi4YHMX BJIacTH-
Bocreit HIT (US EPA, 1996). logaTkoBuMM aKkTo-
pamu, 110 BIUIMBAIOTh Ha Pi3HUIIIO MiXK YAIBHOIO Ta
niricHoro ToBumHOW0 mapy HII, € konmBanus PIB
ta ix mBuakictb (Deska, Ociepa, 2013). ITig wac
komuBaHb PIB 36ibluyerbcss 06’eM IPYHTY, 3a-
6pynuaeHoro HII, a orxe, 3MiHIOETbCS CHiBBigHO-
LIEHHA MDK YABHOIO Ta JIifiCHOIO TOBLJMHOIO LIAPY
HII, mo MoXe Npm3BeCcTM O HETOYHOI OL[iHKMU
miricHoi TopmyHM HII y reonmorivunomy cepeoBu-
i (Deska, Ociepa, 2013).

Marepiamm Ta meToan

Exo7oro-reosnoriyHi fOCIifi)KeHHs, 10 IPOBefeHi
Ha 3a0pynHeHiit ginanni ckmagy [IMM aeponopTy
«bopucninb», BKIIOYaIM MOHITOPUMHI OCEPENKY
HII-3abpynHeHHs mifj3eMHOTO cepenoBuIna i3 3a-
mipamu piBHiB Bogu Ta HII, Bin6ip mpo6 Bogu Ta
I'PYHTIB, OLIiHKY 00’eMy i cTany 3HaxomxeHH: HII
y I'PYHTI Ta iX TpaHchOpMalil Hif BIVIMBOM KO-
BaHb PIB.

Mosuitopunr PIB Ta piBHiB HII Bukonano
3 pisHOIO nepiogn4HicTIO: y 2014 p. — KOXXHOTO Mi-
caud, y 2015 Ta 2016 pp. - oguH pas Ha 3 micAli,
nporsarom 2017-2018 pp. — mBa pasm Ha piK,
y 2019 p. - onuH pas Ha pik. Bigbip npo6 rpyHro-
BUX BOJ 3fiiicHeHo y 2014 p. oguH pas Ha piK,
y 2015-2016 pp. - Tpuyi Ha piK, y 2017-2018 pp. -
OZIMH pa3 Ha pik. Big6ip mpo6 Bogu nposeseHo 3a
mornomororw Hacoca KomoBcbkoro.
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BumicT posunnenux HII y npo6ax Boxy BusHa-
4eHO ynbTpadioner-creKTpopoTOMeTpUIHNM
METO/IOM i3 BUKOPUCTAHHAM aBTOMAaTUYHOTO
aHamizaropa «Mikpan» (Bupobuuk TOB HBII
«EKOHIKA», M. Opeca) y mabopatopii Bigminy
oxopouy mipsemHux Bop II'H HAH VYkpainn.
HiamasoH BMMipOBaHHA aHajisaTopa «Mikpan»
craHoBuTh 0,01-900,0 mr/n. Ipanuna cymapHoi
BigHOCHOI moxM6OkM § = 20 % 1pu KoBipuiit iimMo-
BipHocTi P = 0,95.

Indopmanisa mpo MicsauHi cymu aTMochepHUX
ONafiiB 3a JaHMMM MeTeocTaHlii «bopucninb» 3a
nepion 1994-2020 pp. 6yna HafaHa YKpaiHCbKMM
TipOMETEOPONIOriYHUM IHCTUTYTOM.

CrBopena 6asa pganux (BII) o6’ekta mocri-
JDKEHb 3a JOIoMOrox 3acTocyHKy Rock Works Ha
6asi mopynsa CYBJ[ MS Access (https://www.
rockware.com/product/rockworks/). B]] Bkimogae
Taki mapaMeTpy, K abCOMIOTHI BiAMiTK! TOBepX-
Hi 3emti, titonoris, crpaturpadis, rubuHYu 3as-
ranust piBuiB HII ta PIB, Bmict HII y rpyHTi Ta
MiJ3eMHUX BOMAX, KiZIbKICTh OIAaJiB TOLO Y BU-
riApi Tabmunb. CrBopena Bl Oyna BukopucTana
U1l TOOYIOBY €KOJIOTO-Ti/IpOreoIoriyHux pospi-
3iB, KapT Ta rpadikis.

00’ ’ekT pociigxenn

Hinsanka gocmimpkenb cknagy IIMM MbKHapomHOTO
aeponopty «bopucninb» posTaiioBaHa Ha IiBHiY-
Hiit okommi M. Bopucnine (KniBcbka o6macts).

Y reomop¢onorivHOMY BiHOIIEHH] TepUTOpis
TOCI/PKEHb HAJIEXUTb SO APYroi HaJ3aljaBHOI
Tepacu p. JHinpo IIpupgHinpoBcbKOl piBHUHM Ta
ABJIsE c0O010 Mexupiuus p. [JHinpo Ta itoro niBoi
npurtoku p. Tpy6ix. 3a xapakrepom penbedy Te-
puUTOpis € CTabOXBU/ISICTOI PIBHMHOI i3 3arasb-
HVM HaXMJIOM IOBepxHi o gomuuu p.Tpybix. Pe-
nbed pinaakm cxmapy IIMM Ta mpuidraoyux
TepUTOPIit, o 3a3Hanu BIvBy HII-3a6pynHenns,
PIBHMHHUI 3 aOCOMIOTHMMU BiIMIiTKaMM BUCOT
116-118 m.

KnimatuuHi ymMOBU TepuTOpil XapakTepusy-
I0OTHCS M’ SIKOIO 3VIMOIO 3 YaCTUMMU BifyturaMu i te-
M nitom. CepefHbOpiuHa TemIepaTypa CTa-
HOoBUTH +7 °C. Hait6inbiu Temri Mica1i — 1uieHb-
CepIIeHb,X0/N0AHi — civeHb-moTit. CepeHbOpiuHa
KiTbKiCTh OmamiB KonuBaeThbcs Bim 400 o 829 MM.

BepxHsa 4acTiHa reos0orivHOro pospisy, 10 AKO01
npuypouero HII-3ab6pynHeHHs, ckiafjeHa mapy-
BaTOK  TOBINECKD  YETBEPTMHHUX  OCAIOBUX
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Puc. 2. Exonoro-rigporeonoriyamii pospis HilTAHKM CKIagy
ITMM aepomnopry «bopucminb» ctaHoM Ha cepniens 2019 p.

BiIKJIafiiB TOPM30HTAIBHOTO 3a/IAATAHHA, CTPaTu-
rpadivHO JOCUTH BUTPUMAHNX 110 IPOCTATAHHIO
(puc. 2).

[pYHTOBO-POC/IMHHNMII IIAP TIPEACTABIEHNUI CY-
JacHMMM efioBianbHuMM Bigkmagamu (elV) mo-
Ty>XHicTo 70 1,1 M. IlifcTensaeTpca BiH BepXHbO-
4YeTBEPTUHHNMI €0/I0BO-Je/TI0Bia/IbHMMM BifIK/Ia-
mamu  (vdIll), cxmameHUMM  J1€COBUIHUMMU
[TaJIEBO-)KOBTVMMM MAKPOIOPUCTUMM CYIIiCKaMU
noTy>xHictio 1-1,5 M. Hipkde sandararmorh amosi-
ampHi  BepxHboueTBepTMHHI Bimkmagu  (alll),
BepXHs YacTMHA SKUX [0 I/M6uHU 5,5-6,0 M sB-
nge co6010 MilaHO-CYMilaHO-CYI/IMHUCTY TOB-
my. BepxHs 4acTuHa BifkmafiB Ha O6ib1Iilt Tepu-
TOPII IpeficTaB/IeHa MPOIIAPKOM ITiCKY ITOTY>KHiC-
110 0,3-0,5 M [[piOHO3€PHMUCTOTO >KOBTO-CipoOTO,
inopi Oyporo depe3 o3ajli3HeHHs, HalyacTilre
rayHucToro. OCHOBHUIL LIap TOBLII — 1@ CYIiCOK
JKOBTO-Cipuil, 3 ICKyBaTUMMM IIpOLIapKaMu,
3 BK/IIOYEHHSIM KapOOHATiB po3MipoM 1o 2-3 cM,
MiCHIAMM O3a/li3HEHMI], HMOTYXHicTI0 1,5-3,0 M.
Y HWKHI YaCTMHI TOBIII CYIiCOK 3aMiHIO€THCA
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Fig. 2. Ecological and hydrogeological section of the site of the
warehouse of fuels and lubricants of the Boryspil airport as of
August 2019

CYIZIMHKOM CEpeHiM, TYTOIIACTUYHUM, TEMHO-
KOpMYHEBMM, O3alisHEHUM, NOTYxXHicTio 0,2—
0,4 M. OnucaHa TOBLA HiICTUIAETHCS BEPXHbO-
YETBEPTUHHUMI a/II0Bia/IbHUMU IIiCKaMM JPYroi
Haj3amnaBHol Tepacu [uinpa (alll), mpibHO3ep-
HIUCTUMI, )KOBTO-CipMMU, B BEPXHIill YaCTVHI I7I1-
HUCTVUMMU, O3ajli3HEHUMI, BOJOHACUYEHUMH, AKi
POS3IOBCIOM)KEH], IMOBipHO, [0 mmbuHM 50 M.

[pyHTOBMIT BOLOHOCHMII TOPU3OHT BMILI[YETHCS
B a/IOBia/JIbHIiM TiIAHO-CYIIIAHO-CYI/IMHUCTIN
toBwyi (alll). [mmbunn sanaranus PIB cranoB-
nATh Bif 1,5 10 4,2 M, piBHEBUI PEXUM TiCHO
OB ’A3aHMII i3 PEeXMMOM aTMOC(EpHNUX OIaiB,
YHAC/ioK iHQIIbTpaliil IKUX BiOYBa€ThCS XKIUB-
JIEHHA TOPU3OHTY. 3HV)KEHH:A IOBEPXHi I'PyHTO-
BIX BOJI CIIOCTEPIra€TbCA B CXi[HOMY HAIIPAMKY,
i3 Haxwmom 0,0018 (puc. 3).

3aBAAKM HEIMOOKOMY 3aJ/IATaHHIO BOJIOHOC-
HIJI TOPU3OHT IIMPOKO BUKOPUCTOBYETbCA Mic-
L[€B/M HaCeNIeHHAM Ta OKPEMMMM i JIIPUEMCTBA-
MM JUIs1 TOOYTOBOTO BOJOIIOCTAYaHHA 3a IOTIOMO-
rOX0 KOJIOZIA3iB Ta CBEP/I/IOBMH.
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Puc. 3. Kapra rigpoisorinc rpyHTOBOro BOJOHOCHOTO
TOPU3OHTY CTAaHOM Ha cepnieHb 2019 p.

Hocaimxennsa BBy koansans PI'B
Ha TpaHcdopMmaliiio ocepeary
HII-3a0pynsnennsa Ha giasaHIi cRIaxy
IIMM aeponopry «bopucnian»

Icmopia Oocnioncenv. 3a6pymHEHHS MiA3eMHOTO
cepeposuta HIIy parioni cknmagy IIMM aeponop-
Ty «bopucninb» y BUTTIA/I TiH3M aBialiliHOrO Tacy
Briep1ite 6yso BusiBieHo y 1998 p. V pesynbrari Bu-
tokiB HII BizbyBanoch ix mpocodyBaHHA B 3A,
NIpENCTaBIeHy IPOHMKHMMM JIECOBU/IHMMM Ta
a7IoBia/IbHUMM CYyTIiCKaMU i IicKaMM, Ta IOfajb-
ma iHpibTpalisa B HAIPAMKY I'pyHTOBUX BOf,. [To-
Ty>xHicTb mapy HIT y ceppnosunax carama 0,9 m,
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Fig. 3. The map of groundwater contours as of August
2019

cymapuuit 06’em HII, sxi Hakonmn4mmmch Ha IO-
BepXHi IPYHTOBUX BOJI, craHOoBMB 1725 M (Hayko-
Bi..., 2015).

[TpoTsarom 1999-2000 pp. AIl «YkpOynpumry-
KyBaHHs» Ta TOB «Exo-ITlmoc» 6yno pospobie-
HO IPOEKT BWIYYeHHS MiJI3eMHMX BOJ, 3a0py.-
Henux HII, pna 3ano6iranus ix BUTOKY 3a Mexi
teputopii ckmapy IIMM aeponopry «bopuc-
IiZIb» Ta 3aK/Ia[IeHO Mepexy MiKBiflaliiHux
ceepanosuH. CrucreMa BifkauyBanHsA BogHO-HII
cymini, ika HanivyBasna 42 ceeppnoBuHy (35 mik-
BigauitHux (cB. 1-35) Ta I'SATh CHOCTEPEXHUX
CBEpATIOBMH), eKcITyaTyeThbes 3 2001 p. Y 2007 p.
IOJAaTKOBO Oy/Io 3aK/lafieHo CiM JIiKBigaliitHuX
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S5A5200 5585250 S5ES300 5585350 5585400 S5E5450 SEB5500

3Bepxy — HOMep (BEPAIOBUHY;

MowitopuroBi cepanouHm, npobypeni ITH HAH Ypaitu y 2011-2012 pp.

npaBopyy — noTyXHicTb wapy HM, m (craHom Ha nuctonag 2012 p.)

