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'KniBcbknii HauioHanbHUI yHiBepcuTeT iMeHHi Tapaca LeBueHka, Kuis, YkpaiHa

BNTIOKOBUM XAPAKTEP HOBITHbOI TEKTOHIKU CEPEAHLOIO NPUAHINPOB'A
HA OCHOBI KAPT PI3HULLb BA3SNCHUX NMOBEPXOHb

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

B c Ty n. TekmoHiuyHa esosroyiss CepedHbo20 lMpudHinpoe's y HoeimHil 4ac eidpizHssembcsi ocobnueoro cknadHicmro. lpedcmae-
neHi docnideHHs1 NPo8oousIUCs 8 Mexax rnpasobepe)xHoi YyacmuHu CepedHb0o20 [Hinpa, oCcKinbKu 8 yboOMy pe2ioHi criocmepizacmbcs
MaKcuMalnibHa akmusi3ayisi 30H HeomeKMOHIYHOI aKmueHocmi, 3i 3Ha4HUMU 2padieHmamMu HO8IMHIX MeKMOHIYHUX pyxie ma ix ennue
Ha ¢hopMyBaHHS1 cy4acHO20 pesnbeghy, W0 suMazaromb KOMIM/TIEKCHOI OUiHKU 8rsugy 2eosio2idHuUxX i 2eomMopgboroziyHux ¢ghakmopie Ha
gbopmyeaHHs1 6510KO8UX CIPYKMYP.

M e T o au. lpoeedeHi cmpykmypHo-MopghomempuyHi docnioxeHHs1 8 Mexax CepedHbozo [MpudHinpoe's, i3 3acmocyeaHHAM mMe-
modie ducmaHyiliHo2o 30HOyeaHHs1 3eM/li ma nMPocmMopoeo-aHalimu4Ho20 MOOesIHo8aHHSsI, 0380J1UNU 8U3HAYUMU MOpPghoMempuYHi
nokKa3HUKU, noe'sa3aHi 3 mepacosumu pieHsiMu p. [JHinpo, npoyecamu 251ubuHHOI epo3ii, 0eHydauii ma akyMysiyii, a MaKkox xapakmepom
HO8IMHIX i cy4acHUX MeKMOHi4HUX pyXxie.

Pe3ynbTaTtu. fJemansHa iHmepnpemayisi pi3Ho2zeHemu4yHUX ma pi3HoMopsiOKosUX cMpPyKmMypHO-MOpghoMempu4HUX Kapm, a
makox noanubneHuli 2eosio2ivyHUll aHani3 0anu 3mozy eudinumu mopghocmpykmypu ma 6510Koei cmpyKkmypu KpucmasiyHo20 ¢pyHOa-
MeHmy (pezioHanbHi 6710Ku ma JIoKasibHi MiKPO6JIOKU), W0 eupi3HsIroMbCs OughepeHuiliogaHicmro MeKMoHiYHUX pyxie ma ocobriueicmro
MeKMOHIYHO20 PO38UMKY.

BucHoBKU. PekoHcmpyliogaHO HEOMEKMOHI4Hi ymosu ¢hopMmyeaHHsI ma po3eumky naneopenbegy lNpasobepexoxs Ceped-
Hbozo lpudHinpoe'si. BcmaHoeneHo ocobnueocmi po3eumky mepacoeux pieHie y Heo2eHoguli ma YemeepmuHHuli nepiodu. Ompumati
OaHi MOXXymb cJly2yeamu OCHOOro OJisl aHaslizy ensiuey meKmMoHiYHUX pyxie Ha akmueisauyito Hebe3rne4yHux 2eosoeidyHux npouyecie y

mexax CepedHbozo lpudHinpoe‘ss ma npo2Ho3y ix po3eumky y MalibymHboMy.

Knwo4yoBi cnoBa: naneopenbegh, cmpykmypHo-MopghoMempuyHUl aHasi3, meKmoHi4Hi pyxu, 21ubuHHa epoasis,, mepacosi

pieHi, Mopghocmpykmypu, YemeepmuHHuLli nepiood.

Bcrtyn

MocmaHoeka npo6niemu. TekToHiYHa eBontouis Cepe-
AHboro MpuaHinpoB'a y HOBITHIN Yac Bigpi3HAETbCA ocobnu-
BOK CKMafHIiCTIO, WO MeBHOW Mipol BiabuBaeTbca B
penbedi. TEKTOHIYHI pyXu y HeoreH-4eTBepTUHHUIA Yac
Manu avdepeHLinoBaHUIn XapakTep, LU0 NO3HAYNNOCh He-
O[HAKOBO iHTEHCUBHICTIO GrTIOKOBUX MIAHATTIB i ONycKaHb.
BogHo4vac ocobnueocTi penbedy BU3HA4YaOTLCS BMMBOM
reonoro-reomopdonoriYHnx MNpoLeciB Ta BNIMBOM aHTPO-
noreHHoro daktopy. OTxe, focnimkeHH MopdoreHesy Ta
NPOrHO3yBaHHS PO3BUTKY HEOE3NeYHNX rpasiTaLiiHuX i Bo-
OHO-TpaBiTaLiNHNX NPOLECIB, TakMX K PO3BUTOK SIPYXKHOI
epo3ii, 3cyBiB, 06BaniB, KAPCTOBUX NPOSBIB TOLLO, NOTPebY-
I0Tb KOMMIEKCHOro 3aCTOCYBaHHS METOAIB reofioro-reoMop-
donoriyHoro aHanisy. Baxnuee 3Ha4yeHHA Mae CTPYKTYPHO-
MOPOMETPUHHUIN METOA, KM A€ 3MOrY KinbKiCHO oxapa-
KTepu3yBaTu MoeTanHUi po3BUTOK penbedy Ta ocobnueo-
CTi HOBITHIX | Cy4acHUX pyxiB perioHy.

PaHiwe nobynoBaHi kKapT 6a3VCHWX, BEPLUMHHKX MOBEp-
XOHb Ta KapTy 3anuvLLKOBOro penbedy Aanu 3mMory AetarnbsHo
npoaHanisysat reomopdororiyHy 6yoBy panoHy BNpPOOOBX
HOBITHLOrO €eTany WOro pO3BUTKY Ta MPOBECTU [eonoro-
reomopdroriyHe paiioHyBaHHs1 [MpaBobepedcks CepeaHboro
MpuaHinpos'a (lvanik et al., 2020). Pa3om 3 TM BU3HaYEHHS
Pi3HMLB MK MOBEPXHAMU J0O3BOMNSAE 3HAYHO PO3LUMPUTU MOX-
NVBOCTI aHanidy, 30KpeMa, B CEHCi BUPILLEHHS NpobnemaTuku

opmyBaHHS Ta OynoBM TepacoBux piBHIB 4onuHKM [Hinpa Ta
noro nputok. Came 3 Takoro MeToto NobyaoBaHo Ta npoaHari-
30BaHO KapTu 6asnCHMX MOBEPXOHb i KapTKW iX Pi3HMLUb, LLO B
noeaHaHHI 3 KOMMIMEKCHUM aHarnizom JaHnX NofiboBUX AOCHi-
OXeHb [arno MOXMBICTb BU3HAYUTU eTanHiCTb hopMyBaHHS
Ta ocobnmeocTi 6ynoBmM pisHOBiIKOBKX Tepac p. [Hinpo.

Metoaun

3acTocoBaHO  CTPYKTYPHO-MOPOMETPUYHUIA  aHanis,
SKWUM Yy NOEQHAHHI 3 METO4aMWN OUCTaHLUINHOMO 30HOYBaHHS,
INC-ananisy Ta CTaTMCTUYHMX PO3PaxyHKiB, Ha4aB MOXIU-
BiCTb PEKOHCTPYIOBATU HOBITHIO reoAnHaMIYHY cuUTyaLito pe-
rioHy. [lpoBegeHoO MONbOBI  reonoro-reoMopdonorivHi
OOCNIAXKEHHS 3 JeTanbHWM ONUCOM TFeOCTPYKTYPHOTO Ta
MOPOCTPYKTYpHOro penbedy. [ns ouiHkM dakTopis cyvac-
HOro TEKTOreHe3y 3aCTOCOBaHO CTPYKTYPHO-MOpoMeTpUY-
HWUIM aHani3, a came: rpadivyHe po3yrieHyBaHHi penbedy Ha
©a3unCHi NOBEpXHi, HAa NOBEPXHI 3aNULLKOBOro penbedy, Ha
KapTu pi3HMUb 6asuCHMX NMOBEPXOHb Ta epo3iiHO-AeHyaa-
LiNHMX MOBEPXOHb BIAMOBIOHO A0 MOPSAAKY PO3TallyBaHHS
OOJNMH Ta BOAOAINBHUX NiHIN.

PesynbtaTtun

AHani3 pisHonopsiOkoeux kapm 6a3ucHux noeep-
XOHb Ma Kapm pi3HuUyb 6a3UucHUX M08EePXOHL CYMiXKHUX
nopsiokie. MpoBoasuM CTPYKTYPHO-MOPEOMETPUYHI JOCHi-
oxeHHs CepepgHboro MpuaHIinpoB'a i3 3acTocyBaHHAM Me-
TOAVKKN, onucaHoi y poboti (lvanik et al., 2018) gns
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BUSIBINIEHHS HOBITHIX Ta Cy4acHWX pyxiB 3eMHOI Kopu, rpadiy-
HV1M cnocobom Gyno nobyaoBaHo KapTu PisHULb Mk 6a3nc-
HUMMW CYMiXHUMUM NoBepxHAMWU. KapTu pisHUUb HanexaTb 40
OVHaMIYHUX KapT, 3aBOSKW SIKUM MOXIMBO LOCHIZKYBaTU
penbed y npoueci Moro po3BUTKY Ta OLiHOBaTW BMMMB Pi3-
HWX dpakTopiB Ha npouecu MmopdoreHesy. PisHuLi Mix 6a3u-
CHVMMU NOBEPXHSMM BiANOBIAAI0Tb Pi3HMLSAM BUCOT PiYKOBUX
Tepac. BigsHayaeTbecs npsamMa 3anexHicTb nopsaakis 4OMAVH
i3 BIkOM Ta KiMNbKiCTIO Tepac y paioHax CMoKiNnHOro po3BuUTKY
riApOCITKN, @ TAKOX 3B'A30K AONNH HUXYMX NOPAOKIB i3 LIBK-
akicTio eposii (Beknuy, 1966).

3a pesynbTataMu NOrbOBKX FEONOro-reoMopdONorivHMX
aocnimpkeHb Ha TepuTopii CepeaHboro MNpuaHinpoB'a BuaineHo
YOTVMPX HadsannaBHUX Tepacu YeTBEPTUHHOrO nepiogy
(3BiT..., 2007). MpadiyHMM BigHIMAHHAM OTPMMaHO BiCiM KapT
pi3HMLB 6a3nCHMX NOBEPXOHb CyMiXKHUX NopsiakiB (Hagani Oy-
AeMO iX iMeHyBaT Sk KapTu pisHWLb). PisHULI Mk nOBEPXHAMM
OyBatloTb K AoAaTHUMM, TaK i Big'eMHMW. [logaTHi pisHuUUi cBi-
A4aTb Npo nigHiMaHHA 3eMHOI MOBEPXHI, @ Bid'€EMHI BUHUKAOTb
y pasi ii onyckaHHsA. [Jo Takoro X edekTy npu3BoauTb 3HW-
eHHs1 6a3uncy eposii Ta oro NigHATTS, a@ TakoX BNIVB AESKUX
iHWKX dpakTopiB penbedoTBopeHHs (lvanik et al., 2019).

Okpim Toro, 3aranom 6yno nobygosaHo 35 pi3HOBIKOBKX,
Pi3HOMOPSAAKOBUX Ta  Pi3HOHANPaBEHUX  CTPYKTYpPHO-
MopdpoMeTpUYHUX kapT. OTpMMaHi AaHi cnpsiMoBaHi Ha npo-
BeAEHHS [eTanbHOro aHamnidy reonoro-reoMopdonoriyHoi
OyOoBM panoHy, PEKOHCTPYKLIii TepacoBMX PIBHIB LONMHU
[JHinpa, MOHITOpMHrY GrnoOKOBUX CTPYKTYp Ta MPOrHO3HOI
OLiHKM HeGe3neyHnx NPOLECIB paroHy.

Y nopanbLuin iHTepnpeTauii oTpMMaHux pesynbTaTiB 4o-
cnigkeHb aHani3 6yae NnpoBeAeHO Bifl Cy4acHOro CTaHy pe-
needy oo 6inbw gaeBHboro. Takin nigxia 4o3BonNuUTb GinbLu
AeTanbHO OxapakTepuayBaTy BifOMOCTI WoAo hopmyBaHHS
naneopenbedy, OCKiNbKX 3MiHW OCTaHHbLOTO nepiogy fobpe
BigobpaxaloTbcs y cydacHoMy penbedi.

CepepnHe lMpuaHinpos'a xapakTepusyeTbcsa baratospyc-
HOMO reororiyHoto ByaoBoto, y Akui 6epyTb y4acTb BOAOBMICHI
Ta BOOOTPUBKI TOBLLi. Y KOHTUHEHTaNbHOMY reonoriYyHOMY
PO3BUTKY PanoHy BUAINEHO TpW Nepioamn: OBEPXHbOKpen-
OSHUA, HEOTEHOBUW i YeTBepTUHHWMIA (MakcumoBuY Ta iH.,
2005). CyyacHun penbed JocnigxysaHoi TepuTopii coop-
MOBaHWI YNPOAOBX OBOX OCTaHHiX nepiodiB. BupiwansHy
ponb y 1ioro oopMyBaHHi BigirpaBany HEOTEKTOHIYHI 6rio-
KOBi pyXu 3eMHOI KOpW Ta 3MiHW KMiMaTU4HUX YMOB, 0CO6-
NVBO B YeTBEPTUHHY enoxy (3BiT..., 2007).

3a maTepianamm reonoriyHoi 3MOMKMN Ta TEMATUYHNX O0-
cnigXeHb BCTAHOBIEHO HAsABHICTb TPbOX TEPACOBUX PIBHIB Y
mexax KniBcbkoro 6rioky Ta 4oTMpbox — y Mexax KaHiBCbKo-
TpakTtemupiBcbkoro 6moky (Information report ..., 2013).
BogHoyac aHani3 paHiwe noGynoBaHWX kapT pisHWLb OaB
3MOry NPOCTEXUTU MOXIMBICTb ICHYBaHHSA 3pyMHOBaHUX Tepa-
COBMX piBHIB Naneopenbedy B Mexax yCcix BUAINEHNX BrokKiB.

[ns pekoHCTpyKUii naneopensedy 3any4eHo KOMMMeKe
MOPEOMETPUYHMX KapT Pi3HOro CNpsiMyBaHHS, 30Kpema, Ka-
pTV 6a3MCHUX MOBEPXOHb Ta KapTyh Pi3HULb MK CYyMDKHUMUN
6a3nCHUMK NOBEPXHSIMM, Y 3iCTaBMEHI 3 AaHNMK (DaKTUYHKX
MaTepianis Ta MNOMbOBUX OOCMiAXeHb. 3a OCHoBy Oyno
B35iTO 6a3MCHi NOBEPXHi, L0 BiANOBiAATbL NEBHUM CTaAisiM
pPO3BUTKY Naneopenbedy, i3 NpMB'A3KO0 A0 KapT PisHULb Ta
nocunaHHAM Ha akTUYHUM MaTepian. Takun aHanis gas
3MOry NPOAEMOHCTPYBaTH 3MiHY XapakTepy penbedy Sk nig
Jieo eposinHo-aeHyaauinHux dakTopis, Tak i nig BNAMBOM
TEKTOHIYHOro YMHHUKA.

OTpumaHi kapTn 6a3McHOT NoBEPXHi 1-ro NopsAKy He iH-
TeprnpeTyBanucs, OCKifbKM BOHW Maro YuMm Biapi3HATbCA
Bifj Cy4acHOro penbedy, xo4a rpadivHO BOHW BUKOPUCTOBY-
Banucb y noganbLimx nobyaoBax.

3a aHani3aoM BUCOTHMX NMOKa3HWKIB kapT 6asncHUX NoBep-
XOHb 2-r0 Ta 3-ro NopsakiB BU3HAaYEHO OOHAKOBI MiHIManbHi
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BMUCOTM 6asuncy eposii (80 m), Lo CBiAYNTL NPO BiAHOCHY Te-
KTOHiIYHY CTabinbHICTb perioHy, xo4a Aiana3oH NOKasHUKIB y
MeXax [OCHNiAKyBaHOro panoHy 3MiHIETLCS HEOOHAKOBO.
3a xapakTepoM 3MiH LMX MOKa3HUKIB BUAINATLCA TpU pait-
OHW (6nokun): niBHIYHWIA (KniBcbkuin), cepeHin (OByxiBCbkuiA)
Ta niBaeHHUI (KaHiBcbko-TpaxtemupiBeekuin). Mepepsa y Tek-
TOHIYHUX pyxax € iHaukaTopoMm hopMyBaHHS | Hag3annas-
HOI Tepacu y BepXHbOHEONNENCTOLLEHOBOMY Yaci. Ha pi3Hux
Orokax eposifiHOo-AeHyAauilHi npouecn (Bpi3aHHSA OOMWH,
BMPIBHIOBaHHS CXuUNiB) BiAOyBalTLCA 3 HEOQHAKOBOK aKTU-
BHICTIO (puc. 1).

Mopganblwmnn aHania AMHaMikn KOXXHOrO OKpeMo B3TOro
OnoKy y NeBHUI nepiod 4acy, Mno4vMHaKuYM 3 Mi3HbOro
HeOonnencToLeHOBOro Yacy, AEMOHCTPYE Take.

Maneopensed KuiBcbkoro 6nokKy 3a BUCOTHUMU MOKa3-
HUkamu (215 m) 3amae HKYe NONOXEHHS B penbedi LWoao
KaHiscbKko-TpaxTtemupiscbkoro (255 m). 3a matepianamu
nonbLOBMX JocnigKeHb Y Mexax KuiBcbkoro 6roky nepiua
Haf3annaBHa Tepaca, chopMOoBaHa Yy Ni3HLOYETBEPTUHHUI
yac, NPOCTEXYETLCH Y BUMMSAI BY3bKOI CMyrin B340OBX npa-
Boro 6opty gonuHu [Hinpa. MoTyXXHicTb antoBianbHOT TOBLL
Tepacu, WO 3ansdrae Ha Meprensx KUiBCbKOi CBiTW, cArae
15-20 m. ABCOMOTHI No3Hayvkn noBepxHi Tepacu — 110—
115 m. MNpaBobepexHi cxunu gonuHu p. [HINpo BUCOKI 1
KpyTi, 3 KyTamu Haxuny micuamu noHag 60° i nepeBuLLEH-
HAM Hag pycnom piku 65-105 m (MpybpuH, & lManuenko,
1976). HaknagaHHA Ha OTpMMaHuin naneopenbed OaHUX
reonoriyHol 3MOMKW iMCTpye MopdornoriyHe posTaly-
BaHHA | Hag3annaBHOI Tepacu Ha naneopenbedi LbOro
6noky. TyT BoHa 3ansrae Ha Bucotax 110—-125 m Ha cxunax
OONMWH pivok IpniHe Ta JInbigb. IHTepnpeTyouM OTpUMaHI
AaHi, MOXXHa NPUNYCTUTH, LLO Ha TakMX CaMuX BUCOTax BOHa
Morna OyTun 36epexXeHoto i Ha iHWKX AingHKax uboro 6roky
Ha BUMOJIOXEHMX CXMrax, 0cobnmBo y AONuWHI p. IpniHb, sika
Mae BUIMSA TPOrosoi 4onuHm (puc. 1).

Maneopenbed uboro 4vacy B Mexax OOyxiBCbKOro
OnoKy, Lo 3aMae NPOMiXKHE MOMOXEHHS1 MK KWUIBCbKUM i
KaHiBcbKo-TpaxTeMUpiBCbKUM, Mae He3Ha4Hi MoOpdOCTPYK-
TypHi 3miHW. TyT neplia Hag3annaBHa Tepaca KapTyeTbes y
ponuHi pivok CtyrHa Ta KpacHa. Ha kapTi 6a3uncHoi nosep-
XHi 2-ro nopsiaky Tepaca ikcyetbes Ha BucoTi 115—-130 m,
3a riNnCOMETPUYHMM MOJIOXKEHHAM BOHa Ha 5-10 M BuLwe
wopo ii 3ansaraHHst B mexax Kuiscbkoro 6noky. [insHku 36e-
pexxeHoi Tepacy Ha niBHoui Lporo 6MoKy cnocrepiraemo y
ponuHi p. CTyrHa Ha BUMONOXeHWX cxunax. Ha nisBgeHHoMy
HanpsiMKy BOHa 36epexxeHa 4acTKOBO, 3akapToBaHa HeBe-
NUKUMK AinsitHkamn y p. KpacHa, MOXIMBO Lie NOSICHIETHCS
posTallyBaHHAM Ha kpato 6rnoky 3 4OAaTKOBUMW areHTamm
BMnuBy. 3ararnioM pi3HOBWCOTHE 3ansraHHs Tepac y penb-
€dhi NPOCTEXYETLCHA B MEXaX KOXHOro Groky.

Y mexax KaHiBcbko-Tpaxtemupiscbkoro 6mnoky | Hagsa-
nnasHa Tepaca (bopoBa) 3akapToBaHa Mo BCiil JONMWUHI NiBO-
GepexHoro [IHinpa, Ha abconoTHMX BigMiTkax Ao 120 m,
BiJHOCHe ii nepeBuWeHHA Haa piBHem p. [Hinpa carae
8-15 M. Tepaca cknageHa nickamy MOMOro-LUeKCHUHCBKOro
Ta OCTaLLKIBCbKOrO ropu3oHTiB (nisHi BropmMm) (MpybpuH, &
Manuenko, 1976), Wwo BignoBigae BEpXHLOMY HEOMMENCTO-
LiEHy 3a Cy4YacCHOI CTPaTUrpadiyHO CXEMOK YETBEPTUHHMX
Biaknaaie Ykpainu. Ha Mpaeobepexoki CepenHboro MpuaHi-
NpoB'a Ha LboMy 6oL BOHa 4acTKOBO 3akapToBaHa nuiie y
ponuHi p. PocaBa y BUrnagi BUOOBXKEHMX fiH3 fOKanbHOro
Xapaktepy Ha Bucotax 99—118 m. Ha iHwwux ainsHkax uboro
6roky BoHa BiACyTHHA, MOXNMBO Byna 3pynHoBaHa abo noxo-
BaHa, OCKiNbKu TepuTopis 6rnoKy JocuTb po3yrieHoBaHa (ne-
peBuvLLEHHA CcTaHoBUTL 160 M) |  xapakTepusyeTbcs
CBOEPIQHMM NOEQHAHHAM JTyCKyBaTO-HacyBHOI Mopdonorii i3
BrTOKOBOIO CTPYKTYPOIO, LLIO CMPUSIE PO3BUTKOBI A€HYAALAHNX
npotecis. BpaxyBaBwm Bci Ui 0cobrnvBocTi, MOXHa gonyc-
TMTW, Wo | Hag3annaBHa Tepaca B Mexax Lboro 61oky morna
icCHyBaTu Ha Big3Ha4YeHUx BucoTax (puc. 1).
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Puc. 1. Kapta 6a3ucHoi noBepxHi 2-ro nopsiaky lNMpaeso6epexks CepegHboro MpuaHinpos's
Ta AinsiHKM 3anaraHHs | Hag3annaBHOI Tepacu

OTmxe, y nisHbOMy HeonnencroueHi y naneopensedi MNpa-
BoGepexcka CepeaHboro MpuaHINpoB'a cnocTepiraloTbCa He-
3HaYHi amdpepeHLiioBaHi 3MiHM 6110KOBUX CTPYKTYP. KniBCbKMiA
OnoK Mae TeHAEHLI0 A0 HE3HAYHUX TEKTOHIYHMX 3MiH, SIKi Cy-
NPOBOAXYIOTLCA €pOo3iNHO-AeHyAaUNHOK LisnbHICTO. [puk-
nagomM MOXyTb crnyryBaTtv ginsiHkv 6ins c. Hosi MetpiBui. Ha
L OinsiHUi pUCYHOK JOMNWH Bia3Ha4aeTbCs rMMBoKUMmM eposiii-
HUMW BPi3aMu, pyNHYBaHHSM MacvBHNX BOOOAINIB Ta NepeTso-
PEHHAM X Yy OOCUTb BY3bKi CMyr4, a B AESKMX MicuaxX —
y cuctemMy ocTaHuiB. Taki yMoBu Ta reonoriyHa 6ynosa Groky
3YMOBIOKOTb BUHUKHEHHST €PO3iNHO-AeHYAaUIMHNX Ta CXUIO-
BMX MPOLIECIB 3CYBHOro xapaktepy. Benuka kinbkicTb 3cyBiB
ycKknagHoe Mopdororito AHINPOBCLKUX CXWIIB, CKNadeHnxX na-
NeoreHoBMMY MopoAamm CYrMIMHKOBOrO Cknagy Ta NecoByMU
dopmaLisimu, siki 3anaraoTb Ha 6opTax cy4dacHux apis | 6anok
Ta Ha cxunax AOMWH pivoK, 0cobnmeo B KUIBCbKOMY perioHi.
OBGyxiBcbkui Ta KaHiBcbko-TpaxTeMmpiBCbkmin 6noku 3asHa-
I0Tb HE3HAYHUX 3MiH, L0 NPOsIBMEHi Y BUPIBHIOBaHHI penbedy
Ta ManoamnmiTyaHUX 6rioKoBMX NEpPEMILLIEHHSIX.

3icTaBneHHs kapT 6a3nMcHNX NOBEPXOHb 3-ro Ta 4-ro no-
PSOKIB LE€MOHCTPYE MEBHOK MipOK 3BOPOTHY Hanpasrie-
HiCTb 6nokiB. Y uen yac KuiBcbknin 6ok 36epirae He3MmiHHi
MiHiManbHi (85 m) Ta makcumansHi (210 m) BUCOTH, Lie CBia-
YNTb NPO CTaniCTb TEKTOHIYHOIO pexumy, Lo cnpusie dop-
MYBaHHIO APYroi HajsannasBHoi Tepacu. 3a MNOnbLOBUMMU
AocnigXeHHAMK gpyra HagsannasHa Tepaca gobpe npocre-
XYETbCA Ha niBoMy Oepesi [IHiNpa, a Ha npaBoMy — BigOMi
nvwe okpemi ii dparmeHTn Mix rmpnom CoBcbkoi 6anku Ta
Jlncoi ropun. Bucota tepacu Hag pycnom csarae 20-25 m. 3a-
ranbHa TOBLUMHAa anoBito Tepacu cqarae 25 m. BoHa kapTy-
€TbCS B3J0BX YCiel gonuHu p. IpniHb (MpybpuH, & ManueHko,
1976). KapTta 6a3ncHoi noBepxHi 3-ro nopsaky Bigobpaxae
ii nonoxeHHA Ha cxunax naneopenbedy Ha BUCOTaXx
140-154 m. [Opyra Tepaca posTawoByeTbcs Ha 28-30 m
BULLE Bif NEPLUOI, O MOXe CBiAYMTW NPO 3HAYHI MiOHATTA
B MNi3HbOMY HEOMMENCTOLEHI 3 OAHOYACHOK akTuBi3auieto
eposinHo-AeHyauinHNX NPoLEeCiB.

MonoxeHHs Aapyroi Tepacn B Mexax OByxiBcbKkoro
Onoky 3a kapTowo 6asucHOi MoBepxHi 3-ro nopsiaky
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hikcyeTbCa Ha nonorux npaesobepexHnx cxunax p. CtyrHa
Ha Bucotax 126—140 m, wo Ha 10-11 M BULE, HiXX Nono-
XKEHHs nepLuoi Tepacy (puc. 2). BigHocHo KniBcbkoro 6moky
BOHa NexuTb Ha 14 M HUX4e no cxuny. PisHoBUCOTHe 3ans-
raHHsl Tepacu CBigYMTb NPO HEOAHAKOBUI PEXMUM TEKTOHIY-
HUX pyxiB GnokiB, cBoepiaHy Mopdonorito penbedy Ta
BMMVB JOAATKOBUX €K30reHHUX haKTopiB.

KaHiBcbko-TpaxTemmpiBcbkuin 6ok TOro Yacy mMaB CBOEpPIA-
HUI PO3BUTOK, 30KpemMa (DiKCYeTbCA He3HaYHe 3HMKEHHsT 6a-
3ucy epoasii 3-ro nopsigky Ha 5 M. AMNniTyga nepeBuLLIEHb TYT
carae noHag 100 m. ApyxHa cuctema akTMBHO PO3BMBAETLCS,
3MiHIOIOYN MOPMONOMYHUA BUIMSA BOAOAINBHUX MPOCTOPIB.
Taki npouecn copMytoTb HOBI MOPGOCKYNbATYPU 3 OOCUTb
KpyTUMKM Ccxunamu (puc. 2). 3a marepianamu reonoriqyHol
3/I0OMKM Apyra Haf3annaBHa Tepaca B Mexax Liboro Groky kap-
TYeTbCst HAa 060x 6opTax aonuHu [Hinpa. B panoni M. KaHesa
il abcontoTHi BigMmiTku caraiotb 95—-100 M, a B pavioHi ¢. Abny-
HiB — BOHa po3TalloBaHa Ha BucoTtax 115-125 m (Mpy6puH, &
ManueHko, 1976). 3a MopoOMETPUYHMMM AaHMK Tepaca di-
KCYETbCS1 Ha BucoTax naneopensedy 118-138 m (puc. 2). Ha
TepuTOpIi LbOoro Br1oKy Takux AiNsiHOK 3 HEBEMUKUMM NoLLamMu
ynmano. MposiBreHi BOHWM Ha cxunax AONMH APYXXHOI cucTeMu
Ta pgonuHu p. PocaBa. ®parMeHTapHIiCTb NposiBiB Apyroi Te-
pacu Uboro 6roKy NOsICHIOETHLCS, BiPOrigHO, BUCOKOH AMCIIOKO-
BaHICTIO Mopig Yy NbOA0BMKOBUIA NEPIOA.

OTxe, Apyra Hag3annaeHa Tepaca B Mexax KuiBcbkoro
Ta ObyxiBcbkoro 6rokiB 3bepernaca 4OCUMTb 3HAYHMMM 3a
nnowamMmu AinsiHkamu, Ha BigMiHy Big KaHiBcbko-TpaxTtemu-
piBCcbKOro 650Ky, Ae BoHa (iKCyETbCA Y BUrNAAi HEBENNYKMX
niH3onoaidHNx dparMeHTiB.

HactynHa Il Hag3annaBHa Tepaca chopmyBanaca y nic-
NSANbOAOBMKOBUI Yac, YacTKoBO 30epernacs i Mae pisHe reo-
MopcponoriyHe MNONOXeHHs Ha npasobepesoki  p. AHiNpo.
AHanisyroun kapT 6a3ncHNX NOBEPXOHL 4-ro Ta 5-ro nopsakie,
Cnif aKueHTyBaTK yBary Ha HE3MiHHOCTI 6a3ncy eposii Ha 060x
KapTax, Lo CBiA4YUTb NP0 NOAIOHICTb TEKTOHIYHNX PEXMMIB Y-
POOOBX NbOAOBMKOBOIO Ta NiCNANbO40BMKOBOIO NEPIOAIB.
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Puc. 2. KapTta 6asucHoi nosepxHi 3-ro nopsiaky lNpaso6epexoks CepeaHboro MNpuaHinpos's
Ta AinsAHKM UMoBipHOro nonoxeHHs |l Hag3annaBHoOI Tepacu

Y mexax Kuicbkoro 6roky Il Tepaca 3a gaHMMuM Nonbo-
BMX OOCHNIOKEHb NPOCTEXYETbCA parMeHTapHo. BoHa 3a-
KapToBaHa Ha [ABOX AinsiHkax uboro 6roky: Hermodanik Big
c. Hosi MNeTpiBui Ta y BepxiB'sax npaBobepexcks p. IpniHb. 3a
AaHumun kapTu 6a3ncHOi NoBepXHi 4-ro NopsiaKy BoHa dikcy-
€Tbcq Ha Bucotax 154-168 m naneopensedy (puc. 3).
TpeTsa Tepaca 3anarae Ha 14 M BuLLe Big APYrOi, WO Manxe
BABiYi MEHLLe BUCOTHMUX NoKasHuKiB Mix | Ta Il Tepacamu. Lle
CBiAYMTb NPO HE3HAYHI BUCXiAHI pyxu Luboro yacy. Ckpisb Ha
NoBepXHi Tepacu NPOCTEXYTLCA CNiAM eposiNHOro posurne-
HYBaHHS, L0 AOBOAUTbL MICNANbLOAOBUKOBUIA Nepiog i dpop-
MyBaHHs. ®niosiornsiuianeHi Npouecn Cnpusnu WBUAKOMY
pyNHYBaHHIO penbedy, 3MiHIOKYM MOro MOpONoriYHUN BU-
rnsg Ta hopMytoum BignoBigHI reHeTUYHI Tunu Bigknaais. 3a
BM3HAYEHUMWN BUCOTaMM MOXHA MPUNYCTUTU WNMOBIpPHE
dopMyBaHHSA L€l Tepacy i Ha iHWKX dinsHkax 6roky.

Y mexax ObyxiBcbkoro 6moky |l Hag3annaBHa Tepaca 3
HEe3HaYHOoK MIOLLEl0 3aKkapToBaHa nuvwe y gonuHi p. Kpa-
cHa. Bona dpopmyBanacs Ha obyxiBCbKiii CBiTi maneoreHy,
WO MpeAcTaBneHa aneBpuTaMu [NayKoHITO-KBapLOBOro
cknagy, a y nigowsi — kpeM'sHucTumMK, 6eskapboHaTHUMUK
nickoBrkamu. 3a MopdoOMETPUYHNUM aHani3om i 3acdikco-
BaHO Ha Bucotax 140—154 m. lManeopenbed 6Gnoky Toro
yacy Big3Ha4yaBCH 3HAYHOK PO3UNEHOBAHICTHO, PiYKOBI AO-
NVHU XapakTepu3yBanucst KpyTUMy Cxunamu i 4acto manu
BUIMSAA TPOrOBUX OOMMWH i3 PyNMHYBaHHAM GinbLUOi YacTUHW
TpeTboi Tepacu (puc. 3).

Ill Hag3annaBHa Tepaca B panoHi KaHiBcbko-TpaxTe-
MUpIBCbKOro GMOKy 3akapToBaHa nuvule Ha niBobGepexoki
p. OHinpa. Ha npaBobepexki BOHa BigCyTHS, OCKinbku ii
nepebynosa BigbyBanach y nicnanbO40BMKOBUIA Yac nig
BMMAMBOM dprtoBiornsuianbHMX npouecis. [JecTpyKTUBHI
npoLecu NbOAOBMKOBOrO Mnepioay Bia3HauvMnucs opmy-
BaHHSAM JTyCKyBaTO-HACYyBHMWX CTPYKTYP 3 iH'EKTUBHUMU DO-
pMamu caMe B Mexax Ljboro 6roky, Lo 3Ha4YHO BMAMHYMO
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Ha iHTeHcudikalilo eposinHO-AeHyaauiiHMX npouecie. 3a
BiAICYTHOCTI AaHuX WoAo icHyBaHHA Il HagsannaBHoOI Te-
pacu B Mexax Lboro 0roky, 3aBAsku MOpdOMETPUHHUM
OaHUM MOXHa npunycTuTn ii POpMyBaHHA Ha BMUCOTax
125-143 m (puc. 3).

Omxe, |l Hag3annaBHa Tepaca Mae pi3HOBUCOTHE 3ans-
raHHs B penbedi B Mexax 6nokis, WO XapakTepuaye pisHy
AVHaMIKy KOXXHOro okpemoro 6roky. Takox cnig 3ayBaxuTu,
O Ha MOPAOCTPYKTYPHUIA BUrNAS, PEriOHY BENTMKUIA BNIIMB
MaB AHINPOBCHKUI NMbOAOBMK, SIKUA PO3YreHyBaB Bxe cop-
MOBaHY Ha TOW 4ac eposiiHy cucTemy, no sKii po3BUHynach
cyyacHa piykoBa Ta sipy>kHo-6ankoBa mepexi. [Nepiog 3ne-
O€EHIHHS Ta MiCNsAnbOLOBMKOBOIO Yacy XxapakTepulyBaBcs
TpuBanumM ctabinbHUM TEKTOHIYHUM PEXUMOM Ta iIHTEHCUB-
HUM PO3BUTKOM €PO3ilHNX NPOLECIB.

MipcymoBytoun npoBefeHun aHania kapT ©6a3ncHux
NnoBepxoHb 5-2-ro mopsakie, cnig Big3HAYMTU NepepBHUIA
XapakTtep TEeKTOHIYHMX pyXiB y NiCNanb040BMKOBUIA Nepiog,
AKi BMNUHYNM Ha hOpMYBaHHSI TPbOX Haj3annaBHUX Tepac
ponuvnn p. OHinpo i pivok Pocaea, CtyrHa, KpacHa, Bobpuus
Ta lpniHb, SKi Manu poaranyeHi cuctemu.

3a daktnyHnmn matepianamu |V HagsannaeBHa Tepaca
B Mexax CepegHboro MpuaHinpoB'a kapTyeTbesa Ha niBobe-
pexoki p. AHiNpo, Ha abcontoTHKX BucoTax 125—-142 m. BoHa
nposiBNieHa HeBEeNMYKMMMK JiH3amMu B Mexax KaHiBcbko-
TpaxTeMupiBcbkoro 6r1oky, ae ii oparMeHTn y BUrnsagi anto-
Bil0 ipLIAHCLKOI CBITU paHHbOYETBEPTUHHOrO BiKY diKCy-
I0TbCS Yy NMyCKyBaTO-HAaCyBHUX CTPYKTypax Ha abComoTHMX
Bucotax 180 m ([py6pwH, & lManieHko, 1976). Ha ocHoBi
npoBeAeHMX NOMNbOBUX AOCHIAKEHb 3adhiKCOBAHO Bigknaam
ipLLIAHCBKOI CBITK y CKragkax AMCOKOBaHUX Mopia y rupnax
KocTtsaHeupkoro Ta XMinbHoro sipiB KaHiBcbkoro 6noky Ta B
NycKyBaTO-HaCyBHUX CTpyKTypax 6ins c. bobpuusi TpaxTte-
MupiBcbkoro 6noky. Ha kapti 6asvcHoi noBepxHi 6-ro no-
pAOKy  Big3HadawTbCA  OINAHKA 3 Pi3HOBUCOTHUM
3anaraHHaM Tepacu. Penbed TOro 4acy mnOpiBHSHO i3
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cy4YacHUM HeBUCOKMI (y cepegHboMy 160 m), nuwe B pan-
oHi c. [pebeHi BogoaineHi npoctopm 3 Bucotamu 168—185 m
nigctynaloTe A0 cxuny gonuHu  [Hinpa, yTBOpHOuM
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crneundivHnn Mikpo- Ta Me3openbed y BUrnagi HEBUCOKNX
ycTynis. Taka Mopdponorisi cxvnis Nnpu3BoanTb A0 PO3BUTKY
ManoamnniTygHux ob6BanbHO-3CyBHUX MPOLIECIB.
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Puc. 3. KapTta 6asucHoi nosepxHi 4-ro nopsiaky lNpaso6epexoks CepeaHboro MpuaHinpos's
Ta AinsiHkn nMmoBipHoro nonoxeHHs lll Hag3annaBHOI Tepacu

OT1xe, IV Hag3annaBHa Tepaca € HangaBHILLIOK CTPYKTY-
poto, 3pyMHOBaHOK BMPOOOBX YETBEPTUHHOIO nepiogy B
pesynbTaTi BNAMBY Pi3HOrEHETUYHUX epOo3ifHO-AeHyAauin-
HWX NPOLECIB, Y TOMY YUCIi NTIbOJOBUKOBMX.

Binbl paHHi NpouecK 3adikcoBaHi Ha kapTax 6Ga3nCcHMUX
noBepxoHb 7—9-ro nopaakis. BigsHavyaeTbcs 3aknagaHHs pi-
YKOBMX OOMMH BULLMX MOPSAAKIB MO 30HAX perioHanbHUX po-
3MIOMIB Ta iX NPUYPOYEHICTb A0 HWXKHBOTO CTPYKTYPHOrO
Apycy nnatgopmHOro Yoxna. ¥ pucyHKy 6a3ncHux nosep-
XOHb Ta iX pi3HOBMAIB BULLMX NOPSAKIB AO0Ope BUAINSATLCA
KOHconigoBaHi CTpykTypu (6noku), siki 3anexarb Bifg, Benu-
YMHW Pi3HWLb reonoTeHuianis y rmboko3anernnx CTpyKTy-
pax. HOBIiTHi pyxu 3eMHOT KOpK 3HAYHO 36iMbLUYOTb Pi3HALIIO
reonoTeHLianis i TUM camnM 3yMOBIOKOTL BinbLL YiTke Bigo-
OpaXkeHHs1 CTIKMX CTPYKTYp Ha MOPMOMETPUYHMX KapTax
(Ivanik et al., 2019).

3icTaBneHHst 6roKiB 3a TEKTOHIMHUMW PEXUMaMU 34iNCHIO-
Banocb 3a kapTamu Pi3HWLb CYMIKHUX Oa3UCHMX MOBEPXOHb
(pisHMUS MDK BUCOTaMM MOKA3HUKIB MOBEPXOHb) BULLINX
(6-8-ro) nopsakis. YcepeaHeHi pisHULi M 5-M i 6-M Ta Mix
6-M i 7-M nopsiakaMmn 0QHaKOBI | 3MiHIOKTHECA B AianasoHi Big +70 m
00 —70 M, Lo CBIg4YATb NPO TEKTOHIYHY CTabINbHICTb perioHy.

3a BULLE3a3HaYEHNUM OMUCOM MOPEOMETPUYHMX KapT
6yno BuaineHo Tpu 6roku, ki B LiNIOMy € HEOAHOPIGHUMW.
IcCHye aymka CTOCOBHO BUAINEHHS YeTBepToro 6moky, skun
3ocepepkeHnin Mk OByxiBcbkuMm Ta KaHiBcbko-TpaxTteMu-
piBCbKMM Gnokamu, MOro MOXHa BIiOHECTM [0 panoHy
nrT Pxuwis. 30ebinbLuoro Bci 61oku po3amMexoByoTbCst po3-
nomamu. Binblue Toro, kKoXeH i3 Lux 6rokiB noginseTbcs Ha
MeHLWi pparmeHTn (Mikpobnoku) (puc. 4).

Y KuiBcbkomy 610U BUAINATLECA (hparMeHToBaHi Ai-
NSHKN, Tak 3BaHi MIKpoGnIokM, WO MakTb NiBHIYHO-3axigHe
npoctsaraHHsa. B OB6yxiBcbkomy 6roui MikpobrnokvM matoTb

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

niBHIYHE nNpoOCTsraHHsi, WO 36iraeTbcad 3 HanpsMKOM
p. OHiNpo, xo4a B Mexax Lux 6rokis mopdornoriyHi doparmeHTn
MalTb pi3He OpiEHTYBaHHA, sike crnabko nposiBneHe B
IXHBOMY BUOOBXEHHI. "eonoriyHo Mexelo Mixx KuiBcbkum
Ta ObyxiBcbkMM Gnokamu € MnmeBacbkuin po3nom. Ha ubomy
oHi  KaHiBcbKko-TpaxTemupiBCbkuii  BMOK  BUPI3HSAETHCA
OeLLo pisHOHaNpaBneHo OpieHTaLil0 MiKpobnokiB. Take ix
MOMOXEHHS MEBHWM YMHOM Y3rOOXyeTbCs 3 IyCKyBaTo-
HacCyBHUMMW AWCHOKAUIiHAMU CTPYKTypaMn Ta aKTUBHUM
BMSIMBOM NbOJOBMKA.