6352750 BASTED0 EILRAEN B352900 BASISED

O Opi€eHTOBHMUIA KOHTYP NoLLMpeHHa MobinbHuX HI

Puc. 4. Cxema po3MillleHHA MOHITOPMHTOBUX CBEPA/IOBMH Ta
noumpents Mo6inpHux HII cranom Ha muctoman 2012 p.

ceepanoBuH (cB. HI-H7) Ha gminsHkax Makcu-
manbHoro HII-3abpyqHeHHS Mig3eMHOro cepe-
TOBUIIIA.

Y 2011 p. I'H HAH VYkpainu posnodaTo gocri-
mKeHHs ocepenky HII-3abpynHeHHs AinmaHKN
cxnagy [IMM. IIpotarom 2011-2012 pp. npoby-
PEHO MOHITOPMHIOBI CB. 1M-17M, AKi, 32 BUHAT-
KOM CB. 7M, po3TalloBaHi B Mexxax ckmany ITTIM.
JlomaTKoBO 111 BU3HAYEHHS 30HU BIUIMBY JIiKBi-
HanifHoi CBep/IOBMHYU HPOOYpPEeHO NpPOMiHb i3
TPbOX CIIOCTEPEXHNUX CBepAIoBUH (cB. lc-3c).
CraHom Ha nucromnaz 2012 p. 6y/o nigTBeppKeHo
HasABHICTb Imapy mo6inpHux HII maibxe B ycix
TKBifamiHNX cBepaIoBMHAX (puc. 4).
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Fig. 4. Scheme of monitoring well network and spreading of
mobile petroleum products as of November 2012

3 MeTOI0 OKOHTYPEHH: 0CepefiKy 3a0pyIHeHHA
B 2014 p. gogaTKoBO 6yI10 3aKmazieHo 19 cepo-
BYH (cB. 18M-26M, 27p, 28M—-36M), 1110 JO3BOINIIO
i3 MOCTAaTHHOIO TOYHICTIO BCTAHOBUTM MeEXi I1O-
mpenHs Mo6inpHux HII Ta 3ab6pynHeHHs IpyH-
TiB, 00/1aJHATV MOHITOPUHTOBY Mepexy. 3a JaHu-
MU 06CTeXKeHHs 6y/I0 BCTAaHOB/IEHO 3Ha4He 301/1b-
IIeHH IUIOL 3a0pyHeHHA — 10 7,4 ra. [IprunHoio
11b0ro 36imbieHHs 6yno sHyokeHHs PIB, mo mpu-
3B€JI0 [JO BUBIIbHEHHA 3a1IleMJIEHOT'O Tacy B I'PYHTI
(Hayxosi..., 2015).

B nmopanpuioMy npoBeneHO MOHITOPMHIOBI J10-
CILi/PKEHHA 3a HAABHICTIO LIapy mob6inpaUx HII,
PpiBHEBOTO pPEXMUMY JiH3M aBiallillHOTO Tacy Ta
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Puc. 5. 3miHK TOBUMHYM mIapy MOGiNb-
Hux HIT npu smini nonoxxenns PIB ta
KinbKOCTi aTMOCepHMX OIafIiB Y CBEPA-
JIOBUHAX: @) CB. 7; b) ¢B. 13; ¢) cB. 15

Fig. 5. Changes in the thickness of a mo-
bile petroleum product layer due to
groundwater table fluctuations and dif-
ferent atmospheric precipitation amount
in the wells: a) well No. 7; b) well No. 13;
¢) well No. 15
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IPYHTOBUX BOJ, 3MiHM XiMi9YHOTO CK/Iafy IPyHTO-
BUX BOJ Y 3B’:13Ky i3 HII-3a0pynHeHHAM.

JIikBifawinHi BifIKaYKM B 30HiI OCEpefKy 3a-
OpyAHeHHs BUKOHaHO y nepiox 2001-2019 pp. 3a
4yac MPOBEJEHHs JIKBiJaLilflHUX BiKa4OK BUIY-
4eHO Ta OuMieHo 35 267 M* 3abpyaHeHol Boau Ta
353,81 m* mo6inpuux HII. 3 2019 p. nikBiganiiui
BiIKaYKV IPUIIMHEHO B 3B A3KY 3 JOCATHYTOIO Mi-
HiMi3alli€l0 3arpos3u pO3MOBCIOKEHHS 3abpyp-
HEHHs, OCKI/IbKM MaKCUMaIbHO MOXK/IMBHIL 06’€M
HII 6yno Buay4eHo i 3aCTOCOBaHNII METOJ BTpa-
B edextuBHicTh (IlInax Ta inH., 2022). [ToTpebn
y MiKBifaliiHMX BifKaykax Hapasi He icHye. Of-
Hak ocepenok HII-3abpynHeHHs 3amuimaerbcs,
i Xoua IpoCyBaHH:A 3a0pyJHEHHS B TOPU30HTA/Ib-
HOMY IUIaHi He BiOyBa€eTbCs, azie MOXK/IuBe 361/1b-
IIeHHA 30HY 3a0pyIHEHHA 110 BepTUKai (B pos-
pisi) BHAC/IiOK 3pOCTaHHA aMIUIITYAU KOJMMBAaHb
PIB a60 i10ro sHM>KeHHsL.

Bnnue xonueanv PIB na 3miny nomymscnocmi
wapy HII y spynmi ma cnocmepesxcuiii ceeposno-
éuni. SIk Oy10 HeTasbHO ONMMCAHO BUIIE, B pe-
3ynbrati KonmuBaub PIB BinbyBatorbest mporecn,
1[0 IPU3BOAATD IO 361/IbLIICHHSA 30HM 3a0py/HEH-
Hs 1pyHTiB. 1i nmpouecu fyxe fobpe crocrepira-
I0TbCS Ha JOCIIITHOMY 00’ €KTi.

[lTap mo6inmprux HII y rpynTi 6ymo 3adikcosa-
HO B YCiX cBepjloBuHax mpotsaroMm 2012 p.
(puc. 5). ¥V ¢B. 13 ta 15 map mo6insuux HIT cro-
crepiraBcs Brpoposx 2014-2017 pp. ta 'y 2019 p.
(mmB. puc. 5, b, c). 3 >xoBTHA 2013 p. IO KOBTEHb
2014 p. B ycix cBepmioByHax Ta 'y 2018 p. B oKpe-
Mux ceppnoBuHax (cB. 7 i 13) HII mepexopus
y 3alljeM/IeHuiT CTaH y pesynbrari migitomy PIB
i mpakTM4HO OYB BifCYTHIll y CIOCTepeXHNUX
CBepJIOBMHAX (IMB. puc. 5, a, b).

3a mepiop; CriocTepe)keHb Iap MOOUIBHOTO racy
MaiKe SHMKaB IIpU IifiiioMax PIB i 4acTKOBO Bifi-
HOBJ/IIOBABCA Npy 3HIKeHHAX PIB  (mms. puc. 5).
ITpu oMy BiffOyBaOCh TOJATKOBE 3a0pPYAHEHHS
3A, ockinbku npy KokHOMYy mifitomi PIB Ta racy
¢dopmyBanach HOBa KamilApHa 30Ha. Hampukiap,
y 4epBHi 2014 p. crocTepirasoch HaibinbIIe miz-
uartsa PIB 3a Bech mepiof1 crioctepeskeHb, 10 MPK-
3B€JI0 [JO 3HAYHOTO 3MEHIIIeHHs TOBIIVHMY IIAPY MO-
6inpHOTO racy abo J10ro 3HNKHEHHS B CIIOCTEpeX-
HUX CBEpAIOBMHAX, TOOTO  Ilepexi racy
B 3amlemsienmit ctad. 3 11 Bepecusa 2012 p. mo
12 yepBHa 2014 p. wap racy CKOpOTUBCA Bifi 3 pa-
3iBi6inbire. Hanpukag, y ¢B. 15 MOTY>XHICTD Iapy
racy sMeHumach 3 1,07 5o 0,20 M, T06TO B 5,35 pasa

50

(nuB. puc. 5, ¢). Ilpu nopansuiomy 3HkeHHi PTB
1Iap racy BiJHOB/IIOBABCs, ajié HE IIOBHOK MipOIo.
Haii6inp1ia /1oro moTy XHICTb CIIOCTepiranach y Be-
pecHi 2016 p. mpu HaitGinb HU3bKUX PIB 3a yac
CIIOCTepeXeHb 1 y ¢B. 15M craHoBwIa 0,93 M, abo
83 % Bij MakcuMManbHOI MOTYXXHOCTI y 2012 p.
bmmspko 13 % racy sammmmiuch 3aXOIUIEHMMMU
IpyHTOM. Taki >k 3aKOHOMiPHOCTI Hi/ITBEPKYIOTb-
A JaHMMM iHIMX cBeppyioByH. Haitbinpmi notyx-
HOCTi MOGI/IPHOTO racy CIOCTepiranuch Ha BifMiT-
Kax 113-114,2 M; Ha OuUX IIMOMHAX, JIMOBipHO,
i popmyBaBcs ocHOBHMIT 00’eM n1iH3y racy. [Ipu Ha-
crynHux migHATTAX PIB moryxHOCTI racy 3meH-
LIyBa/INCh.

3a Jac crocrepeskeHb OaraTopiyHa aMIUTITyZ#a
xonmBaub PI'B craHoBWIa 2,4 M. 30Ha 3a6pyRHEH-
HA TaKOXX 3HaXOAWIach B ux Mexxax. [llap Binb-
HOTO racy, IO BiZHOBIIOBaBCA, cAraB 112,5-
114,5 m. Y pesynbrari konusasb PIB Binbysanocs
«po3MasyBaHH:» racy B 3A i 3a0pynHeHH: Koaart-
KoBoro o6’emy rpyury. Ilounnaroun 3 2015 p.
y 3B’SI3Ky 3 IOCTYynoBUM 3HIOKeHHsM PIB rmap
racy 4aCTKOBO BiJJHOBJIIOBaBCs.

Bnnueé xonusanv PIB na poszuumnenns HII
Y SPyHmMo6ux 600ax. 3a 4ac CIOCTEPEKEHD IIeB-
HMX 3aKOHOMIpPHOCTENl B 3MiHi KOHIJ€HTpalliil
posunnenux HII y rpyHTOBUX BOfjaX He BifdHaye-
HO, ajie HaMIiTWINCA HeAKi TeHAeHIri. Harsumi
KoHIeHTpanil po3unnenux HII sadikcoBani B pa-
JIOHI JiH3M Tacy — MaKCUMAaJIbHi 3HA4YeHHSA [0
75,98 mr/mv?®. 3a Mexxamu JTiH3N racy nounpeHHs
3a0py[HEeHHs I'PYHTOBUX BOJ € JOCUTb OOMexe-
HIUM II0 IUIOIIi i3 3racaHHAM KOHILIEHTpalliil poOs3-
ynnenux HII. Ha Bigcrani 6mmspko 100 M Bif
MeXi NomMpeHHA MiH3M racy posumHeni HII
y BoOfii He BusBIIeHi (puc. 6). HaiimeH1a BigcTaHb,
Ha SIKy pO3IOBCIOIKY€EThCA 3a0pyJHEHHA I'PYHTO-
BIUX BOJI, IPOCTEXYETbCSA B MiBJJEHHOMY HallPAM-
Ky, III0 MO)ke Oy T ITOB’s3aHe 3 HasABHICTIO MEHII
IPOHMKHMX I'PYHTIB i 3arajIbHOI0 CIIPAMOBAHICTIO
I'PYHTOBOTO IIOTOKY Y CXi[IHOMY HaIllpAMKY. Y Be-
pecHi 2016 p. mpu HalHmwk4dux PIB cmocrepira-
JIach HaM0i/IbIIA IJIOIA NOIMPEHHS PO3YMHEHNX
HII (guB. puc. 6).

HaiiBumi kxoHueHTpanii posumnHenux HII
y Bogi O6ymu 3adikcoBani y 6epesni 2015 p. mpu
BUCOKUX BiimMiTKax PI'B. ¥ Mexxax iH31 racy KoH-
nertpanii HIT cranoBwmm po 75,98 wr/pm’
(cB. 12m), 3a ii MexxaMu — 10 6,99 mr/om> (cB. 26M).
Havtnokui konnentpanii HIT 3agikcoBani y 6e-
pe3Hi 2016 p. mpu 3HmwKeHHsX PI B 10 20,32 mr/pm®
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MoHiTopuUHroBi CBEPANOBHUHY,
npo6ypei ITH HAH Ykpaitu
y2011-2014 pp.
3Bepxy — Homep;
3HUM3y — abc. BigM.
'e30meTpuuHoro PIB, m;
nigopyy — BmicT HIN
y FPYHTOBVX BOfAX, M2/0m
(cTaHOM Ha BepeceHb 2016 p.)

[e30i30rincu NoBepXHi rpyHTOBOrO
BO/JOHOCHOTO FOPU3OHTY, M

[30niHii koHueHTpavii HI, me/om 3

Opi€HTOBHMIA KOHTYp NOLUMPEHHA
mobinbHux HI

Puc. 6. IlommpeHHs 3abpygHeHH:
rpyHTOBUX BOZ posunHenumu HIT cra-
HOM Ha: a) 6epesenp 2015 p. (HaiBuLIi
PIB); b) uepBenb 2016 p. (HaliHWK4i
PIB)

Fig. 6. Distribution of ground water
contamination by dissolved petroleum
products as of: a) March 2015 (the high-
est groundwater table elevations);
b) June 2016 (the lowest groundwater
table elevations)

y Mexxax niH3u racy (cB. 20m) i o 1,65 mr/mm’ 3a
ii mexxamu (cB. 26M). Cranom Ha 2018 p. KOHIIeH-
Tpauii posunnenux HII y mexax ninsm racy cra-
HOBWIN 10 46,51 mr/mm? (cB. 20M) i go 12,87 mr/mm?
(cB. 26M) 032 MeXXaMU JTiH3M.

Y mesxkux cepmnoBuHax (cB. 31M, 34M) mpo-
CTeXXYETbCS 3aJIXKHICTD 301/IbIIIeHHA KOHIIEHTpa-
nit posunnenux HII y rpynToByx Bomax Bip mif-
iomy PIB (puc. 7). ¥V cB. 20m, 21Mm, 23M, 30M Ta
33M cnocrepiraerbcs IPOTHUIEXKHA 3aKOHOMIp-
HicTb — 3 migHATTAM PIB KOHIIeHTpallil po34nHe-
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Hux HII 3meHmrylorbesa (puB. puc. 7). Ane s
OiMPLIOCTI CBEP/IOBMH II€BHOI 3aKOHOMipPHOCTI
He IPOCTEXYETbCA. 3a TIepiof; CIOCTEPEXEHb
wroma 3abpynHenux posurHennmu HIT rpysToO-
BMX BOJ He 3MiHMmach. VIMOBipHO, Iie TI0B’13aHO
3 COpOLiTHIMY BIaCTMBOCTSMMU IPYHTIB.

AHarnis JaHUX MOHITOPMHTY [O3BOJIA€E MPUITYC-
TUTH, IO 3a0pyIHEHH, B JIOTO Cy4aCcHMX MacIITa-
6ax, JT0Kas1i30BaHoO i IIOJA/IBILIOTO J1OTO TOIIPEH-
HA He BiflOyIeTbCs 32 YMOBM BMK/IIOUEHHS HOBUX
BTpat i Hapxomkenb HII y migsemue cepenosuie.
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Puc. 7. 3anexxHicTb KoHIeHTpawiit posunHenux HII Bif
konuBaHb PIB y cB. 34M ta 33m

Fig. 7. The relationship betweendissolved hydrocarbon
concentrations and water table fluctuations in wells
No. 34m and No. 33m

[Iporecn, o BigOYBalOTbCA B MEXKaX OCEPENKY
samukoBoro HII-3abpynHeHHS, MOXXHa BifiHe-
CTU [0 NMPUPOSHOIO CAMOOYMIIEHH, OfHAK I
YTOYHEHHS IbOTO TBEP>KEHHA BapTO B IIOMAJIb-
LHIOMy TIPOBOAUTYU PETYIAPHUII MOHITOPMHT
3 BifbopoM Ipo6 IPYHTY i BOAY Ta BU3HAYEHHAM
Bmicty HII y Hux.

Bucnosxnu

AHaJti3 Cy4acHOTro CTaHy BOCTIIPKEeHb II0/I0 BIIN-
By KIiMaTM4HuX (akTopiB Ha TpaHCPOpMaLiio
HII-3abpynHeHHs Mi3eMHOTO CepeloBUINA CBifi-
9UTH TIPO Te, 110 KomBaHHA PIB cyrreBo Bunsa-
I0Tb Ha IpoLiecy nepeposmnopiny mobinbaux HII,
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pO3UYNHEHHs, BUIIAPOBYBAaHHA Ta biomerpapariio
BYI7TIEBOJHIB, cnpudAwo4y nomupenHio  HII-
3a0pygHeHH: Ta 301/IbLIEHHIO PU3UKY 3a0pyaHEH-
Hs 06’exTiB-perenienTis. KonmuBauus PIB Takox
BIZIMBAIOTh HA PiSHUII0 MK YABHOI TOBIIMHOIO
mapy HII y criocrepexxHniit cBepiyioBuHi Ta [iii-
cHowo ToBIMHOKW 1apy HII y migsemHOMYy cepe-
posui. Ile ycKmagHIO€e OL[iHKY AiliICHOI TOBLIVIHA
Ta 06CHry HII, mo HeobXxigHO BpPaxoOBYBaTy IIpyU
npoexkTyBanHi Burydennsa HIL.

Oujineno BB KonmmBaub PIB Ha tpancdop-
Mmanio ocepenky HII-sabpynHeHHs Ha RinsHIi
cxnany [IMM aeponopry «bopucrminb». B pesynb-
taTi KonuBaHb PIB Bi,u6yBa}1MCb npouecu, AKi
IpU3BOAWIN 10 301/IbIIeHHS 30HM 3a0pyIHEHHS
IPyHTIB. ¥ mepiof; crocTepesxeHb 11ap MoOiIbHO-
ro racy mMarbke 3HMKaB npu migitomax PIB i Bin-
HOBJIIOBABCS IIpM iX 3HIDKeHHI. [Ipu nibomy BifOy-
BaJIOCh [JOZIaTKOBe 3a0pymHeHHs 3A, OCKiNbKu
npu KoxxHomy mizriomi PIB ta racy ¢popmysanach
HOBa Kalli/isipHa 30Ha. [IpakTu4HoO y BCix cnocre-
PEeXHUX CBepJIOBMHAX LIap MOOiIbHOrO racy 6ys
3adikcoBanmit mpotrarom 2012 p., a morim o
2014 p. y pesynprari migitomy PI'B 3HuKaB, nepe-
XofA4YM Yy 3alleMyieHMit  cTaH. IloumHaroum
3 2015 p. y 3B’A3Ky 3 IIOCTYIOBUM 3HVDKEHHSM
PIB mwap MOGiIBHOTO Tacy 4acTKOBO BifHOBIIIO-
BaBCA B OKPeMNUX CBepA/IOBMHAX. bararopiuyna
ammuritya komBanb PIB cranoBuma 2,4 M, 30Ha
HII-3a6pysHeHHs MiA3eMHOTO CepefjoBMINA Ta-
KOXX 3HaXOJWlach y LIMX MeXaX. Takum 4mHOM,
y pe3ynbrari konuBanb PI B BinbyBanocsk «po3ma-
3yBaHH:» racy B 3A i 3a0py/HEHHSA TOZATKOBOTO
00’eMy IPYHTY.

3a yac crocrepeXxeHb HailbibIIi KOHIIEHTpa-
uii posumnenmx HII y rpyHTOoBUX BOgmax
(mo 75,98 mr/mm®) 3adikcoBani B pailoHi TiH3U
racy. 3a Me)xaMu JTiH3M Tacy NOLIMPeHHs 3a0pyp-
HEHHA I'PYHTOBUX BOJI € HE3HAYHVM — Ha BificTaHi
6mm3bko 100 M Bim miH3M racy posumHeni HII
y Bofii He BuAB/eHi. Y BepecHi 2016 p. mpu Haii-
6inbim Husbkux PIB crocTepiranach Haiibinbira
IUIOIIA 3a0py/IHEHH A IPYHTOBMX BOJI PO3UMHEHN-
vmu HII. HamBumi KoHIeHTpanil poO34MHEHUX
HII y Bogi 6ynu BifmiueHi y 6epesni 2015 p. npu
BIICOKUX BifmiTKax PIB: y Mexxax /iH31 racy KOH-
nentpauii HII cranoBumu no 75,98 mr/om’, 3a ii
MexXaMu — 1o 6,99 mr/pm’. HaitHukui KoHIIeH-
tpauii HII 3adikcoBani y 6epesni 2016 p. npu
sumwxkenHi PIB pgo 20,32 mr/gm? y MeXax /iH3U
racy i o 1,65 mr/mm’ 3a ii Me>xxamu.
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Amnanis paHux MoHiTopuHry ocepenky HII-
3abpynHeHHA Ha AinaHni cxmapy IIMM aepo-
nopry «bopucninb» f03BoNA€ NPUITYCTUTH, LIO
Ha gaHmit yac HII-3a6pynHeHHs mifzeMHOro ce-
peRoBNIIa JIOKA/Ti30BAHO i MOAAIBIIOTO JIOTO MO-
IV peHH: He BifOyAeTbCs 32 YMOBM BUK/TIOYEHHS
HOBUX BTpar i HagxomxkeHb HII y minsemHue ce-

peryIsspHUII MOHITOPMHT IIPOLECiB IPUPOJHOIO
ocnmabnenHsa ocepenky HII-3ab6pynHenns.

B po6ori BUCBiTIEHO pe3ynbTaTy JOCTi/KEeHb,
npodiHaHCOBaHMX 3a OIOXKETHOK IPOrPaMoOI0
«Teomoriuni gocmimKeHHs 1A IMOM AKIIEHHS Ta
ajanTanii go 3aMiay Krimary B Ykpaini» (KITIKBK
6541230-2).
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Assessment of the impact of groundwater table fluctuations on the transformation of subsurface contamina-
tion with petroleum products
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This paper describes the actual problem of groundwater contamination with petroleum products and its transformation
under the influence of climatic factors. The global experience of studying the influence of groundwater table fluctuations
on the transformation of petroleum contamination, in particular, the processes of redistribution of mobile petroleum
products, dissolution, evaporation, and biodegradation of hydrocarbon compounds, as well as the difference between
the actual thickness of a mobile petroleum product layer in porous media and the apparent thickness of a mobile
petroleum product layer in a monitoring well was analyzed, which is important to plan remedial actions.

The impact of groundwater table fluctuations on transformation of the petroleum contamination source within the
warehouse of fuels and lubricants of the Boryspil airport was studied. As a result of groundwater table fluctuations,
kerosene was “smeared” in the vadose zone, which led to an increase in the soil contamination area. During the
observation period, a mobile kerosene layer almost disappeared when a groundwater table rose and restored when a
groundwater table decreased, while the vadose zone was additionally contaminated since a new capillary zone was
formed during each rise ofa groundwater table and kerosene. The long-term amplitude of groundwater table fluctuations
was 2.4 m, and apetroleum contamination zone was also within these limits. During the observation period, the largest
area of groundwater contamination with dissolved petroleum products was observed at the lowest groundwater table
elevations in 2016. The highest concentration of dissolved hydrocarbons in groundwater (75.98 mg/dm?®) wasfound
within amobile kerosene lens. Beyond the mobile kerosene lens, spreading of groundwater contamination with dissolved
hydrocarbons is limited.

The analysis of the monitoring data of the petroleum contamination source within the warehouse of fuels and
lubricants of the Boryspil airport indicates that at present subsurface contamination with petroleum products islocalized,
and its further spreading is not expected. It is recommended to continue in the future monitoring of the natural
attenuation of subsurface contamination.

Keywords: subsurface; petroleum products; contamination transformation; groundwater level fluctuations.
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Tymkivia primitiva gen. nov. sp. nov., a new type of fossils
from the Late Ediacaran (Vendian) Kanylivka Group in Podolia,
Ukraine

A.I. Martyshyn

Institute of Geological Sciences of NAS of Ukraine, Kyiv, Ukraine
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Tymbkivia primitiva gen. nov. sp. nov. is described from Late Ediacaran shallow-water marine rocks of the Podolia region
of Ukraine. The fossils are casts of the inner surface and imprints on the surface of bacterial mats (“death masks”) of
small, sedentary sac-like organisms. Numerous imprints on the surface of mudstone and siltstone slabs testify to the ex-
istence of mass settlements of these organisms in the Volyn-Podilsky sedimentary basin in the Late Ediacaran. Morpho-
logical details that could be interpreted as a mouth, anus, and internal organs are not found in the fossils. Tymkivia was
found in association with bacterial mat remains, and the carbonaceous compressions of Vendotaenia, Kanilovia, and the
problematic rod-shaped Harlaniella. Tymkivia is interpreted as possible remains of benthic plants; it is morphologically
similar to some modern green algae. The option of interpretation as a fossil record of the polyp stage of Medusozoa (Cni-
daria) cannot be ruled out either. The appearance and disappearance of these organisms are the benchmarks of the stage
of sedimentation of the Kanylivka Group.
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Introduction

Fossils of bag-shaped organisms are quite rare in
the Late Ediacaran sedimentary rocks of the Podil-
lia (Podolia) region. An exception is the mass ac-
cumulation of possible cnidarian Nemiana simplex
Palij, 1976, which usually show plastic deforma-
tion of their originally spherical bodies. Vaveliksia
velikanovi Fedonkin, 1983 is characterized by a
sac-shaped morphology; it was found in the de-
posits of the Lomoziv (Lomozov) Member of the
Mohyliv (Mogilev) Formation of the Mogilev-Po-
dolsky Group (Velikanov et al., 1983). Information
about such records is scarce in publications from
other regions with Ediacaran rocks. The bag-like
fossil Vaveliksia vana Serezhnikova, 2004 is known
from the Yorginskya Formation at the coast of the
White Sea (Ivantsov et al., 2004). This species was
interpreted as the likely ancestor of the Porifera
based on the presence of spicule-like elements on
the surface of their bodies. Vaveliksia velikanovi is
known in the deposits of the Mogilev-Podolsky
Group in Podolia (Nesterovsky et al., 2018). This
discovery made it possible to compare Tymkivia
gen. nov. and Vaveliksia and recognize important
differences between them.