Y KoxxHOMY Broui BUAINSETLCA NO AeKinbka Mikpobnokis
i3 MeBHUM OpieHTyBaHHAM. Ha TepuTtopii KniBcbkoro 6noky
BUOINEHO 4OoTUpW (pparMeHTapHi AiNSHKW: MNigHATTS, WO
nNpocTopoBO Bignosigae levyepcbkoMy ropcTy; Ha MiBHOMI
Bil HbOro po3TalLoBaHui Mikpobnok Hosi MeTpisLi; niBaeH-
Hille BUAINAETbCA TPETi MIKpoGnok, obmexeHun Kuiscb-
KMM PO3NIOMOM; YeTBepTuI 6ok obMexyeTbesa [nesacbkum
PO3rfOMOM i 30PIEHTOBAHUN Y MiBHIYHO-3aXiJHOMY HanpPsMKy
(puc. 4) (Information report..., 2013).

leonoriyHMMKN Mexamm Mixx 6rokamu yMOBHO € Tigpor-
padivHa ciTka, fka iHoAi ycnaaKkoBye po3rnomMu, Ta cepis Tpi-
LLWH, SIKi TAKOX MOXYTb PO34iNaTh oKpeMi MOppoCTpyKTypu.

Y mexax OB6yxiBcbkoro 6roky BUAINSOTLCA YOTMpK chpar-
MeHTapHi AinsHkM (Mikpobnoku). Ha nisaHi dikcyeTbcsa Buta-
YiBCbKUIA MIKPOOIOK, CKNageHWn rpaHitTamn i mirmatutamm
YMaHCbKOrO Komnsiekcy. [apanenbHO A0 HbOro posTalloBy-
HOTLCS TPU MIKPOGNOKM NogibHoro opieHTyBaHHS (puc. 4).

Ha KaHiBcbko-TpaxTemupiBcbkomy 6noui BMOKpeMneHo
TpW Mikpobnoku, ABa 3 Skux ycnagkyBanu KaHiscbkuii i Tpax-
TEMUPIBCLKNIA FOPCTH, SiKi po3dineHi TpoLwmHCEKMM rpabeHem
i oOpieHTOBaHi B nNIBHIYHOMY HanpsMy B3OO0BX AOMMHMU
p. AHinpo. TpeTii Mikpobnok Mae BULLIE FiNCOTETPUYHE NOMO-
XEHHs 1 obmexyeTbes 3 niBgHSA gonuHoto p. Pocasa (puc. 4).
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KapTu pisHnub HamBuwwmx 7-ro Ta 8-ro nopsakis xapak-
Tepu3yloTb Oinbl paHHi cTagii MmopdporeHe3y Ta TekTore-
Hesy CepepgHboro [lpuaHinpos's (puc. 5). BigmiHHOCTI
OynoBu 6rnokoBux cTpykTyp KuiBcbkoro 6mnoky 3acBigyytoTb
AndpepeHuinoBaHnin xapakTep pyxiB y KiHLUi HeoreHoBoro —
noyaTky 4eTBepTMHHOro nepioais. OByxiBCbKMiA Brok xapa-
KTEPU3YETLCHA BiQHOCHO CMOKIMHUM TEKTOHIYHUM PEXMMOM
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YyMPOAOBX YCbOrO Mepiogy HEOTEKTOHIYHOro pO3BUTKY.
BigMiHHMUM € xapakTep TeKTOHiYHOI eBonoLii KaHiBCbko-
TpaxTemunpiBCcbkoro BroKy, SKUA XapakTepu3yeTbCs MEeHLU
iHTEHCUBHUMK fedopMaLiiHUMK NpoLecaMy HOBITHBLOTO
TeKToreHesy, OCKifbK/ B KiHLi HEOreHOBOro nepiogy amnni-
TyAa TeKTOHIYHMX PYyXiB NiBHIYHO-CXiAHOT YaCTUHW YKpaiHCh-
koro wwuta 6yna 6inbLUoto, HiX NiBAEHHO-3axiaHoi (puc. 5).
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Puc. 4. KapTa pi3Huui Mix 6a3ucHolo noBepxHeto 6-ro nopsiaky Ta 6asmcHolo noBepxHeto 7-ro nopsaaky, CepenHe MpuaHinpos'sa
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Puc. 5. KapTa pi3Huub 6a3McHUX noBepxoHb 8-ro (a) Ta 7-ro (6) nopsakis, CepenHe MpuaHinpoB's

Omxe, aHani3 kapT pisHMUb GasnCHUX MOBEPXOHb HaNBU-
LUMX NOPSOKIB AaB 3MOry BUKOHATW perioHarnbHe Ta fiokarnbHe
TEKTOHiIYHe parioHyBaHHs CepeaHboro MNpuaHinpos's. Ha doHi
BUAINEHNX TEKTOHIYHMX OrokiB dikcyeTbCa HM3Kka ApPiGHUX
BrokoBux CTPYKTyp (Mikpobnokis), siki 4obpe BinobpaxeHi y
MOPPOCTPYKTYPHOMY MnaHi perioHy. PekoHCTpyioBaHO Heo-
TEKTOHIYHY €BOrIOLIt0 PerioHy, Ans SKoi XxapakTepHa audepe-
HLiiOBaHa 3MiHa TEKTOHIYHMX PYXiB y MeXax KOXHOr0 i3 6r1okiB.
Came HepiBHOMIPHICTb pyXiB y Lmx Briokax nprM3BoauTb 40 He-
OJHOPIOHOCTI CTyNeHs AeHyaauii iX NOBEPXOHb.

ISSN 1728-3817

Ouckycis i BACHOBKM

IHTepnpeTaLis faHuX, OTpUMaHWX Y pe3ynbTaTi CTPYKTYPHO-
MOPOMETPUYHOIO aHanidy Ta reonoriyHUX AOChiAXeHb
Aana 3Mory pekoHCTpytoBaTh YMOBU HEOTEKTOHIYHOMO pO3-
BUTKY PErioHy Ta BU3HAUYUTM XapaKTepHi O3HaKu nposiBy
npoueciB TeKTo- Ta mopdoreHedy. BcTtaHOBNEHO 3HaYHWN
BMMAMB AMdEPEHLINOBAaHUX HEOTEKTOHIYHUX pyXiB Ha ¢op-
MYBaHHSl OCHOBHUX ernemeHTiB penbedy. Ha ocHosi oTpu-
MaHUX [aHuX BU3HA4YEeHO OCOOMNBOCTI HEOTEKTOHIYHOI
eBonoLii GNOKOBUX CTPYKTYpP Ta MOPGOCTPYKTYP Pi3HMX
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TUNIB, X 3B'A30K Mi>XXK TEPACOBUMM PIBHAMM Ta TEKTOHIYHUMU
pyxamy BNpoAOBX YeTBEpPTUHHOro nepiody. 3acdikcoBaHo
nepepBHi AMHaMIYHi pUTMM B NICNANbOAOBUKOBUIA Yac i cno-
KiIMHUA TEKTOHIYHUA pPeXuMM YNPOAOBX [0fbO4OBUKOBOIO
(paHHi nnewictoueH) vacy. lNMpoaHanizoBaHo 6ynoBy Ta
eBontoLito pivkoBux gonuH CepegHooro MpuaHinpos'a Ta ix-
HiX OKpemux enemeHTiB. 3adikCOBaHO BUCOTHE MONOXEHHS
Haa3annaBHUX Tepac Ha KOXXHOMY TEKTOHIYHOMY eTari po3-
BUTKY, BU3HAYEHO iX reonoriyHy 6yaoBy Ta reoMopdonoriyHi
ocobnueocTi. [leTanbHa iHTeprnpeTaLis pisHOreHeTUYHMX Ta
Pi3HOMOPSAKOBUX CTPYKTYPHO-MOPCOMETPUYHUX KapT, a Ta-
KOX reonoriYyHniA aHani3 ganv amory BuainuTu MopdoCcTpykK-
Typy Ta OrOKOBi CTPYKTYpWM KpuCTaniyHoro gyHOAaMeHTY,
cepen, skux ikcytoTbCa perioHanbHi (6rokM) Ta nokanbHi
(MikpOBNOKM) CTPYKTYpM, LLO BUPI3HSOTLCS AndepeHLiioBa-
HICTIO TEKTOHIYHMX PYXiB Ta OCOBMUBICTIO TEKTOHIYHOTO PO3BU-
TKy. Ha OCHOBI aHanizy oTpumMaHuxX SaHWX PeKOHCTPYMoBaHO
XapakTep eposifiHO-OeHYAaUiHOI  AiSNbHOCTI  OKPEMMX
AiNsIHOK perioHy.

BHecok aBTopiB: OneHa |BaHik — HanucaHHs (nepernsg i pe-
paryBaHHst); Biktop LLeB4yk — koHUenTyanisauis, Banigauis gaHux;
IMoboB TycTaHoBCbKa — METOAONOriS, HaMUCaHHsA (opwriHanbHa
yepHeTKa), dopmanbHun aHani3; KatepuHa agsubka — aHanis
niTepaTypHUX gXXepern.

Cnuncok BUKOPUCTaHUX axepen

Beknuny, M. @. (1966). Maneeeomopgponoeisi obnacmi YkpaiHcbkoeo wjuma
(me3030li i kaliHo3oU). HaykoBa gymka.

I'py6puH, HO. 1., & ManieHko, €. T. (1976). CyyacHi ezeoMopgponoaiyHi npo-
uecu Ha mepumopii CepedHboeo NpudHinpoe's. Haykosa aymka.

3BIT PO iHXeHepHo-reonoriyHe Ta reodpisnyiHe ByBYeHHS (2007). IHxeHepHo-
reornoriyHe [0BVBYEHHSI TepuTopii KuiBcbkoi YepHiriBCbkoi, KUTommpebkoi Ta
3akapnaTtcbkoi obnacten 3 MEeTo reonoriyHoro OBrpyHTyBaHHS NPOTU3CYBHMX
3axopiB Ta reonoriyHoro 3abe3sneyeHHs YIAC HC. MiHicTepCTBO OXOPOHM HaBKo-
JMLLHBOTO cepenoByLLa YkpaiHu fepxxaBHa reonoriyHa criyx6a [MiBHiuHe aepxaBHe
perioHanbHe reosnoriyHe nignpuemcTso "lMiBHidreonoria” LieHTp rigporeonoriyHnx
Ta reonoro-eKonoriYHmx Aocnimkerb. LieHTp reodisnyHmnx gocnimkeHb. KH. 1.
https://drive.google.com/file/d/1ArhRjam21JvtHt5439Dglobyc8 AH8AQO/view

Makcumoswuy, B. KO, Ky3HeuoBa, B. I'., Bepbuubkuia, T. 3. BiniHcbkui, A. |.
Ta iH. (2005). HocnioxeHHs1 cy4yacHoi eeoduHamiku YkpaiHcbkux Kapnam.
HaykoBa kHura.

Information report on NDR Ne 04/2013 (2013). Development of draft
Regulations on the landslide regime and the Concept of stabilization of landslide
processes on the territory of Kyiv. National Academy of Sciences of Ukraine DU
Institute of Environmental Geochemistry of the National Academy of Sciences
of Ukraine. https://drive.google.com/file/d/1NVjnekvlaNoE_kxNf_geQRfOxhuO-
Dm_/view

Olena IVANIK', DSc (Geol.), Prof.
ORCID ID: 0000-0002-8782-4883
e-mail: om.ivanik@gmail.com

Viktor SHEVCHUK!', DSc (Geol.), Prof.
ORCID ID: 0000-0001-7158-5016
e-mail: svgeol44@gmail.com

Lyubov TUSTANOVSKA', PhD (Geol.)
ORCID ID: 000-0003-0079-2258
e-mail: ljumed4@ukr.net

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

1Taras Shevchenko National University of Kyiv, Kyiv, Ukraine

Ivanik, O., Shevchuk, V., Kravchenko, D., Yanchenko, V., Shpyrko, S., &
Gadiatska, K. (2019). Geological and Geomorphological Factors of Natural
Hazards in Ukrainian Carpathians. Journal of Ecological Engineering, 20(4),
177-186. https://doi.org/10.12911/22998993/102964.

Ivanik, O., Shevchuk, V., Lavrenyuk, M., & lvankevich, G. (2018). Regional
and local forecasting of landslides and debris flows and assessment of their
impact on infrastructure objects. Abstracts of 11th International Conference
"Monitoring of Geological Processes and Ecological Condition of the
Environment", 13—-16 Nov. 2018, Kyiv, Ukraine. http://www.earthdoc.org
/publication/publicationdetails/?publication=91316

Ivanik, O. M., Shevchuk, V. V., Tustanovska, L. V., Hadiatska, K. P., &
Volkova, S. G. (2020). Estimation of neotectogenesis factors of the Middle
Dnieper region by structural-morphometric nethod. International Conference
Geoinformatics 2020, 11-14 May 2020, Kiev.

References

Grubryn, Ju. L., & Palienko, E. T. (1976). Recent geomorphological
processes of the Middle Dnieper area. Naukova dumka [in Ukrainian].

Information report on NDR Ne 04/2013 (2013). Development of draft
Regulations on the landslide regime and the Concept of stabilization of landslide
processes on the territory of Kyiv. National Academy of Sciences of Ukraine DU
Institute of Environmental Geochemistry of the National Academy of Sciences
of Ukraine. https://drive.google.com/file/d/1NVjnekviaNoE_kxNf_geQRfOxhuO-
Dm_/view

Ivanik, O., Shevchuk, V., Kravchenko, D., Yanchenko, V., Shpyrko, S., &
Gadiatska, K. (2019). Geological and Geomorphological Factors of Natural
Hazards in Ukrainian Carpathians. Journal of Ecological Engineering, 20(4),
177-186. https://doi.org/10.12911/22998993/102964.

Ivanik, O., Shevchuk, V., Lavrenyuk, M., & lvankevich, G. (2018). Regional
and local forecasting of landslides and debris flows and assessment of their
impact on infrastructure objects. Abstracts of 11th International Conference
"Monitoring of Geological Processes and Ecological Condition of the
Environment", 13-16 Nov. 2018, Kyiv, Ukraine. http://www.earthdoc.org
/publication/publicationdetails/?publication=91316

Ivanik, O. M., Shevchuk, V. V., Tustanovska, L. V., Hadiatska, K. P., &
Volkova, S. G. (2020). Estimation of neotectogenesis factors of the Middle
Dnieper region by structural-morphometric nethod. International Conference
Geoinformatics 2020, 11-14 May 2020, Kiev.

Maksymovich, V. Yu., Kusnecov, V. G., Verbickiy, T. Z., Bylinskiy, A. I. et al.
(2005). Study of modern geodynamics of the Ukrainian Carpathians. Naukova
kniga [in Ukrainian].

Report on engineering-geological and geophysical study (2007).
Engineering and geological study of the territory of Kyiv Chernihiv, Zhytomyr
and Zakarpattia regions in order to geological substantiation of landslide
measures and geological support of UIAS NA. Ministry of Environmental
Protection of Ukraine State Geological Survey Northern State Regional
Geological Enterprise "Northern Geology" Center for Hydrogeological and
Geological and Ecological Research. Center for Geophysical Research. Book 1
[in Ukrainian]. https://drive.google.com/file/d/1ArhRjam21JvtHt5439Dglobyc
8AHBAQO/view

Veklich, M. F. (1966). Palaeomorphology of the Ukrainian Shield region
(Mesozoic and Cenozoic). Naukova dumka [in Ukrainian].

OTpumaHo pepakuiet xypHany / Received: 15.06.23
NMpopeueHszoBaHo / Revised: 09.09.24
CxBaneHo po apyky / Accepted: 21.02.24

THE BLOCK CHARACTER OF THE RECENT TECTONICS
OF THE MIDDLE DNIEPER BASIC MAPS DIFFERENCES OF BASE SURFACES

Background. The tectonic evolution of the Middle Dnipro region in modern times is particularly complex. The presented studies were
conducted within the right-bank part of the Middle Dnipro, since the maximum activation of neotectonic activity zones is observed in this region, with
significant gradients of the latest tectonic movements and their impact on the formation of the modern relief, that require a comprehensive assessment

of the impact of geological and geomorphological factors on their formation.

Methods. Structural and morphometric studies within the Middle Dnipro region, using remote sensing methods and spatial-analytical
modeling, allowed us to determine morphometric parameters related to the terraced levels of the Dnipro River, the processes of deep erosion,
denudation and accumulation, as well as the nature of recent and modern tectonic movements.
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R e s ults. Detailed interpretation of multi-genetic and multi-order structural and morphometric maps, as well as in-depth geological analysis,
allowed us to identify morphostructures and block structures of the crystalline basement (regional blocks and local microblocks), which are
distinguished by differentiated tectonic movements and peculiarities of tectonic development.

Conclusions. The neotectonic conditions of formation and development of the paleorelief of the Right Bank of the Middle Dnieper are
reconstructed. The peculiarities of the development of terraced levels in the Neogene and Quaternary periods are established. The obtained data can
serve as a basis for analyzing the influence of tectonic movements on the activation of hazardous geological processes within the Middle Dnieper
region and forecasting their development in the future.

Keywords: paleo-relief, structural and morphometric analysis, tectonic movements, deep erosion, terrace levels, morphostructures,
Quaternary period.
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"IHcTUTYT reodpizmkm im. C.1. Cy660TiHa HAH Ykpainu, llbBiB, YkpaiHa
23akapnaTCbKuil yropcbKkuin iHcTUTYT iM. ®epeHua Pakoui ll, Beperose, YkpaiHa
3KapnaTtcbke BigaineHHs IHCTUTYTY reodisukm im. C.l. Cy660oTiHa HAH YkpaiHu, JIbBiB, YkpaiHa

FEOAUHAMIMHUM CTAH 3AKAPMATCBKOIO BHYTPIWHbLOIO NPOrMHY
3A PE3YJNIbTATAMU OEOOPMOMETPUYHUX CNOCTEPEXEHD Y PErIOHI

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

B c Ty n. AkmyansHicmb npoeedeHux GocCsliOXeHb 8UK/TUKaHa MOCMYNo8uM 3pOCMaHHsIM Micyeeoi celicMiyHOCMi e pe2ioHi, skul
3aliMae ceoepidHe 2eozpaghidHe MOJIOKEHHSI, Yepe3 siKuli npoJisi2altomb Haghmo-, 2a30- ma rPodyKMOo20HU, Ha mepumopii siko2o po3ma-
woeaHi 06'ekmu Kpumu4Hoi iHgppacmpykmypu, Wo MoXXxyms riomeprnamu e pe3ysibmami Oii nidzeMHoi cmuxii. Baxxmueo mamu iH¢hop-
Maujiro npo pyxu eepxHix wapie 3eMHOI Kopu, ix KiHeMamuKy ma GuHaMmiKy, sIKi cymmeeo ensiuearoms Ha Hanpy)eHo-0eghopmoeaHuli
cmaH nopiod, eusinbHeHHs1 eHepeaii 2eoMexaHiYHUX npoyecie. Takox HeobxioHo docnidumu ennue 2eoOuUHaMiKu pe2ioHy Ha po3psiOKy
Hanpy»xeHo-0e¢hopmMo8aHO20 cmaHy ropio.

M e T o A u. Memoduka docnideHHs1 nonsizae 8 nobydoesi 3anexHocmel 3MiujeHb 3eMHOI KOpu 8i0 Yacy, nopieHsIHHS weudkocmeu
ma npucKopeHb pyxie Kopu e iHmepeasiax aHoMaslbHUX Cy4aCHUX 20pU3oHmMasbHuUX pyxie kopu. Po3paxoeaHo weudkocmi ma npucko-
PEHHS1 pyxie Kopu, npoeedeHO MopieHAHHSA KiHeMamuku pyxie ma celicMiyHocmi pezioHy. 3acmocoeaHo KopensiyiltiHull aHani3 criocme-
pexyeaHux psidie. [ina eupiweHHs1 nocmaesieHux 3ag0aHb 8UKOPUCMaHO pe3y/ibmamu crocmepexeHb 20pU30HMasbHUX pyXie Kopu
30Hi OawcbKo20 2/IU6GUHHO20 PO3JIoMYy 3a GOIMOMO20t0 Keapyoeo2o deghopmomempa 6a3oro 24,5 M, 3MOHMOBaHO20 8 WMOJIbHI cMM
Koponeee. Bidomocmi npo celicmiyHUli cmaH ompumaHo 3a A0roMo20H Uugpoeux celicMoMempie, siki (hyHKUIOHyrOMb Ha PEXUMHUX
2eoghizuyHUX cmaHyisix Biddiny celicmiynocmi Kapnamcbkozo pezioHy ma Kapnamcbkoz2o eiddineHHsi IHcmumymy 2eogbizuku
im. C.I. Cy66omiHa HAH Ykpaivu.

PesynbTaTtu. Po3ensHymo 2eoluHamiky 3akapnamcbko20 eHympiuHb020 MPOo2UHy Ha OCHOBI CIIOCMeEpPEeXeHb Cy4YacHUX
20pU30HManbHUX pyxie Kopu 6 30Hi Oawcbko020 211U6UHHO20 PO3/10MY, siKi 3a 2021 pik NpedcmasieHi Po3WUpPeHHSIMU Mopio 8eSTUYHUHOHO
+12,61x107. [lpoeedeHo po3paxyHOK hi3uyHUX napaMempie 2eopyxie y pe2ioHi ma eCmaHoe/1IeHo MPoCcMopo8o-yacoeull po3nodin mic-
yesoi celicMiyHocmi, oc1idXKeHO 38'A3KU celicMiYyHO20 ma 2e00uHamMiyHO20 cmaHie y 3akapnammi 3a 2021 pik. Bue4eHo eapiauii 3mi-
wieHb 8epxHix wiapie 3eMHOI KOpU 3a eecb nepiod criocmepexeHb Ha NyHKMi deghopMomempuyHUX criocmepexeHb y cMm Koponege
(1999-2021 pp.) ma 4acoeuti po3nodin micyesux nidzeMHUX nowimoexis.

B ucHoBKMU. AHaniz npocmopoego-4acoeoz2o po3rnodiny micyeeoi celicMiYHOCMIi ma cy4yacHUX 20pU30HMasIbLHUX pyXie Kopu 3a
eech rnepiod deghopmMomMempPUYHUX criocmepexeHb y 30Hi OauICbK020 2/1U6UHHO20 PO3JIOMY 8Ka3ae nideuleHHs1 celicMiYyHOCMi pe2ioHy
e iHmepeasiax iHmeHcueHuUX pyxie KOpu ma Ha HasieHicmb nepiodie KosnueaHHs1 pyxie kopu mpueasiicmio 8 12 pokie: ceped siKUX
2-3 poku eusiesIeHO 3HaKO3MiHHI Mpoyecu (PO3WUPEeHHs ma CMUCHEHHS1 Nopio, 3a2aibHa eesludUHa 3MiUWeHHs1 Konueaemucsi 8 obnacmi
Hynboeux pyxie). Halibinbw akmyansHUM ma eaxiueum € nepiodu mpueanicmio 9-10 pokie, wo Uidyms 3a yumu iHmepesanamu 3amu-
wiwist, OCKiNbKU € yel Yyac peecmpyrombCsl Mid3eMHi Mowmoexu, INaKoXX ecmaHoesIeHo, Wo Yacmoma ix 3pocmae. Akmusisauisi celicMidHO-
cmi pezioHy criocmepizacmbcsi Ha YOHi 3a2aslbHO20 PO3WUPEHHST rMopid, wjo eidbysaembcsi 3a cmanux eikosux pyxie kopu. Ha
cy4acHOMYy emarii cy4acHi pyxu Kkopu nepebyearoms y cmaHi po3wupeHHs1 1opio, AKWo maka meHOeHUisi He 3MiHUMbCS, ¢cJ1id o4iKkysamu
nideuuweHHs celicMiYHOCMI 8 Pe2ioHi.

Kno4yoBi cnoBa: degpopmozpad, cyyacHi 2opuzoHmansHi pyxu Kopu, wieudkicms pyxie Kopu, MPUCKOPEHHS 3MiujeHb ropio,
2eoduHamiyHuli cmaH, 3emiempycu, micyeea celicMiyHicmb, celicMOMeKMOHiIYHi npoyecu, OawcbKull 2rIU6UHHUL PO3JIOM.

Beryn

EkonoriyHnii ctaH 3akapnaTTs BaXnvMBO po3rnisigaTt i B
NnaHi BNA1BY Ha HbOrO CENCMOTEKTOHIYHMX NPOLIECIB Y PETiOHi.
HesBaxaloum Ha MNOMIpHY CeNCMiYHiCTb 3akaprnaTCbKoro
BHYTPILLHBOrO MPOrUHY: PEECTpaLiio OAWHOKWX BiAYYTHUX
Nig3eMHUX NOLUTOBXIB Ha (POHI YNCMEHHMX ManOMOTY>XHUX
3eMreTpyciB B iHTepBani piYHMX BIKOBUX XOAiB Cy4acHUX

rOPU30OHTamNbHUX PYyXiB KOPU Ta PiYHUX CMNOCTEPEXEHb HA
0eOPMOMETPUYHNX  CTaHLiAX, BaXNNBO MNPOBEAEHHS
OOCNIAXKEHHS XapaKkTepy pyxiB KOpU Ta po3paxyHoK i3ny-
HUX NapameTpiB, WO Ui pyxu onucytoTb. 3akapnaTTs ocob-
nvBe TVM, LLO TYT Ha reororiYyHMX CTPYKTypax TpuBanuii yac
NPOBOAATLCH CNOCTEPEXEHHSA 3a Cy4aCHMMU FOPU3OHTarb-
HUMKU pyxamu Kopw. IcTopia BUMIpiOBaHHA Aedopmalin
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3eMHOI Kopu B perioHi TpmBae 3 80-x pp. XX ct. Tyt 6arato
pOKiB (DYHKLiOHYBanu napanenbHo Aekifbka ropusoHTanb-
HUX pedopMOMeTpUYHNX cTaHuin: "Beperose-1", "Bepe-
rose-2", "Koponese". HedopmMmomeTpuyHi cTaHuii
"Beperoe-2" Ta "Koponese" npautotoTk i cborogHi. Cencmi-
YHICTb 3akapnaTTs akTuBI3yeETbCA B MEpioan iHTEHCUMBHUX
pyxiB KOpY, BUMIPSIHUX Ha NYHKTI AedopmMorpadiyHux cnoc-
TepexeHb "Kopornese". AHania aeopmMoMeTpuUYHMUX BUMI-
ptoBaHb MoOKasaB, LWO pyxu Kopu B 3akapnaTCbkoMy
BHYTPILLHEOMY MPOrMHI MaloTb yCNaaKoBaHWUIA XapakTep, po-
3paxyHOK Cy4aCHWUX rOPM3OHTarNbHUX PyXiB KOPW NiATBEPANB
OTpUMaHi paHiwe pesynbTaTu 3a AONOMOroH iHLWKX reodi-
3NYHUX | reoAe3nYHUX MeTOoAIB: 3ararnibHe PO3LLUUMPEHHS KOpU
3 BenuuMHOW0 BikoBoro xoay +10x107. MonepeaHi mocni-
OXXEHHS reoAMHaMiKu perioHy BKasanu Ha kopensdito nepio-
[iB IHTEHCUBHUX PYXiB KOPW Ta NPOSIBIB MiCLIEBOI CENCMIYHOI.
3acTocyBaHHA i3NYHUX NapameTpiB reoMexaHiyHuX pyxis
Aano 3Mory BigMITUTW 3B'I30K reoAMHaMi4YHOro Ta cencmiy-
Horo ctaHiB perioHy. Ockinbku gecdopmorpadivHi cnoctepe-
XeHHa B 30Hi Oalcbkoro  rAMOMHHOrO  po3nomy
npoBoaATbCs GesnepepBHO TpMBanuii Yac, HaKOMUYEHO
6a3y AaHuX 3MillleHb 3eMHOT Kopu noynHatoum Big 1999 p.,
TO aKTyarnbHUM € NPOAOBXEHHSA MOHITOPUHIY CyYaCHWUX ro-
PU3OHTanNbHUX pyxiB Kopu. PedynbTati JocnigXeHHs noTpi-
OHi ANA KOMMMEKCHOro BUPILLEHHS eKomnoriyHux npobnem
Kpat, 30Kpema ix reonoriyHux acnekTiB. 36inbLUeHHA nepi-
oay AedopmorpadiyHnx cnoctepexeHb PO3KPMBAE MOXIU-
BOCTi BMAINEHHA nepioguyHoCcTen pyxiB Kopu, 30Kpema
nepiogiB Tak 3BaHMX 3HaKO3MIHHMX PyXiB, SKi BaXxnuei Ans
BU3HAYEHHSA CENCMIYHOI akTuBi3aLii perioHy. Takox Bax-
NMBO BiA3HAYNTU HEOOXIAHICTb BUBYEHHS rnobanbHuX reo-
NOriYHUX SBULL, Y Mepiod BiNCbKOBOrO CTaHy Ha TepuTopii
KpaiHW Ta BUKOPUCTaHHA Kpato AN BUPILLEHHS 1T eKOHOMIY-
HUX 3aBOaHb. AKTyamnbHICTb NPOBEAEHHS re0AMHAaMIYHUX i
CelCcMOonoriyHnx JocnigXeHb BUKMMKaHa, 30Kpema, nigsu-
LLEHHAM CEMCMIYHOCTI Ha nfnaHeTi, B OKpeMuX perioHax Ta
peecTpauieto cepii MiCLeBMX BIiOYYTHUX MiA3€MHUX MO-
LUTOBXiB. 3aBAaHHS [OCNIOKEHHS NONArae y BUSIBINEHHI 3B'A3KIB
CyYaCHWX rOPU3OHTaNbHNX PyXiB KOPW i3 NposiBamMmu MiCLLeBOIT
CENCMIYHOCTI, sika XapakTepHa Mirpaui€to eniLeHTpis 3emne-
TpyciB. TakoX BaXMBO aKUEHTYBaTW, WO MUTAHHIO BU-
BYEHHA CEWCMIYHOCTI Ta pyxiB KOpU BUMIpSHUX 3a
A0MOMOrok cTauioHapHux gedopmorpadis y HayKoBil niTe-
paTypi NpuaineHo He3Ha4yHy yBary, 3okpema B 3apyOikHii.
OTpumaHi pesynbTaTi JONOMOXYTb Yy NobyaoBi mogeni cel-
CMOTEKTOHIYHMX MPOLECIB Y CENCMOreHepyumnx perioHax,
AKi XapakTepHi 0cobnmemMM reorpadivHUM MONOXEHHAM.

Metoaun

MeToauka gocnigxeHHs nonsirae B NobyaoBi 3anexHoc-
Ten 3MileHb 3eMHOT KOpU Bifl 4acy, po3paxyHoK KiHemaTuy-
HMX NapamMeTpiB reopyxis KOpW, a came — LUBMOKOCTEW PyXiB,
NPUCKOPEHb PyXiB, BIKOBMX XOAiB, MPOBEAEHO MOPIBHAHHS
LUBMAKOCTEW Ta NPUCKOPEHb PyXiB KOPW B iHTepBanax aHoma-
FIbHUX Cy4YacHUX FOPU3OHTanbHMX pyxiB kopu. MNMobyaosaHo
NPOCTOPOBO-4aCOBU PO3MNOAIST MICLLEBOI CENCMIYHOCTI 3a
2021 p. MNobynoBaHo Ta NpoaHarni3oBaHO CENCMOTEKTOHIYHI
npouecu 3a Becb nepioa crnoctepexeHHs — 1999-2021 pp.
BukopuctaHo kopensuinHuin aHania nig Yyac BUBYEHHS 3B'A3-
KiB KIHEMaTUYHMX XapaKTEPUCTUK Cy4aCHUX rOPU3OHTamNbHUX
pyxiB KOpU Ta 4acoBOro po3noginy MicLeBoi CEeNCMIYHOCTI.
[ns BUpiLLeHHsA NoCTaBMNeHNX 3aBAaHb BUKOPUCTaHO pe3yrb-
TaTW CnocTepexXeHb ropU3oHTanbHMX PyxiB kKopu B 30Hi Oalwu-
CbKOTO TMMOMHHOTO PO3MIOMYy 3a [OMOMOrOK  KBapLIOBOroO
aecgopmomeTtpa 6azo0 24,5 M, 3MOHTOBAHOrO Yy LUTOSbHI
cmT Kopornese. BigomocTi npo ceincmivHuin ctaH oTpumMaHo 3a
A0MNoMOoro LUMgpoBnX CEMCMOMETPIB, SKi PYHKLIOHYIOTb Ha
pexmMMHUX reodpismyHux ctaHuisx Bigainy cencmivyHocTi Kap-
naTcbKoro perioHy Ta Kapnartcbkoro BigaineHHs IHCTUTyTy re-
odpisukn im. C.I. Cy66oTiHa HAH YkpaiHu.

ISSN 1728-3817

AHani3 ny6nikayiti 3a memoro docnioxeHb. OfHieto 3
ocobnmBoCTEN MPOCTOPOBO-4aCOBOrO PO3MoAiny MicLeBoi
celcMivyHOCTI B 3akaprnaTCbKOMy BHYTPILUHLOMY MPOrUHi €
NPosIB HEBENUKOI KiNbKOCTI MiA3€MHMX NOLUTOBXIB, LLO CTO-
CYETbCHA BIiOYYTHUX HACENEHHsIM 3eMIEeTpPyCiB — BOHU
MOXYTb He BigbyBaTucsa NpoTsArom Aekinbkox pokis. Y (Ma-
nnubkn Ta iH., 2018) npeacrtaBneHa MOXMIMBICTb BU3HA-
YaTu MEeXaHi3am BOrHuLia 3emneTpycy 3a AaHuMu manoi
KiNbKOCTi CTaHLIn, L0 0COBNMBO akTyanbHO B perioHax 3 nopi-
BHSIHO HEBWMCOKMM PIBHEM MICLIEBOI CEMCMIYHOI aKTUBHOCTI, a
3iCTaBneHHA MexaHi3My 3eMIeTpycy 3 AaH1MU NPO reororivHy
OynoBy perioHy oarno 3mory 3'acyBaTv UIMOBIPHiI TEKTOHIYHI Ne-
penymoBM 3emreTpycy. AKTMBHO NPOBOAATHCS AOCHIOKEHHS
pyxiB 3emHoi kopu 3a gonomoroto GNSS-ctaHuin (Casuyk,
Axkis-BiTkoBebka, & [xymaH, 2018). Nopsa i3 cencmiyHo
aKTMBHUMMW perioHamMun NpoBeaeHO eNeKTPOMarHiTHUA MOHi-
TOPWHT, OCKIfbKM 3rigHO 3 TEOPETUYHMMM BUKNaAKaMu NeBHi
ABMLLA MaloTb rnobanbHe NOXOXKEHHS, NiGTBEPAXEHO, LU0
Taki rmobanbHi 3B'A3KM MiXK CEMCMIYHMMM | eneKkTpoMarHiT-
HUMM MOZISIMK 3 BUCOKOK MMOBIPHICTIO icHYt0Tb (CemeHoB,
TNapaHiscbkuin, & MeTpiwes, 2018). dedopmaliiHi npouecu
B 3aKapnaTCbKOMy BHYTPILLHbOMY MPOruHi CKNaaHi: BOHW Bi-
OPI3HSATLCA SK 32 HanpsiMKamu, Tak i BenMyMHaMuy cy4ac-
HWX FOPU30OHTanNbHUX PyXiB KOpWU. Baxnmemum € KOMNNekcHnn
nigxig, Wo gae 3mory BigTBOPUTW NPOCTOPOBY KapTUHY
OWHaMIKM 3MiH ripHMYOro MacuBy BHaCIiAOK NPUPOAOTEXHO-
reHHUX PakTopiB, a TaKOX PaKTOP HASABHOCTI PEXXUMHMX re-
00€3M4YHUX CroCTepeXeHb AN NiATBEPIKEHHSA Hebe3dnekn
pPO3BUTKY AedopMaLinHUX NPOLIECiB Ta OCTAaTOYHOrO BU3Ha-
YeHHs1 cTagil gecdopmadii ripHuyoro macmsy (KysbMeHko Ta
iH., 2019). Ha ocHoBi o6uucneHux i3 GPS-gaHux mogeni
KOMMOHEHT ropu3oHTanbHuX gedopmaldin 3HalaeHo Wweuna-
KOCTi FONIOBHUX 3HAY€Hb i LWBUAKOCTI FONOBHUX ocel aedo-
pMauiin  3eMHOI KOpW, BCTaHOBMEHO, WO HanbinbLi
3HAYEHHS MaKCUMarbHOrO 3CyBY B paioHaXx, pO3TalloBaHNX
HaBKONO YKpaiHCbkmx KapnaT, weuakicTe avnarauii Mae
cxoxui posnogin (Map4eHko Ta iH., 2019). Ha ocHoBi BuKo-
HaHux pocnigkeHb (TpeTsk, & Bpycak, 2020) 3pobneHo
NPUNYLLEHHS, L0 KOPENALINHNA B3aEMO3B'A30K MK FOPU30-
HTanbHUMKU gedpopmMaLlisMm BU3HadeHmMm 3a gaHumu MHCC
i y3aranbHEHOK CENCMIYHICTIO NPOSBASETHCS TiNbKN B 30-
Hax cybayKuii, e € iIHTEHCMBHA CENCMOaKTMBHICTb | MalTb
NposiBM NOCTIiNHI AedopMaLlii 3eMHOT Kopw, O MiATBEPAXY-
€TbCHA NPOSBOM 30H KOpensLin, SKi po3TalloBaHi B30OBX OA-
Hiel 3i CTOpiH akTMBHMX po3rnomiB. Ha nigctasi aHanisy
iHdbopmalii Npo reocAnHamiyHy i CENCMOTEKTOHIYHY CUTya-
Ljilo B pailoHi mManpaHynka po3TallyBaHHS MPOEKTOBAHMX
CrnopyZ BCTAHOBIEHO MOMOXEHHSI MOTEHLINHMX CelcMoakK-
TUBHUX 30H, B SIKUX MOXYTb BUHUKATN MiCLIEBI 3€MNETPYCH,
Ta BM3HAYEHO CEMCMOTEKTOHIYHMIA NOTEeHLian Hanbnmx4mx
00 MangaH4nka CerMeHTiB po3rfoMiB y TepMiHaxX Makcuma-
nbHux Marnityg (KynnboBcbkuin Ta iH., 2020). MNpoBeneHi
DOCNiOXKEHHSs, 3aBASKN KM MOXHa Binblu npeamMeTHO Bu-
3HayaTu NOBHi XapakTEPUCTWKN BOTHULL 3eMIIETPYCIB, LUBM-
OKOCTi Ta HanpsIMKM MOLUMPEHHSA CENCMIYHUX XBWMb
BignoBiaHO 40 6yn0BM hyHAAMEHTY Ta 0Caf0BOI TOBLL, LU0,
y CBOIO Yepry, Aae 3MOry JOMOBHIOBATU AaHi TpMBAnoro Mo-
HITOPUHrY ekoHebe3neyHnX NPUPOAHMX | TEXHOTEHHNX NOAIN
y 3akapnatcbkoMy BHYTPILLHLOMY NPOruHi (Kosnoscbkuin Ta
iH., 2020). PeaynbtaTtn onucanmx y (Kopuin Ta iH., 2020) go-
cnigXeHb 0al0Tb MOXIMBICTb YTOYHUTK re0noro-CTPYKTYpPHi
ocobnueocTi 6yoBM 3eMHOT kopu 3akapnaTtTs, iHTepnpeTy-
BaTW NPOCTOPOBUIA PO3MOAIS reodi3anyHNX NoniB Ta po3Lmn-
poByBaTM  ocobnuBocTi  MicueBoi  reoguHamikM i
CeCMOTEKTOHIYHOro npoLecy, YTOUHIOBATK piBeHb i Xapak-
Tep reoekonoriyHmx Hebesnek, edekTVBHiILLE NPOrHO3yBaTH
Ta pocnigkyBaTv  MUOMHHO-NPOCTOPOBUIA  PO3NOAIN
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KOpuCHUX konanuH. Takox y (WTorpuH Ta iH., 2021) BUsB-
NEHO 3B'A3KM MiXK BMIIMBOM PO3IIOMHUX 30H Ha 3CyBHi Npo-
Liecu 3a ixHiM BigobparkeHHsIM y rpaBiMarHiTHUX nonsx, Lo
MOXYTb Y ManbyTHbOMY 3aCTOCOBYBATMCb Nif, Yac NpoCcTo-
pPOBOro MPOrHO3yBaHHSA PO3BUTKY 3CYBIiB Ha TEPUTOPIAX 3i
CrnopiaHEeHNMM CTPYKTYPHO-TEKTOHIYHMMMK ymoBamu. O6r'py-
HTOBaHO reonoriyHy iHPOPMaTUBHICTL MOPONOrii aHi3oT-
poOMHMX  TpaHcopMaLlihi  MNOoTeHuianbHUX  MoniB Yy
OOCHNIMXXEHHI PO3NOMHOI TEKTOHIKM YKpaiHCbkmMx Kapnat Ta
NpUnernMx NporuHiB 3aCTOCyBaHHS aHi30TPOMHKX TpaHcdo-
pMadin noTeHuianbHUX NOMIB CNpUATUME NiABULLEHHIO JOC-
TOBIPHOCTI Ta [EeTanbHOCTi MPOCTEXEHHS  FMUOUHHUX
posnomiB (AHikeeB, & PosnoBcbka, 2021). YgockoHaneHo
cucTeMy iHTepnpeTauil oTpuMaHux pesynbTaTiB, 3a OOMo-
MOTOI0 SIKMX BU3HA4aloTb OKanbHi, perioHanbHi Ta Tene-
CEeNCMIiYHI noAii pi3HOI NMpupoau Ta eHepreTUYHOro piBHA
ONs po3B'A3aHHA NEBHUX MPAKTUYHMX 3aday onpavtoBaHHs
Ta iHTepnpeTauii CencMOonoriYHMX 4aHUX i NOKpaLLEeHHsI oLi-
HKM aKTUBHOCTI TEKTOHIYHUX CTPYKTYp YKpaiHn (AHApyLie-
Hko, & JTawyk, 2021). Onsa gocnigXeHHst mMubuHHoT 6ynosum
nisgeHHoro 3axony YkpaiHcbkux KapnaT, Ae postalloBaHa
Kapnatcbka aHomanisa enektponposigHocTi, y 2015 Ta
2020 pp. NpoBeAeHO CyyYacHi CUHXPOHHI MarHiToTenypuyHi
OOCNIOXEHHA Ta OTPUMMAHO MPOCTOPOBO-4ACOBY KapTUHY
pO3noAiny reoMarHiTHUX Bapiauin Ta enekTpM4HOro nons Ha
noBepxHi 3emni, 3a KO MOXHa OLHUTU eNneKTPOonpoBia-
HICTb Ta reocenekTpuyHy CTPYKTYpy perioHy (KywwHip Ta iH.,
2021). Oedopmalii Teputopii 3axony YkpaiHu € cknagHumm
i NLle YacTKOBO CMiBBiAHOCATLCA 3 BiJOMOK TEKTOHIYHO
OyZI0BOIO B perioHi, Ha cxunax YKpaiHCbKOro LMTa nomitHa
Kopensilis BepTuKanbHUX 3MilLeHb Ta rMUOKMHU 3ansraHHs
NOBEPXHi KpMUCTanivyHMX Nopia, 30HM CTUCKY BUAINSAIOTLCS Ha
BakapnarTi, WO Bignosigae TepuTopii 3akapnaTtcbKoro rnu-
OMHHOrO po3noMy, a TakoX Ha NiBHIYHOMY 3axofi perioHy,
3rigHO 3 reocAnHaMiYHO iHTeprnpeTauietd aHoManbHUX 30H
aedopmauin (TpeTsik, & bpycak, 2022). BuB4eHHS AnHamikm
PO3BUTKY 3CYBIiB y Mexax 3cyBOHebe3ne4yHux TepuTopin 3a
AaHVMU CYMYTHUKOBOI iHTepdepomeTpil B NOEAHaHHI 3 Aa-
HUMKU  niTonoro-cTpaTurpadiyHMx, reoMopdOonoriyHmnX i
CTPYKTYPHO-TEKTOHIYHNX AOCMiOXeHb Aae 3Mory oTpumaTi
pe3ynbTaTv ANs MPOrHO3yBaHHS PO3BUTKY LIMX MPOLIECIB i
MiHiMi3auii IXHbOro HeraTUBHOIO BMSIMBY HA NPUPOOHO-TEX-
HoreHHi cuctemu (Yrnmubknx, Bukea, & IBanik, 2020). Y pa-
HWA nepiog o6CTaHOBKA TaHreHUianbHOrO CTUCHEHHS B
Kapnatax 36epiraetbcsi, Npo Le cBigyaTb Nonsi CTUCHEHHS
MO TEKTOHOMI3NYHMX | CEMCMOMOriYHNX AaHUX, Y BEPXHIi Ya-
CTVHI KOpM HaknagaeTbCsl PO3TArHEHHS Nif Aieto rpasiTauini-
HUx cun (Myposcbka, Amawykeni, & AnboxiH, 2019).
MpeacraBneHo kKapTUHY TEKTOHIYHUX NPOLECiB, Ska Nobyao-
BaHa Ha OCHOBI reofe3nyHuX pesynbTaTiB Ta BKa3ye Ha XO-
polly kopensuito 3 reodisuyHMMM aHomaniamu (MarHiTHi,
rpaBiTauiiHi  aHoMarnii, BOrHULiA 3eMIeTpyCiB  TOLO)
(Pospisil, évébensky, & Weigel, 2013). lNig yac BMBYEHHSA
ropu3oHTanbHOro pyxy BigMiYEHO HepiBHOMIpHY Aedopma-
Lito, a came, 3apeecTpOBaHO MakCUMaribHE 3MEHLLIEHHS
LLBUAOKOCTI Ta BUSIBNEHO, Wo AedopmaLis noBepxHi 3emni
nepenye 3emnetpycy (Gojamanov, 2014). KomnnekcHi reo-
i3nYHi CNOCTepeXeHHs Ta OOCHIAKEHHS CEMCMOTEKTOHIY-
HUX npoueciB y 3akapnaTtTi Ta iX 3B'A3KiB i3 reoisanyHMMK
nonsMM nokasanu BNfvMB Cy4acHUX PyxiB KOpU Ha MicueBy
CENCMIYHICTb | Kopensuito BapiaLii napameTpiB MeTeopono-
riYHOro, rigponoriyHOro Ta rigporeonoriYHoro CTaHiB perioHy
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3 nepiogamMm iHTEHCUBHMX PYXiB BEPXHIX LLapiB 3€MHOI Kopwn
B 30Hi Oawcbkoro rmubrHHoro posnomy (IrHaTuWKWH Ta iH.,
2018, 2019, 2022).

PesynbtaTtu

1. PexxuMHi 2eoghizuyHi cnocmepexxeHHs1 e 3akap-
namcbKoMy eHympiwHbOMYy ripo2uHi. Ha Teputopii 3akap-
naTTs TpMBanui nepiog NPoBoAATLCA HAaYKOBI OOCHiAXKEHHS
reognHamikm Ta CEMCMOTEKTOHIKN perioHy. TyT dyHKLiOHye
Mepexa PEXUMHMX reodi3nHNX CTaHLN, CEMCMIYHUX CTaHLLIN
i NyHKTIB 4edOpMOMETPUYHUX CrlocTepexeHb KaprnaTcbkoro
BigaineHHs Ta Bigginy cencmivHocTi KapnaTcbKkoro perioHy IH-
ctutyTy reocpiaukm im. C.l. Cy66oTtiHa HAH Ykpainu (puc. 1).

MoyaTok AedhopMOMETPUYHMX CrOCTEPEXEHb Yy 3akap-
natTi 3aknageHo y 1980-x pp., konu 6yno aMoHTOBaHO Nep-
LM KBapLoBUin Aedopmorpad y WTOmMbHI Ha r. MyxiiBCbkiin
(Bepericbkuin parioH, 3akapnatcbka obn.). TyT y WTOMbHI
Oyno BCTAHOBIEHO ABa ropM30oHTanbHUX KBapLOBKX Aedop-
MomeTpu 6azamm 11,5 Ta 20 m (48,23°, 22,65°). 3a pesynb-
TaTaMn CrnocTepexeHb Ha AeOPMOMETPUYHIA  CTaHuiji
"MyxieBo" BU3Ha4YeHO ronoBHi oci AedopMaLiin: CTUCHEHHS
B GNM3bKO LUMPOTHOMY HamnpsiMKy Ta po3Tsar y 6nmnsbko me-
puaioHansHoMy. NapanenbHo i3 CNoCcTePEXEHHSIMY Ha CTa-
HUii  "MyxieBo", npoBedeHO MOHTaxHi poboTn  3i
BCTaHOBMNEHHSA KOMMNMEKTY Ae(POPMOMETPUYHUX CTaHLIA Ha
PexumHin reodisnyHii ctaHuii "Beperose" Ha okonuui
M. Beperoge. [1ea kBapLoBUX AedopMomeTpn Bynmn 3MOHTO-
BaHi y wronbHi PIC "beperose" B3aeMHO NeprneHaNKYNspHO
(48,22°, 22,70°), 6a3m gedopmomeTpiB 6 Ta 24,5 m Bigno-
BigHO. Pe3ynbTatv 4edhopMOMETPUYHUX CMOCTEPEXKEHD Ha
AaHi cTaHuil nigTBEpAUNKM Xxapaktep pyxiB, BUSHaYEHUX Ha
AedopMoMeTpUYHIn cTaHuii "Myxieso". Baxnmeum etanom
Yy BMBYEHHI Cy4aCHMX rOpPU3OHTanNbHUX pyxiB y 3akapnaTcb-
KOMY BHYTPILLHBOMY NPOrUHI, 30Kpema y CXifHin noro vac-
TUHI, € OedOPMOMETPUYHI CMNOCTEPEXEHHS Ha CTaHuii
"Koponese" (23,14°, 48,16°). Y Buropnat-I'yTUHCbKOMY BYII-
KaHiYHOMYy nacmi, 3okpema B 30Hi OalCbKOro rmmbuHHOro
po3romy, 3MOHTOBaHO KBapLoBui aedopmorpad 6asoro
24,5 M. Ha uin cTaHuii peecTpyeTbCsa iHTEHCUBHE PO3LIN-
PEHHSI Mopif Y LUMPOTHOMY HanpsiMKy BenuymnHow +10x107.
[decdopMoMeTpUYHi CocTepexXeHHs Ha NYHKTi Aecbopmome-
TpuyHUX cnoctepexeHb "Koponese" novanucsa B 1999 p.,
asnmyT gecdopmomeTpa ctaHoBuTb 80°. OTpumaHi pesynb-
TaTn A4arTb XapaKTepUCTUKY reonoriYHum npouecam y peri-
OHi — obrnacTb MONoOAOro BYIKaHi3aMy, BMCOKa PYyXIUBICTb
3eMHOi Kopu. BigmiueHo 3B'sI30K CEMCMIYHOI aKTUBHOCTI B pe-
rioHi Ta Cy4acHUX ropu3oHTanNbHUX pPyXiB Kopu B 3akapnat-
CbKOMY BHYTPILLUHBOMY NPOrWHI 3a AOCAiAXyBaHUIW nepio.
Ha tepuTopii 3akapnatTsi nepiognyHO peecTpyroTbCcs Mic-
LeBi 3emrneTpycu, cepepn SIkMx BiaOyBalTbCs i BigyyTHi
nig3emHi nowToBxn. Ha ocHOBi aHanidy CencMonoriyHnx
CMOCTepeXeHb Yy perioHi Bka3aHO Ha akTMBi3aLilo MicueBol
CeNCMIYHOCTI: Ha YOoHI baraTboX 3eMneTpyciB Manoro eHep-
reTUYHOrO Knacy peecTpyroTbCsa TakoX Big4yTHI Nig3eMHi no-
wToBxu (1-2 nogii Ha pik). OcTaHHi cencMiyHi gocniokKeHHs
B 3akapnaTCbKOMy BHYTPILLUHBOMY NPOrMHiI MOKa3anu Ha Ha-
ABHICTb Tak 3BaHWX NepiodiB 3aTuLILLSA, WO CTOCYETLCS Bia-
YyTHUX MicueBux 3emneTtpyciB. OCTaHHIN Takui nepiog
TpmBae 3 nunHsa 2015 p. no ciyeHb 2020 p., konu Byno 3ape-
€CTPOBAHO BigYyTHUIA MICLIEBWI 3€MMNETPYC IHTEHCMBHICTIO B
4 6anu 3a wkanoto MSK-64 B Beperiscbkomy panoHi 3akap-
naTcbkoi obnacri.
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B 1 CH U K KuiBcbkoro HauioHanbHoro yHisepcurerty imeHi Tapaca LleBueHka

CNOBAYYMHA

Linchpamu nosxaueni:
| 1 - CeifcmiuHa cTaHuis "Yxropon”

2 - PexciuMHa reodisnyHa cTaHuis "Xonmeus"

3 — PexumMHa reotisvyHa cTaHLis "Mykayeso"

4 — PexuMHa reodiandHa cTaHuis "Beperose”

5 — PextumHa reodiznyHa cranuis "TpocHuK"

6 — PexxumHa reodisuyHa crauis "Bpig"

7 = MNyHKT pedopMOMETPUYHKX cnocTepexeHt "Koponese"
8 — PexxMHa reodiznyHa craHuis "HuwxHe-Cenmwe”

9 — CedicMiyHa CTaHuis "Mikripa”
10 — CeiicMiuHa cTaHuis "Paxis”

Nerenpa
— — PIUKH
""", = Biropnar-TyTuHcbke
BY/IKaHi4He nacmMo
<% = 3ona Qawekoro
TTMOUHHOTO PO3NoMy

Puc. 1. Mepexa KOMNNEKCHMX PEXUMHUX reoPi3MYHNX, CEMCMIYHUX CTaHUiN Ta NYHKTIB AepOpMOMETPUYHMX CNOCTEPEXEHb
Kapnartcbkoro BianineHHs ta Bippiny cencmiyHocTi Kapnatcbkoro perioHy
IHCcTUTYTY reodizukm im. C.l. Cy66otiHa HAH YkpaiHu Ha TepuTopii 3akapnaTcbKOro BHYTPilHbLOIO NPOrMHy

[ecdopmomeTp 3MOHTOBAHUIN Ha NYHKTI AeopMomMeTpu-
YHMX cnocTtepexeHb "Koponese" 6asoto 24,5 M xapaktep-
HUA nigcuneHHam 0,138 Mkm Ha 1 MM 3anucy Ha
aedopmorpammi. 3a pesynbtatamu AedOpMOMETPUYHMUX
crnoctepexeHb Y 30Hi OallcbKoro rmMbuUHHOrO po3nomy 3a
2021 p. po3paxoBaHO 3MillEHHSI KOpW, $IKe CTaHOBUTb
+31 Mkm. Po3paxyHok gedopmaLin 3eMHOi Kopy 3a pesynb-
TaTaMu CMOCTEPEXEHb Cy4YaCHUX TOPU3OHTarNbHUX PyXiB
kopy 3a 2021 p. aae pesynbrart: +1261 HeTp, (+12.61x107).
Bapiauji 3MmileHb 3eMHOT kopy B 30HI Oallcbkoro riamnbuH-
HOro po3noMy 3a AOochigXyBaHUW nepio nexaTb B iHTep-
Bani Big 15 gi6 gpo 1 micausa, 3 micauis. MNouynHatoum Big
TpaBHa 2021 p., BCTaHOBMNEHO, WO BigbyBaeTbCa po3Ln-
peHHs nopia Ao rpyaHa 2021 p., KONW po3WnpPeHHs 3MiHW-
110cs Ha CTUCHEHHS nopia.

MpoBeneHo NnobynoBy NPOCTOPOBO-4ACOBOro PO3NOAiny
MicLieBoI cericMivHocTi 3a 2021 p. 3a nepioa 3 noyaTky poKy

B0 cepnHa 2021 p. Ha TepuTopii 3akapnaTcbKoro BHYTPILLHLOTO
NPOrvHy CerMcMiYHMMK CTaHuisMun Bigainy cevicmivHocTi Kap-
naTtcbkoro perioHy [HctuTyTy reodisukm im. C.l. Cy66oTiHa
HAH YkpaiHun 3apeectpoBaHo 117 MicLueBMx 3emneTpycis, Lo
NigTBEpOXKYE MUHYMOPIYHI CMOCTEPEXEHHSA LLOAO 4acToTu
nposiBy MicLieBOi celcmivHocTi. Takox HeobxigHo Bia3Ha-
4YnUTK, WO B XOBTHI 2021 p. Byno 3apeecTpoBaHO BigYYTHUI
MicueBun 3emneTpyc y beperiscbkomy paioHi. Peectpauis
BiAYYTHMX MiCLIeBMX 3eMMNeTPYCiB BKa3ye Ha NepioAnNYHICTb
CENCMOTEKTOHIYHNX NPOLECiB y perioHi. BiaHocHO micayHoro
pos3noginy MmicueBoi CENCMIYHOCTI BKa3aHO Ha iHTEHCUBHY
CENCMIYHICTb Y nepLi N'ATb MicauiB poky Ta B nunHi 2021 p.

3aBAsku NMpoBeAeHOMY aHanisy npoCTOpPOBO-4aCOBOro
po3noainy MicueBoi CEMCMIYHOCTI Ta Cy4aCHUX rOpU3OHTa-
NbHUX pyxiB kopu 3a 2021 p. BiA3Ha4YeHo ocobnMBOCTi ceiic-
MOTEKTOHIYHOro npouecy B 3akapnaTCbKOMy BHYTPILLUHLOMY
nporviHi (puc. 2).

ceNcMOTeKTOHIYHI npouecu B 2021 poui

x0.138 MKm

OCUOTONT—TOD
O 0 0O O

DO AN T OO 0 M
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NANANANAN
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-150

ISSN 1728-3817

Puc. 2. CeicmiuHumi cTaH y 3akapnaTCbKOMY BHYTpPilUHbOMY NPOruHI (Aiarpama ciporo Kkonbopy),
cy4acHi pyxu kopu B 30Hi OalcbKoro rmM6uHHOro posnomy(Kkpmsa 4YopHoro Konbopy). 2021 pik
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BvBYeHHA 3B'A3kiB MK napameTpamu CencMivYHOro
CTaHy Ta reoAMHaMiYHOro CTaHy perioHy 3a SOChigXyBaHUn
nepiog nokasarno, Wo 3eMIeTpycu peecTpyBanucst B nepi-
0oOM, KOMU pyXu KOpU XapaKTepuayBanucs 3MIHOK 3HakiB
3MiLLEHHS MipCbKMX Nnopia y 3oHi Oallcbkoro rmmMbuHHOro po-
3nomy. binblwicTb niazemHux nowiToBxiB BiabyBanucsa nig
Yyac NnokarbHUX CTUCHEHb BEPXHIX LLUapiB 3eMHOI KOpMW.

2. KiHemamuka cy4YacHUX 20pU30HMalibHUX pyxie y
pezioHi. [poBeaeHO aHani3 BapiaLin LWBNAKOCTEN Cy4aCHUX
rOpU30HTanbHUX pyxiB kOopy B 30Hi OaLICbKOro rmmbuHHOro
posnomy 3a 2021 p. Ta ix KiHemaTuyHMX NnapameTpis. Po3pa-
XOBaHO LUBUAKOCTi reoMexaHiYHux npouecie y 3akapnartcb-
KOMYy  BHYTpPILULHbOMY MPOrUHi, 30Kpema BU3HA4YeHO
cepeaHbOpPIYHY BENUYMHY LIBUOKOCTI 3MilLleHb BEPXHiX Lia-
piB 3eMHOI Kopu B 30Hi OaLlCcbKoro rmMbnHHOro posnomy 3a

2021 p., wo craHoButb 0,097 mkm/goby. NpeacraBneHo ya-
COBWIA PO3NOAIN BEMWUYMH LUBUAKOCTEN Cy4aCHUX rOpM3oHTa-
NbHUX pyxiB kopy 3a 2021 p. y UeHTparnbHil 4YacTuHI
3akapnaTcbKoro BHYTPILLIHBOrO MpOrvHy. AMnnityga konwu-
BaHHs1 pO3pax0BaHMX BENNYNH LUBUOKOCTI Cy4acHUX ropuso-
HTanbHUX pyxiB Kopy B 30HI OalCcbkoro raMbrMHHOro
po3nomy Bapitoe B iHTepBani Big 0,07 mkm/goby po
2,5 mkm/goBy. Mepiogn konnBaHHA KiHEMaTUYHKX NapameT-
piB pyxiB KOpW CTaHOBMATb NpubnusHo 20 fi6 B CivHi-nto-
Tomy 2021 p. Ta y gpyrin nonoBuHi poky. Moxnueo, ue
CMPUYMHEHO CE30HHUMM BapiauisiMn reodisanyHux napameT-
piB, npunnneHMMKU gedopmadiismn. BukoHaHO SOCNigXEHHS
NpOCTOPOBO-4aCOBOro PO3noAiny MicLeBOi CEMCMIYHOCTI 3a
2021 p. Ta iX 3B'A30K i3 KIHEMATMKOIO Cy4aCHUX ropu3oHTa-
NbHUX pyXiB KOpu B perioHi (puc. 3).

30 1 KiHemaTuka pyxiB Kopu Ta CEACMiYHICTb perioHy

= N
o O

x0.138 Mkm/0o6y

-50 -

Mepioan niaBuULLEHOT CEMCMIYHOT aKTUBHOCTI 3akapnaTchb-
KOro BHYTPILLUHBOrO NPOrMHY KOPENoKTh i3 nepiogamu reoau-
HaMi4YHOro CTaHy, KON LUBUAKOCTi Cy4aCHUX rOPU3OHTanbHUX
pyXiB KOpW XapakTepHi MiaBULLEHMMMW BenuMyMHamMu BigMiH-
HVYMWU Bif OOHY B Aekinbka pasiB. Takok CENCMIYHICTb perioHy
nposiBNAnachb B nepiogw, L0 XapakTepusyBanucs sk nigsu-
LLEHVMWN BENWYMHAMU LUBMOKOCTEN pyxXy KOpW, Tak i nepio-
AaMU KONMBaHHS pO3pax0BaHOro napameTpa reoMexaHiqHnxX
pyXiB, LLO BMPaXXaeTbCA iX NOAIGHICTIO Ta pocTOM amnniTyam
LUBMOKOCTI 3MiLLIEHHS BEPXHIX LIapiB 3eMHOI KOpW.

OTxe, 3a pesynbTaTamu NpoBeAeHMX OOCNiAKEHb NPO-
CTOPOBO-4aCOBOro po3noainy MicLeBoi CeNCMIYHOCTI Ta Ba-
piauin  po3paxoBaHUX LIBUAKOCTEN 3MillleHb Cy4YacHMX
ropu3oHTanbHMX pyxiB kopu B 30Hi OaLCbKOro rmMMbUHHOro
pO3rioMy Big3Ha4YeHO 3B'A30K Bapialin napameTpiB reoqismn-
YHUX MOMIB 3 KOpensuieto nepiodiB aHoOMarbHUX BENUYUH
CENCMOTEKTOHIYHNX npoueciB. 3okpeMa MicLueBuIn 3eMneT-
pyc 27 xoBTHs 2021 p. BigbyBCA B Nepiog MakcMyMmy LLIBU-
OKOCTEN Cy4acHUX rOpU30oHTanbHUX PyXiB KOpM, LLO BKa3ye
Ha BaXXNnMBWIA 3B'I30K JOCNIXKYBaHOro napameTpa reoaunHa-
MiYHOrO CTaHy perioHy Ta MOXNMBICTb BUKOPUCTaHHA Aa-
HOro napameTpa Mi4 Yac BMBYEHHS CTaHy NiAroTOBKW Ta
PO3PSAKN HanpyXeHo-0eOPMOBaHOro CTaHy nopia y cenc-
MOHebe3ne4yHoMy perioHi.

3. luHamika cy4acHuUx 20pU3oHManbHUX pyxie Kopu
Ha llyHKkmi degpopmomempu4dHuUx cnocmepexeHb "Ko-
posiege” 3a 2021 pik ma ix 38'A30kK i3 celcMiYHUMU
npoyecamu e 3akapnamcbKOMy 6HYmMPpiwHbLOMY
npoauHi. poBegeHo BMBYEHHA MPOCTOPOBO-4aCOBOIO
posnoainy MicLeBoi CENCMIYHOCTI 3akapnaTCbKoro BHyTpi-
WHbOro nporuHy 3a 2021 p. Ta Bapiauin NPUCKOPEHHS
Cy4yacCHUX TOPU3OHTAaNbHUX PYXiB KOPU BUMIPSHUX Ha
aedopmomeTpuyHin - ctaHuii  "Koponese". CepefgHs

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

2021 pik
Puc. 3. KinemaTnka cy4acHMX ropM3oHTanbHUX pyxiB kKopu B 30Hi OalicbKoro rmMbuHHOro po3nomy (aiarpama 4YopHOro Konbopy),
celcMmiYHicTb perioHy (aiarpama ciporo konbopy) y 2021 poui. 3akapnaTCbKui BHYTPILLUHIA NPOrvH

BeNMYMHa NPUCKOPEHHSI Cy4YaCHUX FOPU3OHTANbHUX PyXiB
kopu B 2021 p. B 30Hi OaLlcbkoro rmmubnHHOro posnomMy cTa-
HoBuTb +0,018 MkM/0oOy. MNoyaTok poKy: CiYeHb-NoTUIA xa-
paKTepHWUA IHTEHCUBHMMMU pyxamMmy KOpW Ta BianoBigHO
aHOMarnbHUMW BenMYMHaMM MPUCKOPEHHS PYyXiB KOpW, LUO
BiJPI3HAIOTLCS Bif, OCHOBHUX (POHOBUX 3HaYeHb y AeKinbka
pasiB. MakcumanbHa amnniTyga NpPUCKOPEHHSA pyXiB KOpu
cTtaHoBUTb 4,8 MkM/0o6y. BiguyTHuin micueBuid 3emneTpyc
27 xoBTHs1 2021 p. BigGyBCs B iHTEepBani Yacy, Konu napa-
MeTp AuMHaMmikM perioHy nepebyBaB y CTaHi 3pOCTaHHs,
TO6TO B Uel nepiog 3emMHa kopa nepebyBae B Npoueci pos-
LLUMPEHHsI nopia, Wo 3MiHMB CTUCHEHHSA nopig. JocnigxeHHs
nepioguyYHOCTI y Bapiauisx napameTpa reogMHaMiku perioHy
BKasano Ha fiana3oH 3MiHW NPUCKOPEHHSA pyXiB KOpW Bif
2 o 30 gib, NnprMyoMy IHTEHCUBHI pyXu KOpU MoyaTky pPoKy
3MEHLUYIOTb CBOI 3HAYEHHs1 A0 MEepLUOi MOJSIOBMHU POKY.
[pyra nonoBuHa poKy xapakTepHa MOCTYNOBUM 3pOCTaH-
HSIM aMnNiTyau KONMBaHHSA NPUCKOPEHHS pyXiB KOpY Ta 3Me-
HLEHHSIM nepiofy KONMMBaHHA BENNYUHU MPUCKOPEHHS,
BiAYYTHMIA MicLIEeBMIN 3eMNeTpycC BiabyBCs B Nepioan 3HaKo-
3MiHHOIO MPOLLECY B CyHaCHUX rOPU30OHTarnbHUX pyxax Kopwu
30HM OalucbKoro rmMbuHHOro posnomy (puc. 4).

AHani3 NnpoCTOpPOBO-4aCOBOro Po3nozainy MicLeBoi Celc-
MiyHoCTi B 2021 p. Ta Bapiauii NPMCKOPEHHS Cy4aCHUX ropu-
30HTanNbHUX pyxiB Kopu B 30Hi Oalicbkoro rmmbuHHoOro
po3rnoMy BUSIBUB TOWM (pakT, Lo Nepioam NiaBULLEHOT CENCMI-
YHOCTI perioHy Ta 4acoBi iHTepBanu, ge napameTpu OuHa-
MiKW reopyxiB BigMiYeHi sik 36inbLUEHi NPOTAroM ABOX TUXHIB,
KopentoTb Mk coboto. OTxe, napameTpy AUHaMIKN ropu-
30HTaNbHWX PYXiB KOPW € IHOAMKaTOPOM HanpyXeHoro aedo-
pMOBaHOro CTaHy nopig Ta MoXyTb OyTu 3acTtocoBaHi nia
yac po3B'A3aHHA €KOMOoriYHMX NpPoOGreM perioHy reornoriy-
HOro XapakTepy.
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B 1 CH U K KuiBcbkoro HauioHanbHoro yHisepcurerty imeHi Tapaca LleBueHka

CelCMOTEKTOHiI4YHi npouecu B 3akapnaTcbKOMY BHYTPiLUHLOMY NPOruHi
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Puc. 4. NMpuckopeHHs pyxiB kopu B 30Hi OaliCbKOro rMM6MHHOro po3nomy (Kp1MBa Ciporo Konbopy),
celcMiYHicTb 3akapnaTCcbKoro BHYTPilLHbOrO NPOruHY (Aiarpama YopHoro konbopy). 2021 pik

MpeacTaBneHo reomexaHivHi npouecy B 30Hi OaLlucbKoro
rmmbuHHOro npouecy 3a Becb nepiod AedOpPMOMETPUYHUX
crnocTtepexeHb y perioHi. [ledpopMoMeTpuYHi AoCHiAXKEHHS B
30Hi OaLuckkoro rmmbuHHoro poanomy noyvanucsa B 1999 p. 3a
OOMOMOrol0 ropv3oHTarnbHOro KBapLoBoro aedopmorpada
6a3soto 24,5 m (asumyT ctaHoBUTL 80°). XapakTep pyxiB kopu
3a gocnigpKyBaHui nepioq nNpeacTaBfeHnn po3LUMPEHHAMN
nopig BenuunHow +466,164 mkm (4661,64x107).

Mepiog Tpueanictio 3 1999 no 2001 p. Big3Ha4YeHUN 5K
PO3LINPEHHS NOPiA Benn4mHo +182 mMkMm (7460 HeTp). MNe-
pioa TpuBanictio 2,3 poKy XapakTepHUn siK iHTepBan 3i

cTanot WBKAKICTIO pyxiB (TOOTO 3a Len nepiog BenuymMHa
3MilLleHHs nopig He 3MiHMNacs). 3a LM nepiogoM iHTeHCH-
BHUMX PYXiB KOpU Ta CTanum noroXeHHsAM TOYKU crocTepe-
XeHHs BigbyBalTbCA IHTEHCUBHE PO3LUMPEHHS MPOTSIrOM
7,4 pokiB 3 BenuuumHoo +300 MKM. IHTEHCMBHE pO3LUK-
peHHs nopig nepexoauTb y nepiof pyxiB Kopu, L0 Xapak-
TEpU3YETLCA  KOMMBaHHAMM  BenuumMHow 8,3 MKkm  Ta
yactoTtor 1-1,5 pokis.

BurBYEHO 3B'A30K MicLIEBOi CEMCMIYHOCTI 3 reogmHamiy-
HUM CcTaHoM, nobyaoBaHO MPOCTOPOBO-4ACOBMIA PO3MNOAin
MicLieBOI cecMivHOCTi (puc. 5).
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Puc. 5. CyyacHi ropusoHTanbHi pyxu Kopu B 30Hi OalucbKoro rmimbuHHOro posnomy
3a nepiog cnoctepexeHHA 1999-2021 pp. (kpuBa YOPHOro KONbopy); MicLeBa CeMCMiYHICTb (Aiarpama ciporo Konbopy)

AHani3 NnpocTopoBO-4aCcOBOro po3noainy MicLeBoi cenc-
MIYHOCTI Ta NOPIBHAHHA NOrO i3 3MiLLEHHSAMW BEPXHIX Lapis
3€eMHOI KOpW MoKa3aB 0COBNMBOCTI reoAMHaMIYHOro CTaHy
perioHy. 3 noyaTky cnocTepexeHb y 3akapnaTtCbKOMy BHYT-
PiLUHBOMY MPOrMHI CEMCMIYHICTb perioHy npeacTaBneHa
3emneTpycamu 3 nepiogamu 6mmM3bko 0QHOro poKy, Lo CTO-
CY€ETbCS iIHTEHCUBHOMO PO3LUMPEHHS Ta Nepiogy reoaMHamiy-
HOrO 3aTuLLILLA. Takox chif BiAMITUTY iHTepBan TpusanicTio 4,2
POKY, LLO CYNPOBOAXYETLCHA aKTMBI3aLiEd CEeNCMIYHOCTI Ta
NnepexoauTb y NOAIGHWIA iHTepBan, XapakTepHUI CEeNCMiy-
HUM 3aTtvwwsam. Y 2012 p. iHTEHCMBHE PO3LUMPEHHS NOpia
nepexoauTb y a3y CTUCHEHHS, 3aBEPLLEHHS SKOi € novaT-
KOM nepiofy cerncMivHol akTuBisauii perioHy. BuginstoTs va-
coBui iHTepean 2021 p., KONM Cy4acHi ropu3oHTanbHi pyxu
KOpW NpeacTaBneHi iHTEHCUBHUM PO3LUMPEHHSM nopid, Lo
Moxe OyTu movaTkom nepiogy iHTEHCHMBHUX 3HaKO3MiHHMX
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npouecis, 3okpema — po3wmpeHHa nopig. CencmiyHa akTu-
Bi3aLlisl perioHy 3a OCTaHHi 5 poKiB XapakTepHa MpOsiBOM
YMCrneHHMX nig3eMHux nowToexiB (100-200 micueBux 3em-
netpycis). Ha nouatky 2020 p. B Beperiscbkomy paioHi Bia-
OyBCSA MicLEBUI BiAYYTHUIA 3eMneTpyc, SIKMA MNpPOSIBUBCS
BnepLue nicna 19 nunHa 2015 p., konu 6yno 3apeecTpoBaHo
cepilo MicLueBUX 3eMneTpyciB, y TOMY uYuchi i BigYYTHUX
(TaviBCbKMI panoH, cMT ByLITUHO).

Iunckycis i BUCHOBKM

MpoBeaeHi reogianyHi cnoctepexeHHs B 3akapnaTCb-
KOMY BHYTPILUHbOMY MPOruHi, ix 06pobka Ta aHani3 npueo-
ONTb [0 TaKUX BUCHOBKIB: CyYaCHi FOPU30HTarnbHi pyxv B 30Hi
OallCcbKoro rmMbMHHOro PO3rIoMy XapaKkTepHi nepiognyHoc-
TSIMM, WO TpMBalOTb MEBHi iIHTEpPBaNM Yacy, 30Kpema BiKOBI
xoan gedpopmauii y perioHi 3MiHIOITBCA NPOTATOM POKY.
Benvunna pgedpopmauii B perioHi  npeactaBneHa
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PO3LUMPEHHAMU Nopig BenuuuHo +12,61x107. Lia senu-
YMHa NiATBEPIKYE YCNaAKOBaHICTb Cy4acCHUX ropu3oHTarnb-
HUX PYXiB KOpPW B PerioHi: BiKOBi XOA4uM nexaTb B iHTepBani -
15x107 Ta +30x107, Wo XapaKTepHo AN pyxiB BEPXHiX Lwa-
piB 3emHoi kopu B Kapnato-bankaHcbkomy perioHi. Po3pa-
X0BaHO (hi3NYHi NapameTpu reopyxiB y perioHi: LWBUAKOCTI
ropu3oHTanbHUX PyxiB KOpW Ta iX AMHaMIKy; NPUCKOPEHHS
3MiLLIEHHSI TOYKM CMOCTEPEXEHHS B 30HIi OaLLCbKOro rmmbuH-
HOro posnomy. BusHaueHo cepegHbOpiYHY BEMMYMHY LIBUA-
KOCTi 3MiLLleHb BEPXHiX LWapiB 3eMHOI Kopy B 30Hi OaLlCbKoro
rmubuHHoro posnomy 3a 2021 p., WO CTaHOBUTb
0,097 mkm/go6y. AHania 4yacoBOro po3noginy LWBWUAKOCTEN
Cy4YaCHUX FOpPU3OHTanbHUX PYXiB KOpU B AOCIZKyBaHOMY
perioHi nokasaB dakT kopensLii YacoBux iHTepBarniB iHTEH-
CVBHUX PYyXiB KOpPW, aHOMarbHUX BEMWUYMH LUBUOKOCTEN py-
XiB KOpPW Ta MiCLEBOI cencMiYHOCTI. MNpoBegeHoO po3paxyHoK
npucKopeHHs pyxiB kopu 3a 2021 p., nobygosaHO NpocTo-
POBO-4acOBMIA PO3NOAIN MiCLLEBOI CEMCMIYHOCTI Ta Bapiauin
BEINMYMHN NPUCKOPEHHS pyxiB y 30HI Oalicbkoro rmubuH-
HOro pO3MIoMy: BENM4YMHa NPUCKOPEHHS reopyXiB CTAaHOBUTb
+0,018 mkm/go0y. NpocTopoBo-4acoBuiA PO3MNoAin MicLeBoi
CeNCMIYHOCTI Ta Bapiauii NPUCKOPEHHS CyYaCHUX FOPU30OH-
TanbHUX pyXiB Noka3as Kopensuilo iIHTEHCUBHUX PyXiB KOpu
Ta iX UHaMiYHMX 3MiH i3 nepiogamu peecTpadii micLeBux 3e-
MIeTpyciB, 30kpemMa iX Big4yTHOI YacTuHW. BiguyTHuIn micue-
BUA 3emneTtpyc Yy xoBTHi 2021 p. Ha TepuTopii
BeperiBcbkoro panoHy (Ha mexi cin TpocHUK Ta PaH4MKOBO)
3apeecTpoBaHui NpU CTUCHEHHI Nopia Ha ¢OOHI Ce30HHOro
PO3LUMPEHHS Mopia, y nepiogn po3paxoBaHUX MiABULLEHUX
BEIMNYMH LLUBUAKOCTEN i NPUCKOPEHb Cy4aCHUX rOpU3oHTarb-
HUX pyxiB kopu. OTpuMaHi pesynbTati 4eopMOMETPUYHNX
CrocTepeXeHb 3a O3HadeHwWi nepiog pobnsATb BHECOK
y 3aranbHy KapTUHY Cy4aCHUX ropM3OHTarnbHUX PyXiB KOpU B
3akapnaTCcbkOMy BHYTPILLUHBOMY MPOrVHi, @ came niaTBep-
OXYIOTb OTPUMaHi B MonepeaHix OOCNIOKEHHSAX BUCHOBKM:
3arasibHe po3LLMpeHHs nopia BenuuuHoto +10x107. Ha pe-
rioHanbHOMY piBHi pyxu kopu B 30Hi OaLlCbKoro rmmbuHHOro
po3rnoMy CyTTEBO BiApi3HAOTLCA Bif, XapakTepy pyxiB Kopwu
B 30Hi BeperiBcbkoro ropborip's. Taka TeHAEHLis1 3HAKO3MiH-
HUX PyXiB KOPU B MUHYJIOMY CyrnpoBOAKyBanacs nigBuLLEeH-
HSIM CEMCMIYHOCTI perioHy, 30Kkpema peecTpauiero CUNbHNUX
nig3eMHnx nowwToBxie (Beperiscbkuin 3emnetpyc 1965 p.).
MpocTopoBO-4acoBMI PO3MoAin MICLEBOI CEMCMIYHOCTI Ta
Cy4YaCHMWX ropM3oHTarnbHKX PyxiB KOpM 3a BeCb nepiod aedo-
PMOMETPUYHMX CrnocTepexeHb Y 30Hi Oalucbkoro rmubuH-
HOro PO3rOMY Noka3saB HasiBHICTb NepioaiB KONMBaHHSA pyXiB
KOpW TpmBanicTio 12 pokiB: 2—3 pOKW 3HAKO3MiHHI npouecu
(pO3WMpPEHHS Ta CTUCHEHHS Nopif, 3aranbHa BENUYMHa 3Mmi-
LLIeHHS1 KONMMBAETbCS1 B 06nacTi HyNboBKX pyxiB). HanbinbLu
aKkTyanbHUM Ta BaXNMBUM € NePIoaK, LWo WAYTh 3a LMK iH-
TepBanamu 3aTuLLLA, came B Lier Yac peecTpyoTbes nigse-
MHi MOLUTOBXW, NpMYOMYy iX YacTtoTa 3pocTtae. igBuLleHHs
CeNCMIYHOCTI perioHy Bif0yBaeTbCcs Ha OOHI 3aranbHOro po-
3LUMPEHHSA nopig 3a cTanux BiKOBMX pyXxiB kopu. Ha cyyac-
HOMy eTani cyyacHi pyxu kopu nepebyBaoTb Yy CTaHi
PO3LUMPEHHSA NOPIA, KO Taka TEHAEHLIS HEe 3MIHUTBCSA, Chig
ouikyBaTU NiABULLEHHA CEWCMIYHOCTI B perioHi. OTpumaHi
pe3ynbTaTy AOCHIMKEHHS Ta reonoriyHa 6yaoBa perioHy ak-
Tyanisye po3LmpeHHs reorpadii 4eOpMOMETPUYHNX CMNOC-
TepexeHb, 3okpema B TadiBCbkoMy Ta MykadiBCbkOMY
panoHax, Lo OCTaHHIM YacoM BiA3HaYeHi SIK perioHu ceunc-
MiYHOI aKTMBI3aUii — TYT PeeCTPYOTb MNOTYXKHI MiCLIEBI 3eM-
neTpycu, Lo BigYyBaE HaceneHHs kpato. PesynbTatu
JocnigXeHb reogMHamivyHoro ctaHy 3akapnaTTs, sk CeMCMOo-
reHepyl4oro perioHy, BaXnuei B NraHi BUKOPUCTaHHS X nig
Yac po3B'si3aHHsI eKOSOriYHMX NPOGeM kpato, 30Kpema moro
reornoriYyHoro acnekTy.
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GEODYNAMIC STATE OF THE TRANSCARPATHIAN INNER TROUGH BASED
ON THE RESULTS OF DEFORMATION MONITORING OBSERVATIONS IN THE REGION

Background. The relevance of the research is determined by the gradual increase in local seismicity in the region, which occupies a
peculiar geographical location, through which oil, gas and product pipelines pass, and in which critical infrastructure facilities are located that may
be affected by the underground natural disaster. It is important to have information on the movements of the upper layers of the Earth's crust, their
kinematics and dynamics, which significantly affect the stress-strain state of rocks and the release of energy from geomechanic processes. It is also
necessary to investigate the influence of the region’s geodynamics on the discharge of the stress-strain state of rocks.

Methods. The research methodology is to construct time-dependent crustal displacements and compare velocities and accelerations of
crustal movements in the intervals of anomalous modern lateral movements of the Earth's crust. The velocities and accelerations of crustal
movements are calculated, the kinematics of movements and seismicity of the region are compared. Correlation analysis of the observed series is
applied. To solve the tasks, we used the results of observations of horizontal crustal movements in the Oash deep-seated fault area using a quartz
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strain gauge with a base of 24.5 m mounted in the adit of the Korolevo urban-type settlement. The seismic data were obtained using digital
seismometers operating at the monitoring geophysical station of the Seismicity Department of the Carpathian region of S.I. Subbotin Institute of
Geophysics of the National Academy of Sciences of Ukraine.

Results. The article discusses the geodynamics of the Transcarpathian Inner Trough based on observations of modern lateral movements
of the Earth's crust in the Oash deep-seated fault area, which in 2021 were represented by rock extensions of +12.61x107. The physical parameters
of geomotion in the region were calculated, the spatiotemporal distribution of local seismicity was established, and the relationship between seismic
and geodynamic states in Transcarpathia in 2021 was studied. The variations of displacements of the upper layers of the Earth's crust over the entire
period of deformation monitoring observations in Korolevo urban-type settlement (1999-2021) and the temporal distribution of local underground
shocks were studied.

Conclusions. The analysis of the spatio-temporal distribution of local seismicity and modern lateral movements of the Earth's crust over
the entire period of deformation monitoring observations in the Oash deep-seated fault area has indicated an increase in the seismicity of the region
in the intervals of intense crustal movements and the presence of periods of crustal movement fluctuations for 12 years: familiar variable processes
(expansion and contraction of rocks, the total magnitude of displacement fluctuations in the region of zero movements) were detected for 2-3 years.
The most relevant and important are the periods of 9-10 years following these calm intervals, since during this time earthquakes are recorded and
their frequency is also found to be increasing. The intensification of seismicity in the region is observed against the background of general rock
extension, which occurs due to the steady age-related crustal movements. At the present stage, the current crustal movements are in a state of rock
expansion, and if this trend does not change, an increase in seismicity in the region should be expected.

Keywords: deformation gauge, modern lateral movements of the Earth's crust, crustal velocity, acceleration of rock motion, geodynamic
state, earthquakes, local seismicity, seismotectonic processes, Oash deep-seated fault.
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AHANI3 METOAIB BU3HAYEHHSA IHOEKCY KPUXKOCTI TA IX 3ACTOCYBAHHA
ANA TEPUrEHHUX NOPIA-KONEKTOPIB AHINPOBCbKO-AOHELIbKOI 3ANAQUHMU

(MpedcmaeneHo 4neHoMm pedakyiliHoi Koneail 0-pom 2eos. Hayk, doy. O.B. LLlabamyporo)

Po32nsiHymo noHsimmsi iHOekcy Kpuxkocmi nopoodu, Wwo WuUpoKo 3acmocosyembCcsi Osisl MPOEKMyeaaHHs1 2i0paeniidyHo20 po3pusy
nnacma. OxapaKkmepu308aHO MpU OCHOBHI Nidxo0u Ao i020 Po3paxyHKy: MiHepano2iYHuli, 3 8UKOPUCMAaHHSIM MPYXXHUX 8/1acmueoc-
meli, 3 auKopucmaHHsaIM 0aHuUx kapomaxy. s KoxHo20 3 nidxodie Ha0aHO xapakKmepucMuKy Halibinbw exueaHux Memodie po3paxy-
HKY, w0 6yniu cmeopeHi 0nsi nopid 3 pi3HUM MiHeparo2iYHUM cki1adoM, i3 3acmocyeaHHSIM Pi3HUX hi3uYyHUX erlacmusocmel abo X Ha
OCHO8I pi3HUX eMnipuYyHuUX 3anexHocmedl. [jns deox subipok kepHo8020 Mamepiasly mepugeHHUXx rnopid [Hinposcbko-JoHeybKoi 3ana-
OuHU 8U3Ha4YeHO MiHepasoaiYHull iHOeKC KPUXKocmi 3a OCHOBHUMU rempo2eHHUMU KOMITOHeHmamMu dgoma pi3HUMU criocobamu ma iH-
deKc KpuxKocmi 3a Npy>XHUMU enlacmueocmsmu — Mmodysiem FOHza ma koegpiyieHmom [MyaccoHa, Kymom eHympiuwHL020 mepmsi. Byno
npoeedeHO rnopigHsNIbHY XapakmepucmuKy pe3ysibimamie, ompuMaHuXx pisHUMU Memodamu, Wo roka3asa cxoxicms meHOeHill uj000
nimonoeii ma nempogbizu4Hux enracmueocmeli 2ipcbKux nopid. Aemopu pekoMmeHOyromb O71s1 UKOPUCMAaHHS MPU OUiHYi mepu2eHHUX
konekmopie [Hinpoeckbko-foHeybkoi 3anaduHu miHepasio2iyHy MemoOuky Xapei, w0 xapakmepu3yembcsi 8UCOKOI MOYHIiCMIO npu

npocmomi 3acmocyeaHHsi.