Accumulations of small bag-like fossils were
discovered in the deposits of the Late Ediacaran
Kanilovka Group (Kanilovskaya Series in the Rus-
sian-language literature) during fieldwork in 2015.
Dozens of similar fossils were collected in outcrops
along the Dniester River and its left tributaries in
subsequent field seasons. Poor knowledge of the
deposits of the Kanilovka Group, atypical mor-
phology, and the small size of most of the fossil
remains were the reasons why the material did not
attract the attention of previous researchers. The
new fossils show a significant range of morpho-
logical variation due to taphonomic factors.

Geological situation

The study area is located on the Podilskyi ledge on
the southwestern slope of the Ukrainian crystal-
line shield. This region was a continental slope in
the Late Precambrian (Velikanov et al., 1983). At
the base of the sediments of the basin, there are
crystalline rocks of the Paleoproterozoic: granites,
migmatites, and their weathering products. The
basement rocks are divided by numerous vertical
faults into tectonic blocks with different ampli-
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tudes of subsidence and uplift. On the surface of
the blocks, which were raised close to the water
surface, there were favorable conditions for the de-
velopment of biotic communities of Ediacaran or-
ganisms. A thick layer of clastic rocks accumulated
in the basin during the slow subsidence of the con-
tinental slope during the Ediacaran and early
Cambrian times (Velikanov et al., 1983). Clastic
rocks of different facies lie with a slight slope (1-2°)
in the southwest direction (Gozhik, 2013).

The Ediacaran sedimentary succession in Podo-
lia was studied in detail during the 1960s and
1970s; a detailed stratigraphic scheme of the de-
posits has been compiled and stratotype sections
have been described (Korenchuk, Ishchenko, 1980;
Velikanov et al., 1983). Subdivisions of the strati-
graphic scale was based on lithological and pale-
ontological features. Ediacaran rocks are accessible
for study in outcrops along the Dniester River (Fig.
1). A part of the Volyn Group (Early Ediacaran),
the complete section of the Mogilev-Podolsky and
Kanilovka groups (Late Ediacaran), the transition-
al Okunets Formation and the Khmelnitsky For-
mation (Early Cambrian) are exposed in surface
outcrops (Fig. 2). The Middle Ordovician, Early
Silurian, Cretaceous, and Neogene carbonate se-
quences overlie these deposits. Kanilovka Group
rocks overlie the deposits of the Mogilev-Podolsky
Group with an unconformity. This sequence cuts
off the more ancient levels of the Ediacaran up to

I
™ Mowva |I |I
Ushytsya Ve \
J :

okelmentsi

Sakyryhny-

MOLDOVA

0 10

Fig. 1. Regional scheme of the research area. Outcrops of Edia-
caran rocks:

I - Vinozh, 2 - Popelyukhy Ravine, 3 - Bandashivka, 4 - Novod-
nistrovsk quarry, 5 — Bernashivka, 6 - Mohyliv-Podilskyi, Borsh-
chiv Ravine, 7 - Lypchany, 8 - Tymkiv, 9 - Berezivka, 10 - Go-
rayivka, 11 - Kytaygorod
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Fig. 2. Stratigraphic scheme of Upper Ediacaran deposits of
Podolia

the Volyn Group in the direction from the Dokan-
ilovskyi trough to the Galician geosynclinal trough
(Gozhik, 2013). The Kanilovka Group includes
four sedimentation rhythms. Each of these
rhythms has a basal sandstone part and predomi-
nantly mudstone-siltstone interbedding higher in
the section (Korenchuk, Ishchenko, 1980). These
rhythms served as the basis for the identification
of stratigraphic units, which were named the
Danilovka, Zharnovka, Krushanovka, and Stude-
nitsa formations (see Fig. 2). The constituent ele-
ments of these rhythms were identified as Mem-
bers (Velikanov et al., 1983).

Outcrop description

Fossils of Tymkivia primitiva gen. nov. sp. nov.
were collected from outcrops of the Danilovka
and Studenitsa formations near the villages of

60

Tymkiv, Kytaygorod, Berezivka, Khrebtiyiv and
Buchaya (Khmelnytskyi region) (see Fig. 1).
The fossil site near the village of Tymkiv is located
on the western outskirts of the village in an inac-
tive quarry on the right slope of the Ushytsya Riv-
er. Dark gray bituminous mudstones of the Kalyus
Member are exposed in the lower part of the
quarry (Fig. 3, A). The weathering crust sustained
along the strike is recognized at the upper bound-
ary of these mudstones. This layer of half a meter
thickness is a loose claystone. The boundary with
the Pilipy Member sandstones, a member of the
Kanilovka Group, is sharp. Erosion patterns are
imprinted on the lower surface of the sandstone.
Bag-like fossils were collected in the basal layer of
sandstones of the Pilipy Member and in the over-
lying layers. Above the basal layer lies a sequence
of siltstones and mudstones with separate inter-
beds and lenses of fine-grained sandstones. The
problematic rod-shaped fossil Harlaniella podoli-
ca Sokolov, 1972, a representative of the Namibian
type biota Rangea schneiderhoehni Gurich, 1930, a
member of the dickinsoniid group Epibaion ax-
iferus Ivantsov, 2002, ring-shaped fossils of Nim-
bia cf. occlusa Fedonkin, 1980, spherical Beltanel-
loides sp., imprints of thalli of Arumberia banksii
Glaessner & Walter, 1975, algal phytoleims Ven-
dotaenia antiqua Gnilovskaya, 1971 and Kanilovia
insolita Istcenko, 1983, trace fossils of Didymauli-
chnus cf. miettensis Young, 1972 form a biotic as-
sociation with Tymkivia primitiva at a locality
near the village of Tymkiv (Glaessner, Walter,
1975; Ivantsov, Malakhovskaya, 2002; Nester-
ovsky et al., 2018).

The outcrop near the village of Kytaygorod has
been studied by many researchers (Korenchuk, Ish-
chenko, 1980; Velikanov et al., 1983 and references
therein; Martyshyn, Uchman, 2021). The aban-
doned quarry is located on the left slope of the Ter-
nava River near the bridge (see Fig. 3, B). The upper
part of the Komarovo Member of the Studenitsa
Formation is composed of intercalation of mud-
stones and siltstones. These deposits are overlain by
mudstones of the transitional Okunets Formation
and a mudstone-siltstone-sandstone succession of
the Early Cambrian Khmelnytskyi Formation
(see Fig.2). The ichnofossils Treptichnus pedum
Seilacher, 1955 and numerous traces of burrowing
organisms occur in the section at the boundary
between the Okunets and Khmelnytsky formations
(Seilacher, 1955; Nesterovsky et al., 2018).
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The lower base of the distribution of ichnofossils is
a centimeter layer of glauconite, which is the con-
spicuous horizon in the section. According to the
author of this work, this level can be considered the
boundary between the Ediacaran and Cambrian
systems. Fossils of Tymkivia were found in the
middle part of the lower ledge of the quarry in the
mudstone of the Komarovo Member. Remains of
several morphotypes of Harlaniella, carbonaceous
compression fossils of Vendotaenia, Tyrasotaenia,
and imprints of the problematic Palaeopascichnus
delicatus Paliy, 1976 have been collected from this
outcrop in the Komarovo Member rocks (Paliy,
1976; Nesterovsky et al., 2018). One specimen of
the probable ancestor of chordates (Tunicata)
Burykhia sp. was discovered here at approximately
the same level as Tymkivia (Martyshyn, Uchman,
2021). The geographic coordinates of the location

.: . .'ﬂi‘.‘:‘-_ﬁ _¢,t e e 4

Fig. 3. Outcrops of Late Ediacaran section on which research
was conducted:

A - outcrop of the boundary of deposits of Nagoryany and
Danilovka formations near Tymkiv village; B — outcrop of the
uppermost part of the Late Ediacaran near Kitaygorod village
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where the holotype of Tymkivia primitiva was
found are 48°63°84” N, and 26°7821” E (see Fig. 3).

The outcrop near the village of Berezivka,
Khmelnytsky region, is located at the mouth of
the Danylivka River at its confluence with the
Dniester River (see Fig. 1). Mass accumulations
of Tymkivia fossils were found in the basal layers
of the Pilipy Member siltstones. Imprints of Ar-
umberia banksii and undescribed bilateral trace
fossils constitute the biotic association of the bas-
al sequence here. Fossils of Arumberia are repre-
sented by several morphotypes and are probably
the remains of algae (Kumar, Pandey, 2008;
McMahon et al., 2022).

Materials

The fossils described here were collected during
fieldwork between 2015 and 2022. The author has
collected more than 30 fossil slabs in varying de-
grees of preservation. This work uses seven slabs
that illustrate different fossil preservation types.
The high densities of aggregations and the wide
range of fossil preservation do not allow an accu-
rate count of individuals. The specimens of the de-
scribed taxon are stored in the collection of the
T. Shevchenko Kyiv National University, Mono-
graphic Collection No. 26.

Systematic deseription

FAMILY INCERTAE SEDIS

Genus Tymkivia gen. nov.

Etymology. From the village of Tymkiv,
Khmelnytskyi region, where the first specimen
was found.

Type species: Tymkivia primitiva sp. nov.

Diagnosis. Soft-bodied, sac-like organism less
than a centimeter in size. The imprint of the or-
ganism’s body is elongated-oval, wider at the upper
end and narrower towards the lower end. The low-
er end is conical or conically rounded, the upper
end is spherical. The organism’s length exceeds the
maximum width by 2.5-3 times.

Species composition: The genus is monotypic.

Comparison. The new genus is partially sim-
ilar to the rather rare Vaveliksia Fedonkin, 1983,
but differs by several times smaller size and mor-
phology of the attachment structure (the attach-
ment is a conical “anchor” in Tymkivia in con-
trast to a voluminous disk in Vaveliksia).
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Fig. 4. Fossils of Tymkivia primitiva:

A - specimen IG KNU No. 17p195. Holotype of Tymkivia primitiva. Positive hyporelief. Kytaygorod outcrop. Komarovo Member;
B - fragment of specimen IG KNU No. 17p195. Holotype of Tymkivia primitiva (white arrow). Positive hyporelief; C - specimen IG
KNU No. 17p261. Three-dimensional casts of bodies T. primitiva in an inclined and lying position. Positive hyporelief. Tymkiv out-
crop. Pilipy Member; D - fragment of specimen IG KNU No. 17p261; E - specimen IG KNU No. 17p257. Impressions of attachment
anchors on the lower surface of layer 1 (right) and imprints of the upper end of the Tymkivia bodies on the lower surface of layer 2
(left). Positive hyporelief. Kytaygorod outcrop. Komarovo Member; F — specimen IG KNU No. 17p262. Mass accumulation of Tym-
kivia on two layers of mudstone. Positive hyporelief. Tymkiv outcrop. Pilipy Member
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Organisms of a new species are usually found in
mass aggregations or groups, while Vaveliksia is
rather rare single specimens or small group settle-
ments.

Tymkivia primitiva sp. nov.

Etymology. From the Latin primitiva (primi-
tive), becaus the impressions and casts of the bod-
ies of the organism have a simple form and are de-
void of signs of internal or external organs.

Holotype. IG KNU No. 17p195 (Fig. 4, A, B);
from the left slope of the Ternava River valley near
the village of Kytaygorod, Khmelnytskyi region;
Late Ediacaran Komarovo Member (Studenitsa
Formation, Kanilovka Group).

Fig. 5. Taphonomic variants of Tymkivia fossils:

Holotype dimensions: Length of the sac-
like body 5 mm, width 2 mm. The diameter of the
attachment cone is about 1 mm, it protrudes above
the rock level by less than 1 mm. The convex cast
of the sac-shaped body protrudes above the lower
surface of the rock by about 0.2 mm.

Description. The holotype (Fig. 4, B) is an
elongated oval bag-shaped cast on the lower surface
of a thin layer of mudstone. One end is wider and
more rounded (taken here as the upper one), and
the opposite end is more elongated with a conically
rounded end. The edges of the imprint are clear, and
the surface is smooth and complicated by minor de-
formations, probably of a post-mortem nature.

A - specimen IG KNU No. 17p263. Impressions of attachment anchors on the lower surface of layer 1 (right) and imprints of the up-
per end of the Tymkivia bodies on the lower surface of layer 2 (left). Positive hyporelief. Tymkiv outcrop. Pilipy Member; B - specimen
IG KNU No. 17p264. Mass accumulation of Tymkivia. Positive hyporelief. Tymkiv outcrop. Pilipy Member; C - specimen IG KNU
No. 17p266. Body prints of T. primitiva on the bottom of a sandstone slab. Positive hyporelief. Berezivka outcrop. Pilipy Member;
D - specimen IG KNU No. 17p266. Impressions of a transverse section of T. primitiva bodies filled with clay on the upper surface of

a sandstone layer. Berezivka outcrop. Pilipy Member
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Next to the holotype are seven other Tymkivia
prints with approximate size and morphology.

Taphonomy and preservation. The most
common form of preservation shows that only an-
chor attachments are preserved in the form of con-
ical or round-conical relief protrusions at the bot-
tom of mudstone beds (Fig. 4, F; Fig. 5, A, B). At-
tachment anchors with body imprints are much
rarer (Fig. 4, A-D; Fig. 5, C). Sometimes there is
such a variant of volumetric preservation: conical
anchors in the lower plane of the layer (Fig. 5, C)
and a ring or oval ridge on the upper surface on
the opposite side (Fig. 5, D). The rock layer thick-
ness in such cases is 5-10 mm, and the wall width
of the annular ridge is in the range of 0.5-1 mm.
Such fossils show a cross-section of the body of or-
ganisms (Fig. 6). The inner part of such three-di-
mensional casts is often filled with finely dispersed
clay mass (Fig. 5, D). These fossils often show a
unidirectional recumbent or reclining posture of
organisms during burial; they recorded the direc-
tion of the mudflow front, leading to rapid burial
(Fig. 4, C, D; Fig. 5, C).