KnwuyoBi cnoBa: Pl iHAekc kpuxkocmi, 2eoMexaHika.

Bcrtyn

lNMocmaHoeka npo6nemu. Metoaun iHTeHcudikauii Bu-
0obyTky HadhTu i rasdy, 3okpema rigpopo3spus nnacta ([PI1),
CTalTb BCe BinblL BaroMmMMn y KOHTEKCTI JOCATHEHHSA eHe-
proHesanexHocTi. [1pMHUMNOBO BaXnMBMM MapaMeTpoMm
ana yeniwHoro NPl e 3gaTHiCTb nopig LinbOBOro rOpusoHTy
00 YTBOpPEeHHs TpiwuH. OgHUM i3 KIMYOoBKUX NapamMeTpiB Yy
OUiHUi AaHoi xapakTtepucTukm € iHgekc kpuxkocTi (IK). Ha
CbOrOAHi iCHyEe 3Ha4Ha KinbKiCTb Pi3HOMaHITHUX crnocobis
064YMcneHHs LbOro napameTpa Ha OCHOBI Pi3HMX BNacTMBO-
CTeW ripcbkux nopia, Tox Bubip onTMMansHOro metoay Moro
po3paxyHKy Ansi KOHKPETHOI dhopmMaLlii Yn TepuTopii € KoM-
NNEKCHUM MUTaHHAM, SKUA 3aneXuTb Bif KOHKPETHWUX reo-
NOTiYHNX YMOB, (Pi3UKO-MexaHiYHOro cTaHy AOCNiaXyBaHOro
nnacra, Aoro cknagy i NOBHOTU BUBYEHHS.

AHaniz ocmaHHix docnioxeHb i ny6nikayit. Ctatta
npogoBXxye umkn nybnikauin kadenpu reodiavku HHI "lHcTu-
TyT reonorii" KniBcbkoro HaLioHansHOro yHiBepcuTeTy iMeHi
Tapaca LLeByeHka, NnpUCBSIYEHMX 3aCTOCYBAHHIO reodiany-
HWX MeToAiB Npu nposeaeHHi Pl Ta BUBYEHHI yLinbHEHMX
TepureHHmx nopig-konektopis, (KpacHikoBa, & Bwxaa,
2023; Bwxkea Ta iH., 2014, 2021; OninHuk Ta iH., 2020;
BespogHa, & Buxea, 2019).

[MoHATTA KPUXKOCTI novanu po3rnggatyv B nitepatypi,
noB'A3aHin 3 iHXeHepie Ta MexaHikor, 3 60-X pokiB MUHY-
noro cropiuus (Hetenyi, 1966, Coates, & Parsons, 1966).
MpoTarom octaHHix 60 pokiB came BU3HaYEeHHS KPUXKOCTI K
Takoi BapitoBanocs. Ii onucysanu sik BiACYTHICTb nnacTuy-
HOCTI, SIK NMOBEAiHKY, sIka CTBOPIOE HE3HayHy gedopmalito
nig Yac pyrHyBaHHSA NOPOAW, SIK NOSBY PYWHYBAHHS Ha PiBHI
abo TPoXM BULLLE MEXi TEKYYOCTI, sIK 3aaTHICTb MaTepiany o
pyiHyBaHHSA 6e3 o4eBMAHOI NocTiliHOI AedopmaLii nig 4yac
BMNpOoGYyBaHb Ha po3TAr abo CTUCK, sIK NErKiCTb MOLLINMPEHHS
TpiwwmH Towo (Li, Han, & Zhu, 2023). 3ayBaxunmo, LLIO Y 3B'A3Ky
3 TEeTepoOreHHiCTI0 Ta aHi3oTPONHICTIO FipCbknx nopia,
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TepMiHOMOTrisi, SIKy No4aTKOBO pO3pobnanuv Ans Takmx maTe-
pianis, sk MeTanu Ta kepamika, Mae 3aCTOCOBYBaTUCS B re-
odisunui 3 obepexHnicTio (Meng, Wong, & Zhou, 2021).

3a3Bunyan pyvHyBaHHS KPUXKOI MOPOAM NOB'A3aHe 3 pa-
NTOBUM NaAiHHAM HaMpyru, HaBiTb 3 MOXIMBICTIO PO3KOMY
ynamkis nopoau. [nsi pisHnx obnacrten reoiHxeHepii y po-
00Ti 3 ripcbkMmn Nopogamu Lie pynHyBaHHS NOTPIOHO edhek-
TUBHO KOHTpoOMoBaTK, Wwob abo cnpusaTtu, abo cTpumysaTtu
noro nowmpeHHs. OTxe, HafilHe PO3YMIHHSA KPUXKOCTI
MOXe [aTu BaxnuBy iHdopmauito ans Ginbw ycnilwHoro
nnaHyBaHHsS MPOEKTIB Y Pi3HWUX AucumuniHax Hayk npo 3e-
mmto (Wang et al., 2023).

Mpwn poboTi 3 HETPAAULINHUMK KONEKTOpaMU BYTrNeBOA-
HiB Ta, 30Kpema, nNpoekTyBaHHi PI1, iHAeKkcy KpUXKOCTi no-
Yanu Hapgasatu yBary 3 noyaTtky XXlct. [llepwwumn
nybnikauisiMn, 3 NPUCBAYEHNX LIbOMY MUTaHHIO, YacTo BBa-
XatoTb ctatTio Rickman (2008), wo 3ano4aTtkyBana oguH i3
Knacum4Hux nigxonis go obumcnexHs 1K Ha ocHOBI NPYXXHMX
napameTpiB nopia, Ta ctaTTio Jarvie (2007), wo 3ano4atky-
Bana MiHeparnoriyHui nigxig.

Okpim BMKOpPUCTaHHs Npw nnaHyBaHHi P, iHgekc kpux-
KOCTi 3aCTOCOBYETbCS i B iHLUMX 0BnacTax NpoMUCIoBOI Ta
iH>xeHepHoi reodisnkn. OUiHIOBaHHS KPUXKOCTI € BaXKITMBUM
i Npy NPOEKTYBaHHi ropnaoHTanesHoro GypiHHA (Lei, 2023).
Po3yMiHHS hi3nKO-MeXxaHiYHMX BNacTUBOCTEN, BKIOYaO4M
KPUXKICTb, FPaHITIB Ta iHWWX MarmMaTU4HUX Nopig B ymoBax
BMCOKOI TemnepaTypu Ta BUCOKWUX HaBaHTaXeHb, Bidirpae
CYTTEBY POSb Y NiATPMMLUI CTabinbHOCTI CBEPATOBUHM Ta Mi-
Himi3auii BuTpaT Ha BypiHHA Mpwu ekcnnyaTauii LMpPKytow-
unx reotepmanbHux cuctem (Liu et al., 2023; Yin et al.,
2022; Xiao et al., 2021). IHOEKC KPUXKOCTi 3aCTOCOBYETHLCA i
npu BUOoOyTKy MeTaHy 3 ByrinbHux nnactiB (Moska, 2021;
Wu et al., 2023), a Takox BMOODYTKY KOPUCHMX KOMamnuH y
HaseMHuX Ta nig3emHmx Bupobkax (Jeong, Choi, & Lee,
2023). B imxeHepHi reodisnui oLiHKa KPUXKOCTI Baxnvea
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ONS MOHITOPUHIY Nig3eMHUX Ta TigpPOTEeXHIYHUX cnopyn
(Song et al., 2023; Herza, & Singh, 2022).

PisHOMaHITTA obnacten, WO BUKOPUCTOBYHOTb iHOEKC
KPWXKOCTIi, NPUBENO A0 CTBOPEHHSA HaA3BUYaAMHO BENUKOI Ki-
NbKOCTI METOAMK Moro po3paxyHky. Tak, y ctatti (Meng,
Wong, & Zhou, 2021) HaBoauTbca GinbLu Hix 80 pisHux cno-
co6iB oTpumaHHs IK. TOMy HUHI Yepe3 Hey3romKeHHS y BU-
3HAYeHHI KPUXKOCTi Ta Pi3Hi cdrepn 3acTOCyBaHHSA He iCHyeE
MDKHapOAHO BM3HAHOrO CTaHAAPTY ANS BU3HAYEHHS iHAEKCY
kpuxkocTi nopig, (Li, Han, & Zhu, 2023).

BudineHHs1 HesupiweHux paHiwe YacMuH 3a2aslbHoOT
npo6siemMu. |HOEKC KPUXKOCTI LLIMPOKO 3aCTOCOBYE CBiTOBa
cninbHoTa (lyare, Blake, & Ramsook 2021; Vaisblat et al.,
2022; Ba et al., 2021; Rybacki, Meier, & Dresen 2016), 30k-
pemMa npu NPOEKTYBaHHI rigpopo3puBy NnacTa Ta Ans iHWnX
3agay reomexaHikun (Moska, 2021; Altindag, 2002), npoTe B
YKpaiHi BiH Nokn He HabyeB nowwvpeHHs. IcHye noTpeba B
aHanisi noro 3acTocyBaHHs 3 ypaxyBaHHsIM ocobnusocTen,
XapakTepHux Ansi nopig-konekropis 443, WO € nepeBaxHo
NiCKOBMKaMM 3 MOHMXKXEHUMWU 3HAYEHHAMW MOPUCTOCTI, SKi
4YacTo XapaKTepu3ylTbCSH HAsBHICTHO KBAapLOBOrO LLEMEHTY
Ta HEe3HAYHOIO KiMbKICTIO 3'€AHAaHNX Mix cOBOt0 Nop.

®dopmynroeaHHs yineli cmammi. ABTOpu CTaBnATb
3a MeTy pOo3rnsA Ta OUiHKY iCHYuMX NiaXoaiB A0 po3paxy-
HKY iHOEKCYy KpPUXKOCTi Ta BUGIp ONTMManbHOrO 3HaYeHHs
iHOEKCy Ana TepureHHUxX nopig-konektopis [OHiNPOBCLKO-
[oHeubKOI 3anaguHu.

PesynbtaTtun

Icmopisi enpoeadxxeHHss MOHAMMSs1 iHOeKcy KpUXKo-
cmi. Y 1966 p. KoyTc i [lapcoHc BBENU NOHATTS iHAEKCY Kpu-
xkocTi nopoau (Coates, & Parsons, 1966), sikuin BU3Ha4yaBcst
SIK BiHOLLEHHS Npy>kHOI Aedbopmalii 4o 3aranbHoi gedop-
Mauii npu pyviHyBaHHi. Ha pyc. 1 nokasaHo 3aranbHy Kpusy
Hanpyru Ta gedopmadii 4N TPMBICHOrO CTUCHEHHS, NMpoBe-
OEHOro A0 pynHyBaHHA. CyHA niHia nokasye 3MiHy gedop-
MaUin Bif MPUKIIALEHOro Hanpy>XeHHS Yy MiHINHIA NPYyXHIn
obnacrTi. [loTuyHa Oo kpuBOi B Ui obnacTi Bignoeigae mo-
aynto FOHra. Po3puB 3paska ripcbkoi nopoau BiabyBaeTbes
Npu Tmax, WO BKa3ye Ha MiUHiCTbL nopoan. Mexa Teky4ocTi

3paska igeHTUMIKYETbCA K NepeTUH AOTMYHOI KPUBOI B Mi-
HiMHIN ob6nacTi 3 AOTUYHOK A0 Tmax, MEPEHECEHOT Ha (haKTUYHI
AaHi Npo HanpyxeHHs Ta gecopmadii. MNpyxHa gecdopmauis
npeactaeneHa obnacTtio NiBOPyY ge/ BiA MeXi TEKy4OCTi, a
nnactuyHa gedopmalis npeacTasneHa obnacTio NpaBopy4
&tot = €el + €p/ BiJ MEXI TEKYYOCTI, sika oOMexeHa pynHyBaH-
HAM 3paska. HapewrTi, 3anuvkoBa MiLHICTb NOPOOM, Tres,
BioOpaXaeTbCsi nicna  OOCATHEHHA MIKOBOI  Hanpyru.
Taknm 4YnHoM, iHaekc kpuxkocTi IK nopogn moxHa 3agatu
dopmyrioro

IK = Eel IK = Tmax " Tres (1)
€0t Tmax
NpyxHa MnacTuyna
,uig(opmaqm / Aepopmalys Mo noporm

Trnax

Mexa
TeKy4ocTi

3anuwkosa MILHICTE

Hanpyra

Hedopmauin
Puc. 1. KpuBa Hanpyru Ta aedopmauii
(mogudikoBaHo 3a Miskimins, 2019)

Knacudpikayiss cnocobie eusHavyeHHs1 iHOeKcy Kpux-
Kocmi. ICHye Tpu MPUHLMMNOBO Pi3HUX Migxoou OO BU3Ha-
YeHHS iHOEeKCYy KPUXKOCTI FipCbKMX MOpid 3anexHo Bif
BMKOPUCTaHUX ANns o6paxyHkKiB AaHUX: 3 BUAKOPUCTaHHAM Aa-
HUX NabopaTopHMX BUMIpIOBaHb NPY>XHKX NapaMeTpiB, 3 BU-
KOPUCTaHHSIM aHWX KapoTaxy Ta MiHeparnoridyHuim. Y mexax
KOXXHOIO 3 LMX TPbOX HanpsiMKiB 3@ OCTaHHi AECATUNITTA
6yno po3pobneHo psa MeToAiB Ta nigxodis (puc. 2), ocHo-
BHi 3 SIKMX MW PO3ITISHEMO HUXKYE.

IHAEKC KpUXKOCTI
(1K)

=

R

MinepanoriyHum 1K

KapoTtaxHui 1K

[MpyxHWUA IK

VY U

v oo

Kapotax PoapaxyHku

Kapotax

NabBopatopki

Kaporax
ACChIMKEeHHA

Puc. 2. Knacudikadis niaxonis 4o BM3Ha4YeHHs iHAEKCYy KpuxKocTi (MoaudikoBaHo 3a Mews et al., 2019)

MinepanoziyHutli nidxid ompumarHs IK. KnacuyHui
MiHepanoriyHun nigxig Ao Bu3HadveHHs IK 3anponoHoBaHo
(Jarvie et al., 2007). Micns pocnigxeHHs crnaHuiB bapHeTr,
IO XapaKTepu3yTbCst HU3bKUMU 3HAYEHHSIMW MOPUCTOCTI
Ta NPOHMKHOCTI, 6yNno 3anponoHOBaHO PIBHSAHHS 415 OLHKK
KpuxkocTi nopoam IK, ;-1 3 BAKOPUCTAHHAM MacoBUX YacTOK
i cknapgoBmX:

> @)

Knnr1 = Q+CARB+CLY’
ae Q — Bmict kBapuy, CARB — BMicT kapboHartiB, CLY —
BMICT [MIMH.
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KBapL BBaxaloTb KpUXKMM MiHEParnom, Todi sk kapboHaT
i FIINHY — MEHLU KPUXKMMMU | HEKPUXKMMU BignosigHo. Lle pis-
HAHHA Aae TOYHI pe3ynbTaTth Anga opMaLin, SKi MiCTATb Be-
NWKY KinbKiCTb KBapLUy i IMUHW Ta Manuii BMiCT kapboHaris.
OpHak ons nnacTiB 3i 3HAYHOO KiNbKiCTIO kKapboHaTy e pi-
BHSIHHSI 3aHWXKY€E 3HA4YeHHs1 iHOekcy kpuxkocTi (Mews,
Alhubail, & Barati, 2019).

Wang i Gale (2009) 3anponoHyBanu MeTon BU3HAYEHHSI
IK;nr» Ha OCHOBI MiHepamnbHOro cknagy FipCbkux nopig,
KU BpaxoBYE BMICT JOSTIOMITY SIK BHECOK Y KPUXKICTb Ta 40-
nomiT i TOC sk cknagoBi MiHepaniB y 3HaMEHHUKY:
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Q+DOL

Kinnrz = Q+DOL+CARB+CLY+TOC’ ©)
ae Q — keapy, CARB — kap6oHaT, CLY — rmuHa, DOL — po-
nowmit, TOC — total organic carbon.

Takox nomiveHo (Jin et al., 2014), wo cunikaTtHi MiHepanw,
TaKi sIk NONbOBUI LUNAT i CNtoAa, € BinbLU KPUXKUMU, HX IMMHA
B CnaHueBumx Korektopax (cdopmyna cnogn  XoYs—
6Z3020(0OH,F)4; siKLLO i0H X € KanbLiieM, BOHa BBaXKaeTbCA "Kpu-
xkoto" crrogoto). Kpim gonomity, iHWi kapboHaTHI MiHepanw,
Taki SIK KanbLUWT Yy BanHsiKy, TakoX OinbLu KpUXKi, HX rmuHa.
OTmxe, NPOMOHYETLCA HOBE BUPAKEHHS KPUXKOCTI K3, SKE
BKIHOYaE cunikaTHi MiHepanu (kBapL, MONMbOBWIA LLINAT i CIItoAY)

i KpMXKi KapOOHaTHI MiHepanu (KanbumT i AOMNOMIT):
_ QFM+CALC+DOL
Kppyz = = ——— 4)

ae QFM — ksapu+nonbosi wnaTtu +cnoga, CALC — kanbuur,
DOL - ponowmir, total — cyma.

Mioxi0 ompumaHHsi IK Ha ocHoei nNpyXHuUx efacmu-
eocmed. ICHylOTb OBa 3aranbHUX METOAU BMKOPUCTaHHS
NPYXHUX BNAcTUBOCTEN A1 BCTAHOBMEHHS KPUXKICHWX Bria-
ctmBocten. Lle meton kpuxkocTi — brittleness method
(Rickman et al., 2008) ta mMetog namkocti — fracability
method (Goodway, Varsek, & Abaco, 2006). TpiwnHocTiRn-
kicTb (fracture toughness) Ta ii ponb npu NpoBeAeHHi rigpo-
po3puBy MpoTsArom GaraTbOX POKIB BUKMAMKaNa YUCIEHHI
anckycii (Miskimins, 2019).

O6uaBa Ui MeToan BMKOPUCTOBYIOTE 3B'I30K MiDK MPYX-
HUMKU MOZYNSAMM TiPCbKOI Nopoam Ta ii 34aTHICTO OO YTBO-
peHHs1 TpilwmnH. BBaxaeTbecs, WO OinblW Kpuxka nopoaa
MaTtMMe Buwmnin Mogynb KOHra E Ta Hwkuuii KoediuieHT
MyaccoHa, Wwo nonerwye iHiLitoBaHHA Ta NOLIMPEHHSA Tpi-
LLIMH SIK TPUPOAHUX, TaK i iHAykOBaHWX. Ha LibOMy TBEpKEHHI
rpyHTyeTbes migxig Pikmana. Migxig MNyoBes 6asyetbcs He
nvwe Ha moayni FOHra Ta koediuieHTi MyaccoHa, a 1 Ha BuY-
KOPWCTaHHi KOHCTaHT Jlame A i yu. B ogHOpigHWX i i30TPOMHMX
mMaTtepianax A € KOHCTaHTO HECTUCIMBOCTI i XapakTepuaye
onip NOpoAW PO3LNPEHHIO PYNHYBaHHSA. KoHCTaHTa »opcCT-
KOCTi M, ONUCYE CTINKICTb Nopoamn Ao Aedopmallii 3cyBy.

MapameTp TPIWMHOCTINKOCTI Aae 3MOry OLUHUTU Mil-
HICTb 3paska ripCcbkoi Nopoau Npu yTBOPEHHI TPILLMHKU 3a
YMOBMW, LLO B HEOMY Y>Ke MpPUCYTHS TpiwmHa. Ockinbku B re-
OnoriYyHOMy CcepefoBuLLi MOLUMPEHi TPILLUMHU MNPUPOLHOro
NOXOKEHHS, ey napameTp € BaXNMBUM A1 OLiHKM B3ae-
MOZIT NpupoaHux Ta cnpuinHeHnx NP TpilmH.

Husbke 3HaveHHs IK Bkasye Ha Te, Lo MaTepianu 3a3Ha-
H0Tb KPUXKOrO PYMHYBaHHS, TOAI SIK BUCOKI 3HAYEHHS € CUr-
Hanom nnactuyHocTi. OTxe, dauii 3 HN3bKMM KoeiLiEHTOM
MyaccoHa, HU3bKot TpiWwmHocTiInkicTio Ta IK 1 BUCOKMM Mo-
aynem HOHra 3a3suyan € HavkpalLiMMy kaHgugatamy ons ri-
ApaBnivyHOro po3puey.

Hasegemo copmyny PikmaHa:

1 E-Emin V—Umin
IKelal = E * (Emax_Emin Umax_vmin), (5)
ae E — mopynb KOHra, v — koedgiuieHT NyaccoHa.

OpaHMM i3 HanMNpoCTIWMX cnocobiB BUPaXKEHHS iHOEKCY
kpuxkocTi [K,;,, y nabopaTopHuX ymoBax €

Keiaz = 2 (6)

oy’
0e Oc i 0t — MiLUHICTb Ha 0AHOOCLOBE CTUCHEHHS | MiLHICTb
Ha po3Tar 3a bpasunbcbkuMm TecTom BignosigHo (Meng
et al., 2021).

Bpasvnnbcbknii TECT — Ue HenpsMun MeTop Bunpoby-
BaHHA AN BU3HAYEHHS MILHOCTI Ha PO3pMB KPUXKUX MaTe-
pianis, Takux sik 6eToH, ripcbka nopoaa Towo. Y LibOMy TECTi
TOHKWU KPYrMnA ANCK AiaMeTpanbHO CTUCKAETbCA 00 PYMHY-
BaHHA. CTUCHEHHS BUKNMKaOTb PO3TArasibHi Hanpyry no Ho-
pmani [o BepTUKanbHOro pJiameTpa, Ski € no CyTi
nocTiiHMMK B 06nacTi HaBkomno LeHTpy. Henpsima MilHicTb
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Ha pO3TAr 3a3Buyal PO3PaxoBYETLCA HA OCHOBI NMPUMYLLEHHS,
LLIO pyViHyBaHHS BiAOYyBaeTbCA B TOULI MakCMMarnbHOI Hanpyrm
Ha po3Tsr, TobTo B LeHTpi aucka (Li, & Wong, 2012).
IHWKIM cnoci® Tex NoB'A3aHni 3i CNiBBIAHOLLEHHAM LIMX
NoKasHuKiB 1K 43:
_ 0c—0¢
IKela3 - (7)

oc+o¢

Ockinbkn O¢ i 0t € ABOMA OCHOBHUMMW MEXaHiYHUMMK na-
pameTpamMu, siKi MOXHa fnerko oTpumaTy nig vyac 3BUYanHmX
nabopaTopHux BUNpobyBaHb, BULLE3ragaHi METOAMKU Ha-
Oynu Wunpokoro BukopucTaHHsA. OfHak BOHWM MatoTb Kinbka
Hegonikie. [No-nepLie, isnyHe 3Ha4YeHHs A48 ABOX iHOEKCIB
He Binobpaxae npoLec pyriHyBaHHsA nopoaw. Mo-gpyre, uen
mMeTop, GinbLue nigxoauTb Anst ONUCY MILHOCTI FipCbKoi Mo-
poawm, Hix Ti kpuxkocTi. Kpim Toro, nopoga 3 pis3HUMM 3Ha4eH-
HAMW Oc | Ot MOXe MaTu 0HaKOBUIN KoedillieHT, a Aiana3oH
noro BapiaLii € By3bKuM.

Y pospaxyHkax IK,;q4 BUKOPUCTOBYETLCSH i KYT BHYTPILL-
HbOrO TEPTS @, WO BU3HAYAETLCH AK KYT kpmBoi Mopa npu
HYTbOBOMY HanpyXeHHi. BBaxxaeTbces, Lo BinbLu KpUXKi no-
pOAM XapaKTepu3yrTbCs BULLUM 3HAYEHHAM KyTa:

Keiqq = sing. (8)

Mioxi0 ompumaHHs IK Ha ocHoei KkapomaxHux Oa-
Hux. Cnocobu pospaxyHky IK 3a gornomorow KapoTakHUX
AaHux 6ynu 3anponoHOBaHi Ans XapaKTepUCTUKWN HETPaau-
LiHWX NOKIaAiB CriaHLeBoro rasdy Ta noLuyky nracTiB-KaH-
avpartie Ha rigpopo3spus (Meng, Wong, & Zhou, 2021).

Mapa koegilieHTiB, po3paxoBaHNX 3a 4OMNOMOroH LUBK-
akocten P- i S-xBunb HaBKOMO CBEPASIOBMHU, BiOMNOBIAHO,
BMpaXarTbCH SK

AVp(r)
+ Vypdr
Kyp = [ =2 €)
AVg(r)
+00 yodr
IKys = J,_ 2", (10)

ae R — papiyc ceepgnosuHu; Ve i Vs — weuakocTi P- i
S-xBuni BignosigHo; AVe i AVs — Bapiauii wemnakocten P- i
S-xBWnb BIigNOBIOHO, i OTPMMaHI 3a 4OMNoMOorow ToMmorpadii
Yyacy npoxomkeHHs P-xBuni Ta iHBepcii S-xBuni avnons.

BBaxaeTbCsl, O MOpPOAM 3 BUCOKOK KPUXKICTIO MatloTb
TEeHOEHLi0 reHepyBaTU BEMUKY KifbKiCTb MIKPOTPILLMH Ha CTiHLLi
CBepANIoBMHY Nig Yac OypiHHS CBEpAMOBUHU, LLIO Npu3Beae
[0 BENVKOI 3MiHW LIBMAKOCTI padianbHOI MPYXXHOI XBuIi.

Y nitepatypi LUMPOKO NpeacTaBeHi eMNipUYHi PiBHAHHS
ana okpemux ¢popmadin Ta perioHis, WO Aal0Tb 3MOry BU-
3HaunTK IK 3a kapoTaxHumu gaHnmu. Hanpuknag, ans cna-
HuiB BapHeTT BuBegeHo 3anexHocTi (Mews, Alhubail, &
Barati, 2019):

IK;og1 = =1,4956 x NPHI + 0,9763,
(11)
IK;pg2 = —0,01104 x DTC + 1,4941,
(12)
Ae NPHI — HevitpoHHa nopucTicTb, DTC — yac npoxogkeHHs
aKyCTUYHOI XBWNi.

BusHayeHHs1 iHOeKkcie Kpuxkocmi Onsi  nopid
AHinpoecbko-foHeybkoi 3anaduHu. Po3paxyHku IK 3gii-
CHIOBanucs Anst ABox BMOIpOK 3paskiB ripCcbkux nopiga.

Mepwa BWbipka npencTaBneHa 3paskamMu TEPUreHHUX
nopig (puc. 3) pogosua MiBHIYHOT YacTUHN [HINPOBCLKO-
OoHeubkoi 3anaguHu, BigibpaHux i3 rmmbuH go 4500 m.
Mopoaun npeacTaeneHi nickoBMKkaMu Ta aprinitamu i3 Bmic-
ToM kapboHaTiB o 17,5 % Ta nopucTicTtio 8o 10 %.

AHani3 MiHepanoriyHoro cknagy 6yno npoBedeHo Ans
20 3paskiB 3 BUbipku. MiHepanorivHi IK (Jarvie IK Ta Jin IK
BiINOBIOHO) po3paxoBaHo 3a MeToaukamu Jarvie Ta Jin (cpop-
mMynu 2 Ta 4). PesynbtaTt gns obox meTofiB Mae BWUCOKY
36ixHICTb (puc. 4). 3a paxyHOK HEBMCOKOro BMICTy KapboHa-
TiB y 3paskax MeTon Jarvie mae 3afdoBinibHY TOYHICTb,
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He3BaXkaktoumn Ha Moro BiQHOCHY nNpocToTy. Ha puc. 5 maemo
3MOTy OLHUTK, L0 TPEHAM 3anexHocTen aAns obox meTosis
36epiraloTbCs, He3BaXaro4um Ha pisHML0 B aBCONIOTHNX 3Ha-
YeHHax |K. BapTo 3as3HaumTy, WO pi3HUUA Yy 3HayYeHHsX IK
6inbwa 0,1 cnocrtepiraeTbcs ons 3paskiB i3 NigBULLEHNM
BMiCTOM KapboHaTiB.

Po3paxyHok Npy>XHWUX i MexaHi4YHKX napameTpiB y nabopa-
TOPHMX YMOBaX NpoBoamBCs Ans 15 3paskis, KyT BHYTPILLHLEOrO
TepTa 6yno po3paxoBaHo ans 3 3paskis. IK pospaxoByBaBcs 3a
meTogamu Rickman Ta 3 BUKOPUCTaAHHAM KyTa BHYTPILLUHBOrO
Tepta (dopmynm 5 i 8). OTpumaHi pesynbTatn MarTb

Clay

100 « y

=, 100

[OCTaTHLO CTiVKMIA 3B'A30K 3 MPY>XHUMMW NapameTpamMu nopig
(puc. 6). KoedbiujeHT Kopensauii MK iHOEKCOM KpPUXKOCTI Ta
LLBMAOKOCTSIMM NMOB3J0BXHIX XBUIb 6nnabkuii 4o 0,8, Lo Bkasye
Ha BIOHOCHO CTIliKy 3anexHicTe MK UMK napameTpamu. 3Ha-
YeHHs koedvilieHTa geTepmiHauii ~0,64 gae 3mory BBaxaTtu
NPUAHATHOIO AKICTb B3aEMO3B'A3KY.

PesynbtaT po3paxyHkiB Ansi METOOUK MatoTb BUCOKY
306ikHICTb (puc. 7). KoediuieHT geTepminauii >0,9 3a3suyai
CBiAYMTb MPO CTIiMKICTb B3aEMO3B'A3KY MiX napameTpamu,
npoTe Yepes HEBENUKMI PO3Mip BMBIPKM HE MOXHA 3pobutn
OOHO3HAYHMX BMCHOBKIB.

Quartz
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Puc. 3. fliarpama miHepanbHoro cknapy BuGipku 1
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Puc. 4. Pe3ynbTaTt po3paxyHkiB miHepanoriyHoro IK 3a pisHuMu metogmkamu
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Puc. 5. 3anexHocTi miHepanoriyHux IK Big rnmHncrocTi
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Puc. 7. NopiBHsHHA IK 32 MmeToguKoro PikmaHa Ta KyTOM BHYTPILLHLOrO TepTs

[Opyra Bnbipka npeacraBneHa 3pa3kamu TEPUTEHHUX No-
pig (puc. 8) pogoBuLla, po3TalloBaHOro B MiBAEHHO-CXiAHIN
YacTuHi [HinpoBcbko-[oHeLbKOI 3anagunHu, BigibpaHux i3
rmnbuH go 3500 M. Mopoan npeactasneHi 34e6inbLioro
rpybo- Ta cepegHbO3epHUCTUMK MiCKOBMKaMK Ta aprini-
TaMu, XapakTepu3yrTbCsl HEBEMUKUM BMICTOM kapOoHaTiB
(meHwe 15 %), nopucTicTb konueaeTbed Big 7 40 16 %.

AHani3 MiHepanoriyHoro ckrnagy 6yno npoBeAeHo Ans
79 3paskiB 3 BMOipkKu, MiHepanoriyHun IK pospaxoBaHo 3a
meToaukoto Jarvie (puc. 9).

PospaxyHoK Npy>HWX i MexaHiYH1X napameTpis y nabo-
paTopHuMX ymoBax npoBoauBcs ansa 23 3paskis, IK 6yno

po3paxoBaHo 3a meTogoM Rickman (puc. 10). MopiBHouUM
MiHepanoriyHun Ta enactnyHuin IK, BapTo 3BepHYTU yBary
Ha Te, WO MOPUCTICTb, O Mae iCTOTHUM BMAMB Ha MPYXHi
napameTpu, He BPaxoBYETbCS Yy pO3paxyHKax 3a MeToAoM
Jarvie. Tomy 3a HasiBHOCTi CMinNbHOro TpeHay y napaMmeTpax
BCE X CrocTepirarnTbCa po36ixKHOCTI.

MopiBHIOKYM pe3dynbTatu ANa ABOX BUBIPOK, MOXeMo
no6aunTn CninbHUn TpeHa, ANst 3aneXHOCTi Big rMUHUCTOCTI
B 060x Bubipkax (puc. 11), agpke ANs TEPUrEeHHMX Mopig
came napameTp FUHUCTOCTI MOB'A3aHUI i3 NNACTUYHICTIO,
L0, Y CBOO Yepry, BignosigaTMmMe MeHLUin 30aTHOCTi A0 Kpu-
XKoI gedhopmalii i, BiagnosigHO, yTBOPEHHIO TPILLMH.
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Puc. 8. [liarpama miHepanbHoro cknapy Bubipku 2
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Puc. 10. 3anexHicTb MiX MiHepanoriyHum Ta npyxHum IK
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iHOeKC KPUXKOCTi
Puc. 11. 3anexHocTi miHepanoriyHux IK ans aBox BUGipok Big rMUHUCTOCTI

Y3aranbHioW4M pe3ynbTati NpoBeAEeHOro aHanisy, 3a-
3Ha4YMMO, L0 HaNCTINKILUMI pe3ynbTaT OTPUMaHo 3a MeToau-
Koto Jarvie. Hnsbki koedilieHTn NopmucTocTi Ta kapboHaTHOCTI
AocnigpKyBaHux TepureHHux nopia O3 signosigatoTe onTu-
MarbHUM XapakKTepucTukam A5 Moro 3aCToCyBaHHS. Takox
cepeq MiHepanoriyHux IK noro po3paxyHok € BiGHOCHO npoc-
TUM, afpke 3a BXigHi AaHi noTpebye nuiie pesynbTaTh reoxi-
MiYHOrO aHarnisy OCHOBHUX METPOreHHWX €erieMeHTIB i He
BKntoyae, Hanpuknag, TOC. Lle pae 3amory onepysatu 6inb-
Lwoto BMBIPKOLO 3paskiB Npu aHanisi iXHiX BMacTMBOCTEN.

[na TepureHHnx nopig, [OCnigXeHMx aBTopamum, Hanea-
XNUBIWWM € napameTp MWHUCTOCTI, SIKMWA Bignosigae 3a
3[aTHICTb Nopia 40 NpyxHoi gedopmadii i mae obepHeHy
3anexHicTb Bif KoedilieHTa KpMXKOCTi.

Bia3HaumMmo, WO Ha KPUXKICTb YMHATbL BMMMB He nuvwle
BMacTMBOCTi caMoi NOpoAM, ane i yMoBM, B siknx nepebysae
nopoga (Tuck i Temnepatypa, gudepeHuianbHi HanpyXXeHHs
Towo) (Rybacki, 2016). [ocnimpkeHHs noTtpebyoTb i
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TEKCTYPHO-CTPYKTYPHI 0COBNMBOCTI nopig, agxe B peanb-
HOMY reonoriyHoMmy cepegosulli y IK moxe nposiBnsaTucs
aHi30TPONHiCTb. TOMY LiikaBUMW BUSBUNUCA pe3ynbTaTh no-
PiBHSIHHA 3anexHocTen IK ans asox BMGIpok, amke Bioxu-
NEeHHa Big TpeHay MoxyTb OyTu noB'A3aHi 3 isunko-
MeXaHi4HMM CTaHOM caMoro njacra.

BapTo 3a3HaunTH, WO NOHATTA "iHAEKC KpUXKOCTI" € y3a-
ranbHBanbHUM TEPMIHOM, LLIO NoeAHYe B cobi MeToam oui-
HKM 34aTHOCTI MaTepianiB 0O YTBOPEHHSA TPIWMH, LWO
po3pobneHi cneuianictamu 3 pisHUX AUCUUNAIH ANSt Pi3HUX
3agad. ToMy He BapTO MiAXOAWMTU A0 3iCTaBMNEHHS pesynb-
TaTiB, OTPMMAHNX 3a Pi3HUMN MEeToLaMW, KiNbKICHO, BaXNK-
BOMO € AKiCHa MopiBHANbHA OLiHKa TpeHAiB BNaCTUBOCTEN.

[unckycis i BUCHOBKMU

lMpoBeaeHo aHani3 iCHyUYMX MeToAiB po3paxyHKy iHae-
KCY KPUXKOCTI, cepen sikux ocobnuey yeary 6yno npugineHo
MiHeparnoriyHoMy Ta Mpy>KHOMY MiAX0A4Y, PO3rfsiHyTO nepe-
Barn Ta oOMexeHHs metoaiB. [Ana TepureHHuMx nopig 3
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NiBHIYHOI Ta NiBOEHHO-CXiAHOI 4acTuH [HINpOBCbLKO-
[oHeLbKOT 3anaanHun NpoBeAeHO PO3paxyHOK Ta NopiBHAb-
HUW aHani3 iHAEKCIB KPUXKOCTI pPisHMMKU MeTodamu: Jarvie,
Jin, Rickman, kyTa BHyTpilLHLOro TepTs. ABTOPY pekoMeHay-
l0Tb MeToq Jarvie sik Hanbinbll BiANOBIOHUI Ta OOQHOYaCHO
NpOCTUIA Y BUKOPUCTaHHI. 3a3Haummo, Lo poboTa 3 iHgekcamu
KpVXKOCTi NoTpebye nonepeaHLOro aHanidy nironorii Ta neTpo-
hisnyHUX NapameTpiB NOpiA, OCKiNbKK BiNbLUICTL MeToAIB PO3-
paxyHKy po3pobnseTbCs AN KOHKPETHOI chopmMalLlii Um perioHy
i MOXXe NMoKasyBaTh HeJOCTOBIPHI pe3ynbTaTh Ang nopia 3 Big-
MIHHUMW MeXaMmn i3NYHUX XapakTepucTuK. TakoxX BapTo na-
M'ATaTu, Wo YTBOPEHHS TpiwmnHu npu Pl — ue npouec, wo
3anexuTb He NuLLe Bif CKnaay Ta BacTMBOCTen nopia, ToX iH-
[OEKCU KPUXKOCTI MOXXHa BUKOPUCTOBYBATM fMLLE B KOMIMIEKCI
3 HWMMM reoMexaHiYHUMKU napameTpaMu Ta BPaxoByun
YMOBW, B SIKMX nepebyBae LinboBUA FOPU3OHT.

BHecok aBTopiB: OneHa KpacHikoBa — koHuUenTyanisauisi,
dopmarnbHWUin aHani3, MeToforOriA, HaNnMCaHHs (opuvriHanbHa yep-
HeTka); Maeno KysbmeHko — chopmanbHuin aHanis; Ceprin Buxsa —
Banigauis AaHux, HanucaHHs (nepernag i pefaryBaHHs).
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ANALYSIS OF THE METHODS OF DETERMINING THE BRITTLENESS INDEX AND THEIR APPLICATION
FOR TERRIGENOUS RESERVOIR ROCKS OF THE DNIPRO-DONETSK BASIN

The article discusses the concept of the rock brittleness index, which is widely used for the design of hydraulic fracturing. Three main approaches
to its calculation (mineralogical, using elastic properties, using log data) are characterized. For each of the approaches, the characteristics of the
most used calculation methods, which were created for rocks with different mineralogical composition, using different physical properties or based
on different empirical dependencies, are given. For two sets of core material samples of terrigenous rocks of the Dnipro-Donetsk Basin, the
mineralogical index of fragility according to the main petrogenic components was determined by two different methods and the brittleness index
according to elastic properties — Young's modulus and Poisson's ratio, the angle of internal friction. A comparative characteristic of the results
obtained by different methods was carried out, which showed the similarity of trends in lithology and petrophysical properties of rocks. The authors
recommend the Jarvie mineralogical method, which is characterized by high accuracy and ease of use, for use in evaluating terrigenous reservoirs
of the Dnipro-Donetsk Basin.

Keywords: hydraulic fracturing, brittleness index, geomechanics.

ABTOpM 3asBNAIOTb NPO BiACYTHICTb KOHMIIKTY iHTepeciB. CnoHcopu He Bpanu yyacTi B po3pobneHHi gocnigxXeHHs; y 36opi, aHanisi un
iHTepnpeTaLii AaHVX; y HaNMUCaHHi PyKOMuCy; B pilLeHHi Mpo nybrnikaLilo pe3ynbTaris.

The authors declare no conflicts of interest. The funders had no role in the design of the study; in the collection, analyses or interpretation
of data; in the writing of the manuscript; in the decision to publish the results.

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



~ 30 ~ B 1 CH U K KuiBcbkoro HauioHanbHoro yHisepcurerty imeHi Tapaca LleBueHka

YOK 550.382.3
DOI: http://doi.org/10.17721/1728-2713.104.04

OnekcaHap MEHbLUOB, a-p reon. Hayk, CT. BOCRIQHUK

ORCID ID: 0000-0001-7280-8453

e-mail: menshov@knu.ua

KniBcbkui HauioHanbHUM yHiBepcuTeT iMeHi Tapaca LLleBuyeHka, KuiB, YkpaiHa

BMJIMB MIrPALIIT ®nioifaiB HA MATHITHY MIHEPAJOrIIO I'PYHTIB

(MpedcmaeneHo 4neHoM pedakyiliHoi Koneaii 0-poM 2eos. Hayk, npog. M.I. Opntokom)

B c Ty n. BiliHa e YkpaiHi akmyanizyeana Heob6xiOHicmb iHmeHcudgikauii eudo6ymky eyasieeo0Hie Ha eslacHili mepumopii dnsi nio-
mpumaHHs ma po36ydoeu eHep2emMuYHOI He3anexHocmi depxaeu. E¢hekmueHicmb, HU3bKOBapmMiCHiCMb Mma akmyasibHicmb 3a1yYeHHs1
deMOHCMpyroMb Ma2HimHi Memodu AocnidKeHHs1 ePXHLOT YaCMUHU 2e0/102i4H020 PO3pi3y ma rpyHIMO8020 MOKpUey 3 MeMoro rnouly-
Kie Haghmu i 2a3y.

Me Toau. Memodonozis MmazHimHUX AocnideHb 3 MEMOFO NMowykKie eyariee00Hie ocCHog8aHa Ha Memoodax Aoc/iGKeHHs] MazHe-
mu3smy npupodHux 06'ckmie ma rpyHmoegozo diero nokpuey, demasnbHoi MazHimomMempii NPupPodHUX cucmeM ma ¢hi3uKo-xiMiYHUX MO-
dernisix 3MiHU Ma2HimHOI MiHepasoaii nid miepayii eyarneeo0He8020 ¢hsitoidy.

Pe3ynbTaTtun. Y docnidxeHHi MacHimHOI MiHepanoeii rpyHmie eaxiueum € po3bpakyeaHHs1 O)xepes hopMysaHHs Yux MiHepa-
nig. 30eb6inbuio2o rpyHmosuti Nokpue Micmums MiHepasu npupoGHO20 I'PYHMOMEiPHO20 NOXOO)KEHHSI, aymoa2eHHi MOPUHHI Ma2HimHi
MiHepanu, a makox iHkonu dempumoei ynbmpaducrnepcHi MazHimHi ¢gpasu. [ns YkpaiHu HalinowupeHiwumu Ma2HimHUMu MiHepanamu
rpyHmie rpyHmomeipHo20 rnoxoodxeHHs1 € MazHemum, Maz2emim, 2emMamum ma 2emum. ¥ mol e 4ac 0doceid npoeedeHHs Ma2Himo-
MiHeparoz2idyHuUx aHanisie rpyHmie mepumopili podoeuw; Haghmu i 2a3y eka3ye Ha HasieHicmb cynbgpidie 3anisy. Y nepuwy yepay ioeHmu-
pikyembcsi MOHOKNIHHUU nipomuH. Takox y rpyHmax micmsimscsi U CynymHi 2ekca2oHasnbHull nipomuH, nipum, epelzim. HasedeHo
pe3ynbmamu mepmMomMa2HimHuUX aHasizie ma nemens 2icmepe3sucy 3pa3kie rpyHmie 3 mepumopiti noknadie eyaneeodHie ma npoaHarii-
308aHO ix MiHepanbHul cKknao.

B v c H 0 B K . Pe3ynbmamu eusyeHHs ensiuey mizpauii syarneeodHes020 ¢hntoidy Ha 3mMiHy MiHepanbHO20 ckiady rpyHmie ekasye
Ha 3Hayywy iHghopmamueHicmb i nepcrneKkmueHicmb 8npoeadyeHHs1 Memody y KOMIIIEKC 2e0/1020p038idy8asibHUX pobim Ha pi3Hux
emanax. AymoeeHHi 3MiHU Maz2HImHUX MiHeparie y 8epxHili YacmMuHi 2e05102i4HO20 Po3pi3y ma rpyHMo8oMy MOKPUSI, 8 MaKoX Mpupo-
dHe ma aHmMpPOorno2eHHe HaKoMuUYeHHs 8yaiee00He8uUX NMPOoAdyKmig y rpyHmax crpu4uHIoe 3MiHy MazHImHuUX erlacmusocmeti ma ghopmye

aHomartii MazHimHo20 norisi.

Knwo4yoBi cnoBa: rpydimosuli nokpue, Ma2HimHi MiHepanu, MazHimHa cnpuliHamnuegicms, ¢pnroiou, ey211e800Hi.

Beryn

Cepen HU3KM HOBMX BUKNUKIB, SIKi MocTaBwuna nepeq
YkpaiHoto BiliHa, OQHUM i3 KNIOYOBUX ANSA NiATPUMaHHA Ta
po36y0BM EHEPreTUYHOI He3aneXxHoCTi € BUOoOyToK Byrne-
BOAHIB Ha BMNacHil TepmTopii. AKTyanbHiCTb 3anponoHOBaHWX
Yy paMKkax faHoi CTaTTi BULLYKYBaHb MOXHA PO3AINUTK Ha 3a-
ranbHy Ta 6esnocepenHbLO HayKoBY CKnafoBi. 3aranbHa ak-
TyanbHICTb Ta [AOUMbHICTL MNOMArae B HAsfBHOCTI HU3KM
YNpaBniHCbKNX pilleHb, SKi CNOHYKalTb HAaYKOBLiB A0 pO3po-
OKM HOBMX e(PeKTMBHUX anropuTtMiB i MeToAiB MOLIYKiB Ta
po3BiAKM podosuLL, HadTH i rasy. 3okpema, MoBa iae npo 3a-
ranbHofepxasHy  nporpamy  (https://zakon.rada.gov.ua
/laws/show/3268-17#n14), psaa piweHs PHBO Ykpainu
(https://zakon.rada.gov.ua/laws/show/n0009525-15#n2,
https://zakon.rada.gov.ua/laws/show/874/2019#Text), gisnb-
HicTb Pagn ekcnepTtiB 3 eHepreTuyHoi 6e3nekn npun PHBO
YKpaiHu, y ToMy 4ucni po3pobky 3axogis Liogo "...noLyky
BiOHOBIIOBAHUX D)Xepen eHeprii Ta anbTepHaTUBHUX BUAIB
nanuea". HaBegeHi gepxaBHi nporpamu akTtyanisyoTb Bif-
NOBiAHICTb 3anpoNOHOBAHOrO AOCHIMKEHHS Yy cdpepi Hauio-
HanbHOi Gesnekn YkpaiHu. Kpim Toro, oueBmgHol €
BaXXNMBICTb 3 HAyKOBO-AOCNIgHNULBKOrO 60Ky. Huska 3akop-
OOHHMX nybnikauin, pobiT gocnigHWkiB B YKpaiHi, a Takox
Hali BNacHi pesynbTaTy BXe Ha JaHOMY eTani JOBOAsSTb
BaXNMBICTb 3any4YeHHs MarHiTHUX MeTOAiB AOCNiAXEHHS
BEPXHbOI YaCTUHM reornoriYHOro po3pisy Ta I'PYHTOBOrO MOK-
puBY 3 METOI NoLLYKiB ByrnesoAHiB. OTpMMaHo NonboBi Ta
nabopaTopHi pe3ynbTaTtv MarHiToMeTpii Ta BMMipHOBaHHS
MarHiTHUX BNaCTUBOCTEN I'PYHTIB Ta HuKYe3anernmx reono-
riyHmx wapis (Menshov et al., 2015). PosnoyaTto nobynosy
Qi3NYHUX, FEOXIMIYHMX Ta MaTeMaTUYHNX MoAeNen BNImBYy
Mirpauii ByrneBoAHiB Ha 3MiHy MarHiTHoi MiHepanorii, a Ta-
KOX BpaxyBaHHS I'pyHTOBMX (abo naHawadTH1UX aHoManin),
AKi NOB'A3aHi i3 NPUPOAHMM MarHeTU3MOM FPYHTIB Ta 3aKo-
HOMIpHOCTSIMU reoMopdororivyHOT Oy0BM TepuUTOopi Nepc-
NEeKTUBHMX Ha noknagu HadTu i rasy (MeHblios, 2018).
OkpecneHi JocnigXXeHHs y CBOIO 4epry po3ainalTbCs Ha
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HM3KY GinbLll NPeLUsiiHNX | TOHKKMX 3aBAaHb. OOHUM i3 HUX
€ notpeba 3'acyBaHHsA Ta NobygoBKU MarHiTHOI Moaeni nepe-
TBOPEHb MarHiTHUX MiHepaniB y rpyHTax Ta nigCcTUNbHUX ro-
pU3oHTax 3a yMOBM BMAMBY Mirpauii dpntoigy.

OTxe, MeTO [aHOi CTaTTi € NMPOAEMOHCTpyBaTh Cy-
YacHe GayeHHs, anropuTM Ta iHTeprnpeTauilo MexaHi3mis
¢dopMyBaHHS ayTOreHHMX (giareHeTUYHUX) MiHeparniB y rpy-
HTOBOMY MOKPUBI Ta MiACTUIBHUX TOPU3OHTaXx nig BMSIMBOM
BYrNeBOAHIB.

CmaH nipobnemu 0ocridxeHb. paBiTauiiHi Ta MarHiTHI
OOCNiAXeHHS AaloTb 3MOry BUSIBUTM aHoManii, siki NoB'a3aHi
3 0cobnmBocTAMM hi3NYHOTO PO3BUTKY FPCbKMX MNopig Ta
I'pyHTIB (rycTuHa, marHitHa cnpunHaTnmeicte (MS, MC, x),
HamarHiveHicTb (IRM)), a komnnekcHa iHTepnpeTauis gono-
Marae 3po3yMiTn hopmy Ta NPOTSHKHICTL BaceliHy, CTPyKTy-
PHi HEO[HOPIOHOCTI, pO3TallyBaHHS pPO3MOMIB, MMUBUHY
3andaraHHs  QyHOAMEHTY, HasiBHICTb MarmaTtudHux Tin
(Craig, & Quagliaroli, 2020). ¥ po6orti (Gadirov et al., 2022)
gusyarnucs ocobnueocmi rpaBiTaUiiHOro Ta MarHiTHOro no-
nig, 6yno nNOpPIBHAHO OTPMMaHi TEOPETUYHI pe3ynbTaTtu
3 JaHUMW CNOCTEPEXEeHb, NPOBEAEHO MOAEMOBaHHS Ha po-
poBuwli  MypaaxaHnu CepefHbOKYPUHCBHKOI  3anaauHu.
ABTOpU OTpUManu Big'eMHi aHoManii MarHiTHOro Nons iHTeH-
cuBHicTio y 20—30 HTN pa3oMm i3 NOHWKEHUMN 3HAYEHHAMM
MarHiTHOI CNPUMHATAMBOCTI (POPMYyBanbHUX Nopia Yy 30Hi no-
Knagy. 3ayBaxumo, Lo aHoMmanii sk MarHiTHoro nons, Tak i
MarHiTHUX BMacTUBOCTEN MOXYTb OyTW pi3HO3HAKOBUMM i
MaTK O3HaKW CUMbHOI NunonodibHoi aucnepcii 3Ha4YeHb No
npodinto. Taki BUNagku BigOMi 3a OQHOYACHOrO po3rnsay
pesynbTaTiB ang AsepbangkaHy Ta YkpaiHum B koonepauii i3
3a3HayeHMmn aBTopamm (Gadirov et al., 2018).

Y BUBYEHHI poJoBULLY HATW | rady BaXSIMBUM € KOMMSe-
KCyBaHHSI MarHiTHMX i reoximiyHux metogis. Hanpuknag, y
poboTi (Sechman et al., 2020) npoBegeHO OLHKY 3B'sI3KY
MiX pO3MnoginiomM NpsiMUX i HENPSAMUX NOBEPXHEBUX reoXiMiy-
HUX MokasHukiB Ana Teputopii 3oBHiWHIX KapnaT lMonbLwyi.
JocnigkeHHs BKNOYano aHania MONeKynspHOro cknagy
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3paskiB 'pyHTOBOrO rasy Ta BMICTY KanbLUuUTy, a TakoX BUMi-
PHOBaHHSA MarHiTHOI CNpUHATANBOCTI Ta pH 3paskiB I'PyHTY.
DocnimkeHHs mictuno 96 npob rpyHTOBOrO rasy, BigidopaHmnx
i3 rMnbuHn 1,2 M, i 96 Npob rpyHTy, B3ATUX i3 rMnbUHK 0,7—
0,8 M. MakcumarnbHi KOHLUEeHTpaLUii MeTaHy, CyMapHUX anka-
HiB C2-C5 Ta cymapHux ankaHis C2—C4 crtaHosunu: 2100,
10,43 1a 0,772 ppm. 3Ha4eHHS MarHiTHOI CNPUARHATAUBOCTI
amiHtoBanucs Big 3,6 Ao 21,5x10°8 m3/kr. BTopuHHI 3MiHK Mi-
HepanbHOro cknagy rpyHTiB MigTBEPOXYOTb, O KOMMMeK-
CHa iHTepnpeTauia pesynbTaTiB, OTPMMaHWX MPSMUMU Ta
HenpsiMMMKU MeToAamu, € L€ NO3UTUBHUM NPUKITAL0M, SKUA
Jornomarae Kpawe 3po3yMiTi CKNnagHuiA MexaHisMm mirpadii
BYIMeBOAHIB. 3ayBaXMMO, LLIO HaBeeHi pe3ynbTaTtu nigTee-
pPOXYIOTb NpoBeAeHi HaMu JochigXeHHs YKpaiHCcbkux Kap-
nat (Menshov et al., 2016).

Poarnsgatoun Ginblw rmubuHHi reornoriyHi hopmadii Ta
BMMWB Ha iX MarHiTHy MiHeparnorito npu mirpauii cntoigis, cno-
cTepiraetbes (Badejo et al., 2021) nigBuLweHHs MarHiTHUX na-
pameTpiB Ha KOHTaKTax ras-Hadpta Ta HadTa-Boaa, Lo TakoX
He3anexHo iAeHTUdIKYETLCS 3a JOMOMOrOK HEMarHiTHUX Me-
ToaiB. 30kpema, NigBULLEHHS 3HA4YeHb HaMarHiYeHoCTi BU-
KIMMKaHO (pOpMYyBaHHAM HOBOrO HaHOMETPWUYHOIO OKCUAY
3anisa (MarHeTuTy) i cynbdigy 3anisa (rpewritoBoi asn).
BayBaxuMo, Wwo 6nm3bki MarHiTHi Mogeni 6yno oTpumaHo i
Hamu ans YkpaiHu, wo 6inblu eTanbHO OnMcaHo HKYE.

HarBuwa iHhopmaTuBHICTb MarHiTHUX MeTogdiB gocara-
€TbCH NPU KOMMMEKCYBaHHi 3 iHLWMMM reoi3an4yHnMu Ta reo-
iHpopmauinHumm metogamu. Pobota (De la Rosa et al.,
2021) ob'egHye cnekTpanbHU aHani3 CynyTHUKOBMX 306pa-
XEHb i3 MarHiTHUMK Ta reoxiMiYHMMN JAaHUMM FiPCLKMX NOopig
(mMarHiTHa CnpuUiHATAMBICTb, i30TEPMIYHA 3anuLLIKOBa Hama-
FHIYEHICTb HACUYEHHS1, CNeKTpopadioMeTpisa NOrMUHAHHA Ta
PEHTreHiBCbKUiA AudppakuinHniA aHanis). Teputopieto BuLLY-
KyBaHb € HadTONEepPCNeKTUBHUI PerioH Ha MiBHIYHOMY 3a-
xogi BeHecyenn (6aceiH  ®anbkoH).  [1BoeTanHum
KriacTepHUn aHania BUAINUB TpW KracTepu, NoB'a3aHi 3 pis-
HUMK pPIBHAMK 3MiH Yy IpyHTax Ta NigCTUMNbHMX MopoAax
(0,3—1 m). Kpim TOro, BUBY4EHHSA MarHeTU3My FipCbKUX Nopig,
Ta eneKkTpoHHO-NapamarHiTHoro pesoHaHcy (EPR) 3paskiB ke-
pHY 3 HadToBOI cBepanoBuHM Yy dpopmauii Vaca Muerta
(na. 3axig ApreHTUHW) CrpusiB BCTAHOBMEHHIO 3B'A3KY MK Mik-
pOMarHiTHUMM aHoManisMu Ta FMMBUHHUMK pe3epByapamu
(Costanzo-Alvarez et al., 2019). 3okpema, TepmiuHa gerpaga-
Lisi KeporeHy, Lo iHaykye dopMyBaHHSA AeLo Gioaerpagosa-
HOI CMpOi HadpTW, BNSMBaE Ha NEPBUHHI OKCUauM Ta cynbdian
3anisa Yepes OBi AiareHeTUYHi ctagii. Ha nepwomy eTani Big-
OyBa€eTbCA 4YaCTKOBE PO3YMHEHHS MiHEpaniB, a Ha ApyroMy
JiareHeTUYHOMY eTani — 3amiHa dpamboiganbHOro nipuTy
ayTOreHHUM MipOTUHOM, LU0 BUSIBNIEHO 3a AOMNOMOIOK CKa-
HyBarnbHOI enekTpoHHOI Mikpockonii (SEM), aHanisy Tepmo-
MarHiTHUX KPMBWX i 3aNULLKOBOI HaMarHiYeHoCTi.

PopmMyBaHHA MarHiTHUX aHOManin Ta ayTOreHHNX MiHe-
panie nig BNnNMBoM Mirpauii cnoigiB MoxHa posrnsgatu i
Ha Ginblw rnobansHomy piBHi (Opntok, & Mawwkesud, 2012).
Y po6orti (Lukin, 2014) Big3Ha4yaeTbcs, WO OCTaHHIMK po-
KaMu pi3Ko 3poCnu OLiHKM BYTNMEBOAHEBOrO MOTeHLjiany 3e-
MHUX Haap, WO NOB'A3aHO 3 BIAKPUTTAM HA(PTOBMX i Fa30BUX
riraHTiB Ha rmmbuHax 4,5-10,5 km. KoHueHTpytounchb y aa-
HOMY KOHTEKCTi Ha MarHiTOMeTPU4HUX OOCHIAXKEHHNAX, Crif
BpaxoByBaTu pesynbtaTtu ([Nawkesuy Ta iH., 2014; Opniok,
& [pykapeHko, 2018), ae HaBOAATLCS AOCHIAKEHHSA MarHiT-
HOI CMPUAHSTIIMBOCTI i LWiNbHOCTI Nopig 0CaAoBoOro 4oxna i
KpucTaniyHoro doyHaamMeHTy 3 8 cBepAnoBuH, NpobypeHmx
Y MiBHIYHO-3aXigHin YacTuHi [HinpoBcbko-[JoHeubpKoro aBna-
KOreHy, y Mexax YepHiriBCbKoro cermeHTy, 3 METOK BCTaHO-
BMNEHHS 3B'A3KY 3 0r0 CTPYKTYPHO-PEYOBUMU KOMMMEKCAMK,
a TaKoX 3 MOXITMBUMMU LLMSIXaMMW NPOXOOXKEHHS | CKYMYEHHS

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

ByrneBogHiB. Kpim Toro, woa0o marHiTHoi MiHepanorii Big-
3HAYaETbCS, WO MNiOBULLEHHST MarHiTHOT CMPUNHSATIMBOCTI
nopig y npoueci HarpiBy Moxe ByTn NOSCHEHO nepexoaamm
nipoTUHOBOI hasn, a TaKoX, NPUCYTHICTIO MaremiToBol chasu
Ta il nepexogom y rematut (OpykapeHko, & Opntok, 2017).

Metoan

3aranbHa MeTogonoria NpoBeAeHHsT MarHiTHUX JOCri-
OXXeHb 3 METOH0 MNOLLYKIB BYrfeBOAHIB OCHOBaHa Ha MeToaax
OOCTNIMXXEHHA MarHeTuaMy npupoaHux ob'ekTiB (y nepluy
Yyepry rpyHTOBOro NoKpuWBY), AeTanbHOI MarHiToMeTpii npu-
POLHMX CUCTEM Ta (PI3NKO-XIMIYHUX MOOENAX 3MiHU MarHiT-
HoI MiHepanorii nig Aieto mirpadii ByrnesogHesoro droigy.

3okpema, icHye Kinbka moenen Takux npouecis. MNeplua
3 Mogenew, 3anponoHoBaHa B poboti (Donavan et al.,
1979), BKNIOYae YTBOPEHHSA BTOPWHHOIO AiareHeTUYHOro
MarHeTUTy B Npoueci mirpauii ByrmeBoAHiB i 6a3yeTbca Ha
3amilleHHi Fe3* 3 remaTtuTy Ha Fe?* 3 marHeTuty. lpyra mo-
aenb (Goldhaber, & Reynolds, 1991) ocHoBaHa Ha Teopii,
Lo aHanisye MarHiTHi MiHepanu cynbgigis. BoHa npunyc-
Kae, Wo 3aMilleHHs NipuTy Bigirpae BupiwanbHy ponb y ¢o-
pMyBaHHi  ayTOreHHOro  HOBOYTBOPEHOIO  MarHiTHOro
MiHepany nipoTUHY, SKWA reHepye aHomanii MarHiTHoro
nons Ta 3MiHIE MarHeTU3M I'PYHTIB Y NPUCYTHOCTI Noknaais
BYIMEBOAHIB. Y HaBeOeHNX BULLE NpoLiecax OCHOBHY POSib
BifirpatoTb  MikpobionoriyHi  Ta TepMOXiMiYHi  mpouecu
(Machel, 2001). LLle ogHa mogens (Elmore, & Grawford), sika
NOSICHIOE (POPMYBaHHSA MiABULLEHOIO CTYMEHs MarHeTU3my
HadTorasoBMIiCHMX 0CafoBUX NMopia i 'pyHTIB, 6asyeTbes Ha
3anyyeHHi y AaHi npolecu cuaepury.

IHCTpyMEeHTanbHO Ta METOANYHO NPOLIEC MArHiTHUX OOC-
nimKeHb BKIOYae NObOBUIA | NabopaTopHUiA eTanu, a Takox
KOMMneKkcHy 0bpobky Ta iHTepnpeTaLlito AaHuX. Y MOMboBKX
yMOBax NpoBOAATb AeTarbHy MarHiToMeTpito no npodinsax
abo nnowagkax. NapanensHO BUMIPIOIOTL 06'€MHY MarHiTHy
CMPUAHATAMBICTL 3@ JOMOMOrOK NMOPTaTUBHUX BUMIpIOBaYiB
Tmny KT-7, MIMB-M i T. iH., TakoX BigbupatoTb 3pasku.

JlTabopaTopHi BMMIipIOBaHHSA MPOBOAATE AK Yy MarHiTHii
nabopaTopii KniBCbkoro HaLioHanbHOro YHIBEPCUTETY iMEHI
Tapaca LleB4yeHka, Tak i nabopatopisix napTHepis: LieHTp
npuknagHnx Hayk npo 3emnto yHiBepcuteTy E6epxapaa
Kapna TwGiHreHa, MNeocpisnuHomy ueHTpi dypbeca, Kopo-
NiBCbKOMY METEeOopOroriYHoOMy iHCTUTYTI Benbrii, yHiBepcu-
TeTi MioHxeHa ToLLo. YCi 3pasky BUCYLLYHOTLCS B MPUPOLHUX
ymoBax. [111s BUMiptOBaHHSA MUTOMOI MarHiTHOI CPUAHATAN-
BOCTi (X) Ta ii TemnepaTypHOI 3anexHOCTi BUKOPUCTOBYHOTb
kanamictok KLY (Agico, Yexist), a onsa 4acTOTHOI 3anexHo-
cti (xfd) — MS2 (Bartington).

MPMS3 (marHiTomeTp Quantum Design) 3acTtocoByoTb
ANs BUMIPOBaHHSA MarHiTHOro rictepesauncy, 4acTOTHOI 3anex-
HOCTI X Ta 3anuLkoBoi HamarHivyeHocTi. MPMS3 3abeaneuye
306ip gaHux y gianasoHi Temnepatyp 1,8—400 K (-271,35 —
+126,85 °C), giana3oHi marHiTHoro nonsi £7 Tn i YacTOTHOMY
AianasoHi 0,1 'y — 1 kl'u. MNeTni rictepesncy oTpuUMYHOTb NPy
30 KenbgiHax (K) i npn 300 K. HusbkoTemnepaTypHui aHania
3anNMLWKOBOI HaMarHiYeHOCTi I'PyHTIB NpoBOAATbL Y Aiana3oHi
Temnepatyp Bia 6nmsbko go 0 go 300 K. BumiptoBay netni
ricTepe3ncy 3acTOCOBYIOTb SIK anbTEPHATVBHUNA IHCTPYMEHT
AN OTPUMAaHHS i30TEPMIYHUX KPUBMX HaMarHiYeHocTi (ricTe-
peswuc, 3BOPOTHE MNOrie) Ta OTPMMaHHS 3anu1LLIKOBOI HamarHi-
YeHocTi y marHiTHomy noni go 0,5 Tn.

Kpim TOro, MarHiTHo-MiHepanoriyHi BUMiptoBaHHS B Mar-
HITHIN nabopaTopii kadeapw aocnimkeHHss 3emni Ta HaBKo-
nuwHbLoro cepepoBuvila MIOHXEHCHLKOrO — yHIBEpCUTETY
JTioasira-MakcuminiaHa BKNOYaOTb BUBYEHHSI TEpMOMarHi-
THUX NapamMeTpiB, Pi3HNX TUMNIB HAMAarHiYeHOCTi Ta MarHiTHoOT
CMPUNHATMBOCTI, @ TAKOX NeTenb rictepesncy 3a 4onoMo-
roto npunagy Variable Field Translation Balance (VFTB).
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VFTB 3abe3nevye MoxnuBiCTb BMMiptoBaHHSA Big -180 go 200 - Mepumii umkn
+800 °C (ogHOYacHe BUMIPIOBaHHA HamarHiyeHocTi Ta mar- 180 -
HITHOI CMPUMHSATIIMBOCTI), i30TEPMIYHOI 3aNULLKOBOI Hamar- 2 160
HiyeHocTi IRM (noBHUI ajianasoH Temneparyp), 380POTHOMO g 140 |
nons (NOBHMIM Aianas3oH Temnepatyp), NeTni ricrepesucy £ 120 -
(noBHWM TemnepaTypHui AdianasoH) i giarpamm FORC. 3a- £ | e Harpio
BASIKM CBOIN BUCOKiM YYTMMBOCTI BiH € ideanbHUM iHCTpyme- g 100 i
HTOM [AnS JOCNiMKEHHs cnabko MarHiTHUX marepianis, g 80 T4 Oxonomentn
TakuXx SK NilaHuK, BanHsK, geski rpyHTU Towo. Ans iHtepn- I 60 -
peTauii BCIX LUMX AaHWX BUKOPUCTOBYIOTb CrneLlianbHe npo- = 40 -
rpamHe 3abesneveHHss RockMag Analyzer. 20 -
PesynbTatn 0 , :
Y pocnigKeHHi MarHiTHOI MiHepanorii FpyHTIB BaXnMBUM 0 200 400 600 800
€ po3bpakyBaHHS mxepen hopMyBaHHs LmX MiHepanis. Y Binb- Temneparypa °C
LUIOCTi BUNaAKIB FPYHTOBMI MOKPUB BMILLYE MiHEpani FpyHTO- Puc. 1. TemnepaTypHa 3anexHicTb MarHiTHOI
TBIiPHOrO (NeAOreHHOro) MOXOMKEHHS, ayTOreHHi BTOPWHHI CMPUINHATANBOCTI ANs 3pa3ka FPYHTY 3 FOPU3OHTY A
MarHiTHi MiHepanu, a TakoX iHOAj N AeTPUTOBI yNbTpaaucne- 3 BUAUMMMM O3HAKaMM HaCU4eHHs BYrNeBOAHAMM
PCHi MarHiTHi dhasu. [nsa YkpaiHM HaunoLwmMpeHilWmMMm MarHit-
HAMWM MiHepanamMu Tr'pyHTIB MNELOreHHOro MOXOKEHHS € Ha puc. 2 ansa uboro x 3paska HaBeAeHO KpuBY BU3Ha-
MarHeTuT, MareMmiT, a Takox AeLwlo GinbLu cknaaHi y ceoiit ine- YEHHS1 HU3bKoTeMNepaTypHOi 3aneXHOCTi MarHiTHoOI cnpuii-
HTUIKaLii remaTuUT Ta reTut. Y TOW e 4yac [OoCBig npose- HATIUBOCTI. £k BMAHO, nepexoan Bepees Ta MopiHa, a
OEHHS1 MarHiTo-MiHepanoriYyHnx aHanisie r'pyHTiB 3 pogoBKLL TaKOoX i30TpONHa TOUKa MarHeTUTy He ineHTudikytoTbCs. Lie
HadTW i ragdy BKa3dye Ha HasiBHICTb cynbdigis 3aniay. Y nepLuy NiATBEPIAXKYE MOXNMBICTb AOMIHYBaHHS MiPOTUHOBOI (hasu
yepry igeHTUMIKYETECH MOHOKNIHHMIA MIPOTUH. TakoX y rpyH- SIK OCHOBHOIO MarHeTunka TepuTopii Noknagis ByrneBOAHIB.
Tax MICTATbCA W CyMyTHi rekcaroHanbHWI NipoTWH, MipwT, a
ans GinbL rmmboko3anernmx reosoriYHMX ropu3oHTIB — rpeii- 15 1
riT. [lns intocTpauii 3a3HavYeHnx JaHnX HaBeaeMo Kinbka npu-
KNafiB MarHito-miHepanoriyHMx aHanisiB 3paskiB 3 TepuTopil 13 1
noknagis BYrneBOOHIB.
Y MeToauLi MarHiTo-miHepanoriYyHUMX 4oCHigKeHb O4HUM 117
i3 Hambinbw iHOpMaTUBHMX € TEPMOMAarHiTHUN aHanis. o o |
Komnnekc TepmomarHiTHMX BUMIiptOBaHb MarHiTHOI Crnpui- =9
HATNUBOCTI Ta 3aNULLKOBOI HaMarHiYeHOCTi MPW HarpiBaHHi 7 4
Ta OXONOMXEHHI A0 TemnepaTypu pigKkoro asoTy Aas 3mMory
iaeHTnikyBaTM OCHOBHI MarHiTHI hasn ang 3paskis pogo- 5 |
Buwa OpxoBnya. binblw AeTanbHO pe3dynbTatn MarHitome-
TPUYHUX | MarHiTHUX AocrnimxeHb ony6nikoBaHi B HaLuin 3 ‘ : ; )
poboti (Menshov et al., 2015). Ha puc. 1 npeacrtaeneHo -180 -130 -80 -30 20
TepPMOMarHiTHUA aHania MarHiTHOI CNPUMHATNNBOCTI 3paska T,°C
rPYHTY, BiiGpaHoro nopy4 i3 CBEPANIOBMHOIO 3 YACTKOBUM Puc. 2. Pe3ynbTaT HU3bKOTEMMNEPaTypHOro aHanisy
HAaCUYEHHsIM BYIMeBOAHEBOI peyoBMHOW. Kpua Harpi- MarHiTHOT CIPUIHATAMBOCTI FPYHTY pogoBuia OpxoBuyi
BaHHS ifeHTMIiKye NipoTMHOBY hady sik OCHOBHUI depima-
FHITHUA MiHeparn. Ha puc. 3 HaBegeHo pe3ynbTaTu BUBYEHHS HU3bKOTEM-
nepaTypHuX XapaKTepuUCTUK 3anuLKOBOI HaMarHiyeHocTi,
OTpMMaHi 3a [JOMOMOrol MarHiTOMeTPUYHOI  CUCTEMU
Quantum Design's MPMS 3.
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Puc. 3. TemnepaTypHuUii aHani3 3anMLLIKOBOI HaMarHiyeHocTi pogoBuila OpxoBuui:
a — kpuBi HarpiBy ZFW (cuHs) Ta oxonomxeHHst ZFC (4epBoHa); 6 — nepLua noxigHa pisHuui ZFC-ZFW
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[Jocnig npoBoaMBCA No3a BMIIMBOM 30BHILLHLOTO MarHiTHOro
nonsi, a 3anuLLIKOBY HaMarHi4eHiCTb OTPUMaHO Y BUCOKOMY Mar-
HITHOMY noni 7 Tn 3a KiMHaTHOI TeMnepaTtypy. laeHTudikyeTbcs
abCcontoTHUIA MakcuMyM Ha nosHauui y 113,5 K, wo Bkasye Ha
nepexig, Bepeest ona marHetuty. BogHoyac kpyTuaHa Haxuny
KPUBKX MICNsi NPOXOMKEHHS 30HM BepBesi Ta i30TPOnHOI TOYKU
MarHeTuTy He Benuka. To6To AoMiHye ApiBHO3epHMCTUIN MarHe-
TUT B 0OHOAOMEHHOMY (SD) cTaHi NpypoaHOro I'pyHTOTBIPHOTO
reHesucy. 3a3HaveHa TeHAEHLis XxapaKTepHa Ans I'pyHTiB Tepu-
TOpIN MOKMadiB BYrMeBOAHIB 3@ YMOBMW BiACYTHOCTI MO3ipHUX
03HaK HacudeHHs doritoigom. Lle niaTeepmkye 3a3HaqYeHy Hamu
BULLE Tesy, LU0 3a3Bu4all y IPyHTOBOMY MOKPMBI OAHOYaCHO
nepebyBaloTb MarHeTUKU MeJOreHHOro Ta ayTOreHHOro reHe-
3ucy. [MpoTe 3a yMoBU 36inbLUEHHS pO3ainbHOI 30aTHOCTI KpUBMX
hikcyeTbCA NipoTnHOBa hasa Ta nepexin becHyca B AjanasoHi
Temneparyp 3040 K.

I'pyHTOBWIA MOKPUB [HiNPOBCbKO-[OHELIbKOT 3anafuHu Xa-
paKTepu3yeTbCs BULLMMU NPUPOOHUMM 3HAYEHHSIMU MarHiT-
HOi CMPWAHATIMBOCTI, @ OTXe, Y cKnagi rpyHTy HasiBHa
Ginblua KinNbKiCTb MarHiTHUX MiHepanis, siki NOTEHUIAHO Mo-
XyTb OyTn ayToreHeTUyHo 3MiHeHumu. [na  po3ymiHHSA

Sarmple: NED PR 0403 Tc

Mag [Arm®kg]
0.02
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100 200 300 400 500 &00
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MarHiTHOI MiHepanorii faHoro o6'ekTa po3rnsiHeMO pe3yrb-
TaTM TEPMOMArHiTHOrO aHanidy 3paskis, BigibpaHux nobnmay
cBepanoBuHu (Touka PR 28), Ta Ha AinaHUi, po3TalloBaHiin
nosa 30Hot BNNMBY ByrneBogHiB (Touka PR 0403) pogosuila
HepinbHa. Binblw geTanbHO pe3ynbTaT MarHiTHUX BULLIYKY-
BaHb JAHOro POAOBWLLA HABEAEHO B HaLwin ny6nikauii (MeHb-
wos, 2021). Ona A[ocnigkKeHHA MarHiTHUX napameTpis
BuKopucToByBaBcs npunag Variable Field Translation
Balance (VFTB). TepMomarHiTHi aHaniau 3anuLiKoBoi Hamar-
Hi4YEeHOCTi MOKa3ytoThb, LLO MiCMs HarpiBaHHA 3paska 4o Temne-
patypun 700°C nig 4ac OXOnMomxeHHs BiAOyBaeTbCH
He3HayHe 3MEHLUEeHHSA HamarHiYeHoOCTi 3paskiB. Takox cna-
OaHHs1 HamarHiYeHocTi (hikcyeTbca 3a Temnepatypu 6nmnsbko
580 °C, Lo cBig4UTb NPO HasIBHICTb MAarHETUTY SIKk OCHOBHOI
MarHiTHOI hasm (puc. 4). 3anuwkoBa HamarHi4eHicTb Npobw,
AKy B35T0 6ins cBepanoBuHuM (puc. 4a), BuLLa, HiX Ans npodu
doHoBOI AinsHkn (puc. 46). Taka noseaiHka IRM Bkasye Ha
MOXIMBUIA BMNMB Mirpadii dontoigy Ha marHiTHi MiHepanu
I'PYHTIB, @ TakOX Ha MOXNUBUIN rano-edpekt. PesynbraTtn
reoxiMmiyH1x gocnimxeHb y Touui PR28 3adikcyBanu makcu-
MYMW rasoreoximiyHmx napameTpis.
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Puc. 4. TeMnepaTtypHa 3anexHicTb 3anu1LIKOBOI HAMarHi4eHoCTi:
a — npoba, BigibpaHa 6ins ceepanosuHu; 6 — Nnpoba, BigibpaHa Ha POHOBIN QinNsAHLI

3 MeTow nigBULLEHHA OAHO3HAYHOCTI iHTepnpeTadii
pesynbTaTtiB TepMoMarHiTHoro aHanidy IRM poarngHemo
O00AaTKOBO aHania TemnepaTtypHUX 3MiH MarHiTHOI cnpui-
HATNUBOCTI (puc. 5.)
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Puc. 5. TeMnepaTtypHa 3anexHicTb MarHiTHoi
CNPUAHATNUBOCTI ANsA 3pa3ka, BigiopaHoro y Mexax pogoBuLLa
BYrneBOAHIB No6nn3y cBepAnoBUHU, Touka PR 28
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3MiHM MarHiTHOI CNpUHATAMBOCTI B Aiana3oHi Big 200 oo
400 "C moxyTb BigobpaxaTu NpUCYTHICTb cynbdigiB 3anisa
abo maremity (Mathé, & Lévéque, 2005). Takox Taka noBegi-
HKa TEPMOMarHiTHIX KPMBMX BKa3ye Ha HasiBHICTb ApiOHOAM-
CrepcHMX MiHepaniB y OAHOOAOMEHHOMY cTaHi (SD) 3a
KiIMHaTHOI TemnepaTtypu, siKi nepexoasTb y cyneprnapamMarHir-
HUM ctaH (SP), skwo Temnepartypa 3pocrtae (Rijal et al.,
2012). Mik 3a 500 ‘C HawuacTiwe iaeHTUDIKye HOBOYTBO-
PEHHS1 MarHeTUTY. Y TOW e Yac BiH Moxe OyTu pe3ynbTaTom
OKMCHEHHS MipuUTy Ta iHLWKMX Cynbdiais ByrneBogHEBOro Noxo-
IXKeHHs 0o mMarHeTuTy. Temnepatypa Kiopi 6nmsbko 580 °C
niagTBEPAXYE HasIBHICTb MarHETUTOBOI (ha3n, NpoTe Len nik
He nepeBaxae, WO NiTBEPAXKYE MPUMNYLLEHHS NPO reHe3nc
3MiHM TemnepaTyp y gianasoHi 200400 °C 3a paxyHok AoMi-
HyBaHHs1 y 3pa3ky nipoTuHy abo maremity.

AHanoriyHui TMN TepMOMAarHiTHUX KPUBMX NpU Harpi-
BaHHi Ta aHanisi MarHiTHoi CnpuUUHSTNAMBOCTI Gyno oTpu-
MaHo ans Py6GaHniBcbkoro poposua lMNepegkapnaTcbkoro
nporuHy (puc. 6).

[[0NoBHOO BigMiHHICTIO € Binbll HM3bKi abCoNOTHI 3Ha-
YEHHS MarHiTHOI CNPUIAHATIMBOCTI NOPIBHAHO 3 HepinbHot
NoLLeto, OCKINbKN AepHOBI Ta MYYHi FPYHTU € B Kifnbka pasis
MEHLL MarHiTHUMM NOPIBHSAHO i3 YOpHO3eMamu YKpaiHu.
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Puc. 6. TemnepaTtypHa 3anexHicTb MarHiTHol
CNPUNHATNNBOCTI ANns 3pas3ka, BigiopaHoro
y Mexax poaoBuLLa ByrneBoAHiB No6nu3y cBepAnoBUHU
Pyb6aHiBCcbkoro pogoBuuia

Lunckycis i BUCHOBKM

3aBgaHHs edeKTMBHOI Ta OAHO3HA4HOI iHTepnpeTauii
pesynbTaTiB MarHiTo-MiHepanoriYHMX aHarnisis He 3aBXAu €
NPOCTUM | BUMarae KOMMNIEKCHOro 3arny4YeHHs BCi€i HasgBHOI
AoaaTtkoBoi iHpopmauii. MarHiTHi MiHepann MoxyTb dop-
MYBaTUCA LMSXOM OKUCHEHHs Fe?*, abo wnsxom pereHepa-
uii Fe®* marditotaktuuHummu GakTepismu (Lovley et al.,
1989). MarniToTtakTuyHi 6akTepii BigHoBnoWTL Fe®*. Mpu-
YOMY BOHM 30aTHi BiQHOBIOBATM BUCOKOKPUCTaMiYHi MiHe-
panu Fe%*, 3okpema remMartuT, reTUT i MarHeTuT, a Takox
noraHo kpuctanisoaHun depurigput (Weber et al., 2006).
ByrnesogHi B ocagoBux nopogax i rpyHTOBOMY MOKPWBI, Y
CBOIO Yepry, BMNMBalOTb Ha OKMUCHIOBadi Fe?*, a Takox Ha
BiagHOBHMKM Fe3*. MocnigoBHo Fe2* moxe okucHioBaTUcs
aHaepobHUMK Ta aepobHUMK Fe2* marHiToTakTUYHUMK Bak-
TepisiMK, SIKi TakoX MOXYTb PerynoBaTh YyTBOPEHHSI MarHe-
TnTy (Kappler, & Straub, 2005). OkucHo-BigHOBHI npouecu i
MarHeToTakTU4Hi 6akTepii Ta iHWi opraHiaMun BNNMBaloTb Ha
3MiHy dhepomarHeTuKiB MiHepanis i B pe3ynbTaTi 3MiHIOTb
MarHiTHy CIPUNHATAMBICTb | HAMarHiYeHicTb I'PYHTOBOrO Mo-
KpvBY Nig BNNMBOM Mirpadii contoigy Big BnacHe noknagy Ao
BEPXHbOI YaCTUHW reornoriYHoro po3pisy.

Omke, MarHiTo-miHepanoriyHi JOCniAKeHHS HaJalTb
BaXnuBy iHpopmauito Wwoao iaeHTudikauii MmarHiTHUX a3 i3
BpaxyBaHHAM Tuny rpyHTy. MarHitTHa CnpumHATRUBICTL Ta
3anvLWKoBa HaMarHivyeHicTb 3paskis, ski BiabmpatoTecsa 6ing
CBEPAOBWH, HalyacTille XapakTepu3ylTbCs BULLMMM 3Ha-
YEHHAMW MOPIBHAHO 3 POHOBMMMK 3paskamu. [poTe ikcy-
HOTbCH | NPOTUNEXHI BUMAOKM 3 NMOHWXEHUMU BEMUYMHAMM
Ta opMyBaHHAM Bif'€MHMX aHOMani Hanpy>KeHoCTi MarHiT-
HOro nons. Y BCiX UMX BUNagKax 3anuwkoBa HamMarHiYeHicTb
Ta MarHiTHa CNpUMHATAMBICTb BKa3yloTb Ha NPAMUA eqdoekT
MiKpOMPOCOYYBaHHSA, a TakoX 3ragyBaHun rano-edekT. Bo-
OHoYac HeoOXiAHO BpaxoByBaTW pe3ynbTaTh reoXiMivyHMX
obCcTexeHb Ta iHWi reodisanyHi metoan i neTpodisanyHi na-
pameTpu. Bapiauii MarHiTHOT cCnpMnHATAMBOCTI 3a Temnepa-
Typ Big 200 go 400 “C y 30Hax noknagiB ByrneBOAHIB YacTo
€ ineHTudikaTopamm npucyTHOCTI cynbdiais 3anisa. Y cBowo
yepry, MarHeTuT TpannseTbCcs y BCiX r'pyHTax i Moxe 6yTn
neforeHHoro, ayToreHHoro abo AeTpUTOBOrO MOXOOXKEHHS.
KopucHo 3anyyaTu aHania netni rictepesncy, OCKinbku ii
dopma "ocuHoi Tanii" igeHTUdikye cymill ABOX MarHiTHUX
MiHepanis (Hanpuknag, MarHeTUTy Ta rematuTy), a Takox
AOMILLKM cynepnapamarHiTHUX i BinbLUnx KpYnHMX 3epeH TUx
camux MiHepanis.

AHaniz BnnvBY Mirpauii ByrnmeBogHeBoro ¢nwigy Ha
3MiHYy MiHepanbHOro cknagy rpyHTIB BKasye Ha 3HaudyLuy
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iH(bOpPMaTMBHICTb Ta NEepPCrnekTUBHICTb BNPOBaAXEHHS Me-
TOOY Y KOMMIEKC reonoropo3eigyBanbHUX poGiT Ha Pi3HUX
eTanax. AyTOreHHi 3MiHM MarHiTHUX MiHepaniB y BEpPXHii Ya-
CTWHI reonoriYyHoro po3piady Ta rpyHTOBOMY MOKPMBI, @ TaKOX
NpUPOAHE Ta aHTPOMOreHHE HaKOMWYEHHS! BYrNEBOAHEBUX
NPOAYKTIB Y PYHTaX CNPUYMHIOE 3MiHY MarHiTHUX BNacTUBO-
cten Ta dopmye aHomanii marHiTHoro nonsa. CcopmoBaHi
TakMM YMHOM [iareHeTWYHi MarHeTVKu MOXyTb MiaBULLY-
BaTu abo MOHWXYBaTW BENUYUHM MarHiTHUX napamMeTpiB
I'PYHTIB y MexXax apeaniB po3CiloBaHHSA BYrfeBOAHIB i Tak
3BaHOI 30HU rano-edekty. MarHiTHi aHomanii r'pyHTiB nepe-
OyBatloTb Y TICHOMY 3B'AI3Ky 3 aHOManigaMy MarHiTHOro nons,
reoxXiMiYyHMMKN aHoManiIMKU I'PYHTIB Ta NiACTUNBHUX FOPU30OH-
TiB. |0€HTUDIKYETLCA HasBHICTb ayTOreHHUX cynbdifis 3a-
nisa (rpewrit, NipoTUH), WO OPMYIOTbCS Y FpyHTax nig
BMMVBOM BYrneBoAHiB. [MapanensHo NpuCyTHI ynbTpaguc-
NepcHi okcnam 3anisa rpyHTOTBIPHOIO MOXOKEHHA, Hacam-
nepe MarHeTuUT i MaremiT. YCi MarHeTukn He NepeBuLLYOTb
nceesgoofgHoAoMeHHun ctaH (PSD). MarHiTHi mMeTtoam Ha
CbOrOfHi € HOCIEM BaXXINMBOI iHbopMalLlii y Komnnekci HadTo-
ra3onoLUyKkoBMX poBIT y Mexax KrMacuyHuX, kapboHaTHUX i
HeTpaguuiiHMX pogoBuL, HadTh Ta rasy B YKpaiHi.
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FLUIDS MIGRATION IMPACT ON SOIL MAGNETIC MINERALOGY

Background. The warin Ukraine arises the urgent need to intensify hydrocarbon production on its own territory in order to maintain and
develop the country's energy independence. The effectiveness, low cost and relevance of the involvement are demonstrated by magnetic methods of
studies of the near surface geological section and the soil for the oil and gas prospecting.