Specimens IG KNU No. 17p261 (Fig. 4, C), IG
KNU No. 17p266 (Fig. 4, D), and IG KNU
No. 17p263 (Fig. 5, A) show a cast of a body buried
in an inclined position. The lower conical end pro-
trudes at an acute angle to the plate surface (posi-
tive hyporelief). The rest of the body and the upper
end is inside the rock layer. Concave imprints at
the bottom of the upper layer show the spherical
shape of the upper end of Tymkivia’s body.
(see Fig 4, E; Fig. 5, A). The length of the visible

fossils surface

O

bacterial mat
b next level

bacterial mat first level

crfoas section of fogsils

Fig. 6. Reconstruction of the formation processes of various ta-
phonomic variants of T. primitiva
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part is 3.5 mm, the width is 3 mm; the anchoring
width is about 0.5 mm. Pointed and oval-conical
fastening anchors cover the bottom of the slab.
More than 20 Tymkivia fossil slabs are not present-
ed in this work because they are similar to those
described here.

Comparison. Tymkivia primitiva differs from
Vaveliksia velikanovi Fedonkin in a much smaller
size (Tymkivia has a maximum body length of up
to 15 mm, a width of 5 mm vs Vaveliksia has a
maximum body length of up to 80 mm, a width of
20 mm) (Velikanov et al., 1983). Tymkivia’s ab-
sence of an attachment disc.

Prevalence. Ukraine, Podillia, Khmelnytskyi
region, Late Ediacaran, Kanilovka Group.

Material. The holotype and IG KNU
No. 17p257-17p260, Kytaygorod village, Koma-
rovo Member (Studenitsa Formation, Kanilovka
Group, Late Ediacaran); specimens No. 17p261-
17p265, Tymkiv village; specimens No. 17p266-
17p268, Berezivka village; specimens No. 17p269,
17p270, Khrebtiyiv village, Pilipy Member
(Studenitsa Formation, Kanilovka Group, Late
Ediacaran). All outcrops are located in the
Khmelnytskyi region.

Discussion

Tymkivia primitiva shows a close similarity with
bacterial mats that served as a support platform
for fixation on the seabed (Fig. 4, E, F; Fig. 5, A-C).
The fossils are “death masks”, meaning that they
are imprints of the inner surface of bodies and im-
prints on the surface of bacterial films (Fig. 4, A-F;
Fig. 5, A-D). This type of preservation of soft-bod-
ied organisms is caused by a rather rapid pyritiza-
tion process of organic surfaces during burial
(Gehling, 1999). Such a taphonomic process was
widespread in the Late Precambrian due to the
formation of a biochemical membrane of a bacte-
rial mat at the boundary between the anoxic sedi-
ment zone and the oxygenated water column
(Gibson et al., 2018). An analysis of the morphol-
ogy of taphonomic variants of T. primitiva sug-
gests that this fossil belongs to benthic algae (Fig.
7, A, B). The grounds for such a hypothesis are as
follows: a) the absence of a mouth, anus, and inter-
nal organs on the prints; b) in all likelihood, the
organisms received nutrients by their diffusion
through the surface; c) the close connection of ex-
tinct creatures with bacterial mats is obvious.
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Fig. 7. Reconstruction of Tymkivia and modern algae:

A - reconstruction of Tymkivia primitiva (author Andrii Martyshyn, art editor Serhiy Solodkyi); B - settlement of modern green algae

Boergesenia forbessii (Wikipedia.org)

Recently, it has been widely believed that the basis
of the diet of Ediacaran organisms was a suspen-
sion of semi-decomposed organic matter (Sper-
ling et al., 2011; Rahman et al., 2015). This type of
diet is consistent with the putative fossil interpre-
tation. We have found a characteristic pattern be-
tween the size parameters of Timkivia and the dis-
persion of rocks. The sizes of imprints of the or-
ganisms in accumulations in mudstones are
usually smaller than in sandstones.

Numerous carbonaceous compression fossils
of the oldest benthic macroalga Longfengshania
have been found in the Tonian deposits of Chi-
na and Canada (Du, 1982; Hofman, 1985; Jing
et al., 2022). Modern green algae Boergesenia,
Valonia, and Derbesia are similar to Tymkivia
morphologically and probably in their ecology
(Fig. 7, A, B). The difference lies in the method
of attachment to the substrate: modern plants
are attached to solid areas of the bottom with
the help of rhizoids. These modern algae are
also characterized by the formation of mass set-
tlements. Other interpretations cannot be un-
ambiguously ruled out. For example, a fossil
may be a Medusozoa (Cnidaria) polyp stage.
Such a possibility exists in connection with the
discovery by the author in the deposits of the
Late Ediacaran in Podolia of a large number of
fossils of probable Medusozoa (unpublished
data).
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Conclusions

Tymkivia primitiva gen. nov. sp. nov. was a wide-
spread organism in the Volyn-Podilsky sedimenta-
tion basin. The appearance and disappearance of
these organisms are the benchmarks of the stage of
sedimentation of the Kanylivka Formation. Tym-
kivia primitiva shows a set of morphological pa-
rameters and preservation patterns that allow
them to be interpreted as a benthic plant fossil,
possibly belonging to green algae because of mor-
phological similarity with modern representatives.
The appearance of these organisms at the end of
the Ediacaran period indicates the formation of a
biotic association of the Phanerozoic type on the
eve of the “Cambrian explosion”.
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Tymkivia primitiva gen. nov. sp. nov. — HOBMII BUJ CKaM AHIJIOCTel! 3 Bigk/IajiB KaHWIIBCBKOI cepii Mi3HbOTO
eniakapito (Benny) Ilominsa, Ykpaina

A.L Mapmuwun
InctutyT reonoriunux Hayk HAH Ykpaian, Kuis, Ykpaina
E-mail: podolimirus@gmail.com

¥V niBileHHO-3aXigHil YacTUHI YKpaiHy B3JOBX fonyHM p. JIHiCTep Ta J10T0 MiBUX IPUTOK BiICTOHIOETHCA Ha IIOBEPXHI
HOTY’)KHA TOBIIA BIIK/IafiB efiakapito (Benay). Crpaturpadis ta IiToNOris UMX BiAKIaAiB BUBYEHI JOCUTD JETA/NbHO,
arme iHdopMalis Mpo CKaM sIHIMI pelITKy Bce e fy>ke obMmexeHa. HailHyokunit piBeHb BUBYEHOCTI Mae 0cafoBa
TOBII[a KAHMTIBCBKOI cepil. CkaM siHini perutku opranismis Tymkivia primitiva gen. nov. sp. nov. 3ibpasi 3 MiTKOBOZHIX
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Tymkivia primitiva gen. nov. sp. nov., a new type of fossils from the Late Ediacaran (Vendian) Kanylivka Group in Podolia, Ukraine

MOPCBKMX TepUTeHHUX BillK/IaJiiB BepXHboro fiakapito (Benny) Iopimna. ®ocuii € 3ninkaMu BHyTpilTHboI TOBepXHi
Ta BigbuTKaMu Ha NOBepxHI OakKTepia/bHMX MATiB («IIOCMEPTHMMM MAacCKaMI») Ma/JOPO3MIPHMX CefeHTapHUX
opranismiB MimkoBupgHol Qopmu. CKaM'sIHITOCTI [JeMOHCTPYIOTh TICHMII 3B’SI30K BUMEpIMX OpraHi3MiB
3 GakTepia/lbHMMM MaTaMM, AKi BUKOHYBaaM (YHKIII0 ONOPHOI IIATPOPMYM Ha IOBEPXHI MYIMCTOTO OCamy.
Ckym4yeHHs 4MCTIEHHMX BiIOMTKIB Ha HYDKHIN IUIOIMHI LIapiB aprifiTiB Ta aneBpOiTiB CBif4aTh MPO iCHYBaHHA
MAacOBUX IToceneHb opranismis Tymkivia y Bonuno-IloginbcbkoMy cemmMeHTaIiitHOMY 6aceliHi y Mi3HbOBEHICHKUIT
vac. [llupoxmit fianazon MopQonoriYHNx BapiaHTiB ckaM AHiIOCTel Bifo6pakae TadOHOMIUHI TpOIecy 3aXOpOHEHH
M’AKOTiNNX opranismis. Ha ckaM’sSTHIZIOCTsIX He BUsIB/IEHO MOP(OJIOTiYHIX e TasIelt, IKi Mo>kHa 6yr1o 6 iHTeprpeTyBaTn
K OpaJIbHUIL i aHAIbHUIT OTBOPY Ta BHYTpilHi opraun. CkymuenHs Tymkivia 3HaX0ORATbCA B acoLjialil 3 pemTkamm
OakTepianbHMX MaTiB, OOByIZIEHMMM pelITKamu Bopopocteit Vendotaenia, Kanilovia ta mpobneMaTMaHUMM
CTpYDKHEBUIHUMM cKaM AHinoctamu Harlaniella. CykynHicTb MOpQOIOTiYHMX 03HAK CKaM AHIINX PELITOK JO3BOE
NPUNYCTUTH MpUHaNeXHicTh Tymkivia 1o 6€HTOCHUX BOROPOCTeNl 3aBHAKM MOPQOIOTiYHIN CXOXOCTI 3 JeAKUMMU
CYYacCHUMM 3eJIeHUMM BOmopocTAMu. He MOXXHa TakoXX BUKIIOYAaTy BapiaHT iHTepmperanii Tymkivia Ax ckam sHi-
nocreit crapii mominiB Medusozoa (Cnidaria). TlosiBa Ta 3HUKHEHHs IMX CKaM SIHIZIOCTeil y po3pisi BiIKIadiB €
penepaMy KaHU/IiBCbKOTO €TaIly 0CaJKOHAKOIMYEHHA.

Kntouoei cnosa: ediaxapiii; send; magoromis; Ilodinns; seneni 6odopocmi.
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IlizcymroBe Buganua 3 icTopii MmiHepasorii i MiHepagoriTHnx
3HAHBb B YKpaiHi

I.M. Haymko

Pen. Ha xu.: [Tapmumus Bonogumup, Matkoscbknit Opect, [losruit Ctanicnas
Icropia minepanorii B Ykpaisi. Big 90-x pokis XX cT. fonuni. Kuis, 2022. 612 c.

IncTutyT reosnorii i reoximii roprounx xkonanua HAH Ykpainmy, J/IbBiB, Ykpaina
E-mail: igggk@mail lviv.ua, naumko@ukr.net

Y xHu3i niocymosarno eidomocmi 3 icmopii minepanoziuHux 00cnioHeHy i 3HAHb 6 He3anexcHiil Yipaini (6i0 1991 p.).
Cxapakmepu3o8ano 8cecsimmvo 6i00Mi HAYK08i KO, chopmosaHi y Opyeaiti nonosuni XX cm. (1940-1990 pp.): pezio-
HALHO-MIHEPAI0ZIUHY, MepMOOapo2eoxXiMiuny, Kpucmanoximiuny, gisuxu minepanis. Ipoananizosano 3006ymxu yue-
HUX y pe2ioOHANbHIll, CUCMeMAMUYHILi ma eeHemuuHiti Minepanoeii, Kpucmanoximii i pizuyi minepanis, minepanoziuHiii
Kpucmanoepadii, 6io- ma HAHOMIHepAnoeii, excnepuMeHmManvHitl, KOCMIUHIL i NPUKAAOHIT Minepanoeil, my3eliniil cnpa-
8i moujo. Ilokasaro, wio nicns kpusu 1990-x poxie po3uiupoomvcs i noenub00mvcs Mpacuyiliti i 3anouamxosy-
10MbCA HOBI HAYKO0BI HANPAMU, 30KPeMa HAHOMIHEPANO2ZiA Ma eKonoziuHa MIHepanoeis, weuoko 3pocmae Kinvkicmo
MiHeparnis, 6i0kpumux y Haopax Ykpainu, 3’a61510mocs HOBi nepioduuHi 6UOAHHS, NiOPYHHUKU i NOCIOHUKY, 6e0embCs
poboma 3i cmBOpeHHS CYHACHO20 MOHO2pApiuHO20 36e0eHHA — YKpaiHcvkoi miHepanoziunoi eHyuknonedii. Ananis
OMPUMAHUX MIHEPATI020-ICIMOPUHHUX 3HAHD HAUINIOE HA HOBi 3000yMKU 8 YAPUHI MiHepanozii y pamkax HACMynHo20
Ma2icpanvHoeo WAAXY 00CiONeHb — «PO36UBAMU 6Ci HAYKOBI HANPAMU MiHepanoeil, ane 3 aKueHmom Ha HAOAHHS
npiopumermHo2z0 3HaAUeHHS Pe2ioHANIbHO-MIHePANOZIYHUM | NPUKIAOHUM pobomam». [IoKa3aHo WAAXYU PO3BUMKY i 00710
MiHepanoeii y KpU3oeux ymosax, 0coOnU60 Ha Cy4acHoMy emani y CKAAOHUX 2e0nOMiMU4HUX YMOBAX Cb0200eHHS, 30-
Kpema 68 4ac 6iliHu i3 308HiuHiM azpecopom. Tomy 8udaHHs céoeuacHe i nompibHe Ak Paxieuam y 2any3i HAyK npo
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ITidcymxose 6udanHs 3 icropii minepanoeii i MiHepanoziuHux 3Hanv 6 Ykpaini

'- "apecnmw&mﬁ N
‘Crawicnar OOBIUL,

Minepasioris, AK HaiiJaBHillIa JUCHNIUIIHA 3 HAYK
re0JIOTiYHOTO IIMKITY, L€ 33[J0BrO [0 BUJi/IEHHA
reosorii B caMOCTIifHMIT HAYKOBUII HANIpsAM ¢ax-
TUYHO 3aK/iana (pyHZaMeHT Teo/OTiyHNuX Hayk,
SIKi IOCTYTOBO 3 Hel Bupinanuca. I ne npupogHo,
60 pedininilo «MiHepasorisi» yBiB y miTeparypy
itamivicokuin ~ Harypamict  bepmapm  Ilesiyc
(Bernard Cesius) 1636 poky came [yt HAyKu IIpO
BCi mpupopHi BukonHi Tina. IcropuyuHo us ¢yH-
DaMeHTa/IbHa HayKa 3[0/aja TPUBAMNIL 1 CKIafl-
HMI 1IAX, TOX HE OUBHO, IO Ii icTopia — e He
nuiIe icTopiA mepumoi NpupogHMYOl HayKu IIpO
3eMiIio J1 IpMpoOAHa icTopis MiHepanbHOTO Ljap-
CTBa, I1e IIEBHOI0 MipOI0 11 iCTOpiA PO3BUTKY i CTa-
HOBJIEHHA CYCII/IBCTBA, JIIOACHKOI LMBiMi3amil.
Ile sarasmom crocyerbcsa ¥ icTopil MiHepasorii
B YKpaiHi, fIka po3BMBaJacAd BiJ HallJaBHIINX
yaciB Ta KuiBcbkoi Pyci, manmi y ckmapi immepiit,
3okpeMa Pociitcbkoi Ta ABCTpO-YropchKoi, i 10
CY4acHOCTi, BXXe B YKpaiHi, i Axy Bomogumup
[MaBmummz, Opect MarkoBcbkuii, CraHicnas
HoBruit 3peanisyBany, K y KHM3i IIPO iCTOpir0
PO3BUTKY MiHepa/OriYHuX 3HaHb B YKpaiHi Bif
4acy CTBOpeHHA 1918 p. ABOX JOIEHOCHUX 1HCTU-
Tyl — YKpaiHChKOTO Ie0/IOriYHOr0 KOMITETY Ta
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YkpaiHncpkoi akagemii Hayk (ITapnmmme Ta iH.,
2018), Tak i B PO3BUTOK O3HA4YEHNX ifiell B MOHO-
rpadii y gBOX YacTMHax 3 icropii MiHepasorii
B YKpaiHi: Bif rnboxoi gaBHUHM K0 90-X POKiB
XX ct. (ITaBnuimH Ta iH., 2019) Ta Big 90-X pokiB
XX crt. gounHi (ITapaummH ta iH., 2022).

Iness Takoro BCeOGIYHOTO HAayKOBOTO BUJJAHHS
icTopuKo-MiHepasoriYHOrO IIIaHy 3apofuIacs,
3a CJIOBaMM OJJHOTO 3 aBTOPiB — Bonopgumupa Ilas-
NMMIIMHA, Y nepiop 7oro mpauni Ha Kombcbkomy
MiBOCTPOBI, KON BiH Yy [IOBI'Y IOMAPHY HiY CIIO-
CTepiraB 3a MOJAPHUM CANBOM, SIKE OCBIiT/IIOBAIO
TaEMHIYY Hi4HYy MOHYETrOpcbKy TYHADY, i 1A
HbOIO, fAK CBIT/IIO Ja/JeKuX 3ipOoK, MiHepasorig
Oy/na TOpOroBKa3oM /IS IOBEPHEHHA B YKpAIHY.
Tyt BiH 3ananus ifieero ocniByBaHHA icTOpii MiHe-
pastorii fBox ManOyTHiX cmiBaBTOpiB — Opecra
Markoscbkoro i CranicimaBa [oBroro, i Tofi Kut-
TEBE Kpeflo ONHOrO i3 Hmx «[lo mepemoru Bepe
MIIe Ta OpOra, AKY MPOK/IAJa€enl cam» CTaso
KUTTEBUM KPeIOM yCiX. IX moennanu i s6mmsumm
He JuIIIe CTy>X00BI, a I JIIOACHKI CTOCYHKY, HacaM-
nepes Tomy, mo CitoueM i1 HuX OyB akageMik
€sren Kocraatunosnd Jlasapenko, Yuurenn, Ha-
craBHUK, Toapum, Kornera... Bracne sagymani
KHUTIH 3 iCTOpIii CTapO/laBHbOI, ajie BiYHO MO/IO/I01
¢byHaMeHTaIbHOI IPUPOXHIMYO]I HayKy — MiHepa-
yorii 7 3’sIBMIMCS 3aBIsKM TICHIN CIiBIpari 1yux
Y4HIB Y4E€HOrO 3i CBiTOBUMM iMe€HEM, BUIATHOTO
YKpalHChKOTO MiHepasora i marpiora, Io4ecHOro
yieHa Haykooro toBapucrtba iMeHi IlleB4enka
(HTII), akapmemika €.K. Jlazapenka.

ITepma yactrHa MoHorpadii «IcTopia minepa-
norii B Ykpaini. Big maBHix yaciB o 90-x pokiB
XX ct.» mictuth (IlaBmnummH Ta iH., 2019), Kkpim
«BcTymy 3 elleMeHTaMM iCTOPMYHOIO €KCKYpPCY»,
«JlitepaTypm» i1 «IMEHHOTroO MOKaXUMKa», I ATb
dbyHgaMeHTanbHUX po3piniB: «OCHOBHI Bixm Ta
nepiogmsania icropii MiHepasnorii B YKpaiHi»;
«IlepenicTopis minepanorii (go XIII ct.)»; «3apo-
mxenHs Minepasorii (XVIII ct.)»; «CTaHOBIEHHSA
Ta po3BUTOK MiHepasorii (XIX-1940-i poxm»,
«3onoTnit Bik MiHeparorii B Ykpaini (1940-1990-i
POKM)», HaBefleHi Y Hill MaTepia/u HaJIeXXHUM YU~
HOM Bxxe onliHeHo (Haymko, 2021). Ha 3aBepuien-
Hs 1ji€l Ipalli aBTOpY aHOHCYBA/IN ii IIPOMIOBXKEH-
HfA i 3aIUlaHyBalM [leTajIbHillle NMPOAHAi3yBaTU
OiAZIbHICTD BCECBITHBO BilOMMX HAayKOBMX IIKil,
0OTOBOPUTHU CY4acHUI CTaH PO3BUTKY i PyHKIIi-
I0BaHH:A YCiX HifpO3AIiB MiHepasorii B YKpaiHi
(Big 90-x pokiB mO cy4acHOCTi), i, MabyTh, 1IJ0
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HaliBaX/MBile, oOrpyHTyBaTN BUOIp cTpareriy-
HOTO HaIpsAMY PO3BUTKY MiHepasorii 3 ii more-
HOCHOI0 BYI3HA4a/IbHOIO POJIIIO y cTabimisarii Mi-
HEPaJIbHO-CMPOBMHHOIO KOMIIZIEKCY YKpaiHM Ta
3MillHeHHi MiHepa/IbHO-CUPOBIMHHOI 6a31 flepka-
BJ Y CY4aCHMX IeONOMITMYHNX YMOBAX.

Tomy y peneHsoBaHili HaMu JApyTili 4acTuHi
moHnorpadii (ITapmummu Tta iH., 2022) norivyHo
IPOJIOBXYETbCS €TANHICTh 1 HyMepanisa ¢yHpa-
MEHT/IBHUX PO3LiIB IEpIIOl YacTVMHM, a caMe:
posn. 6 «Minepanoziuni Haykosi wxonu», posp. 7
«Cyuacnuil cman po3eumxy minepanozii 6 Ykpa-
iHi, 3apoonceHHs HaHominepanozii (3 90-x poxie
XX cm. 0onuni)», posp. 8 «llnaxu pozeumxy ma
007151 MiHepanozii Ykpainu 6 Kpu3oeux ymoeax».
Crucnnit 3MicT IIMX pO3JiNiB CXapaKTepU30BaAHO
y «Ilepedmogi», B AKili MifICYMKOBO HAaroJIOMIEHO,
mo MoHorpadis y JBOX YacTMHAX 3arajoM BIep-
e OXONWIA B iCTOPMYHOMY acIieKTi OiIbILIICTb,
HACKiJIbKI 1J¢ MOXKJ/IMBO, PO3MAITUX 1 BaXKJIMBUX
HayKOBMX (aKTiB i 3100y TKiB, 11J0 CTOCYIOThCA ic-
TOPil MiHepaorii B YKpaiHi, Bif IpajgaBHiX 4aciB
10 CbOTO/IEHHA.

Y posp. 6 «Minepanoziuni HAyK08i WKOIU» Ha-
caMIiepe] BUK/IAJAETbCsA aBTOPCBKMII IIAXifm [0
nediHiIil «HayKoBa IIKOJIa»: Ile BAaroMo i Ha BUCO-
KOMY piBHi HallpallbOBaHMiI HayKOBMII HaIIpsAM,
3abesnedeHnit aBToputeTHUMM (paxiBusmy, yH-
JlaMEeHTa/IbHYMI HAayKOBMMIU IIpansaMu i mabopa-
TOPHO-EKCIIepYIMeHTa/IbHOI  6a3o10. IcTopmyHO
IepUIOK B YKpaiHi HAayKOBOK IIKOJOK B Iajysi
HayK IIpo 3eMJII0 BBaXkKaeTbcA KuiBcbKa reomoriy-
Ha IIKOJIA, 3apojpKeHa i copMoBaHa B YHiBepcu-
teTi CB. Bonopgmmupa y cepepuni XIX - moyarky
XX ct. (3acHoBHUK K.M. ®eodinakros). 3 BuKo-
HAHOTO OITIAAY 1 y3arajlbHEHHA BUIUIMBAE, IO
y Bpyriit monoBuHi XX cT. (1940-1990 pp.) B Ykpa-
iHi copMyBanmca YOTUPK BCECBITHBO BimoMi Mi-
HepaJsIorivyHi HAayKOBi LIKONN: perioHaJbHO-MiHe-
pasoriyHa — akajieMika €BreHa J/lasapeHka, TepMo-
6aporeoximiyna — mpogecopa Mukonyu EpMakosa,
KpucTajoximiuHa - akagemika Onekcanppa Ilosa-
peHHMX, Qisuky MiHepamiB — mpodecopiB IBana
Marsama, Onekcia IInatonosa, Apkapia Tapama-
Ha. [Tepura (mipg HasBolo MiHepanoriyHa) i mpyra
3apopumucs i PyHKIIOHYIOTh Y JIbBiBCBKOMY Ha-
I[iOHa/IbHOMY YHiBepcuTeTi iM. IBana ®Ppanka Ta
odiniiiHo 3aTBepkeHi MiHiCTepcTBOM Haykn
i ocBiTM YKkpainm, aBi inui — B IHcTuTyTi reoximii
i ¢isuku minepanis AH YPCP (amHi - IncturyT
reoximii, = MiHepasorii Ta  PYJOYTBOPEHHA
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im. M.I1. Cemenenka HAH Ykpaiun). bararopiu-
HIIT JOPOOOK HAYKOBMX IIKi/ JleTa/IbHO OOroBO-
PEHO 3a JaHMMU aHali3y QyHZaMeHTaIbHUX JO-
CIIiJPKEHb MiHepasoril OKpeMux pOJOBUII i Iep-
CIEKTVBHUX PYHONpPOABIB ILOAO BUABIEHHA
3B’fI3Ky MiHepajioreHe3y 3 PYAOYTBOPEHHAM,
3’AICyBaHHA OCOOMMBOCTEN KOHCTUTYILiI, MOpdo-
JIOTiI, (1)13M‘{HMX BJIACTUBOCTEN, TEHETUYHOI IIpHU-
poay Ta PO3NOAINY y IPUPOJi OKpEMIX MiHEpaJliB,
aKIJeHTOBAaHO Ha HEPO3PMBHOCTI iXHIX 3700yTKiB
i YKpaiHCPKOro MiHEpajoriYyHoro TOBAapUCTBA
(YMT). Ilepenycim 1je CTOCYETbCS perioHanbHO-
miHepasnoriyHoi mxomu €.K. Jlasapenka. Harosno-
HIEHO, IO ifiel, AKi CKIalaloTh OCHOBY HAayKOBUX
IIKi/I, OTPYMaIy 3HAYHUIT PO3BUTOK Ta (PyHKILiO-
HYIOTb i B IHIIMX HAyKOBMX yCTAaHOBAX, 3aK/Iajax
BUIIOi OCBITH i BUPOOHMYMX OpraHi3alfisx, e BKe
CKJIA/IACA i1 CBOI BlIacHi HayKoBi ko, [lepenive-
HO NPAMMX /I OITOCEPENKOBAaHNX BUXOBAHIiB IIKiJ,
cepeq AKMX JJOKTOpK HaykK, npodecopu II. bapa-
HOB, 3. baproumuceknmii, O. bo6pos, O. bpuk,
A. Banbrep, [I. Bosusax,T. BonkoBa, B. Benenux-
toB, C. Taniit, C. leBopx’sH, A. Toposwuit, B. Ipin-
4yeHKo, K. [lepeBcbka, 10. lonros, H. [Jymuenxo,
B. €BTex0B, O. EMenp, B. 3arniTko, I1. 3apiubkuit,
@. 3ysyk, B. IngyTanit, B. Kamroxuamnii, B. Ksacau-
14, B. Koanesuy, M. Koanbuyk, €. KykoBcbkuii,
I". Kynpunnpka, B. Kypenin, €. Jlasapenko, €. JIasb-
Ko, O. JInutBum, 0. JIaxos, I. Jlerkosa, A. MaTkos-
cokumit, O. MarkoBcpkuii, C. Mamok, O. Murpo-
xiH, 0. Menbnuk, I. Haymxo, B. HecrepoBcbknit,
I. Hocupes, I. Ocranesxo, B. [Tapnummns, M. I1as-
nynb, b. Ilanos, O. Ilerpmyenxo, b. Ilmporos,
A.IlisHmop, O. Ilonomapenko, I. IloniBuAK, B. Pan-
4yK, M. Pysina, I0. Pycpko, B. Cemenenko, A. Ci-
BopoHOB, JI. Crenaniok, B. Cpomka, M. Tapan,
O. Yemixkko, b. laraniy, €. Iuwokos, C. IHro-
KoB, B. Hlymancekuii, J1. Hlymnancekuii, . Hlep-
6ak, M. Illepbax, b. SIxoBnes, iHuI 3HaHI ydeHi.
Binmano many i TMM, AKi HiATOTYBa/IN JOKTOPCHKi
IVCepTallii, ajie He BCTUIIN 3aXUCTUTU Yepes Iie-
pendacHy cMepTb (Onekcanzip JlparoMmupenbKuii,
Irop Oynmoxk, borman 3anixa, Bomogumup Menbau-
koB, Enyapn Anuyk). Hanpukinni pospiny srapa-
HO HAyKOBi IIKOMM, AKi 3apOAVINCA YIIPOZOBX
OCTaHHIX POKiB, ajie He BCTUI/IV IIOBHOKPOBHO BU-
3pitu: MiHepanoro-texnonoriysa b.I. TImporosa
ta B.[l. €BTexoBa (Kpusuii Pir), minepanoro-npu-
xinagHa 10.10. FOpka ta 10.0. ITonkanosa (Cimde-
pomnonb), GiomiHepanoriuna @.B. 3ysyka Ta
O.b. bpuxa (JIyupk, Kuis).
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ITiocymrose sudanns 3 icmopii minepanoezii i minepanoziunux 3Hanv 6 Ykpaini