Methods. The methodology of magnetic studies for the hydrocarbon prospecting is based on the methods of studying the environmental
magnetism and soil, precision magnetic survey of natural systems and authigenic models of changes in magnetic mineralogy under the influence of
hydrocarbon fluid migration.

Results. The crucial aim is to distinguish the sources of the formation of the magnetic minerals. In most cases, soils contain minerals of natural
pedogenic origin, authigenic secondary magnetic minerals, and sometimes detrital fine-coarse magnetic phases. For Ukraine, magnetite, maghemite, hematite,
and goethite are the most common magnetic minerals of soils of the pedogenic origin. At the same time, the experience of conducting magnetic mineralogical
analyzes of soils in the territories of oil and gas deposits indicates the presence of iron sulfides. First of all, monoclinic pyrrhotite is identified. The soils also
contain accompanying hexagonal pyrrhotite, pyrite, and greigite. The results of thermomagnetic analyzes and hysteresis loops of soil samples collected at the
territories of hydrocarbon deposits are presented and their mineral composition is analyzed.

Conclusions. The results of the study of the impact of hydrocarbon fluid migration (microseepage) on the change in the mineral
composition of soils indicate significant informativeness and the perspective of introducing the method into the complex of geological exploration
works at various stages. Authigenic changes of magnetic minerals in the near surface geological section and soil, as well as natural and
anthropogenic accumulation of hydrocarbon products in soils, cause changes in magnetic properties and form magnetic field anomalies.

Keywords: soil, magnetic minerals, magnetic susceptibility, fluids, hydrocarbons.
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'NepxaBHa ycTaHoBa "IHCTUTYT reoXimii HABKONIMILHBLOrO CepeaoBULLA
HauioHanbHoi akapemii Hayk Ykpainu", KuiB, YkpaiHa

MIHEPAJIbHI TA ®I3UKO-XIMIYHI 3MIHN MAFHETUTOBUX KBAPLIMTIB
BANNABKMHCbLKOIro TA HOBOKPUBOPI3bKOIro POOOBMUIL KPUBBACY
B MPOLIECAX iX NEPEPOBKM

(MpedcmaeneHo 4YneHoM pedakuyiliHoi koneail 0-pomM 2eos. Hayk, npogh. O.B. MumpoxuHum)

BcTyn. 3 Mmemor docnidxeHHs MiHepanbHUX ma ¢hi3uko-xiMiyHuUXx 3MiH, w0 8idbyearomsncs i3 3asi3Hoto pydoro (MazHemumo-
euMu Keapuyumamu) BansiekuHcbko20 ma Hoeokpueopizbko2o podosuw; Kpueopiabko20 3anizopydHozo 6aceliHy npu eudobymky ma
nepepobuyi pyou Ha 2ipHU4o-36a2ayyeanbHoMy kom6biHami lMAT "ApcenopMimman Kpueuti Pi2" npoaHanizoeaHo mexHos02iyHuli npo-
yec i eidibpaHo npedcmaeHUUBLKI MPO6U MPOMS20M YyCb020 MEXHOJI02IYHO20 NTaHUIOXKa euG0b6ymKy ma 36a2ayeHHs] KOPUCHOI Kona-
JIUHU: MagHemumosull Keapyum (pyda) y npupodHoMy 3ansieaHHi — pyda nicnsi eubyxy — pyoda nicniss OpobrieHHs Ha OpPo6UIIbHUX
ghabpukax — npoMixkHi MazHImMHI npodykmu i xeocmu ycix cmadil 36azavyeHHsI — KiHYesuli MacHemumoaul KOHUeHmpam.

M e T o 4 u. OmpumaHulii MiHepanbHUli Mamepian eue4eHO KOMIMJIeKCOM J1abopamopHo-aHaimuYyHuUX OocCslio)KeHb, KUl eKro4ae
MiHepazpaghidHi, nempoepadpiyHi, ennekmpoHHO-MiKpockoniyHi docnidxeHHs 3ani3Hoi pydu, peHmeaeHogiyopecyeHmHuli Memod ma
amoMHo-emiciliHuli cnekmpanbHUl aHani3 (@U3Ha4yeHHs1 eMicmy Makpo- i MikpoenemeHmie y auxioHili pydi, MazHimHOMYy KoHUeHmpami
ma xeocmax), peHmzeHooubpakyiliHuli aHani3, Mikpo3oHAoeul aHasi3 Ma2zHiMHO20 KOHUeHmpamy ma xeocmie, mepMozpagimempuy-
Hull aHani3, xpomamogzpagidHuli Memod (8u3Ha4yeHHsI MUMOMOI Mo8ePXHi pe4oeUHU), ceGuMeHMauiliHuli aHasi3, eUMiPrO8aHHSI MazHi-
MHUX Xapakmepucmuk ma iH.

Pe3ynbTaTtun. BcmaHoesneHo, w0 Ha nepwomMy emani 2ipHu40006yeH020 eupobHuymea (6yposubyxoei po6omu, ApobrieHHs1
PYyOu e kap'epi ma Ha OpobusbHiIli ghabpuyi) icmomHux 3MiH 3anacie KOPUCHUX KonasuH He eidbyeaembcsi. Ha HacmynHomy emani anu-
60Koi nepepobKu KOPUCHUX KornanuH Ha pydo36azayyeanbHil ¢habpuyi, nid 4ac siko2o pyda npoxodums mpu cmadii NodpibHeHHs1, Kna-
cudpikayii, dewnamayii, MOKpPOi Ma2HImHOI cenapauii, ymeoprorombcsi 0e8a abcosIromMHO Hosux MPodyKmu — MasHemumosul
KOHUeHmpam i xeocmu, siki OOKOPIHHO 8i0pi3HArOMbCS 8i0 8UXiOHOT pydu — sik Ha MOPOOGHOMY, makK i Ha MiHepaslbHOMY Pi8HSsIX.

B u c Ho Bk u. Byno obrpyHmoeaHo, ujo e npouyeci 36a2a4eHHs1 MaezHemuImoeux Keapyumie iclmomHo 3MiHIOIMbCS1 CMPYKMYPHO-
meKcmypHi xapakmepucmuku, MiHepanbHUU, XiMiYHull cknad, aepeeamuyull cmaH pyodu, cmpyKkmypHi ma KpucmasoxiMmidHi ennacmueo-
cmi 0CHO8HO20 pyOHO20 MiHepasy — MazcHemumy.

Knwo4yoBi cnoBa: Kpueopi3bkuli 3anizopyoHuli 6aceliH, MazHemumosi keapyumu, 36a2a4eHHsi, Ma2Hemum, KOHYeHmpam
mexHoMiHepasogisi.

Betyn

Mepepobka Ta 3b6arayeHHs pyn MeTaniB cnpsMOBaHi Ha
BiJOKPEMIEHHSA KOPUCHOI KOMMOHEHTW Bid HEPYAHOI pevo-
BVMHU. BogHo4ac BigbyBaeTbcsi 3aKOHOMIpHa 3MiHa i3ny-
HOro Ta XiMiYHOro cknagy pyad, KOHUEeHTpauis LiHHOro
KOMMOHEHTY MOPIBHSAHO 3 BMXiAHUMWU pyaamMu Moxe 36inb-
LyBaTUCh Y AECATKWU, COTHI N HaBiTb TUCAYi pasiB.

Ha 3baravyBanbHux dabpukax KOPUCHI KonanuHu npo-
XOASITb KiflbKa NOCIiAOBHUX TEXHOMOTYHMX MPOLECIB, SiKi 3a
CBOIM NPU3HAYEHHSIM NOAINAITLCS Ha MiArOTOBYi, OCHOBHI i
aonoMikHi. OAHMM i3 KMYOBUX MiAFOTOBYMX MPOLECIB €
Apo6neHHs i noapibHeHHS pyau.

MexaHiyHuni BnnvB Ha pygy — Gyposubyxosi pobotun y
Kap'epax, NocnigoBHE 3MEHLLEHHS PO3Mipy LUMaTKIB pyau Ha
ApobunbHNx habpukax Ta TOHKe noapibHeHHs Ha pyao3ba-
radyyBanbHUX dpabpukax — CnpsIMoOBaHi Ha AesiHTerpaLito no-
poaV i po3KpUTTS 3epeH MiHepaniB Ans 3abe3neyeHHst yMoB
HanbiNbLW MNOBHOMO BWUMYYEHHSI KOPUCHOTO KOMIOHEHTY.
Lopoky Ha nodpiGHEHHs pyau Y CBIiTi BATpayYaeTbCs noHag
5 % Big 3aranbHOro piyHOro BUPOBHULITBa eneKkTpoeHeprii Ta
MinboHn ToH cTani (Musa, & Morrison, 2009; Si et al., 2021).

3rigHO 3 uYMCnEeHHVMMU [OoCHiAXKEHHAMN, NoAPIOHEHHS
pyom npu 36araveHHi yaBnseTbCa He SiK NpocTa 3MiHa pos-
MipiB YaCTMHOK, a 9K CKrnagHui 4oi3nKo-XiMidHUIA npouec, B
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AKOMY 3MIHIOTBCS i I3UYHUIA CTaH, i XiMiYHi BNacTUBOCTI
pEeYOoBUHM, IO NOAPIOHIETLCS. 30KpeEMa, 3MIHIOETLCH eHe-
preTuyHWiA cTaH nogpibHeHol pevoBmHU. Lli ABMLLA MOXYTb
CyTTEBO BMAMBATM Ha TEXHOMOMYHUA LMKN i SKICTb KiHLe-
BOrO MPOAYKTY.

BrBYEHHS Takmx 3MiH y npoLiecax nepepobku 3aniaucTmx
kBapuuTie KpvBbacy € akTyanbHWM, OCKifnbku Moxe OyTu
CMpsIMOBaHe Ha BAOCKOHAIEHHS iCHYHOUMX cxeM 3baravyeHHs
ans 6inbl NOBHOrO BUMYYEHHSA KOPUCHOrO KOMMOHEHTY, Ha
KOMMMEKCHe BUKOPUCTaHHS MiHeparnbHOI CUPOBWHN Ta BAOC-
KOHareHHS OLHKM eKOMOrivYHMX pU3KnKiB Bi, pO3MILLEHHS Big-
XxoAiB 30arayeHHs! B MiCLSIX BUAANeHHs BiaxoaiB.

KpiMm TOro, octaHHiM Yacom, y 3B'A3Ky 3 BUMOramu eko-
HOMIYHOrO Ta hickanbHOro xapakTepy, BUHMKNa notpeba ni-
OTBEpPOUTU YU CMNpOCTyBaTW HAasIBHICTb "AKiICHOI 3MiHK
MiHeparnbHUX hOpM KOPUCHUX KonarnwH, ix arperaTtHo-haso-
BOrO CTaHy, KpMCTanoxiMmiyHoi CTpykTypu", 3okpema Ans ma-
rHETUTOBMX 3ani3nCTUX KBapumTiB pogosul, KpnBopisbkoro
OaceliHy B npouecax ix nepepodku (Muxannos Ta iH., 2022).

Memoro po6omu € aHani3 MiHepanbHMX Ta 4i3nKo-XiMiy-
HWUX 3MiH 3ani3ucTUX MarHeTUTOBMX KBapuuTiB BansBkuHCHL-
koro i HoBokpuBopisbkoro pogosuiy Kpuebacy B npouecax ix
nepepobku Ta 36araveHHs1 Ha ripH14o-36aradvyBanbsHOMY KOM-
Ginari MAT "ApcenopMittan Kpusui Pir" (NMAT AMKP).

AHani3 nonepedHix docnidxeHb. Pisvko-xiMiyHI sBULLa,
LLIO BMHMKaOTb Nig Yac nepepobku Ta 3b6aravyeHHs pya, B1BYa-
HOTbCSA B paMKax TakMx HayKOBWX HanpsIMKIB, SK MexaHoXiMis,
MeXaHiYyHa akTuBaLjsl i TexXHororiYHa MiHepanoris.

lMpoBeaeHi oo TenepiHbOro Yacy AOoCHioKEeHHA AalTb
3MOry CcKnactM OocuTb MOBHUMW nepenik isnKo-xiMivyHNX
3MiH MiHepanbHOI pe4oBMHU, Lo NPOXOAATb Nig Aicto Mexa-
HiIYHMX CWUN, Ta HaBeCTU BIQNOBIAHI NpUKNaau TpaHchopma-
Lii MmaTepianis npv gucneprysBaHHi:

e Mepexia peyvyoBMHUM B HOBY KpucTaniuyHy copmy nig
BMIIMBOM MEXaHIYHUX CU;

e amopdisaLia KpucTaniyHoi pe4oBUHY;

e rigpaTauis npu noapiOHeHHI MiHepanbHUX PeYOoBUH
y BOAI;

e avcouiauia kapboHaTiB Ta iX AecTpyKuis npu nogpio-
HEHHI;

e TBepaodasHi peakuii, iHiLilOBaHi 3a [OMNOMOrot
noapiGHEHHS;

e jOHHE 3aMilleHHs B MiHepanax, iHiuiioBaHe TOHKUM
noapibHEHHSAM;

e 3MiHM TOHKOI KpPMCTarniyHOi CTPYKTypu B pesyrbTari
MEeXaHi4YHOI akTMBaUii Npy NoapiGHEHHI;

e EKCTPaKLisi Ta CEneKTUBHE BUITYrOBYBaHHSA OKPEMUX
KOMMOHEHTIB BHACMiJOK MEXaHOXiMIYHOT AeCTpYKLii MiHepa-
NbHUX PEYOBUH NPY AUCTEPTyBaHHi;

e MexaHOXiMi4YHe po3knagaHHsa cynbdifis npw ix nogpi-
OHeHHi B pigkoMy cepefoBMuLL;

e MNiABULLEHHS XiMIYHOI aKTUMBHOCTI NoApiOHEHMX MiHe-
panbHUX PEYOBWH, LLO NPOSBSAETLCA Y 3MiHi iX cCOpOUiAHOI
34aTHOCTI.

O.10. CeeTkiHa (CBeTkMHa, 2013) TEOPETUYHO OBI'PYHTY-
Bafna Ta eKkcrnepuMeHTanbHO MiaTBepamna, Wo B MPOLECi
NoApiOHEHHS MiHepanbHOI peyYoBMHK, BHACNIAOK Bibpoyaap-
HOI aKkTMBaUii, 3MiHIOTbLCA abcopOLifiHI Ta enekTpUYHI xa-
PaKTEPUCTUKN MOBEPXHI MiHEpaniB; CnocTepiracTbCsa 3MiHa
€neKTPOnpPOBIAHOCTI; YTBOPIOKTLCA TBEPAI PO3YMHM anioMi-
Hilo Ta 3anisa — antoMiHaTIB 3ani3a; cnocTepiraeTbcsa goaa-
TKOBa (06'eMHa) iOHi3aLis Ha aKTMBHIN NOBEPXHi MiHepany;
oKkcuau 3aniza (MarHeTuT i remaTuT) MOXYTb NepeTBOpoBa-
TMCS TONOTaKTUYHWUM LLNAXOM (6e3 pyriHyBaHHSA KpucTaniy-
HOI peLiTKM Ta 3MiHM XiMIYHOro ckragy) Ha iHWi MiHepanbHi
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dopmu, 3a paxyHOK nepeposnoginy ioHiB Mix TeTpaeapuy-
HUMU | OKTaeApUYHNMU NOPOXHUHAMM.

MuTaHHam MiHepanbHUX Ta (Pi3NKO-XiIMIYHUX 3MiH peYo-
BUHM, siKi BigOyBatoTbCcsa nig Yac nepepobku pyn 3anisa, B
TOMY YuChi 3ani3MCTUX KBapUMTIiB 3 pogosuLy, KpuBopisbKoro
OaceiiHy, npucBsaveHo psg  dyHOaMeHTanbHUX npalb
B.l. MNuporoBa Ta iHWMX AOCNIAHMKIB MOYMHaKOUM 3 cepe-
AVIHU MUHYIIOrO CTOPIYYS.

OCHOBHMM MeTo[oM 30ara4eHHss MarHeTUTOBUX 3ani3n-
CTUX KBApUWTIB € MarHiTHa cenapaduis, y 3B'd3Ky 3 Y4M [OC-
NiMPKEHHI0 MarHiTHUX BnacTMBOCTEN pyAd i iX 3MiH mig yac
3baraveHHs npuaingeTbcs 6arato yBaru, 3 MeTOl BAOCKO-
HaneHHs TEXHOMOTYHUX CXEM Ha pyao3baradyBanbHux da-
Opukax. Tak, BCTaHOBMEHO, WO Yy Npoueci NnoapiGHEHHs
3ani3HMX pya OO4HOYACHO i3 3MEHLUEHHSAM PO3Mipy YaCTUHOK
MiHeparnis BiabyBaeTbCA CyTTEBA 3MiHa MarHiTHUX XapakTe-
PUCTMK MarHeTUTy — 3MEHLUEHHS NMUTOMOI MarHiTHOI Cnpun-
HATNUBOCTI, 30iMbLUIEHHA KOEPUWUTMBHOI CWMKM, 3POCTaHHS
Toukm Kiopi BHacnigok pyriHyBaHHs (MOPYLUEHHS) NEPBUHHOIT
OOMEHHOI CTPYKTypu KpucTaniB marHetuty (beneBues,
1989; Nybina, & KapowuHikos, 2004; Lseup, 1962).

MexaHi4yHuin BNAuB nig yac ApobneHHs cnpuunHse 36i-
NbLUeHHS 4edeKTHOCTI KpUCTaniyHoi CTPYKTYpuY 3epeH MiHe-
paniB (MarHeTWTy, KBapLy TOLIO), WO BUpaxaeTbCcs Yy
3MEHLUEeHHi GnokiB KOrepeHTHOro poscitoBaHHA Ta 36inb-
LUEHHI MiKpoHanpy>XeHOCTen BHACNIAOK BUHUKHEHHS MiKpO-
TPILWMH, 3CYBHMX | MAACTUYHMX MiKpogucrokauin Ta
Mikpogedopmauin.

[Mpo 3MiHy CTPYKTYpHOro cTaHy MiHepanis CcBig4uTb Ta-
KOX 3MEHLUEHHS1 MIKpOTBEPAOCTi MarHeTuTy, rematuTy Ta
KBapLy nicns i BHacnigok noapiGHeHHs.

Y xopi nabopaTopHux SOCNIMKEHDb | BUPOOHUYUX eKkcre-
PUMEHTIB, 3 BMCOKMM CTyNneHem LOCTOBIPHOCTI BCTaHOB-
NEeHOo, WO npu noapibHeHHI 3anisHux pya BigbyBaroTbCs
(has3oBi NepeTBOPEHHSA 38 paxyHOK OKUCHEHHSI YaCTUHU Ma-
rHeTUTYy. Y Mipy TOHKOrO MOKPOro noapiGHEHHst pyaHoi pe-
YOBMWHW, BHACNIQOK PO3KPUTTS 3epeH Ta 36inblueHHs iX
NOBEPXHi, MOXNUBI MiHeparbHi NepeTBOPEHHS Y HaNPSAMKY
MarHeTuT-mapTuT-rematut (benesues, 1989).

3a faHnMU eneKkTPOKIHETUYHUX BUMIpIOBaHb (Kpanosui
KyT 3MOYyBaHHs, BOAHEBUWIN MOKa3HWK, {-noTeHujian) y npo-
ueci noapibHeHHsA 3ani3Hoi pyAn 3HAYHOK MIPOK 3MiHI0-
€TbCA (PI3NKO-XIMIYHUIA CTaH NOBEPXHI MarHeTUTY i KBapuy.

Metoan

MAT "AMKP" kap'epHum crnocobom BuaoOyBae 3anisHi
pyau BansBkuHCbKOro i HOBOKpPMBOPI3bKOro pPOAOBMLL.
lNpHU4yo-36aravyBanbHUIN KOMMNIEKC CKNadaeTbcst 3 A00yB-
HOro, APOBUIbLHOrO i 36aradyBanbHOro BUPOOHULTB. BraoobyTok
30iMCHIOIOTL 3a AoroMoroo Byposubyxosux pobit. Ha BHyTpiLL-
HbOKap'epHNX apobapkax BiabyBaeTLCA NepBuMHHE ApPOBNeHHN
PYAHWYHOI Macy Ao po3mipiB He GinbLu sik 1200 mm,

Ha pgpobunbHux dabpukax (OP) Ne 3 i 4 pyaa npoxo-
ONTb YOTMPU cTagii ApoONeHHA 3 NOCNI4OBHUM 3MEHLUEH-
HsIM po3Mipy ynamkis He 6inbL sk 12,5 % knacy +20 mm.

TexHonoriyHa cxema 36ara’yeHHs MarHeTUToBKX 3ani-
3MCTUX KBapuuTiB Ha pyposbaradvyBanbHUx dabpukax
(P3®) Ne 1i 2 Bkntovae Tpu ctagii nogpidHeHHs i knacudi-
Kauii, Tpu cTagii MoKpoi MarHiTHOI cenapadii Ta gewnava-
uii i ctagito 3HeBoaHeHHs. MNMogpiGHEHHsT B LMK MITUH-
riZIPOUUKNOH BeAeTbCA OO0 KPYMHOCTI He MeHWw sk 85 %
knacy — 0,050 mm (abo He meHw sk 95 % knacy —
0,074 mm) Anst BUpOOHULTBA KOHLEHTpaTY psidoBOi SKOCTI
i 4O KpynHOCTi He MeHW gk 98 % knacy — 0,050 mm ans
BUPOBHMLITBA KOHLEHTPATY MNigBULLLEHOI SIKOCTI.

[ns npocTexeHHs BCbOro xoAy 3MiH KOPUCHUX KONanuH
nig Yac Bnao0OyTky i 36arayeHHs 6yno BigibpaHo npodu pyan
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Ta NpoaykTiB ii nepepobkn Ha BCiX NOCMNIAOBHMX eTanax Te-
XHOIOFYHOro npoLecy:

1. OnpobyBaHHsA B Kap'epax. Y kap'epi Ne 2-6ic Banss-
KMHCBKOro pogoBuLla npobu Bigbupanucs y ABOX pyOHWX
eKckaBaTOpHMX BMBOsix Ha rmubuHi 150 Ta 165 M, y kap'epi
Ne 3 BansiBKMHCbLKOrO pofoBMLLa — Y OBOX BMOOSIX Ha rnu-
6uHi 270 Ta 285 M. Y koxxHOoMy BUOOi Bigbupanocsi no ABi
npobu. OgHa npoba — 3 BenukMx GrokiB pyau, O 3HAXO-
OSTbCA Yy BiAHOCHO HeNopyLUeHOMY 3ansraHHi B yCTyni
kap'epy. Ak nepegbadaeTtbes, ua npoba € ripcbkolo nopo-
0ot (pynoto) y ii nepBiCHOMY 3ansiraHHi, WO HaMMeHLe 3a-
3Hana TexHoreHHoro BnnvBy. [lpyra npoba — 3 apobneHoi
BHacnigok BuOyxoBuXx pobiT pyau 6esnocepenHbo 3-nig,
KOBLUA ekckaBaTopa. Ha gopatok 6yno BigibpaHo ycepeaHeHi
npodu pyamn Ha pyoopo3BaHTaxyBarnbHUX MakaHuYmKax Kap'e-
piB BansskuHcbkoro Ta HoOBOKp1BOPI3LKOrO POAOBHLL.

2. Bigbip 3pa3skiB pyau Ha Buxogi 3 ApobunbHux dabpuk
Oo-3, P-4,

3. Big6ip npo6 Ha P3® Ne 1i P3® Ne 2. Ha Bcix cTagisx
TEXHOMOrYHOro UMKy 30arayeHHst 3anisHoi pyawm BigibpaHo
nNpobu NPOMIXKHUX MarHiTHUX NPOAYKTIB i XBOCTIB, KiHLEBMX
MarHeTUTOBUX KOHLIEHTPATIB i 3aranbHUX XBOCTIB, @ TaKoX
npobu TexHIYHOT BOAM, WO HaaxoanTb Ao P3®, i piakoi dpa-
KUjii XBOCTiB.

4. Ha nepepobky no P3® Ne 1, P3® Ne 2 MAT "AMKP"
HagxoouTb ycepefdHeHa 3anisHa pyda OJHOYacHO 3 [OBOX
Kap'epiB, HEBIOOMO Y SIKMX MPOMOPLISX HA MOMEHT Binbopy
npo6. 3 METOIO NPOCTEXEHHS 3MiH, SiKi BiOyBaloTbCA 3 pyaoto
(MarHeTUTOBUMM KBapLIMTaMM) 3 KOHKPETHUX POAOBWLL, Mif Yac
ix nepepobkn Ha P3®, B pyno-BunpobysanbHin nabopatopii
(PBJT) NAT "AMKP" 6yno npoBeeHO TEXHOIOTYHUIA excnepu-
MEHT 3 BiATBOPEHHS1 MpoLiecy 36aradyeHHst okpeMo Ansi npod
pyav 3 HoBOKpUBOPI3bKOro i BansiBKMHCHKOro pogosuLL,.

Omxe, anga aHanidy 6yno BigibpaHo npeacTaBHULBKUN
mMaTtepian y3[0BX YCbOro TEXHOJOMYHOIO FaHLKKKa

a 6
Puc. 1.-3aranbHui BUrnag sanisiux pya BansaskuHcbkoro i HoBokpuBOpi3bKoro poaoBuLy:
a, 6 — BansBKMHCbKE podoBULLE: a) FOPU3OHT MiHyc 150 M, cipocMyracTuil cunikaTHO-MarHeTUTOBUIA KBapLUT,
©) ropu3oHT MiHyC 165 M, YepBOHOCMYracTuUii reMaTUT-MarHeTUTOBUIA KBapLIUT;
B, I — HoBOKpMBOpi3bke pogoBULLE: B) TOPU3OHT MiHYC 285 M, CipocMyracTuii MarHeTUTOBUIA KBapLMUT,
r) rOpU30HT MiHyc 270 M, CipOCMyracTuii MarHeTUTOBUIA KBapLUT.
[oBxunHa macluTabHoi niHivikn 5 cm

BigMiHHOO 0COGNMBICTIO 3ani3UCTUX KBAPLIMTIB € iX ApibHO-
Ta TOHKO3epHuCTa rpaHobnactoBa i reteporpaHobnacrosa
CTPYKTypa 3i CKnagHuUM XapakTepoMm arperauii Ta 4iTko Bupa-
)KEHa CMyracTiCTb, 3yMOBMIEHa PUTMIYHUM YepryBaHHsIM Npo-
LIapKiB pi3HOro cknagy i MOTY>XHOCTIi: pyAHUX MarHeTUTOBMX,
ManopyaHUX MarHeTUT-reMaTUTOBUX, KBApLIOBUX, CUMIKATHMX,
kapboHaTHMX, 3millaHoro cknagy. BoagHovac BuxigHi ksapuutm
Hosokpusopiskkoro pogosuiua Ha 10,5-50,0 %, y cepegHboMy
— 31,25 %, npeacTaBneHi pyaHMuMu MiHepanamu, BansiBkmHCb-
koro — Ha 23,0-41,0 %, y cepeagHbomy — 32,9 %, cepen sikux
MarHeTUT € OCHOBHUM PYyAHUM MiHEPAIIOM.

PyaHi npowapku cknageHi go 70-80 % marHetutom, 3
NiaNOpsIAKOBaHO KiNbKICTIO KBApLy Ta KYMIHITOHITY. [NoTy-
XHiCTb pyaHuX npowapkis Big 0,5-1 go 1-8 mm (Hosokpwm-
BOpi3bke pogosuiie) Ta Big 1-4 oo 11 mm (BansBkuHCbke
pogoBuLle). MarHeTuT yTBOPIOE CMYronogidHi BUAOINEHHS,
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BNOOOYTKy Ta 36aradeHHs KOPUCHOI KOManuHU: MarHeTuTo-
BV KBapUWT (py4a) y NpMpOAHOMY 3ansaraHHi — pyaa nicnsi
BNOYXy — pyaa nicnsa ApobneHHs Ha 4pobunbHUX gadpu-
Kax — MPOMiXKHIi MarHiTHi NpoayKTW i XBOCTU BCix cTagin 36a-
rayeHHsi Ha P3® — KiHUeBWIA MarHETUTOBMI KOHLEHTpaT.

[ns gocnimkeHHs nepeTBOpeHb KOPUCHOI KonanvHu nig
yac il BuoobyTKy i 36aradeHHs1 6yno NpoBedeHO LUMPOKUIA
KOMMnekc nabopaTopHo-aHaniTMYHMX AocnigXeHb Npob Mmi-
HeparbHOi Pe4oBUHW: MiHeparpadiyHi, neTporpadiyHi, enek-
TPOHHO-MIKPOCKONMiYHI JOCHiAXEHHS, BUSHAYEHHS BMICTY BCiX
rOfIOBHUX KOMMOHEHTIB i MiKpoeneMeHTiB, peHTreHoandpak-
LiHWIA, eneKTPOHHO-30H4OBUIA, TEPMOrpaBiMETPUYHWIA, Ce-
OMMEHTaLIHUIA aHanisn, BU3Hayanacb nNMToMa MOBEPXHS
peYoBMHM, BMMIPIOBANmUCbL MarHiTHi XapakTepUCTMKM TOLLO.
Onuc KOHKpeTHOI anapaTtypu i MeToauk nabopaTopHux Aoc-
NioXeHb HaBEOEHO HDKYE Y BiANOBIAHUX Migpo3ainax.

Pesynbtatun

Minepanozo-nempozpacghiyHi docnidxeHHs. Buxino-
Hoto pygoto 3K MAT AMKP € marHeTutoBi kBapuuTu, Sk
ABNATbL COOOK MilHi, CTilKi MeTamopdiyHi nopoau 3 Koe-
cilieHToM MilgHOCTI 3a wkanot npod. NpoToa'skoHoBa
12-18. JocnigxeHHsi npob BuxigHoi pyau, BigibpaHoi y Bu-
pobHMYMx BUBOSIx kap'epis HoBokpmBopisbkoro i BansiBkuH-
CbKOro poAOBMULL, NMOKa3anwu, Lo BOHa NpeAcTaBrieHa cipo-
Ta YepBOHOCMYracTUMW, LLIAPYyBaTOi TEKCTYpU nopogamum 3
TOHKMM MepeLlapyBaHHAM MPOLIAapKiB Pi3HOro cknagy a
came: KapbOHaT-KyMiHITOHIT-MarHeTMToBnUMK, kKapboHar-
BiOTUT-KYMIHITOHIT-MarHeTUTOBMMKN, ~ reMaTUT-MarHeTuTo-
BMMM Ta 6e3pyaHUMK kapOoHaT-KyMiHITOHITOBUMW KBapLy-
Tamu (HoBOKpMBOpi3bke poaoBuLle); KapboHaT-remMaTuT-
MarHeTUTOBUMMU, KapboHaT-MarHeTMToBUMM, donoroniT-kap-
OOHaT-MarHeTUTOBMMU, KYMIHITOHIT-6i0TUT-kapboHaT-mar-
HETUTOBMMW Ta TremMaTUT-MarHeTUTOBUMWU  KBapuUTamu
(BansBskuHcbke pogosuwe) (puc. 1).

AKi CKrageHi i3SOMeTPUYHMMN 3epHaMn MarHeTuTy, ix 61oko-
BMMW arperatamu. Yacto marHeTMTOBi arperatm BUrMHa-
H0TbCS, YTBOPHOKOYM MIKPONMONYaTICTb, | MalOTb CUTONOAiIOHY
OynoBy (nonkinitoBa cTpykTypa) (puc. 2a, 6). Poamip 3epeH
mMarHeTuTy konusaeTbcs Bif 0,06 go 1 mm (Hosokpusopi-
3bke pogosuie), 0,1-3 mm (BansaskuHCbKe pogosuLle).

ManopyZAHi npoluiapkmu ckrnageHi HepyaHUMKU MiHepanamu 3
PO3CISIHOKO BKPANMEHICTIO MarHeTUTY i rematuty. TpannseTbcs
nipuT. MarHeTuT y mManopygHux npoLuapkax yTBoproe ApibHy
(mo 0,1 MM) BKpanneHiCTb igioMOPHNX KpucTanie Ta isoMeT-
pYYHKX 3epeH, 3piaka ix 3pocTkiB (7o 0,3 Mm).

KpiM pygoHWX MarHeTUToBMX | ManopygHux cunikart-
KBapLOBMX NpOLLAapKiB, Y NOPOAI CNocTepiraloTbCa KBapLIOBI
LIapu 3 JOMILLKOIO TOHKOAWCMNEPCHOrO reMaTuTy, WO HaJae
LM CMyram BULLHEBO-YEPBOHOIO KOMNbOPY.
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LEl 200KV X25 Tmm WD 15.0mm JSM-6700F

COMPO 20.0kV  X1,800 10pm WD 15.0mm LEI 200KV X950

009 L. a1 : ' ; o ey e —

JSM-6700F COMPO 20.0kV X750 10pm WD 15.0mm WD 15.0mm

Puc. 2. EneKTpPOHHO-MIKPOCKOMiYHi 3HIMKU BUXiAHOI pyau i NpoAykKTiB ii 36aravyeHHA:

a — 3pasok pyau BansskuHcbkoro pogosua (kapboHaT-MarHeTUTOBWIA KBapLMT MiKpPOMNONYacToi TeKCTypu,
rpaHobnacToBOi 3pOCTKOBOI | MOMKINITOBOI CTPYKTypU); 6 — chparmeHT puc. 2a (1. 042, 043 — marHeTuT, T. 044 — kBapy, T. 045 — Mg-cugepuT 3
Mn); B — MarHeTUTOBUIN KOHLEHTpAaT pyao3baradyBansHoi pabpuku P3P Ne 2 (1. 1-4 — marHeTuT);

I — MarHeTUTOBMIA KOHLEHTpaT pyao3baradvysarnbHoi dpabpukv P3® Ne 1 (1. 021 — marHeTuT (Fe — 75,29%), T. 022 — marHeTuT (Fe — 76,01 %),
T. 023 — marHeTuT (Fe — 75,93 %), T. 024 — marHeTuT (Fe — 75,57 %), T. 025 — marHeTut (Fe — 77,67 %), T. 026 —marHeTuT (Fe — 75,33 %);
A — xBocTU 36araveHHs pyan Hosokpueopisbkoro poposuia B PBJT AMKP (1. 006 — 6iotuT, T. 007 — KyMiHITOHIT, T. 008 — 3ani3Ha CTpyxKa,
T. 009-010 — kBapL; e — 3aranbHi xBocT pygo3baradysansHoi pabpuku P3® Ne 1 (1. 028 — marHeTuT, 1. 029, 031, 032, 034,
035, 039 — remaTuT, 1. 030, 033 — menaHTepuT, T. 036, 041 — kBapy, T. 037 — wamo3awuT, T. 038 — anbbiT, T. 040 — aHkepwT)

Minepanoro-neTporpadiyHi JocnigKeHHs 3pa3kis, Biaio- (nepBMHHOMY) reonoriYyHOMY 3ansraHHi, a TakoX 3paskis pyau
paHux 3i CTIHOK kap'epiB, Ae pyaa nepebyBae y HeE3MiHEHOMY 3 BMOOIB ekckaBaTopiB nicns npoBegeHHa BypoBubYyxoBmMx

ISSN 1728-2713 (Print), ISSN 2079-9063 (Online)
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pobiT, i 3paskiB ApobneHoi pyan Ha Buxodi 3 ApobunbHMX
¢abpuk, ceigyaTtb, WO B MPOLECi MEpPBMHHOI Mepepobku
pyau B Kap'epax i Ha gpobunbHux cabpukax 3MmiHIETLCA
nvwe po3Mip oparMeHTiB pyau Big Benukmux 6pun go wma-
TKiB po3mipom MiHyc 20 MM, i fiesikoo Mipoto 36inbLuyeTbes
TPiLLMHYBATICTb NOpia, Y TOM Xe Yac XOOAHWUX 3MiH Yy MiHepa-
NbHOMY cKknagi pyau i Il CTPYKTYPHO-TEKCTYPHUX XapakTepu-
CTUKax He CnocTepiraeTbCs.

Ha P3® pyna npoxoguTb psg NOCHAOBHUX TEXHOMOTYHUX
NPOLIECIB: TOHKE MOKPE NOAPIOHEHHS y LLIAPOBKX MIMHAX, Kna-
cvdikaLlito y rigpoumkroHax, baratoctagiliHy MarHiTHy cenapa-
uilo. Y pesynbrati rmubokoro 36araveHHs Ha P30
BinOyBaETbCSA NEPETBOPEHHS BUXIAHOI KOPUCHOT KOMarnuHm (3a-
Ni3HOI pyaun — 3ani3uCTMX KBapLMUTIB MarHETUTOBMX) Ha [1Ba OK-
pemi NPoAYyKTU: MarHETUTOBUIN KOHLIEHTPAT | XBOCTW.

MarHeTnToBUIA KOHLEHTpaT ABNsSe COOO TOHKONOApPIo-
HeHun (8o minyc 0,071-0,05 mm) maiixe MOHOMIHepansHUI
nopowok (6nunsbko 90 %) marHetuty. [lMepeBaxHa 6inb-
WiCTb 3epeH MarHeTuTy, 3a BUHATKOM MOOAMHOKUX OPiOGHMX
OKTaeJpuU4HUX KpucTanie, He 30epernu CBOK MNEPBUHHY
MOpPQOOMOrito, BOHWM MalTb HENpaBUIlbHY TFOCTPOKYTHY
hopmy, YacTo po3buTi TPILUMHKaMM i € ynamkamm GinbLu Kpy-
NHWX Kpuctanis. 3a po3mipaMu BUAINATLCA ABi BiAMIHHO-
CTi: 3epHa MOPSAKY KiMbKOX [AecCATKiB  MIKpOMETpIiB i
cybmikpoHHa dpakuis YaCTUHOK MarHeTuTy (puc. 28, T).

XBOCTU 36aravyeHHs1 TaKoX € TOHKOMOAPIOHEHOK peYvoBw-
HOM, SIKa CKINadaeTbCs NePEeBaXHO 3 YramKiB HEPYAHUX MiHe-
panie (kBapuy, cunikaTiB, kapboHaTiB) 3 HE3HAYHUM BMICTOM
pyAHWX MiHepanis (MarHeTut, rematut). binbLiicte MiHepanis
y 3epHax BigoKpeMmreHi oguH Big 0QHOro, ane TpannsaTbes i
3pocTku. dopma 3epeH BianoBigae kpucTaniyHnM ocobnmMBoc-
TSIM MiHepaniB — HenpaBuWIibHa I30METPUYHA Yy KBapLly | kap6o-
HaTiB, cToBbYacTa B amdiboni, nnactMHyacta y cnod. Tak
CaMmo SK i B MarHeTUTOBOMY KOHLIEHTPATI, Y XBOCTax 3epHa 3a
po3Mipamu MepeBaxHO PO3NOAINsATLCA Ha ABi rpynu: 3e-
pHa NopsaaKy KinbKoX OecATKIB MIKpOMETpIB i Benuvka Kinb-
KiCTb CyOMIiKPOHHMX YacTUHOK (puc. 24, €).0Txe, 3a faHMK
MiHeparnoro-neTporpadivyHmux gocnigkeHb, y npoueci 3bara-
YeHHs Ha P3® BuxigHa kopucHa KonanuHa (MarHeTUTOBI
KBapLMTW) 3a3HAE CYTTEBMX 3MiH:

e MillHa MacuBHa Nopoaa NepeTBOPIOETLCS Ha MyXKi TO-
HKO3EPHUCTi NOPOLLIKY;

e y pe3ynbTaTi TOHKOro NoApPiOHEHHS MOBHICTIO PYMHY-
€TbCS NEPBMHHA LLApyBaTa TEeKCTypa Nnopoau;

® BiJOKpEMIIEHHS 3epeH MiHeparniB 3YMOBMIOE 3HUK-
HEHHS NEPBUHHMX CTPYKTYpP BUXiAHOI nopoau (rpaHobnacTo-
BOI, 3pOCTKOBOI, MOWKINITOBOI);

® [JOKOPIHHO 3MIHIOETLCS MiHeparnbHU cknag pyau 3 Bi-
OOKPEMITEHHAM MOHOMIHEPanbHOrO0 MarHETUTOBOIO KOHLIe-
HTpaTy i Cymiwi MiHepaniB NOPOXHLOi MOPOAN Y XBOCTAX;

e BHACMigoK nepenoapiOHeHHs y cknagi sIK KOHUEHT-
paTy, TaK i XBOCTIB Y 3HAaYHUX KiNbKOCTSIX BUHNKAE TOHKOAM-
crnepcHa (ppakuigq.

Makpo- i Mikpoenemenmuuii cknad. [Ins focnigkeHHs
3MiH XiMiYHOro CKrnagy MarHeTMTOBMX KBapLUTIB y npoLecax
X nepepobku MeToaamMu peHTreH-to0PECLEHTHOTO CMEK-
TpanbHOro aHaniady (ronoBHi XiMi4Hi KOMMNOHEHTK) i aTOMHO-
€eMICIiHOro cnekTpanbHoro aHanisy (MikpoenemeHTn) 6yno
npoaHanisoBaHo Npobun BUXIOHOT pyAn, MarHETUTOBUIA KOH-
ueHTpart i xeoctn P3® MAT AMKP (tabn. 1).

MigpaxyBaTu nOBHUI GanaHC PeYOBMHW HA OaHOMY
eTani gocnigXeHb He BUAAETLCA MOXITMBUM Yepes Te, Lo B
cUCTeMi, OKpiM BUXIQHOT pyan, MarHETUTOBOIO KOHLEHTpaTy
i XBOCTIB, LLIe MPUCYTHSA TEXHIYHA BOAA, AKa B 3Ha4YHUX 06Cs-
rax (6nmsbko 30 M2 Ha 1T BMPOGNEHOrO KOHLEHTpaTy)
HaaxoauTb Ha abpuky, Ae BUKOPUCTOBYETLCS y GaraToc-
TadiiHMX nNpoLuecax MOKpOro 36arayeHHsi, a NoTiM Buaans-
€TbCH i3 cucTemu y cknagi piakoi dasn xsoctis. Okpim Toro,
B onepauisx nogpibHeHHs pyam sk poboye Tino B Apobunb-
HUX GapabaHax BMKOPUCTOBYIOTb MeTarneBi MOMOSbHI Ky
pi3HOro giameTpa — BUTpaTHUIN maTepian. Butpatn nomone-
HWUX Kynb NpW NOoApiGHEHHI MarHeTUTOBMX KBapLUMTIB cAra-
toTb 1,2-2,2 kr/T pyaon. bepyun o yearu, Lo B cy4acHomy
BMPOBHMLTBI BUKOPUCTOBYHOTL KyIi 3 BACOKONErOBaHUX CTa-
new i YyaByHiB, 4O cknagy akux MoxyTb Bxoantn C — 2,5 %,
Si—1,0, Mn-0,5, Cr - 15, Mo - 0,5, a Takox Ni, Mo, Ti, V,
B Ta iH., IX pyiiHyBaHHA poBUTL NEBHUI BHECOK Y XiMiYHMN
ckrnag KiHLUeBWUX NPOAYKTIB 36aravyeHHs.