Marepianu posg. 7 «CyuacHuii cman po3éu-
mky minepanozii 8 Ykpaini, 3apooxneHHs HaAHO-
minepanozii (3 90-x poxié XX cm. 0oHuHi)» xa-
paKTepusyIOTh Iepiof Bix 3700yTTA YKpaiHOIO
He3aJIeXHOCTI o Tenep. Ilokasano, mo micia
kpusnu 1990-x pokiB pO3SMIMPIOIOTHCA i MOIIN-
O/II0I0THCA TpafyLiifHi i 3a1109aTKOBYIOTbCA HOBI
HayKOBi HallpsAMM, 30KpeMa HaHOMiHepaJIorid Ta
€KOJIOTiYHa MiHepasorid, MBUAKO 3pOCTaE YMC-
JI0 MiHepajiB, BiIKpMTMX Yy Hajpax YKpaiHW,
3’AABNIAIOTHCS HOBI mepiopnyHi Bumanus («Mine-
panbHi pecypcu Ykpainu», «KolToBHe Ta JeKo-
paTuBHE KaMiHHA», «[eonor Ykpainn», «3anmuckmu
YKpaiHChKOro MiHEpasorivHOro TOBAapUCTBa»
tomo). HarosomreHo, 1m0 KOHIIENITya/IbHi 3acaan
Iep>XKaBHOI MiHepa/lbHO-CUPOBUHHOI IOMITUKM
IIOf0 BUKOPUCTAHHA CTPATErivHO BaXKIMBUX
IJIA €KOHOMIKM KpalHM KOPUCHUX KOIaaNH
okpecnioe opHoliMenHa MoHorpadis II.C. Iyp-
cpkoro (2008). Po3BuTkoBi MiHepasoril Ha 11bO-
MY eTali CIpyusAIM MiAroToBKa Ta my6ikais cy-
YaCHMX HaBYAJIIbHMX BUJAHb: MiAPYYHMKIB i Ha-
BYaJbHMX  IOCIOHMKIB,  3aXUCTM  IOHAJ
30 mOKTOpChKMX AucepTauiil (K ¢opManbHO,
TaK i oIocepelkoBaHO MiHepajIOTiYHOIO CIIp:A-
MyBaHH:), Matepiamu VI-IX 3’i3giB YMT ta in-
X HayKOBMX (OPYMiB, 30KpeMa MepiogNIHNX
HayKOBMX 4MTaHb iMeHi akazieMika €prena Jlasa-
PeHKa, HiiIcyMKOBMX (pyHIaMEHTaTbHMX ITyOTi-
Kaljiil, AK HallpMKjaJ, IPyHTOBHA 5-TOMHa MOHO-
rpadia «Minepamu Ykpaincbkux Kapmar», um
cTaTeil Ha CTOpPiHKax TAaKUX BMJIaHb, AK «MiHe-
pasorivamit 36ipHuK», «MiHepanoriunuit xyp-
Ha/l», «3amuckn YMT», «Haykosi npani Inctu-
TYTy (QYHAaMEHTIbHUX [OCIiKeHb», y4acTb
YKpaiHCBKMX MiHepasoriB y HayKoBux ¢opymax
B YkpaiHi i 3a pybexem. IIutanHa MiHepasnorii
HaOy/Iu 4M He MepLUIOPATHOCTI B AisA/NBHOCTI Ta-
KX HOBUX iHCTUTYLIi, AK Jlep>XaBHUII TreMosIo-
riuHmit neHTp Ykpaiun (A.M. Tkanenko) ta rpo-
MaficbKa opradisanis «Cminka reosmoris Ykpai-
Hi» (I1.O. 3aropopHiok). 3arajzioM IIPOMOBXYE
BTI/IIOBATHCA Y XKUTTSA CTPATErid JOCTIKEHD Ha-
YKOBOI TEpMiHO/Orii i HOMEHK/IATypu YKpaiH-
CbKMX Ha3B MiHepasiB: Bifi «ClIOBHMKa YKpaiH-
CbKUX Ha3B MiHepaJTbHUX BUAIB» [0 «YKpaiH-
CbKOI MiHepaoTivYHOi E€HLVKJIOTIEN i».
[IpnnarifHO HAroI0CMMO Ha TaKOMY BifpagHO-
My q)aKTi, AKU OMVHY/IU aBTOPY, AK YiIbHE Mic-
Ile MiHepajIoriYHOI TeMaTUKM B poOOTi reoyoriv-
Hoi komicii HTII - oxmHi€l 3 uncieHHNX KOMicin
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ToBapucrsa, 3acHoBaHOro 1873 p., AAKe B YKpaini
pajsgHCbKOI0 Bragow 1939 p. 6yno 3akpure,
a 1940 p. — nikBifoBaHe i BITHOBM/IO AiA/NbHICTD
nuie 1989 p. Ha 30pi HE3aMEXKHOCTI.

Po3BuTok MiHepanoriuHux JocmimKeHsp, qude-
peHLIiioOBaHMX 3TiIHO i3 CTPYKTYpOIO MiHepaso-
riqHOi HayKM (CTPYKTYpM CY4acHOTO pO3Taryxe-
HOTO (CTPYKTypOBaHOT0) 3HaHHSA IIPO MiHepam),
Ta JOCATHEHHA 33 OCHOBHMMM HAYKOBYMIMU HAIIPs-
MaMI IIPOaHaJIi30BaHO BifIIOBiHO [0 3aIoyart-
koBaHol me €.K. JIasapeHkoMm Tpaauuii: perio-
Ha/IbHA MiHepasorif, cucreMaTyHa MiHepaIorif,
TeHeTHYHa MiHepajorid, KpucTanoximia MiHepa-
7B, isvKa MiHepasiB, MiHepajoriyHa KpucTauo-
rpadis, excriepuMeHTanbHa i Gisnko-xiMmiuHa Mi-
HepaJioris, 6ioMiHepasoris, KocMiuHa MiHepaso-
rif, HaHOMiHepasoris, NpUKIafiHa MiHepasorifi,
My3eiiHa crpaBa (30KpeMa, MiHepasoriuHi Mysel
Ta MiHepaJIoTiuyHi IIaM ATKM NpUpOAY YKpaiHnu)
Towo. IIpuBepTae yBary BifICyTHICTb TaKuX pO3-
miniB, Ak «Hosi MiHepann» Ta «fnepHa Minepano-
Irisfi», X04a aBTOPM Ma/lX IOBHY IiJCTaBy JONATU
i pedininii o HaBegeHol HUMM TabmuLi (pucy-
HOK Ha c. 181). B o6roBopeHHi KOXXHOTO 3 LIMX
IYHKTIB (i 4Mc/IeHHUX NiJIYHKTiB) HaBeleHO faHi
IIPO 3aXMIIeHi JOKTOPChKi aycepraii, ony6miko-
BaHi HayKOBi Ipalli, Hacamnepes, MoHorpagiuHo-
ro IUIaHY, HaBYa/JbHi IOCIOHMKM, MifipyYHVKM,
BIleplile OIMICAHI Ta BCTaHOB/eHi MiHepanu. [ika-
BYIMM 11 IIi3HaBa/IbHVIMU € y3araJbHEeHi JaHi 1040
SIK XPOHOJIOTII i [MHAMIKM BiIKpUTTA MiHepasliB
y Hajipax YKpaiHu, TaK i posnoginy minepanis sa
CMHTOHISIMM Ta IIOCIJOBHOCTI Kpucranorpago-
MiHepajIoTiYHMX KIapKiB [yd 32 BUZIB cuMeTpil
(B mopsapKy ixHBOI KpucTanorpadiqnoi iepapxii)
B 3eMHill Kopi Ta Hafjpax YkpaiHu (puCyHKU Ha
c. 340-341).

BignoBifb Ha 3anMTaHHA, K PO3BMBATU MiHe-
Paorilo Ha Cy4YacHOMY €Talli y CK/IaJHUX reolo-
JTITUYHMX YMOBaX CbOTOZIEHHS, aBTOPM CIIpoOy-
BajIM 1aTH Y po3f. 8 «Illnaxu po3eumxy ma 0ons
minepanozii Yxkpainu 6 Kpusoeux ymoeax».
KnrouoBuMy MoOHATTAMU HpU TAKOMY MifiXo#i
MaIOTh CTaTU MiHepajbHi pecypcu Ta MiHepasb-
HO-CUPOBUHHMI KOMIUJIEKC, PalliOHaIbHe IPUPO-
TOKOPUCTYBAaHHSA 1 CTBOPEHHA HOBUX TipHMYO-
PYAHMX rajryseit Ta poiab MiHepasorii y ux mpo-
necax. BupinieHHs 03HaY€HOrO [OJIEHOCHOTO
NUTAaHHA BIacHEe 1 MOX/IMBe JIMIIE 33 y4acTi Mi-
HepaJIOTiYHOI HayKM i IPAaKTUKMY, sAKi HarpomMazu-
N KOJIOCAJIbHMIT 0OCAT 3HaHb y ranaysi Mmopdo-
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JIOTii, KOHCTUTYIii, BIACTUBOCTEN i TE€HE3NCYy Mi-
HepasiB, 6araroyHKIiIOHa/JbHOI IPUKIaJHOI
MiHepasorii. YKpaiHa fIK €BpOIIENICbKa [ep>KaBa,
110 37aTHA 3abe3nedyBary 0 5 % BUAOOYTKY Mi-
HepanbHOI CMPOBMHM (SK Lie Oy/Io e JOHenaB-
Ha), He MOXKe He PO3BMBATUCA «MiHepasoriyHO».
ToMy MaricTpanbHMII IIAX PO3BUTKY MiHEpao-
rii B YKpaiHi aBTOpM B6a4aloTh y PO3BUTKY yCix
¢$yHIaMeHTaIbHMX | IPUK/IAHUX HAIPAMIB Cy-
YacHOI MiHepasIoril 3 aKIleHTOM Ha 0co0/uBe 3Ha-
YeHHsI periOHa/bHO-MiHEPaIOTiYHUX POOIT, sAKi
3abe3IedyoTh 4 He Habinbmmit o6cAr MiHepa-
JIOTIYHMX 3HaHb I NpaKTMKu. Bonm crnpasep-
IMBO BBAXKAKOTh, 1[0 BAPTO JOCIYXaTUCA [0 yM-
KU, BUCIOB/IEHOI cBoro 4dacy B.I. Bepragcpkum
IIpO Te, 1110, Ha BiAMiHY Bifi JOCATHEHD YMCTOI Ha-
VKU, «...y TEIEePilIHbOMY JXUTTI, /Il CY9aCHMUKIB,
CYTTEBO Oi/blile BayKaTb BENNKi JOCATHEHHA IIPU-
knagHoro 3HauHg.» ([TaBmummme Ta iH., 2022,
c. 471), T06TO IIpO BUCYHEHHs i B HAlll Yac Ha IIe-
PeHiN IJIaH TPUKIIAJHOI MiHEPAJIOTil AK CTUMY-
JIy PO3BUTKY BCiX HAYKOBMX HaIlpAMiB MiHepao-
rii. B KOHTEKCTi aHOHCOBAHOIO LIIAXY PO3BUTKY
MiHepanorii B YKpaiHi 3ampoIlOHOBAaHO Ki/lbKa
IIPONO3NILIiN IIOf0 CTBOPEHHA B YKpaiHi HOBMX
TipHMYOPYAHUX rajly3en: pifKicHOMeTaneBoi, 30-
JIOTOPY[HOI, KaMeHe6apBHOI, MiTHOPYIHOI, KBap-
110801, pocdarHOi, CMpOBUHA [IsI AKUX B JOCTAT-
HiX KiZTBKOCTAX HasABHa y HazpaXx. OcobmmBoro
3Ha4YeHH: Ile HabyBaTyMe B yMOBax HiC/IsBO€EH-
HOTO BifHOB/IeHHA YKpaiHu, Komm morpeba
y NPUKIASHUX ACIIEKTaX MiHepa/JOriYHuX po3Bi-
IOK JIM1Ie 3pOCTaTuMe. A 3acafHUYMM Ma€ CTaTu
HeopManbHe (peanbHe) NOENHAHHA HAyKOBUX,
OCBiTHIX Ta IiHHOBAIIifHMX acCIIeKTiB, JOTiYHO
NpeficTaB/IeHUX B iHHOBAaILiiHiI MOJeN pO3BHU-
TKy Ha 3acajlax BUKOHAHHA (QYHHAMEHTATbHMX
JOCTi/KeHDb (32 paxyHOK OIOI>KeTHUX KOUITiB),
i po3BMTOK NPUKITaJHOI MiHepaIorii (3a paxyHOK
103a0I0/KeTHUX KOIITIB) fAK HANpAMY, L0 CTU-
MYJIIOE PO3BUTOK YCiX IHIINMX HaNpAMIB MiHepa-
yorii Ta MiHepa/lbHO-CHPOBMHHOI 6a3u YKpaiHu.
Y «BucHoékax» aBTOpU Binobpaswmm cydac-
HUI TPOONIEeMHUIT CTAaH MiHEPaJOTiYHUX HOCTIi-
JPKEeHb B YKpaiHi i HAro/I0Cu/IN Ha HaraJabHUX I10-
Tpebax 36amaHCyBaHHS Ji€BOrO TPUKYTHMKA: Te-
OJIOTiYHA OCBiTa — re0/IOriYHa HayKa — reo/IoriyHa
rajaysb, 3abesneyeHHs PiBHOMIPHOCTiI pO3BUTKY
Pi3HMX HayKOBMX HaIlpAMiB, BUJAHHA CY4acHMUX
HaBYa/bHUX BUJIAHb, CTBOPEHHA CYyYacCHOI'O MO-
HorpagivyHOro 3BefeHHA — YKpaiHCbKoOi MiHepa-
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JIOTiYHOI eHIIMKJIonemii. AKIIleHTOBaHO Ha Ha-
rajibHiil IOTpebi BXUTTA 3axofiB 1omo 36epe-
JKEHHA, PO3BUTKY 1 3MiIJHEHHA HAyKOBUX
MiHepaIoTriYHuMX LIKIJI, afKe YU He HallBaroMiira
IepelIKOola PO3BUTKOBI MiHepasorii B YKpaiHi -
1je KaJpOoBuUil BaKyyM, IIPUPOJHA BTpaTa HayKo-
BIX KafIpiB CTAPILIOTO MOKOJIiHHS, 6paK MOJIOIOTO
HonoBHeHH:A. ToMy Ha MepInii IIaH Ma€ BUINTH
TaKUJ MariCTpaJbHUI MIJIAX JOCTIIKEHD — «PO3-
8uUBaAMU 6Ci HAYKO08i HANPAMU MiHepasnozii, dase
3 AKUeHMOM Ha HAOAHHS NPIOPUMEMH020 3HAYEH-
HA pecioHaNbHO-MIiHepanoZiuHum i NPUKIAOHUM
pobomam» (c. 503). Ile Hacammepep craHe mif-
TPYHTAM JI CTBOPEHHsA HOBMX FipHMYOPYIHUX
rajysen: pigKicCHoMeTaneBol, 30I0TOPYAHOI, Ka-
MeHeb6apBHOI, MifTHOPY#HOI, kBap10Boi, pocdar-
Hol. Ili3HaHHA 1le He pO3KPUTUX TAEMHULb MiHe-
PaIbHOI PeYOBVHM, pO3LIN(PyBaHHA YHIKa/TbHOI
reHeTMYHOI iH(opMallii, 3aKO0OBaHOI y KOHCTH-
TYLII /1 BIAaCTUBOCTAX NPUPOJHUX MiHepaiB, pe-
Te/JIbHE BUBYEHHA MiHEpPaJIBHOTO CBiTy i cmpo-
BIUHHOI 6a3u fiep)kKaBu Ha MOJiepHi30BaHil mabo-
partopHiil 6asi - o0Cb CK/IafOBi YCHILIHOTO
36epe>xeHHA Ta 3MIIJHEHHA CBIiTOBOTO CTAaTYCy
BITUM3HAHOI MiHEpa/JOriyHoOl HayKu. Y LbOMY
KOHTEKCTI B)Ke HETPYBia/IbHOI BUIAETHCA 11 IYM-
Ka IIpO CTBOPEHHS HOBUX CTPYKTYPHUX HiZpO3-
miniB MiHepasoro-kpucranorpadiyHoro IaHy
gy [HCTUTY Ty IpUK/IagHOI MiHepasIorii.

3aBeplIyeTbcsA KHUTA [JeTaTbHUM CIIUCKOM «/Ii-
mepamypu 8uKkopucmanoi ma peKkomeH008a-
HOi», OTOX 3alliKaB/IEeHUX YMTAYiB BifICMTAEMO IO
nepomxepen. Kopucaumu € foparok «Croenuk
minepanie Ykpainu», a Takox «Imennuil noxasic-
YUK», AKi IOJIETUIYIOTh YMTA4YeBi Opi€HTyBaHHA
Y CKJIaJHiil MiHepasIori4Hill TepMiHOJIOriI, HOMEH-
KJIaTypi i1 CUMBOJTILI.

Kunra «Icropia minepamorii B Ykpaini. Big
90-x pokiB XX cT. foHuHi» (2022) nmoriuxo mpo-
IOBXXYE IOIepeHi KHUTY aBTOPiB «3700yTKM Mi-
Hepasorii B YKpaini. [lo 100-piuua Ieonoriunoi
cnyx6u Ykpainu ta HanjionanbHoi akafiemii Hayk
Ykpaiam» (2019) Ta «Icropis minepasnorii B Ykpa-
iHi Big rm6okoi maBHMHM 0 90-pokiB XX cT.»
(2020). Y Hiit ninicHO migBeeHO MiICYMOK icTO-
pii MiHeparorii 3a Becb 4yac il pO3BUTKY B YKpaiHi,
OJHAK HEBiIiIbHO Bif MOCATHEHb iHIINX re0jIo-
FYHMX HAYK, [103aAK CIIPABENINBO BBaXKAETHCA,
mo «Icropia MiHepanorii € icTopier ycix iHmmMX
Hayk» ([TaBmmmH Ta iH., 2022, c. 7 (3a B.M. Ce-
Beprinum, 1798 (mepexnapy Ham. — [H.)). Taki
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Hmigxony, y cBiTii ifeit Bonogumupa Bepragcbko-
ro, BMJIATHOTO Y4Y€HOTO-EHIIMKIIONENCTA, IIO-
BHICTIO NOZiNAB i po3BUBaB akajeMik €srex Jla-
3apeHKO, KU, OYONUBILIN pisHONpPOdinbHI Mi-
HepaJIoTivyHi TOCTiIKEeHHS Ha kadenpi
MiHepasorii JIbBiBCbKOTO yHiBEpCUTETY pasoM 3
JIbBIBCBKMM T€OJIOTiYHUM TOBApUCTBOM Yy 50-i
pokn XX CT., CTBepAVB 3aBJAaHHs MiHepanoriy-
HOT'O BMBYEHHs HAMBaXXIMBIIIUX TI€OJIOTIYHUX
00’ekTiB YKpaiHM CyMipHMM 3a pe3yabTaTaMu
3 reoJIOTiYHMM 3HIMaHHAM TEPUTOPIi fep>KaBML.
OTxe, y nmificyMKOBOMY BUJAHHI 3 icTopil Mi-
Hepajoril i MiHepa/oriYHuX 3HaHb CKOHIIEHTPO-
BaHO BiflOMOCTi 3 icTOpii pO3BUTKY MiHepao-
TiYHUX JOCTi[)KeHb 1 3HaHb B He3a/IeXHill YKpa-
ini (Big 1991 p.) Ta MOKa3aHO HUIAXY PO3BUTKY
i gomo MiHepanorii B YKpaiHi y KpU30OBUX yMO-
BaX, 0CO0O/IMBO Ha CYYaCHOMY eTalli y CKIaJHIX
TeONOIITUYHNX YMOBAX CbOTOfIEHH:A, 30KpeMa
B 4Yac BiifHM i3 30BHilIHIM arpecopom. Tomy e
BUJIaHHA CBO€YacHe i moTpibHe AK daxiBusam

CIIMCOK JIITEPATYPU

y Tanysi HayK mpo 3eMJIi0, HacaMIlepes reoo-
raMm i MiHepajoraM — HayKOBIISIM, BUKJ/Iajla4yaM,
NpaKTUKaM, TakK i THUM, XTO I[iKaBUTbCA icToO-
pi€ro HayKu.

I maocranok. CniBasTopu KHuUrM - Bomopu-
mup IMaBnmumun, Opect MarkoBcbkuit, CraHic-
maB JIOBruil, AK CIPaBXHi NaTpioT YKpaiHu
i miHepasorii B YKpaiHi, yce cBO€ TBOpYE XXUTTS,
yci cBOI 3HAaHHA i TaZaHTU TOKJIAAM Ha BiBTap
PO3BUTKY i momynapusanii niei pyHmaMeHTaND-
HOI HayKM, i B I[bOMY JOCAINIM 3HAYHUX BUCOT,
BU3HAHHSA 1 IIOIIAHN. | IEpEKOHIMBUM [JOKa30M
BaroMocCTi 3700YTKiB IMX CHOABIDKHVKIB MiHe-
parorii B icTopii MiHepanorii, MiHepanoTiYHUX
OOCIPKEHb 1 3HAaHb CTal0 IPUCYMKEHHA IM
ITpemii imeni €.K. Jlasapenka HanjionanbHol
aKajeMii HayK YKpaiHM 3a BUJIATHi pe3y/lbTaTu
B ranysi MiHepasorii, kpuctanorpadii i merpo-
rpadii (Bipminenns nayk npo 3emmo HAH Ykpa-
iHM) 3a VKT HayKOBMX Ipanb «IcTopis miHepa-
niB i MiHepasnorii» (2022 p.).
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Final edition on the history of mineralogy and mineralogical knowledge in Ukraine

Book Review: Pavlyshyn Volodymyr, Matkovskyi Orest, Dovhyi Stanislav
History of Mineralogy in Ukraine from 1990’s to the present day. Kyiv, 2022. 612 p.

I.M. Naumko
Institute of Geology and Geochemistry of Combustible Minerals of the NAS of Ukraine, Lviv, Ukraine
E-mail: igggk@mail.lviv.ua, naumko@ukr.net

Information on the history of mineralogical research and knowledge in the independent Ukraine (since 1991) is
summarized in the book. The world-famous scientific schools formed in the second half of the 20th century (1940-1990):
regional mineralogical, thermobarogeochemical, crystallochemical, mineral physics are characterized. The achievements
of scientists in regional, systematic and genetic mineralogy, crystal chemistry and mineral physics, mineralogical
crystallography, bio- and nano-mineralogy, experimental, space and applied mineralogy, museum work, etc. were
analyzed. It is shown that after the crisis of the 1990s, traditional scientific directions are expanding and deepening, and
new scientific directions are being initiated, in particular nanomineralogy and ecological mineralogy, the number of
minerals discovered in the depths of Ukraine is growing rapidly, new periodical editions, textbooks and manuals are
appearing, work is underway to create of the modern monographic summary - the Ukrainian mineralogical encyclopedia.
The analysis of the obtained mineralogical and historical knowledge aims at new achievements in the field of mineralogy
within the framework of the next major research path - «to develop all scientific directions of mineralogy, but with an
emphasis on giving priority to regional mineralogical and applied works». The publication shows the ways of development
and the fate of mineralogy in crisis conditions, especially at the modern stage in the complex geopolitical conditions of
today, in particular during the war with an external aggressor, therefore, it is timely and necessary, both for specialists in
the field of Earth sciences, first of all, for geologists and mineralogists — scientists, teachers, practitioners, and for those
who are interested in the history of science.

Keywords: mineralogy; mineral; minerals; history; periodization; scientific schools; Ukrainian mineralogical encyclopedia;
Earth sciences; Ukraine.
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