Ta6bnuysa 1
CepepgHin ximi4HUIA cknag BUXigHOI 3ani3HOI pyav, MarHeTUTOBOro KOHLUeHTpaTy i xsoctiB P3P AMKP
Pyaa KoHueHTpar XBocTHn Pyna KoHueHTpaTt XBocTun
EnemeHT N=10 N=8 N=8 EnemeHT N=18 N=14 N=14
% n*10* %

SiO, 45,85 67,65 8,81 Ni 17,3 25,1 13,6
TiO, 0,05 0,04 0,06 Co 1,4 2,0 2,3
AlLO; 1,59 2,01 0,26 V 6,9 6,5 6,8
Fe,O3 42,08 14,21 89,17 Cr 17,4 37,1 32,0
MnO 0,13 0,19 0,05 Zr 11,5 4,5 22,9
MgO 3,65 4,71 0,61 Cu 70,6 46,9 23,6
CaO 1,52 2,51 0,13 Pb 34,2 7,9 6,4
Na,O 0,12 0,22 0,17 Bi 2,1 24 2,0
K,0 0,32 0,04 0,49 Zn 100,0 54,3 45,7
P,0s 0,21 0,03 0,38 Sn 9,2 6,6 53
S 0,07 0,05 0,06 Ge 13,3 26,4 6,5
Cl 0,05 0,09 0,14 Ga 6,9 4,9 7,8
Be 1,0 0,7 1,6
Sc 1,4 0,9 2,3

Y 20,4 9,6 36,7
Yb 3,0 2,5 4,3
Li H/g H/g 2,2

Mpumimku: N — kinbkicTb Npo6 y BMbopui; Fe,0; — cymapHe 3ani3o, nepepaxoBaHe Ha Fe;0s; H/A — BMICT enemMeHTa 3HaXxoAUTbCS HUXKYe
YYTNMBOCTI BUMIpY.

MopiBHAHHS XiMIYHOrO CkNagy MarHeTUTOBMX KBAPLWTIB i
npoaykTiB iX nepepobku (puc. 3) oae 3mory 3a xapakTepom

po3noginy enemMeHTiB y KOHLEHTpaTi i XBOoCTax BifHOCHO BU-
XiOHOT pyaou BUAINMMTA YOTUPU TPYNU enemeHTiB. [prnyomy
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Take rpynyBaHHsi Jobpe ChiBBiAHOCUTLCA 3 BiJOMUMU reoxXi-
MiYHMMM BNAacTUBOCTAMM enemeHTiB. [onpu HegocTaTHIo
ANs NOBHOLIHHOIO CTaTUCTUYHOIO aHanidy BenuyvHy BUGipku
i NPUCYTHICTb AesAKNX MIKPOENEeMEHTIB y npobax Ha Mexi abo
HIDKYE TOYHOCTi BUBHAYEHHS!, MOXHa BBaXaTu 06'€KTUBHO ic-
HYIOUMMM MOMiNEHi TeHAEHLUIT NoBeAiHKN XiMIYHMX eneMeHTIB nig
Yyac po3aineHHs 3anisHux pya HoBoKprBOpi3bkoro Ta BansaskuH-
CbKOrO pOAOBULL, HA MarHETUTOBUIA KOHLIEHTPAT i XBOCTW.

Hacamnepepn BuainsoTbCs ABi rpynu enemeHTiB, ki ae-
MOHCTPYHOTb KOHTPACTHUA PO3MNOAIN MiXX KOHUEHTpaTOM i
XBOCTaMM.

w

Mepwy rpyny cknagaroTb eNemMeHTH, AN SKUX XapaKTe-
pHe pi3ke 30iMbLUEHHS X BMICTY BiJHOCHO BMXiOHOT pyau B
MarHeTUTOBOMY KOHLIEHTpaTi i Malke CMMETpUYHE 3MEeH-
LLEHHSA TX NpUCYTHOCTI y xBocTax. Lle 3BmyariHo Fe — sk oc-
HOBHUWI XiMiYHWI KOMMOHEHT MarHeTuTy, a Takox Ge, Ni, Ti.
Ona Ge i Ti xapaktepHe BXOOXEHHS Y CTPYKTYPY MarHeTuTy,
TOMYy iX nepexig pasom 3 OCHOBHOK Macot Fe B marHeTu-
TOBWUW KOHLIEHTPAT € LiNKOM 3aKOHOMipHUM. 30inbLUeHHs B
KoHLeHTpaTi BMicTy Ni MOXHa NOACHWUTU TUM, LLO B NPOLECI
MarHiTHOI cenapalii B KOHLLEHTpaT pa3oM 3 MarHeTUTOM Mne-
pexoanTb NIPOTUH, KU MOXE MICTUTU TOHKI BPOCTKM MEHT-
naHanTy — ocHoBHOro Hocist Ni B MeTaMopdivHuX nopogax.
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Cl Zr Cr P Y Sc Ca Co Be K Mn Si

=g OHUEHTpaT

Yb Na Mg Al Ga

V Bi S Ti Ni Sh Ge Zn Fe Cu Pb

&~ XBOCTH

Puc. 3. NopiBHAHHSA XiMi4YHOro cknaay BUXIAHOI pyau i NpoaykTiB il nepepobku:
BMICT efieMeHTiB y MarHeTUTOBOMY KOHLIEHTpaTi i XBocTax HopMari3oBaHO A0 cknagy BUXigHOI pyaun

[o apyroi rpynu BXoAAaTb eneMeHTU, siki IPOTUNEXHO A0
NepLLOi rpyny HaKoNMYylTLCH Y XBOCTaX i Mavxe BiACYTHi B
KOHLeHTparTi, 3okpema: Si, Al, Ca, Mg, K, P, Mn, Zr, Y, Yb,
Sc, Be, Ga. Takox OO CMWUCKY eNeMEeHTIB, L0 HaKonuyy-
I0TbCS Y XBOCTax, HeobxigHo aogatu Li, Akuii He yBINLIOB A0
niapaxyHKy, OCKiflbk1 B pyAi Ta KOHUEHTpaTi Moro KinbkicTb
HWX4a 3a Nopir BUSABIEHHSs, ane y xBocTtax BMIcT Li nigsu-
LyeTbes 00 (PiKCOBaHWUX CNeKTpanbHUM aHaniaom 3Ha4YeHb
(tabn. 1). Yci nepeniyeHi xiMiyHi cknagosi Apyroi rpynu € Tu-
NnoBMMK MNITOPINBHUMU enemMeHTamu, iX KOHUeHTpauis y
XBOCTax 3yMOBIEHa CaMOK0 CYTTIO npouecy 36arayeHHs sk
BifAiNEHHs YACTOro MarHeTUTY Bif CUNIKaTHOI | kapboHaTHOT
CKNagoBMX BMXiOHOI NOpOAMW.

[o TpeTboi rpyni yBINLLNW enemMeHTy, AN SKUX XapakTepHe
ofHo4acHe 36inblUeHHst BMICTY 1y KOHLEHTpaTI, 1 y XBOCTax
BigHOcHO BuxigHoi nopoau — Cr, Co, Na, Cl. BiporigHo, ui ene-
MEHTM 330BHi MPMBHOCATLCS IO CUCTEMW pyaa — KOHLIEHTpaT —
xBocTu. IMmoBipHuM Skepenom Cr i Co moxe b6yt matepian me-
Tanesux Kyrnb ycepeauHi ApobunbHnx 6apabaHis, ki nocTy-
NMOBO PYMHYKTLCA Mig Yac MexaHivHoi AesiHTerpauii nopia.
KoHueHTpauis Na i Cly xBocTax ckopill 3a Bce 3yMOBIiEHa SIBU-
Lem aacopOuii cone, siki IPUCYTHI B TEXHIYHIN BOAj, Ha NoBe-
PXHi TOHKOAMCNEPCHMX YaCTUHOK Y XBOCTaX.

YeTBepTa rpyna npeactasneHa Sn, Zn, Cu, Pb, ski ge-
MOHCTPYIOTb 3MEHLLEHHS BMICTY i B KOHLEHTpaTI, i y XBOCTax
BiHOCHO BWXigHOT pyaun. Lle Bce xanbKodinbHi enemeHTy,
AKi 3a3BMYani BXoAaTb A0 cknagy cynbdigHuxX miHepanis.
MoxHa npunycTnTK, WO iX ogHOYaCHE 3MEHLUEHHS B KOH-
LeHTpaTi i XBOCTax 3yMOBIIEHE YACTKOBMM PO3YMHEHHSM
NPUCYTHIX y pyai cynbdiaiB nig Yac Mokpux onepauin 36a-
rayeHHs, Ta BUHOCOM LMX ENIEMEHTIB i3 cMCTEMM Yy cKnagi
pigkoi pasn XBOCTIB.

Ha BiamiHy Big, GinbLiocTi iHWKX enemeHTiB, BMicT V, Bi,
S B KOHUEHTPATI | XBOCTax Mano BiApi3HAETLCS Bif Takoro y
BUXigHIM pyai. [Ing KopekTHOI iHTepnpeTauii iX noBegiHKu
HeJOCTaTHbO [aHUX, ane MOXHa MpunycTUTW, LWo Ui
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eneMeHTU BXOAATb A0 CKragy KinbKox MiHepanis, sKi
NO-Pi3HOMY PO3MOAINATECA MK KOHLEHTPATOM | XBOCTaMM.

Bubipky npob 6yno npoaHanizoBaHo (hakTOpHUM aHani-
30M Ha 11 koMnoHeHTiB: SiO2, TiO2, Al203, FeO+Fe203, MnO,
MgO, CaO, Naz0, K20, P20s, B.n.n. (puc. 4). MNepLui Tpn ca-
KTopw BignoeigaTb 3a 96,87 % MiHnNMBOCTI BUBIpKK, Bigno-
BiaHO, nepmin cpaktop — 63,53 %, apyrun — 25,66 %, TpeTin
— 7,68 %. MepLunii, ronoBHWI hakTop MiHAMBOCTI BUBIpKK no-
Kasye AndepeHLiaLito MiX KinbKiCTIo 3aranbHoro 3anisa, 3 oa-
HOro GOKy, i KIMbKICTIO KpEMHE3eMy — 3 iHLUIOr0o, MK SKUMU
iCHye 4iTka 3BOpOTHa kopensuis. Jpyrun chakTop nokasye auv-
depeHuiadito Mk rmmHosemucticTio (Alz03+K20), 3 ogHoro
0oky, i kapboHaTHicTio (MgO+CaO+B.n.n) — 3 iHworo. BiH o-
Ope nopinse xBoCTW Ha ABi cybrpynu: BigHOCHO 36araveHi
rnMnMHo3eMoM i 36arayeHi kapboHaToM. TpeTili pakTop He nia-
AaeTbeA iHTepnpeTauii.

CedumeHmauyiliHi MemoOu B/BYEHHS PO3MOAINY Npo-
OYKTiB 30arayeHHs Ta XBOCTIB 3a pO3MipamMu Ha KOXHIii cTa-
Aii nepepobkn pyau pdaloTb 3MOry He TiNbKM OLHWUTK
edeKTUBHICTb AUCnepryBaHHA i pO3KpUTTS MiHeparnis, a Ta-
KOX [OCRiAUTM €eBOSUi0 iHAMBIAYaNbHUX MiHEepanbHUX
a3 KoHLEeHTpaTy Ta BMICHMX Mopig Y npoueci 36arayeHHs.

JocnimkeHHs KIHETUKM ceauMeHTaLlii pe4oBUHM Npoo, Bifi-
OpaHMX Ha pi3HMX eTanax 36aravyeHHsi, NPoBOAUIM KOMOiHa-
Lieto ceaMMmeHTalinHMX MeToaiB (CeaMMeHTaLis y BUCXiGHOMY
noToLi BOAM, BiM1BaHHA NPOb, BUMYroByBaHHS TOLLIO) 3 BUKO-
PUCTaHHSAM CKISIHUX KOMOHOK. Maca BuxigHoi npobu ctaHo-
Buna 5r, o6'em Boam — 500 mn. CycneHsito nepemillyBanu B
JavcnepraTopi Bnpodoex 1 rof i3 wsuakicTio 450 06™.

3a faHVMK ceguMeHTaUIHOrO aHanisy, KiHeTUYHI KpuBi
cegmnmeHTaii xBocTiB P3® Ne 1 i P3® Ne 2 matoTb cxoxun
xapaktep. Ha nepwomy eTani 36ara’yeHHsi OCHOBHY Macy
XBOCTIB CTaHOBUTb KPYMHO3EPHUCTUIA MaTepian: npoTsrom
nepLoi xeunuHu ocigae 98 % macu npobu, BHacNigoK Yoro
KpuBa cegumeHTauii Mae ayxe KpyTunm Haxun (puc. 5a). Y
XBOCTax ApYroro etany 36arayeHHsi CrnocTepiraeTbCcs nogi-
OHa TeHAeHUia pi3Koro 3MeHLUEeHHs Macu ocagy 3 Yacom
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ceguMmeHTaLii, ane 3a paxyHOK NPUCYTHOCTI 3HAYHOI KifnlbKo-
CTi ApibHO3epHUCTOI dpakuii KpuBa ceguMMeHTauii Mae
Oinbl nomnormi Haxun, i ocamkeHHsa 97 % npobu BigdyBa-
€TbCA NPOTArOM 3 XBUIMH. XapaKTep KIHETUKM ceanMeHTaLi
XBOCTIB TPETLOro eTany 36ara4yeHHs CyTTEBO BifPi3HAETHCA:

4

3

Factor 2: 25,66%
b o s o a N

b

Factor 1: 63,53%

O BuxigHa pyna

MarHeTutoBui
KOHUeHTpaT

® [lpobu 3 P3®-1, P3d-2

o [pobu 3 PBJT1 AMKP

XBoCTH

a

y Npobi nepeBaxae NopiBHAHO ApiGHO3epHUCTa pakuid, 3a
paxyHOK 4YOro KpuMBa ceaguMeHTaLii Mae YiTkui nik B obnacTi
2 XBUNWH, a ocamkeHHsa 99 % npobu BiobyBaeTbCcsa NpoTs-
rom 6 XBUIUH.

Factor 2:25,66%

-1.0 0.5 0.0 0.5 1.0

Factor 1:63,53%
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Puc. 4. ®akTtop-nnaH cirypaTuBHMX TO4OK Npo6 (a)
Ta cpakTop-NnaH XiMiYHMX KOMMOHEHTIB (6) BUXigHOI pyau i npoayKTiB 36aravyeHHs

Maca ocagy, %
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Puc. 5. KiHeTuyHa 3anexHicTb Macu ocagy Bif Yacy ceauMMeHTaLii:
a—xBocTu 1, 2, 3 cTagin 36aradyeHHss Ha P3® Ne 2; 6 — marHiTHWI npoaykT 1 cTagii 36arayeHHs Ha P3® Ne 1i P3® Ne 2

HeobxigHO BiA3HauMTK, WO BXe NiCNs NepLioro etany
36araveHHs B Npobi XBOCTIB 3'ABNSAETLCS TOHKOAMCNEPCHA
dasa, Wwo ocamkyeTbca npotsrom 6—11 xBunuH. Kinbkictb
AvcnepcHoi hasun Ha HacTynHUX eTanax 3barayeHHsi NocTy-
noeo 36inblwyetbesa Big 0,7 o 6nussko 10 %. Oucnepry-
BaHHIO 3 MOSIBOK TOHKOAMCMEPCHOI dha3n nigaaeTbca siK
cunikaTHa cknagoBa BUXIAHOI pyau, Tak i marHeTut. Tak, y
npobax mMarHiTHOro NpPoAykTy BXe nicnsi nepLuoi craaii 36a-
rayeHHs 3adikCoBaHO MosiBY BMCOKOAUCNEPCHOI dhasn y Ki-
nekoctax Big 0,4 0o 2,0 % (puc. 56).

Bu3Ha4YeHHs1 numMoMoi nosepxHi NposBoaunn xpoma-
TorpachiyHMmM MeToaoM HUM3bKoTemnepaTypHoi agcopbuil
aproHy npu -196 °C (metog BET B ogHin Touui). Ans gocni-
OXKEHHS 3MiHM MUTOMOT NOBEPXHI 3ani3UCTNX KBapLMTIB (Ma-
rHeTUTOBMX) Y Npoueci 36arayeHHs Ha P3® Ne 1, P3d Ne 2
6yno BigibpaHo 3pa3sku BUXIOHOI pyau, NoapibHEHI py4HUM
meToaom Ao dpakuii -1+0,07 mm, npobun KoHUeHTpaTy nep-
LIOi | TPETLOI CTagin 36arayeHHs, a Takox Npobu XBOCTIB Mi-
CNns nNepLuoi Ta TPeTbOi CTaAdin 30aravyeHHsl.
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3a pesynbTatamy BMMIpIOBaHb BCTAHOBMEHO, WO Mu-
TOMa NOBEPXHS MaTepiany XBocCTiB Bxe nicns 1 ctagii 36a-
radyeHHsi 36inbyetTbca B 4,5 pasa MOPIBHSAHO 3 BUXIOHOW
pygolo; MarHeTUTOBMI KOHLEHTPAT AeMOHCTpye 306inb-
LLEeHHA NUTOMOI NoBepxHi B 3 pa3n Ha OCTaHHbOMY eTani
36ara4yeHHst MarHeTMTOBUX KBapuuTiB (puc. 6).

CyTtTeBe 36inbLUeHHs NMTOMOI NOBEpPXHi NPOAYKTiB nepe-
pO6GKM CBIAYUTL NPO BUHWMKHEHHSI BUCOKOAMCNEPCHMX MiHEpa-
NbHMX ba3 3a paxyHOK KpUCTaniyHOI PEeYOBWHWU BUXIOHWX
MarHeTUTOBMX KBapLUMTIB Nig Yac iX NoapiOHEHHs1 i MOKpOro
36arayeHHs. Y xBocTax MpUCYTHS BucokogucnepcHa dasa,
sIka YTBOPIOETBLCH Ha NepLUNX CTadiax 3baravyeHHs BHACMigoK
nepenoapibHeHHs KBapuy Ta iHLWMX HepyaHUX MiHepanis. Y
KIHLUEBOMY MarHeTUTOBOMY KOHLIEHTpaTi BucokogucnepcHa
(hasa yTBOPIOETLCS Ha 3aKMIOYHMX CTaisx nepepobku i ckna-
Oa€ETbCS 3 TOHKO NOAPIOHEHNX 3EPEH MarHETUTY.

Mikpo3oHdoeul aHani3s. JocnioxeHHs mopdonorii i xi-
MiYHOrO CKMnagy 3epeH MiHepaniB y BUXIgHIN pyai i npoayk-
Tax i nepepobkn Ha P3P BMKOHYBaAnNuUCb 3 BUKOPUCTAHHAM
CKaHyBaslbHOro €erieKTpoHHOro Mmikpockona JSM-6700F 3
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eHeproamMcnepciiHo cuctemoro Ang MikpoaHanisy JED-2300
dipmm JEOL (AnoHis). Ana aHanidy nig enekTpoHHUM Mik-
POCKOMOM, i3 3pa3kiB HenoapoOneHoi 3ani3Hoi pyan (marHe-
TUTOBMX KBapLWTIB) BUrOTOBMSAMMCH aHWwnidu; npenapatu
AN AocnidKeHHs AesiHTerpoBaHoro Nyxkoro Matepiany ro-
TYBanucb LUMSIXOM BWIOTOBIIEHHS MOMiIPOBAHMX LUALLIOK 3
€MOKCMAHOI CMOMW, 3 HACTYNMHUM HanWIEeHHAM NNaTUHO.
Mopdonoriynni aHania o6'ekTiB (po3mip, dopma 3epeH)
BMKOHYBaBcH B nporpami JmicroVision.

HeobxigHo 3pobutn 3acTepexeHHs, Wo Yyepes anapa-
THi | nporpamHi obmMexeHHs1 pe3ynbTaTu BU3HAYEHHS BMi-
CTy XiMiYHUX eneMeHTiB y MiHepanax 3a [AOomnoMororo
€NeKTPOHHOro Mikpockomna 3 eHeprogncnepciiHow npuc-
TaBKOK MOXYTb BiAPI3HATUCH Big ICTUHHOrO XiMiYHOrO

1,6
1.4
1,2

1
0,8 4
0,6 4

0.4 -

MuToma noeepxHs, m°/r

0.2 4

0

cknagy pe4voBuHM y Bik 36inblUeHHS, NpoTe NOpPiBHANbHA
SKICHa Ta KinbKicHa XapakTepucTuka XiMiyHOro cknagy
AOcCnigXyBaHNX 3epeH MiHepaniB UMM MeToAOM € AoCcTa-
THBO iHPOPMATUBHOIO.

3a pgaHMMy  MIKpO30HOOBOro aHaniay, KoHueHTpauii
3anisa B pyaHMX MiHepanax MarHeTUTOBUX KBapuUMTIB
BansBkuHcbkoro i HoBOKpMBOPI3bKOro poOoBULL, XapaKkTe-
pU3YOTECA CKMagHUM HepiBHOMIpHUM posnoginom. Bmictn
3aranbHOro 3arnisa B pi3HUX 3epHax MiHepanis BapilolTb Yy
AianasoHi Big 65 go 80 %. Ha rictorpami yiTko BuainsoTbes
OBa Mikn: BENWKUA BIOHOCHO CUMETPUYHUIM MK Y MeXXax
71-75 % 3 makcumymoMm y pawioHi 71 %, i MeHWwui nik Ha
piBHi 77-78 % (pwuc. 7a).

Buxigsa pyna

3baraqenHn 1 crapii

3bara4eHHs 3 cragii

=—4—=P3P1K =@ P3P1X —E—P3P2K
Puc. 6. nToma nosepxHsa (M?/r) 3anisHoi pyau i NpoaykKTiB i 36arayeHHs:
P3®1 K — npomnpoaykTt | ctagii 36araveHHst i koHueHTpaT P3® Ne 1; P3®1 X — xBoctn P3® Ne 1;
P3® 2 K — npomnpoaykT | cTagii 36araveHHs i koHueHTpaT P3® Ne 2
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Puc. 7. Po3nopgin KoHUeHTpauin 3ani3a B pyaHMX MiHepanax:
a — npobwu 3ani3Hoi pyau (B — BansskuHcbke pogosuile, HK — HoBokprBOpi3bke podoBuLLe,
P3® 11 — BuxigHa pyaa pynosbaradyBanbHoi pabpuku P3® Ne 1); 6 — marHeTutoBuiA koHueHTpaT P3d1

MopiBHSAHO 3 pyAHUMU MiHepanamu BUXiQHUX pya xapa-
KTep po3nofiny KoHUeHTpaLin 3anisa B KiHLLeBOMY MarHeTu-
TOBOMY KOHLEHTpaTi KapAWHanbHO 3MiHUBCS. [0NOBHWIA NiK
NPUNHAB acuMeTpuyHy opMmy i 3MiCTUBCH B 0bnacTb BinbLu
BUCOKWUX 3HA4YeHb 3ani3a 3aranbHoro Ao 74—77 %. Ha wmicrTi
BENNKOro MakCMmymy Ha 73 % 3anuwunBcs ManeHbKui nik
Ha piBHi 71-72 % (pwuc. 70).

3ictaBneHHs BMICTY 3anisa 3 po3mipamu MiHepanbHuX 3e-
peH cBiguUTb, WO ANst BUXIAHMX 3anisHnx pya BansskuHCb-
Koro i HOBOKpPMBOPI3bKOro POAOBMLL BIACYTHA 3anexHiCTb
KOHLIEHTpALin 3anisa Big po3mipiB 3epeH pyaHMX MiHepanis B
o6ox gianasoHax KoHUeHTpauin (puc. 8a). Ane nicna npoxo-
IPKEHHs1 BCiX CTagivi rmmbokoi nepepobku pyan Ha P3® kap-
TMHa po3nodiny BMICTY 3arniza 3a po3MipOM 3epeH pyaHMX
MiHepariB CyTTEBO 3MIHIOETLCS. Y KiHLIEBOMY MarHeTUTOBOMY
KOHLIEHTpATi  CrMoCTepiraeTbCa BUpasHa AgudepeHuialis
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KOHUEHTpaLIi 3aniza B MarHeTuUTi 3a cepegHiMu MiHIAHUMN
po3Mipamu 1horo 3epeH. BMicT 3aniza BiAHOCHO KpynHWUX
(10-50 pym) 3epeH NexuTb Yy BY3bKOMY Aiana3oHi Ha piBHi
75—77 %. Y ToW xe Yac Ans 3epeH po3mipoM MeHLL sk 10 um
BMICT 3ani3a nexuTtb y mexax Big 71,5 % B HaiMeHLUnX 3ep-
Hax go 74,5 % y kpynHiwwmx (puc. 86).

PyaHuin miHepan sk y BUXIOHUX pydax, Tak i B KIHLEBOMY KOH-
LeHTpaTi NpeacTaBneHni, 3a JaHUMU PEHTTEH-ANMPaKLIMHONO i
TEPMOrpaBiMETPUYHOIO aHanisy, NePeBaXHO MarHETUTOM.

3a pesynbTaTtamm MikpO30HAOBOIO AOCIAKEHHS MarHe-
TUTY BCTAHOBIIEHO:

1. Xapaktep po3noginy KOHLeHTpalLliii 3ani3a CcBiguuTb, WO
B 3ani3HuX pyaax BansBkuMHCHKOro i HOBOKpMBOPI3bKOro poao-
BULL, BUAINIEHHS MarHETUTY HE € OOHOPIOHVMMM 33 CKMNadoM.

2. Y npoueci nepepobku pyam Ha P3® cknap nepeax-
HOI Macu MarHeTuUTy MOMITHO 3MIHIOETbCHA. Y MarHeTuTi
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KiHLIEBOrO KOHLEHTPaTy MOPIBHSAHO 3 MarHeTMTOM i3 BuXia-
HOI pyau BMICT 3anisa 3aranbHoro 30inblieHnn y cepen-
HbOMy Ha 3 %; nuwe He3HayHa 3a ob6'eMOoM 4acTuHa
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Puc. 8. BmicT 3ani3a B pyaHMx MiHepanax 3anexHo Bif po3Mipy 3epeH:
a — pyaa HosokpuBopisbKkoro i BansskuHcbkoro pogosuy; 6 — marHeTuToBuUin koHueHTpaT P3® Ne 1

Lli cnocTtepexeHHs aobpe y3romKyeTbCs 3 BUCHOBKaMu
HefaBHbLOI ny6nikauii B. Muxannosa i3 cnisasTopamu (Mu-
XannoB Ta iH., 2022) npo Te, WO NEepPBUHHI PyAHi MiHepanu
3anisopyaHux pogosuw Kpubacy (nepLu 3a Bce MarHeTuT),
MaloTb ayxe cknagHy 6yaosy. Ix iHaAvsiau 6arato B Yomy
ABNAIOTb COBOK CyMilll MIKPO- Ta HAHOPO3MIpPHUX KacTepis
MarHeTUT-remaTuT-BlocTUT-SiO2 3 LWMPOKMMU BapiauisiMm iX
cniBBigHOLWeHb. PyliHyBaHHA Takux iHOMBIGIB Ta "3BiNb-
HeHHS" KnacTepiB Aae 3Mory yTBopuTY B pesynbTtaTi 36ara-
YEHHS OINCHO MAarHETUTOBUIN KOHLEHTPAT, SIKUIA 3a CKNagoMm
NPVHLMMNOBO BIiApPi3HAETLCS HE TiNbKU Big BUXIAHOI pyaw,
ane 1 Big il pyAHOI ckNnagoBoi.

PoskpuTTs getanen MexaHiaMmy O4uLLIEHHS KpucTanis Ma-
rHETUTY BiJ LOMILLOK y nNpoLeci rmmbokoi nepepobku pyam Ha
P3® notpebye goaaTkoBux cnewianizoBaHux 4OCHIOKEHb.

OTxe, oTpumaHHsa Ha P3® 3 BuxigHoi 3anisHoi pyam To-
BapPHOro MarHETUTOBOIO KOHLIEHTPATY 3YMOBIIEHE HE TiNnbKn
PO3KPUTTAM 3POCTKIB i BUITYYEHHAM HEpyaHWX MiHepanis,
ane " cyTtTeBo nepebynoBolo MiHepanbHOi  cdopmu,

KpUCTaniyHoi CTPYKTypu Ta arperatHo-hasoBOro CraHy
pygHWX MiHepanis.

TepmozpaeiMempuyHull aHali3 NPOBOAWNIN Ha Aepu-
BaTorpacdi Q-1500D (YropluHa) 3a TakMx HanawTyBaHb:
Tr-500, OTr-500, ATA-250. LWeugkicte Harpiy 10 °/xB,
yyTnuBicTb — 50 Mr. Turenb nopiBHAHHS — Al2Os.

Ha TtepmorpaBiMeTpnyHUin aHania Gyno cnpsiMmoBaHO
3pasku BUXiOHOI pyam — 3ani3aucTux MarHeTUTOBUX KBapLm-
TiB, @ TaKoX NpomMNpoaykT 1 cTagii 3barayeHHs,, MmarHeTuTo-
BMMN KOHLEHTpaT, XBOCTW nNepwoi i TpeTboi cragin
36araveHHs Ha P3® Ne 1.

3paskn BuMXigHOI pyan Bpy4yHy noapibHoBanuck [0
1 MMm. [Insa oTpumaHHsa Ginbll AeTanbHOI XapakTepUCTUKK
a3oBoOro cknagy MarHeTuty 3 npobu BuxigHoi pyau Gyno
BifibpaHo mMarHiTHY dpakLito.

PesynbTaTv TepMorpaBiMeTpUYHNX OOCHiMKEHb MarHe-
TUTY 3 BUXiQHOT pyai i npogykTiB 36arayeHHs Ha P3d Ne 1
HaBeaeHo B Tabn. 2.

Tabnuuysa 2

XapakTepucTuku ¢pa3oBoro cTaHy MarHeTUTY 3a AaHUMU TepMoOrpaBiMeTPUYHOro aHanisy

XapakrepucTtuka OKMCHEHHSI MarHeTuty, MonimopcHe nepeTBOPEHHSA BtpaTta macu nicnsa
pPe4YOBUHU °C maremity, °C oxonoaxeHHs, %
BuxigHa pyaa 250-300 520 0,74
BuxigHa pyaa, marHetut 230-240 620-630 2,89
Mpomnpoaykt 1 cragii 280-350 560 0,12
KoHueHTpaT 250-360 440 2,7
XBoctu 1 cTagii 250-270 480 6,1
XBocTu 3 cTagii 270 650-660 4,02

3a pesynbTaTamMu TEpMOrpaBiMETPUYHUX AOCHIOXKEHD,
(1) y marHeTuTi 3 npoaykTiB 36aravyeHHs, a came y MarHeTuTi
AIK 3 KOHLEHTpaTy, TaK i B MarHeTuTi 3 XBOCTIB, MOPIBHSAHO 3
MarHeTUTOM BUXiQHOI MOPOAM MiABULLYETLCS TemnepaTypa
(hasoBoOro nepexony MarHeTUT-maremit (OKUCHEHHSI MarHe-
TnTYy) Ha 20-30 °C; (2) y MarHeTUTOBOMY KOHLIEHTpaTi nopi-
BHAHO 3 MAarHeTUTOM BUXIQHOI MOPOAUN  3HWKYETbCS
Temnepartypa noniMopdHOro NepeTBOPEHHS Maremity Ha
40-60 °C; (3) y MarHeTuTi 3 XBOCTIB MOPIBHAHO 3 MarHeTu-
TOM BUXIiQHOI MOPOAWN CNOCTEpIraeTbCsl He3HavHe (6rm3bko
20 °C) nigBuLLieHHA TemnepaTypu noniMopgHOro nepeTso-
peHHs maremiTy; (4) BTpaTta Macu B Npobi 3 XBOCTIB TPETLOI
ctagii 36arayeHHs1 BioHOCHO BUXiAHOI NOPOAM MiCNs OXOro-
OXXeHHs 30inbLlIyeTbCs B N'ATb pasiB.

3adhikcoBaHi 3MiHM TEPMIYHMX XapaKTEPUCTUK — Temnepa-
Typy ha3oBOro nepexony MarHeTUT-mMaremiT, TemnepaTypu
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noniMopcHOro NepeTBOPEHHS MaremiTy, € iHauKaTopamm
3MiH Di3VKO-XiMIYHOrO | KPUCTANOXIMIYHOIO CTaHy MarHeTuTy
B npoueci 36arayeHHs BuxigHoi pyau. Lli 3miHM MoxHa nosic-
HUTW 3MEHLLEHHSIM PO3MIPIB KpUCTaniB MarHeTuTy, iXHbOI
aedopMauieto, NosSIBOK HOBOI BUCOKOAMCMEPCHOT dhasn mar-
HEeTUTY 3i 36iNbLUEHHSIM NOro MMTOMOI MOBEPXHI i BiANOBIAHO
NOBEPXHEBOI eHepril, OKNCHEHHAM NOBEPXHEBOrO Luapy Yac-
TUHOK. 3HayHe 36inblUeHHs BTpaTu Macu B Npobi 3 XBOCTIB
TpeTboi cTagii 36ara4yeHHs1 BiGHOCHO BUXIZHOI Mopoau MoXxe
OyTV NOsICHEHe BMCOKOK AMCMEPCHICTI0 MiHeparnbHuX a3
XBOCTIB i iX HACUYEHICTIO aacopboBaHOK BOOOH.

PenmezeHodudppakyitiHuli aHania wmarHetuty 6yno
npoeeneHo Ha gudppakrometpi OPOH-UM1, dinbTpoBaHe
Co ka BUNPOMIiHIOBAHHS.

Ona pocnimpkeHHs 3MiH y ha3oBOMY cknafi i napameT-
pax KpucTaniyHoi rpaTku MarHeTUTy B npoLleci 36aradeHHst
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Ha peHTreHoandpakuUinHMin aHanis byno cnpsmMoBaHo 3pa-
3KM MarHeTuTy 3 BUXIOHOI pyau — 3ani3ucTMX KBapuuTiB
MarHeTUTOBMX, @ TaKoX MarHeTWTOBi KOHLEHTpaTu nicns
36araveHHs pyan Ha P3® Ne 1, P3® Ne 2, i nicna npose-
[eHHs1 nabopaTopHOro ekcneprMeHTy 36arayeHHst B pyao-
BMNpobGyBanbHii nabopatopii (PBJ1) AMKP.

3paskn BUXIgHOI pyan BpyyHy nogpibHioBanuce 4o 3 MM,
MaTepian po3ginseca Ha cuTax, Ans aHanidy Bigbupanacb
MarHiTHa dpakuis poamipom -0,1+0,071 mMm. MarHeTuTOBI
KOHLIEHTPaTW CNpsIMOBYBanuck Ha aHani3 6e3 o6pobku.

IHTepnpeTaujto pesynbTaTiB 3WMOMKM  AudpakTorpam
HaBepeHo B Tabn. 3.

Tabnuys 3
Pe3ynbTaTtu peHTreHocda3oBOro aHanisy marHeTuTy BMXigHOI pyau (3ani3ucTi KBapuuTU MarHeTUTOBI)
i MarHeTUTOBMX KOHLIEHTPATIB nicns 36arayeHHsi HA P3® Ne 1, P3® Ne 2 i B PBJ1 AMKP
Micue sin6opy npo6m XapakTrepucTtuka I'Iapame'n:? enemMeHTapHoi OKP, ) HOAaTKPBi
npo6u KOMIPKM a, HM HM MiHepanbHi dasu
P3®1 BuxigHa pyna 8,399 30,55 leTut-rematut
P31 MpomnpoaykT 1 cragii 8,398 28,0 KBapu, retut-rematut
P3d1 KoHueHTpaT 8,393 27,0 Ksapu-
P3d2 BuxigHa pyaa 8,397 32,4 KBapu, rematut
P3d2 MpomnpoaykT 1 cragii 8,394 30,9 KBapu, rematur
P3db2 KoHueHTpaT 8,402 30,9 Keapu, rematut
HoBokpunBOpi3bKke pogoBuLLe BuxigHa pyna 8,404 32,5 KBapu, rematut
PBJ1 AMKP KoHueHTpaT 8,400 27,0 Keapu
BansiBkMHCbke poaoBuLle BuxigHa pyaa 8,403 29,3 KBapu, rematut
PBJ1 AMKP KoHueHTpaT 8,400 26,6 KBapu, rematut

3a pesynbTaTamu peHTreHoaudpakUinHoro aHanisy na-
pameTp eneMeHTapHOI KOMipKM MarHeTUTIB NEXNUTb Y Mexax
8,393-8,404 Hm, pgopaTtkoBi MiHepanbHi hasv B npobax
npeacTaBneHi KBapLOM, reTUTOM, reMaTUTOM.
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HocnigkeHHs 0cobnMBOCTEN TOHKOT KpUCTanivyHoi cTpy-
KTYpW MarHeTWTiB CBiQYMTb MPO NeBHE 3aKOHOMIpHE 3MeH-
LWEeHHs po3mipy obnacteil KOrepeHTHOro pOo3CiloBaHHS
(OKP) marHeTuTy KOHLEHTpaTy MOPIiBHAHO 3 MarHeTUToMm
BUXigHOI pyam (puc. 9a, 6).
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Puc. 9. 3miHa po3mipiB obnacrein korepeHTHoro po3citoBaHHA (OKP) kpuctanis marHeTuTy nif yac 36aravyeHHsi BUXiQHOI
pyAau — 3ani3ucTUX MarHeTUTOBUX KBapLUTIB:
a—P3® Ne 1, P3d Ne 2; 6 — PBJT AMKP (HK — pyaa HosokpuBopisbkoro pogosuila, B — pyaa BansBkMHCbKkoro pogosuiua)

Po3wmpeHHs niHi Ha gndpakrorpamax, no skux po3paxo-
ByloTbCA po3mipn OKP, 3ymoBneHe He nuile OWCMNEpCHICTIO
obnacTelt KOrepeHTHOro PO3CitoBaHHSA, a TakoX Mikpogedop-
MauisiMU  KpUCTaniyHoi CTPyKTypyu MiHepany. 3adikcoBaHi
3MiHV Pi3UYHMX BrIACTMBOCTEN MarHeTUTY, a came 3aKOHOMi-
pHEe 3MeHLUEHHs1 po3MipiB obnacrtent KorepeHTHOro po3cito-
BaHHS cCBig4aTb, WO nig 4ac npOBedeHHs onepawin
3barayeHHs BUxigHoi pyay Ha P3®, nig aieto 30BHiLLHIX Hanpyr
BiAOyBalOTLCA HE3BOPOTHI (NMACTUYHI) 3MiHW B TOHKIA Oydo0BI
KpUCTanivyHoI rpaTkv KpucTanis MarHeTuTy.

lMumomy HaMmaz2HiYeHicmb HacU4YeHHS BNXiOHWX, NpoO-
MiXKHUX Ta KiHLEBWUX NPOAYKTIB 306arayeHHss KOPUCHOI kona-
NVHK (3ani3UCTUX MarHETUTOBUX KBapLUTIB) JOCHIgKyBanu
Ha npunagi 4nsa ekcnpecHoro BUMiptoBaHHS HaMarHiYeHoCTi
py4 i MarHiTHUX MaTtepianis, CKOHCTPYMOBaAHOMY 1 BUrOTOB-
neHomy B I[HCTUTYTI reoximii, MiHepanorii Ta pygoyTBOpeHHs!
HAH Ykpainu (Matent UA 94163 U).

Ak BugHoO 3 Tabn. 4, 3Ha4YeHHs1 HaMarHivyeHocTi Npob oa-
HaKOBWMX CTafdin 30aravyeHHss gobpe 36iratoTbca y pasi
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3barayyBanbHoro npouecy Ha P3® i TexHonoriyHoro ekcne-
pumeHTy i3 36araveHHs B PBJT AMKP.

Y npoueci 36arayeHHs HaMarHideHiCTb MPOMMNPOAYKTIB
nocTynoBo 36inblUyeTbCH, i B KIHLUEBOMY MarHeTUTOBOMY
KOHLeHTpaTi (84—87 AxM2/Kr) yaBidi NepeBuLLYE MMTOMY Ha-
MarHiyeHicTb BuXigHoi pyau. Bouesunap, Lie nos'a3aHe 3 nig-
BULLEHHSIM KOHLeHTpaLii MmarHeTuty B npobax. MiHimanbHe
3HaYeHHs1 MMTOMOT HaMarHi4eHoCTi 3adhikcoBaHO y XBOoCTax
| cTagii marHiTHOI cenapauii Ha P3® — 0,81-0,87 Axm?/kr,
wo B 50 pasiB MeHLUe HaMmarHiYeHoCTi BUXigHOi pyaun. Y XBo-
ctax Il cTagii HamarHiYeHiCTb Tak caMo Ha AyXXe HU3bKOMY
piBHi, ane nepeBuLYye HamarHiyeHiCTb xBoOCTiB | cragii
y 3—4 pasu. Xapaktep HamarHi4eHoCTi XBOCTIB, BiporigHo,
TakoX 3yMOBMEHUIN PO3NOAiNoM BMICTY MarHiTHUX MiHepa-
niB, Hacamnepe MarHeTuTy.

0N nocnigkeHHs MOXNUBUX 3MiH MarHiTHUX BNacTUBO-
CTen MarHeTuTy nig Yyac noAapibHEHHs NOro 3epeH y NpoLeci
3baraveHHs pyaum Ha P3®, 3paskm MarHiTHOro npogykrty
| cTagii 36arayeHHs Ha P3® Ne 1 Oynu BpydHy po3TepTi
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B 1 CH U K KuiBcbkoro HauioHanbHoro yHisepcurerty imeHi Tapaca LleBueHka

B aratoBii cTynui go po3amipy <0,071 mm. EkcnepumeHT
npoBefeHo Ha N'sTu npobax.

Pesynbtat BUMIpOBaAHHA MNWTOMOI HaMarHi4YeHoCTi
npo6 [o i nicnA cyxoro nepeTupaHHs B araToBil CTynui

CBigYaTh, WO NMTOMAa HaMarHi4YeHiCTb HaCULLEHHS nicns To-
HKOro NoApiOHEHHs B araToBil CTynui CTaTUCTUYHO AOCTOBI-
PHO 3MeHLIeHa Ha 5 % wopno BuxigHoi Nnpobwu (Tabn. 5).

Ta6nuys 4

Pe3ynbTaTn BUMiptoBaHb MUTOMOI HaMarHiYeHOCTi HaCUYEeHHS1 BUXiOHUX pyAa
HoBokpuBopi3bkoro i BanfiBkMHCbKOro pogoBuLy i NpoaykTiB ix 36arayeHHst Ha P3® i B PBI1 NAT AMKP

NMuTomMa HaMarHiYeHicTb Hacu4eHHs, AXM2/Kr

Micue Bia6opy npo6 BuxigHa MarHiTHWI1 npoaykT MarHeTuToBMIA XBocTHn XBocTHn

pyaa 1 cragiji KOHLUeHTpaT 1 cTagii 3 cragii
P3® Ne 11, N=3 41,39 56,92 84,17 0,81 3,63
P3® Ne 2, N=3 40,83 50,81 87,16 0,87 2,48
HoBokpuBopisbke pogosuie, PBJ1 40,74 — 88,33 — 1,05
BansBkuHcbke pogosuiue, PBJ1 45,42 — 84,22 — 1,61

lMpumimka: n — KinbkicTb Npo6.
Tabnuysa 5

Pe3ynbTaTy BUMiploBaHb NMTOMOI HaMarHi4eHOCTi HaCULEeHHA MarHiTHoro npoaykTy 1 cragii P3® Ne 1

[0 i nicns ekcnepuMeHTanbLHOro Cyxoro nogpiéHeHHsi/nepeTUpPaHHA B araToBin cTynui

Mpo6a MnTOoMa HamarHiYeHiCTb HacULEHHsl, HOMepy 3aMipiB, A X-m?/kr
1 2 3 4 5 CepepHe | Cr.Bigxun.
BuxigHvi MarHiTHUA NpogykT 56,28 56,16 56,41 56,36 57,55 56,55 0,56
MarHiTHUI NPOAYKT Nicnsi NoApiGHEHHs 53,26 53,57 53,75 53,09 54,0 53,53 0,36

BpaxoBytoun Ton gakT, L0 MarHiTHAM NPoayKT CKnageHun
nepeBa)kHO MarHETUTOM, MOXHA BBaXaTW, L0 3MEHLLEHHSI Ha-
MarHi4eHocTi npobu nicns it ToHKoro nogpibHeHHs1 NoB'A3aHe 3
AesiHTerpaujeto arperariB KpUcTarnis MarHeTUTY | SMEHLLEHHSIM
po3mipiB 1oro 3epeH. Llinkom BiporigHo, Lo Takui camuin npo-
LleC 3MEHLLEHHS1 HaMarHi4eHOCTi MarHeTUTy Mig Yac TOHKOro
nogpiGHEHHsT KOPUCHOT KONanuHW — 3ani3ucToro KBapumTy Bid-
OyBaeTbCsA | B yMoBax pyao3baradyBanbHoi habpuku.

Ouckycisi i BACHOBKK

Y3aranbHiowun pesynbtati nabopaTopHO-aHaniTMyH1X
AocnimpkeHb nNpob, BigidbpaHMxX Ha BCiX TEXHOMOMYHMUX eTanax
BMOOOYTKY i 36arayeHHs KOPUCHOI KonasnuHW — 3anisHoi pyay —
3anisuctmux ksapuutie MarHetutoBux Ha 3K MAT "AMKP",
noyMHarouM i3 3paskie BUXiAHOI pyaw, WO NpUPOaHO 3andrae
B Kap'epax HoBOKpMBOPI3bKOro i BansiBKMHCHKOro pogoBuLL, i
3aKiH4yl04M rOTOBOIO MPOAYKUIEKD TPHUYOro BUpobHMLTBA —
KOHLIEHTPAaTOM 3arni3opygHuM arnomMepauiiHuM MarHeTuTo-
BMM, 3pOGNEHO Taki BUCHOBKM.

1. Ha nepwuomy eTani ripHnyoro BupobHuutea MAT "AMKP"
(6ypoBubyxoBi po6oTu, ApobneHHs pyaun B kap'epax i Ha apo-
OunbHMX habpukax) iICTOTHUX 3MiH KOPUCHOT KonarnwHu He Bi-
abyBaeTbcs. 3anisHa pyda — MarHeTuToBi  KBapuuTy
NOBHICTIO 36epiraoTb CBOI XapaKTEPUCTUKN: TEKCTYPY, CTPYK-
TYpy, MiHepanbHWM i XiMiyHui cknag. Y pesynbTati Apob-
NEeHHS 3MIHIOETLCHA fvWe po3Mip dparMeHTiB pyan Big
HenopyLleHOoro Macusy nopoan B CTiHUi Kap'epy 4O ynamkis
knacy MiHyc 20 MM Ha BMxogi 3 ApobunbHKUX habpuk.

2. Ha etani rnubokoi nepepobku Ta 36arayeHHs1 Kopuc-
Hoi KonanuHun Ha P3®, y xoai siknx pyga npoxoantb Tpu cTa-
aii  nogpibHeHHsi, knacudikauii, pewnamadii, MOKpoi
MarHiTHOI cenapadii, yTBOPIOTLCA ABa abCoONOTHO HOBMX
NpOAYKTWN — MarHETUTOBUI KOHLEHTPAaT Ta XBOCTW, AKi JOKO-
PiHHO BiApPI3HAITLCSA Big BMXiOHOT pyan sik HAa NOPOAHOMY,
TaK i Ha MiHepanbHOMY pPiBHi. ICTOTHO 3MiHIOIOTBLCS CTPYKTY-
PHO-TEKCTYPHI XapaKTepUCTUKW, MiHepanbHURN, XiMiYHWUIA
cKnag, arperaTtHui cTaH pyam, CTPYKTYPHI Ta KpucTanoximi-
YHi BMaCTUBOCTi OCHOBHOIO pyAHOro MiHepasny — MarHeTuTy.

CmpykmypHo-meKkcmypHi xapakmepucmuku. 3a fa-
HUMUK MiHepanoro-neTporpadivyHMx AOCNIMKEHb, Y NPOLECI
36araveHHs Ha P3® BuxigHa kopucHa konanuHa (mMarHeTu-
TOBi KBApUWTWN) 3a3HAE CyTTEBUX 3MiH:

¢ MiLlHa MacvBHa nopoaa NepeTBOPIETLCA Ha NyXKi TO-
HKO3€PHUCTi MOPOLLIKY;
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e [JOKOPIHHO 3MIHIETLCA MiHEPanbHUIA Cknag BHACNILOK
pO3AiNeHHs pe4YOoBMHN BUXIGHOT Pyan Ha Mamxke YucTui ma-
FHETUT y KiIHLEBOMY MarHiTHOMY KOHLEHTpaTi i CyMmill MiHe-
panis NOPOXHbLOI MOPOAN Y XBOCTaX;

e y pe3ynbTaTti TOHKOro NoApPiGHEHHS MOBHICTIO PYNHY-
€TbCH NepBMHHA LIapyBaTa TeKkCTypa nopoau;

e BiJOKpeMneHHs (pO3KpUTTS) 3epeH MiHepanis 3ymMoB-
MNIOE 3HWUKHEHHS] NEPBUHHUX CTPYKTYP BUXIQHOT nopoau
(rpaHoGNacToBOi, 3pOCTKOBOI, NOWKINITOBOI TOLLO);

¢ y BinbLUOCTI BUNaAKiB NOPYyLLYETbCS NepBrHHA dopma
3epeH pyaHUX Ta Hepya4HUX MiHeparniB 3 NepeTBOPEHHSIM iX
Ha KCEHOMOPHI FOCTPOKYTHI YNamKu.

Azpezamnuli cmaH. CyTTeBe 36inbLUeHHS NUTOMOI Mo-
BEPXHi, XapakTep KIHeTUK1 ceauMeHTaLii, 3pOCTaHHSA Hacu-
YyeHocTi agcopboBaHOK BOAOK, pe3ynbTaTu eNeKTPOHHO-
MIKPOCKOMIYHUX [OCHiMKEHb FPaHYNOMETPUYHOTO CKNagy
NpoaykTiB nepepobkn ceigyaTb NPO 3MiHY arperaTtHoro
CTaHy BHACMiAOK BUHWKHEHHSA BWCOKOAMCNEPCHUX (KOmoig-
HMX) MiHepanbHuX a3 y npoueci 36araveHHs. Mpuyomy au-
crepryBaHHIo 3 MOSIBOKO HOBOT ANCNEPCHOT hasu nigaaeTbes
SIK MarHeTUT Y KIHLLEBOMY KOHLIEHTpaTI, Tak i cunikaTHa ckna-
[OBa BUXIOHOT pyan y XBocCTax.

3miHu ximiyHoz2o cknady. PesynbTaTtom nepepobku pyam
Ha P3® € nogin BMxigHOI peyoBUHM 3ani3HOT pyau Ha MiHe-
panbHOMY piBHi Ha 30ara’yeHUn MarHETUTOM KOHLUEHTpaT i
XBOCTW, L0 NepeBaXHO CKNagalTbes i3 CMNikaTHUX MiHepa-
nis. BignoBigHO 3MIiHIOETLCA I eNeMeHTHUIN CKnaa Npoayk-
TiB Nnepepobku Woao xiMiYHOro cknagy BuxiaHoi pyan. Bmict
3anisa B koHLUeHTpaTi 36inbwyetbes 3 32,1-36,3 go 65,0—
65,5 %, y oBa pa3u 36inbwyetbesa BmicT Ge, y 1,5 pasa Ni,
Takox 36inblyeTbes BMICT Ti. HaBnaku, y xBocTtax Hakonm-
YYIOTbCA eNeMeHTH, SKi MPaKTUYHO BIACYTHI Y KOHUEHTpaTI,
3okpema: Si, Al, Ca, Mg, K, P, Mn, Zr, Y, Yb, Sc, Be, Ga, Li.

CmpykmypHi i KpucmanoximiyHi mepemeopeHHs MagHe-
mumy. 3a gaHUMKU peHTreHoaMdpakLiiHOro aHanisy, pos-
LUMPEHHs1 MiHIN Ha AudpakTorpamax, sike nos'sA3aHe i3
3MEHLLUEHHsIM pO3MipiB 0bnacTel KOrepeHTHOro poscito-
BaHHs | 36iNblUeHHAM MiKpOHaNpyXeHb KpucTanivyHoi
rpaTku, CBiAYUTb, WO Nig Yac npoBeAeHHs1 onepadii 36ara-
YEeHHS Nig Aieto 30BHILHIX Hanpyr BigOyBalOTLCA HE3BOPOTHI
(MnacTr4Hi) 3MiHKM B TOHKI OyA0BI KpMUCTaniyHoi r'paTku Kpu-
cTaniB MarHeTuTy.
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3a pesynbratamy MiKpo30HO0BUX JOCHISKEHb PYAHUX Mi-
HepariiB BCTaHOBIEHO, LLIO B 3aMi3HWX pyaax BansBkuHCcbKoOro
i HOBOKpMBOPI3bKOro poaoBuLy, BUAINEHHS MarHETUTY He €
OOHOPIAHUMM, BIpPOrigHO BOHU ABMSOTL COGO0 TOHKY CyMiLl
KpuctaniyHmx das MarHeTuTy, MareMity, reMaTuTy, MOXIMBO
BtocTUTy (Mmxawnos Ta iH., 2022). 36inbLlUeHHs KOHLeHTpaLii
3anisa B 3epHax MarHeTuTy nicns nepepobku CBigYMTb, Lo B
npoueci 36arayeHHs BiAOyBaeTLCH PyViHyBaHHSA NEPBUHHOI
KNacTepHOI CTPYKTYpW 3epeH pygHOro MiHepany 3 Hakomu-
YEHHSIM B KOHLIEHTpAaTi MOro MarHeTUTOBOI CKIaA0BOI.

3a pesynbTatammn TEPMOrpaBiMETPUYHMX OOCHIMKEHD — Y
MarHeTuTi 3 NpoayKTiB 36arayeHHs1 NOPIBHAHO 3 MarHETUTOM
BVXiAHOI NOpoAM NiABULLYETLCH TeMnepaTypa pa3oBoro nepe-
X04y MarHeTUT-MareMiT (OKMCHEHHS MarHETUTY) i 3HUKYETLCA
TemnepaTypa noniMopdHOro nepeTBopeHHst MmaremiTy. Lle Bi-
pobpaxae nesHi 3MiHW (i3NKO-XIMIYHOTO i KpUCTanoximMiYHOro
CTaHy MarHeTuTy B NpoLieci 36ara4yeHHs pyav.

3MeHLUEHHA HaMarHiYeHoCTi MarHeTuTy CBigYMTb Npo
nepebyaoBy NepBMHHOT JOMEHHOI CTPYKTYpPU MiHepary BHa-
cnigok AesiHTerpaduii arperatiB Kpuctanis MarHeTuTy i ame-
HLLEHHS1 PO3MipiB Oro 3epeH i Yac TOHKOro NoApiOHeHHs.

3'acyBaHHs BCiX aCnekTiB NepeTBOPEHHS KOPUCHOT Kona-
NWHK Nig Yac 36aradeHHsi, B TOMY YUCIi pO3KpUTTS AeTanen
MeXaHi3My OYULLEHHS KpUCTaniB MarHeTUTY Bif AOMILLIOK Y
npoueci rmmbokoi nepepodku pyau Ha P3®, notpebye no-
[JAaTKOBUX crneLiani3aoBaHUX A0CHiOXEeHb.

BHecok aBTopiB: BikTopis N'y6iHa — koHUenTyanisadisi, metogo-
norisi; BaneHTnH BepxoBLeB — agMiHiCTpyBaHHS, HanucaHHs (nepe-
rnsg i pegaryBaHHst); Biktop AueHko — mMeTogonoris, chopManbHuin
aHanis; Bonogmmup lMNokantok — aHania TeopeTuyHMX 3acag [ochi-
okeHb, dopmanisadis; Jlapuca 3abopoBcbka — MeTogornoris, 36ip
eMnipuYHMX aaHux Ta ix Banigauis; OneHa JlaBpnHEHKO — MeToaor10-
rig, 36ip emnipnyHux AaHux Ta ix Banigauia, HOpi JIMTBMHEHKO —
MeToZororis, 36ip eMnipnyHUX faHux Ta ix Banigauis.

Mopasikn, mxepena ciHaHCyBaHHA. ABTOPU BUCIOBMIOKOTbL LUMPY
noasiky kepiBHULTBY Ta cnispobiTHvkam MNAT "ApcenopMittan Kpusuii
Pir", sii cnpusinm BinGopy npob i NpoBeAeHHI0 JOCHiAXKEHb.
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MINERAL AND PHYSICAL AND CHEMICAL CHANGES IN MAGNETITE QUARTITES
OF THE VALYAVKINSKY AND NOVOKRIVORIZKY DEPOSITS OF THE KRYVBUS DURING THEIR MINERAL PROCESSING

Background.

In order to study the mineral physical and chemical changes that occur with iron ore (magnetite quartzites) of the

Valyavkinsky and Novokrivorizky deposits of the Kryvorizka iron ore basin during the mining and processing of ore at the mining and processing
plant "ArcelorMittal Kryvyi Rih", the entire technological chain of mining and mineral processing was analyzed: magnetite quartzite (ore) in natural
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deposits — ore after explosion — ore after crushing at crushing plants — intermediate magnetic products and tailings of all stages of beneficiation
— final magnetite concentrate.

Methods. Laboratory and analytical studies, which include mineragraphic, petrographic, electron microscopic studies of iron ore, X-ray
fluorescence method and atomic emission spectral analysis (determination of the content of macro- and microelements in the original ore, magnetic
concentrate and tailings), X-ray diffraction analysis, microprobe analysis of magnetic concentrate and tailings, thermogravimetric analysis,
chromatographic method (determination of the specific surface of a substance), sedimentation analysis, measurement of magnetic characteristics,
etc. were used.

Results. It was established that at the first stage of mining production (drilling and blasting, ore crushing in the quarry and at the crushing
plant) there are no significant changes in minerals. At the next stage of deep processing and concentration of minerals at the ore beneficiation plant,
during which the ore undergoes 3 stages of crushing, classification, desliming, and wet magnetic separation, two completely new products are formed —
magnetite concentrate and tailings, which are fundamentally different from the original ore — both at the rock level and at the mineral one.

Conclusions. It was substantiated that in the process of enrichment of magnetite quartzites, the structural and textural characteristics,
mineral and chemical composition, state of aggregation of the iron ore, structural and crystallochemical properties of the main ore mineral magnetite
change significantly.

Keywords: Krivyi Rih iron ore basin, magnetite quartzite, mineral processing, magnetite, technical mineralogy.
ABTOpM 3aABNSAIOTb NPO BiACYTHICTb KOHAMIKTY iHTepeciB. CnoHcopy He 6panu yyacTi B po3pobneHHi OCHiMKeHHs; y 360pi, aHanisi un
iHTepnpeTaLii AaHVX; y HaNUCaHHi pyKonucy; B pilleHHi Npo nybrnikavito pe3ynbTaris.
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B3AeMoAIA H(D,T)O 3 MIHEPAJIbHUMUN AQCOPBEEHTAMM ¥ CTALUIOHAPHUX CUCTEMAX

(MpedcmaesneHo 4neHoM pedakyiliHoi Koneaii 0-poM 2eosl. Hayk, doy. C.€. LlIHokosum)

BcTyn. Teopemu4Horo 6a30r0 ekcriepuMeHmis € ysienieHHs, W0 3HaYyHi adcopbuyiliHi enacmueocmi wapysamux cuslikamie MoH-
MmMopuIsIoHimoeoi i nanueopcbkimoeoi 2pyn ma kiiHonmusionimy 3 po3euUHymMoro NMUMOMOIO N108ePXHEI0 8HACTiOOK OUHaMi4HO20 xapa-
kmepy adcopbuyiliHo-OecopbuiliHux npouyecie 3a paxyHOK KiHemu4Hux i3omonHux eghekmie Moxymb 3abe3neqyumu npiopumemHe
ympumaHHs1 6inst adcopbyiliHux noeepxoHb MiHepasibHUX YacMUHOK Ginbw iHepyiliHux 2idpokcudHux epyn OT .

Me T oaw. [nsa ekcnepumenmie 6ys10 suKopucmaHo: Yepkacbkuli 6eHmoHim i3 emicmom MoHmmopusioHimy 75 % (dani Monmmo-
pusioHim), eapeapiechbkili caroHim ma cokupHuUybKull kiiHonmusonim. EkcrnepumMmeHmu eUKOHy8asucsi y cmauyioHapHOMY pexumi e 2e-
PMemu4HO 3aKpumux eMHocmsix (GeoghasHa e 00HO-MiHepasibHa cucmema).

PesynbTaTu. 3anepwi?7 di6 e3acmodii 800HOI i MiHepanbHOi ¢ha3 numoma akmueHicmb mpumito 8 po604OMy PO3YUHI 3MEH-
wunacs Ha 31,8-69,5 %. Y nodanbwomy npomsizom 92 0i6 e3aemodii 800H020 po34uHy H(D,T)O 3 miHepanbHUMu adcopbeHmamu 3MiHa
numomoi akmugHocmi mpumiro He nepesuwysana 2—-4%. OOHO4YacHO NMPOMsA20M Yb020 Yacy euxioHa KOHUeHmpauis delimepito y po-
6o4omy po3yuni H(D,T)O dsogha3Hux 800HO-MiHepasibHUX cucmem 3MeHwusnacsi quwe Ha 0,8-14 % 3 konueaHHsiM eid 0,0066 do
0,0408 %. 3a yac ekcriepumMeHmy y 3aKpumux 600HO-MiHepasibHUX cucmemax eidbyecsi Yacmkoeutli mix¢ghazoeuti nepepo3nodin euxio-
HO20 3anacy izomonie 800H!0, siKull Hasiyyeaecsi 8 moyamkosomMy pob6o4omy po3syuHi H(D,T)O. ¥ npouyeci adcopbyiliHo20 noanuHaHHs
PO3YUHY MiHepanbHUMU adcopbeHmamu 8idbyriocs 3amiuyeHHs1 8UXiOHOT eosto2u 8 MiHepanbHil ¢pasi Ha H(D,T)O ma 36inbweHHs 8 HUx
amicmy isomonie 8o0Ht0. Bmicm mpumito e adcopbami 3anexHo 8i0 MiHepanbHO20 muny adcopbeHmy 36inbwuecs Ha 31,8-69,5 %.
Bmicm Jdetimepito 36inbwuecsi Ha 10,1-48,6 %, wo 6ys10 3yMoesieHO pi3HOH adcop6yiliHo eMHICMIO MiHepanbHUX adcopbeHmis.
Adcopbuisi poboyozo posquny H(D,T)O miHepanbHumu adcopbeHmamu cyrnposodxyeasacsi hpaKuioHyeaHHSIM 8aXKKUX i30mMortie 600HH0.

BucHoBkU. Y pesynbmamie3zaemodii pozyuHy H(D,T)O 3 miHepanbHumu adcopbeHmamu kKiHemu4Hi i3omonHi eghekmu 3ymo-
eusu npiopumemude ympumandHsi 6inbw iHepyitiHux 2idpokcudHux OT - 2pyn, Hix OD - 2pyn 6ins adcop6yiliHoi mosepxHi MiHepanbHUX
4acCmUuHOK. 5Ik Haclidok — y cmauyioHapHuUx 800HO-MiHepanbHUX cucmemax 8i06ynocs Mixghazose hpakyioHyeaHHs1 8aXKKux izomorie
8odHr. Koegpiyienmu mixghazoeoezo ppakuyioHysaHHss mpumito dopieHroromsb 8i0 a = 1,26 dnsa nanuzopcbkimy 0o a = 2,96 ons KiiHo-

nmusnonimy. [ns delimepito yel nokasHuk dopisHroe 8id a = 0,89 dns kniHonmunonimy do a = 1,10 dns canoHimy.

KnwyoBi
KniHonmuJsosim.

Bctyn

Po3B'asaHHs npobnemun po3aineHHs BaXkux i3oTonis Bo-
AHI0 Mae BaXMBE 3HAYEHHS A5 OYULLEHHS TEXHOSMOMYHUX
BOZ, Ha NigNpMeEMCTBAX NariMBHO-EHEPreTUYHOTO KOMMIEKCY
Bifj yTBOPEHOIO B HWX TPUTIlO AN MOBTOPHOIO BUKOPUCTaHHS
OenTepilo Ha BaXKKOBOAHMX peakTopax. IcHytoui cnocobu Bu-
nyyeHHs Baxkux isotonis 3 Bogn (CA1103614, RU 2201283,
CA1085341, US5312597A, DE3001967A1, DE3122498A1,
EP0198940A1, RU2531178, DE2900912A1 Ta iH.) € eHepro-
3aTpaTHMMK, Ta NOTPebYTb BENUKUX MaTepianbHUX BUTPaT.
Pa3oM 3 TuM icHyloTb Knacu MiHepanbHUX aacopOeHTiB, Ski
MOXYTb AOCTaTHbO €(PEeKTUBHO BUIyYaTU TPUTIN i3 BOOHUX
po3yMHiB. [JoBroTpyBanMMu exkcnepumeHTamm Hamu 6Gyna
nigTBepAXXeHa MOXIMBICTb BUKOPUCTAHHSA LLapyBaTMX CuWni-
KaTiB MOHTMOPWIOHITOBOI Fpynu, CTPIYKOBO-KaHaNbHUX CUIi-
KaTiB NanuropcbKiTOBOI IPynuM Ta KapKacHWX cunikaTis
LLleOMniTOBOI IPyNn sIK pearytodoi peyYoBWHU ONS BUMYYEHHS
TpWTItO 3 BOAHMX po3ynHiB (Lopez-Galindo et al., 2008; Myw-
kapboB, & MpunmayeHko, 2010; MNMywkapbos, MNpunmayeHko,
& 3orkiH, 2012; Mywkapeos Ta iH., 2014, MNywkapbos, PyaeHko,

cnoBa: ¢pakyioHyeaHHsi, mpumili, Oelimepili, MOHMMOPUIIOHIM, cenionim, canoHim, nanu2opcbkim,

& CkpwunkiH, 2015, MNywkapboB Ta iH., 2016; PyaeHko, 2017;
MatenTtn 103033, 03050, 113348 UA).

Memoto sukoHaHux docnidxeHb Byno ekcrnepMmeHTa-
NbHE BU3HAYEHHS MOXIMBOCTI BMKOPUCTaHHS LUuapyBaThX
cunikaTtiB MOHTMOPUIOHITOBOI i ManUropcekiToBOi rpyn Ta
KNiHONTMIONITY siK agcopbuinHoi cybeTaHuii ans posai-
TNEHHSI BaXKMX i30TOMNIB BOAHIO Y BOAHOMY PO34MHi Y BOOHO-
MiHEeparnbHUX CTalioOHapHNX CUCTEMAX.

EkcnepumeHTanbHi 4OCNIAKEHHS WOA0 BU3HAYEHHS MO-
XINMBOCTI PpaKLioOHyBaHHSA BaXKKUX i30TONIB BOOHIO 3 BUKO-
PUCTaHHAM  MiHepanbHUX COpOeHTIB Yy cTauioHapHMX
ABodasHux cuctemax 6asyBanucs Ha ysiBMEHHSX Mpo Bia-
MIHHOCTi hi3NYHMX XapaKTepucTuk i3otonis BogHoo (Audi
etal., 2003). TeopeTU4HOO OCHOBOIO MOXIMMBOCTI PO3Li-
TNEHHS i30TONIB BOOHIO 3 BUKOPUCTAHHAM MiHeparnbHUX ag-
COpOeHTIB € NpsiIMa 3anexHiCTb eHeprii 3B'A3Ky B i30TOMHUX
BOOHEBUX CMOfyKax Bid Macwu i3oTony BOAHIO. B i3oTonHin
Monekyni TputiioBaHoi abo aevitepiesoi sogu (HTO, DTO)
koBaneHTHU 3B'a30k D—O i T—O miyHiwmn 3a H—0O, 3a-
BOSKW YOMY BUHMKAE MOXNMBICTb pPO3AiNeHHs i30ToniB
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BOZHIO BHACNIAOK KIHETMYHMX i30TOMNHMX edekTiB OinbLl Ba-
Xkux isotonHux rigpokenais OT-, OD~, yTBOpeHUX y xoi
aucodiauii monekyn HTO i DTO:

HTO < H* + OT-; (1)
DTO < D* + OT-. (2)
(A) (B)

‘ (a) Layer

BukopucTaHi miHepanbHi agcopbeHTn 6ynu npeacras-
NeHi wapyBaTUMKU cunikataMm MOHTMOPUITOHITOBOI i Nanu-
rOPCLKITOBOI rpyn Ta kniHonTunonitoM. Minepanu uux rpyn
XapaKTepuayroTbCs PO3BMHYTOIO NMUTOMOIO MOBEPXHED Mi-
HeparnbHUX YaCcTUHOK, sika 3YMOBIIOE iXHi NOTYXHi agcopb-
LiHi BnactueocTi. (puc. 1).

10- 100 nm i 2:1 type of clay mineral

macro=grain

macro=grain
(quartz etc,)

@ Aggregate or ped ca. lpm

(b) Stack

E 10 =100 am ;

=+ Octahedral sheet
A=+ Tetrshedral sheet

>

iy /= Tetrahedral ﬂ:;cl}

i ey

Stack
Interstitial space

Puc. 1. CTpykTypa 6€HTOHITOBOI rMUHK:
(A) — meracTpykTypa; (B) — mukpocTtpykTypa (Ichikawa, 2004)

BogHoyac iHTEHCMBHICTB i LUBUAKICTb i30TOMHOMO OOMiHY
B cucTeMi "MiHepan-BogHa gasa" BM3HaYaloTbCH AOCSKHi-
CTIO peakUiiHUX NOBEPXOHb MiHEpPanbHUX YacTUHOK Ans ri-
apokcungis OD~(OT"), ska 3anexuTb Bif LUBUAKOCTI OOMiHY
Ha Mexi pigKoi i MiHepanbHOi a3 Ta WBMAKOCTI MONeKyns-
pHOI andysii y nopax Ta agcopbuiiHomy wapi (Goldansky,
& Trahktenberg, 1980; Hammes-Shiffer, 1998; Zakn, &
Brickmann, 1999).

BasanbHi nnowwmHn wapysaTux cunikatiB (pinocunika-
TiB) € 3a3BMYaN HEWTPaNbHUMK ane BHACNILOK i30MOPGHMX
3aMillleHb Ha HUX BMHMKaKTb Bif'€MHi 3apsaun, yTBOPHOKYM
€neKTpUYHi Nons, siki BNMBalOTh Y BCiX HanpsiMkax Ha no-
BEPXHEBUIA OOMIHHMI NOTEHUian i TakumMm YMHOM 3yMOBIIHO-
I0Tb 3pPOCTaHHA KaTioHHOI agcopbuii Ha 6asanbHux
noBepxHsax. Llen noteHuian pasom i3 enekTpu4yHMM noTeHL -
anom, Lo reHepyeTbCst MPOTOHHUM 06MIHOM, CYTTEBO BMMW-
Ba€ Ha apcopbuinHy 34aTHICTb KpanloBUX MNOBEPXOHb
MiHeparnbHUX YaCTUHOK.

Mpouec mMonekynsipHOi agcopbuii  CynpoBOOKYETLCSA
dopMyBaHHAM Ha MiXdasoBii Mexi "Boda — MiHeparnbHa
yacTka" rpaHM4HOro agcopbuinHoro wapy. Y moro mexax
3a3BMyai PO3BMBAETLCS MOABIVHUIA E€NeKTPUYHUA  Lap
(MELW), sxmn mae xapakTep enekTpUYHOro KOoHAeHcaTtopa.
MopylweHHs enekTpoHenWTpanbHOCTI aacopbytounx noeep-
XOHb Befe A0 po3suTky B MNELL enekTpokiHETUYHKX SBULL,
nonspu3adii Ta NPUTArHEHHS1 HABNXEHX 40 MiHepanbHOI
YacTKM MONeKyn BOAM.

HariBaxknmeiwow ocobnmBicTio copOUifHMX NpoueciB €
X AnHamivyHui xapaktep. KoxHa agcopboBaHa 4acTka (Mo-
nekyna) Mae Ppi3Hy MiLHICTb 3B'A3KIB 3 MOBEPXHElD, SKa

BM3HAYaETLCH YacoOM 3aTPUMKUN YaCTKuN Ha agcopbytovin no-
BepxHi, TO6TO yacom agcopbuii T. Ans disnyHoi agcopbuii,
3YMOBEHOI CNabKMMK KOMMOHEHTaMW NMOBEPXHEBOI eHep-
rii, uen yac ayxe manuii i ctaHoBuTb go 10718 c. Omxe, Be-
nuynHa agcopbuii, To6To 3aTPUMKN YaCTUHKN NOBEPXHELD, €
KIHETUYHUM OaKTOPOM, SIKMWA | BM3HAYa€e CMiBBiOHOLIEHHS
ancopboBaHuXx i fecopboBaHNX Monekyn. Takum YMHOM, Aun-
HaMiYHWMIA xapakTtep aacopbuinHo-aecopbuiiHux npouecis
Aa€ 3MOry O4ikyBaTu Ha NPOsiB KIHETUYHMX i30TOMHMX eddek-
TiB 3 MPIOPUTETHUM YTPUMAHHAM OinbLl iHEPLIAHMX TigpPOK-
CUOHUX Tpyn i3 Baxknumuy isotonam BogHo OD~ un OT- Gins
afcopbuiiHoT NoBepPXHi MiHepanbHUX YaCTUHOK.

Metoaun

Ona nigrotoBkn agcopbeHTiB y ABOGA3HMX BOAHO-MiHE-
panbHUX EeKCnepuMEHTanbHUX cucTtemax Oyno BMKOpUC-
TaHO: MOHTMOPWIIOHITOBA (Jarni MOHTMOPWIIOHIT) rnvHa
Uepkacbkoro pogosuLla (YkpaiHa) i3 BMiCTOM MOHTMOpPWIIO-
HITY 75 %, canoHit BapapiBcbkoro pogosuwia (YkpaiHa),
nanuropcbkiT Yepkacbkoro pogosulla, cenionit 3 pogo-
BuLa Bikaneapo (IcnaHis), a Takox kapkacHUIM cunikaT Kni-
HonTunonit  COKMPHMLBKOIO pogoBsuLa (Ykpaina).
MiHepanbHi agcopbeHTn 6yno nepeeneHo y Na-chopmy.
[ns uboro miHepaneHy cybCcTaHLilo BUTPMMYBanu NpoTArom
Tpbox Aid y 1N poaumni NaCl, nicnsa voro ii gekaHTyBanu,
npomMuBany i BigMy4yBanv AUCTUbOBAHOK BOAOK OIS BU-
JaneHHs 3anuvLuIKiB COfIbOBOr0 PO34MHy Ta ApiGHOynamko-
BMX AOMILLIOK iHEPTHUX MiHepaniB.

EkcnepumeHTn BUKOHYBanucs y cTalioHapHOMY pexuMi
B repMETUYHO 3aKpUTUX eMHOCTAX. Cknag ekcnepumeHTa-
NbHUX CUCTEM HaBeaeHo B Tabn. 1.

Ta6bnuys 1
Cknag ABoca3HUX eKcnepuMeHTaNbHUX cUcTeM
Aacop6eHT IHgekc cuctemu Maca agcop6eHTy, r 06'em H(D,T)O, cm?
MOHTMOpUNOHIT D-3 110,0 500,0
CanoHit D-4 110,0 500,0
Manuropcbkit D-5 110,0 500,0
Cenionit D-6 110,0 500,0
KniHonTtunonit D-7 110,0 517,0

BogHa dasa ekcnepumeHTanbHuMx cuctem byna npea-
cTaBfeHa TpUTin-genTepieBMM pO34YNMHOM i3 BMICTOM AenTe-
pito 0,495 % i NUTOMOIO aKTUBHICTIO TPUTIO 6678 Bkxam=. 13
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BOAHOI hasm Yepes KoxHi 7 aid Bigbupanucsa npobu pianHu
o6'emom 12 Mn ona BU3HAYEHHS BMICTY AEeNTepito i TpuTito.
BaranbHa TpuBarnicTb eKcnepuMeHTy cTaHoBuna 92 nobu.
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BwmicT gentepito y BigibpaHnx npobax 6yno Bu3Ha4yeHo y
na6opartopii i3oTonHoi reoximii AY "ICTHC HAH Ykpainu" nig
KepiBHMLTBOM 3aBigyBada nabopatopii FO.M. [emixoBa Ha
Mac-cnektpomeTtpi MI 1201 CIT, BignoBigHO OO0 NMPUAHATON
MeToAMKM. 3rigHO 3 NPOTOKONOM BM3HAYeHHs cknagy crabi-
NbHKX i30TONIB BOAHO ¥ BoAi TY 1213-17-51188E, abconto-
THUW BMICT gevTepito y BuxigHomy posunHi H(D,T)O nicns
TPbOX MOBTOPHUX BMMIpPiB CTaHOBMB y cepefHbomy 0,495 %.

[nsa Bumipy BMICTy TpuTito BigibpaHi npobu BogHoi dhasun
ouMLanu Bif OpraHiYHMX AOMILLOK LUSXOM AOAaBaHHA [0
posumHy 10-30 mr TBepgoro KaCr207 [llicna auctunsauii
npobwu 3miwysanucs i3 cuuHtungatopom Hi Sife 3 Wallac y
cniBBigHOLEHHi 8:12. BMicT TpuTito B MiArOTOBNEHNX TaknM
YMHOM eMyrnbCiaX BW3HA4aBCA 3a AOMOMOrOK PiAVUHHOIO
cumHTUnAUinHoro  B-cnektpomeTtpa  Quantulus 1220
(LKW Wallac) 3 noxmbkoto Bumipy He 6inblu sk £ 5 %.

PesynbtaTtun

MosepxHeBo agcopboBaHa BoAA Y MUHNUCTUX MiHEpanax €
cnabko3B'si3aHoto, i MONEeKynM YTPUMYHTLCS Ha MOBEPXHI Mi-
HepanbHUX YaCTMHOK 3a PaxyHOK CUM MDKMOSIEKYISPHOI B3ae-
MOZii 3 NOBEPXHEBUMM aTOMamy MiHeparnbHWUX YacTUHOK. Lis,
eHepreTnyHo crabkoss'a3aHa Boaa BUAANSETLCS 3 MMNHUCTUX
MiHepaniB 3a AaHUMU AndepeHLianbHOro TepMiYHOro aHanisy
(OTA) 3a Temnepatypu go 110 °C.

[aHi wopno BTpaTn BOMoru 3 NoBiTPSHO-CYXMX MiHeparnb-
HMX Mac yHacnifok iXHbOro mporpisy 3a Temnepartypu Ao
110°C HaBepeHo B Tabn. 1. Y miHepanax 3i CTpyKTYpHUM TU-
nom 2:1 eMHiCTb NOBEPXHEBO aacopboBaHOi BOMOrv € Hai-
6inbLwoto (13,12 % y MoHTMOpUnoHiITi Ta 12,57 % y canoHiTi).

3aBasku LpOMY Taki MiHEpanu MaktoTb HanbinbLIMA MOTEeH-
Lian gns i3oTonHO-BOAHEBOrO OOMiHY. AHanoridHuin edekTt
CnocTepiraeTbCa TakoX y MiHeparnax i3 CTpi4KOBO-KaHarbHO
CTPYKTYPOIO — Yy ManUropcbKiTi Ta cenioniTi, Ae KinbKiCTb noBe-
pXHeBO agcopboBaHoi BoaM B MiHeparbHii Maci CTaHOBUTL
6nu3eko 10,5 % (Mywkapbos, PyaeHko, & CkpunkiH, 2015).

HasBHicTb noBepxHeBO agcopboBaHOi BOMOrM HaBiTb y
NOBITPAHO-CYXi MiHepasnbHin Maci BHOCUTb LesiKi KOpek-
TVMBM B MPOLEC i30TOMHO-BOAHEBOrO 0OMiHY y BOOHO-MiHe-
panbHin cuctemi. Ha noyaTkoBin cTafii Takoro npouecy
BMXiOHa NoBepxHeEBO aacopboBaHa Boaa 3yMOBIIOE AesiKe
3MEHLUEHHS KOHLIeHTpaLii BaXKuMX i30TONIB y BOAHIA dhasi
BHacnNigokK ii po3BeaeHHs BignoBigHo oo Bupasy (3):

d=Wo/ (Vs + Wo), (3)
e d — nokasHuK CTyneHs po3BeaeHHs BUXiAHOro pobo4oro
posuymHy H(D,T)O y 3akpurtini cuctemi "mivepan — H(D,T)O";
Wo — noyatkoBui o6'em poboyoro posumHy H(D,T)O y 3a-
KpWTii BOGHO-MiHeparnbHii cuctemi, mn; Vs — ob'em nosep-
XHeBO agcopboBaHOi BOAW y MiHeparbHi maci, Mr.

Ha ocHoBI oTpMMaHux pesynbTaTiB BUMIpIB BMICTy Tpu-
Tito (Bk/am®) i aevitepito (/100 M) pospaxoBaHO BMICT Ta
KOHLIeHTpaUii i3oToniB y BigibpaHux npobax i 3anuiiky gekaH-
TaTy ekcrepuMeHTanbHUX CUCTEM Ta OLHEHO iX cnyKTyauii
32 Yac BUKOHaHHSI EKCNIEPUMEHTY.

Ha novaTtkoBin cTaaii B3aemogii NoBiTPSHO-CYXMX MiHe-
panbHux apcopbeHnTiB i3 H(D,T)O Bigbynocsi nornMHaHHs
OesiKol YacTUHM poboYoro posumHy (tadn. 3).

Tabnuys 2

CTyniHb MOXNMBOro po3BeAeHHA BuXigHoro po6o4oro po3uuHy H(D,T)O y cuctemax 3 MmiHepanbHUMu agcop6eHTamm

CTyniHb po36aBneHHsA n r.n"HMCTi MiHepanu n —
BuxiaHoi H(D,T)O MOHTMOpPUNOHIT CanoHit ManuropcbkiT Cenionit
’ 0,968 0,982 0,974 0,988
Tabnuys 3
Pe3ynbTaTtu B3aeMogii MiHepanbHUX agcop6eHTIB i3 po6ounm po3unHom H(D,T)O
3aranbHun 06'em Maca aacop6eHTy O6'em
Apcop6eHT IHQekc cuctemu T3 . 3
AeKaHTaTy, CM nicns eKkcnepuMmeHTy, © apgcop6arty, cm
MOHTMOpPUIOHIT D-3 428,65 181,35 71,35
CanoHit D-4 287,9 3221 2121
Manuropcbkit D-5 259,95 350,05 240,05
Cenionit D-6 3071 302,9 192,9
KniHontunonit D-7 460,25 166,9 56,9

Bxe 3a nepuwi 7 gi6 B3aemogii BoAHOI i MiHepanbHOi da3
MMTOMa aKTMBHICTb TPUTIIO B pOBOHOMY PO3UMHI 3MEHLLMMAacs
(tabn. 4) 0o 5316 Bkxam2 y cuctemi 3 MOHTMOpMIIoHiToM (D 3)
i o 3651 Bkxgm3y cuctemi i3 canoHitom (cuctema D 4).

Y noganbluoMy NPOTArOM BCbOTO Yacy eKCrNepUuMeHTY
BiabyBanucs He3HayHi cepeaHi BigXMIeHHs Bia cepeHix 3Ha-
YeHb MUTOMOI aKTUBHOCTI TpuTito (Big +109 Bkxam2 y GeHTo-
HiTi (cuctema D 3) i go +662 Bkxam? y canoHiTi (cuctema
D 4). Npwv uboMy KOHLIEHTpaLis AenTepito 3a Yac ekcnepume-
HTY Maike He 3MiHtoBanacs (Tabn. 5), 3 KonNMBaHHAMY B eKC-
nepumeHTanbHnx cuctemax Big +0,0066 % (cuctema D 7,
kniHonTunonit) go +0,0408 % (cuctema D 4, canoHiT).

MMicns 3amilleHHsa B MiHepanbHin Maci BUXiOHOI NOpoBoi Ta
apcopbosaHoi Bonorn po3ymHom H(D,T)O nodanocs BunyyYeHHs
BaXXKVX i30TONIB BOAHIO MiHEpAnbHMM aacopbeHToM. [ns Kinb-
KICHOT OLiHKM eheKTVBHOCTI LiIbOro NpoLiecy BUKOPUCTaHO Takun
napameTp, SiK 3anac BaXXKOro i30TOMy BOGHIO Y 3armLuKy pobo-
yoro po3unHy H(D,T)O (aekaHTari) Ta B agcopbaTi MiHepanbHoi
Macw, K1 oBYMCnoBaBCS 3rigHO 3 BUpa3oMm (4):

Q = A/1000*V, (4)
ae Q — 3anac TpuTito B 06'eMi, WO BM3HaAYatoTb, bk; A — nu-
TOMa aKTUBHICTb TPUTIto Y BoAHIN hasi, Bkxam3; V — o6'em
BOAHOI chasu, cm3.
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B ymoBax 3akpuTux ekcnepMmeHTanbHUX cucTem 3anac
TpUTito B agcopbaTi MiHepanbHOi hasn obumcnoBaBcs sk
pi3HMUA 3anacy isotony B pobodomy posuumHi H(D,T)O Bia-
nosigHo Ao i nicnsa i B3aemogii 3 MiHepanbHoto macoto (5):

Qm = Qw - Qf, (5)
ae Qm - 3anac isotony B agcopbarti miHepanbHoi hasu ekc-
nepvMeHTanbHoi cuctemu, bk; Qw — noyaTkoBuMiA 3anac i3o-
Tony y BUKOpuUCTaHoMy 06cs3i BuxigHoi H(D,T)O, Bk; Qf —
3anac isoTony y BogHin ¢asi H(D,T)O, nicns ii B3aemogii 3
MiHEparnbHOK Macok MO 3aBEPLUEHHIO eKCNepUMEHTY, Bk.

3a yac ekcnepuMeHTy Yy 3aKpuUTUX BOOHO-MiHEpanbHUX
cucTemax BigbyBcs YacTKOBUIA Mixkda3oBUI Nepepo3noain
no4yaTKOBOro 3anacy i30TOniB BOAHIO, SKUIW HanidyBaBcs Y
BMxigHomy poboyvomy posumHi H(D,T)O (tabn. 4, 5, puc. 2).
Y npoueci agcopbuinHoro nornnHaHHa po3ynHy H(D, T)O wmi-
HepanbHUMK agcopbeHTamu BiAOynocs 3aMileHHs BuUXia-
HOi BOMIOrM B MiHepanbHin asi Ta 36inblUeHHsT BMICTY
TpuTito | genTepito B agcopbari. Bmict Tputito B agcopbari
36inbwumBeca Big 31,8 % y moHTMopunoHiTi (D 3) go 69,5 %
y canoHiti (D 4). BMmict pgevtepito 36inbwmeca Ha 10,1-
48,6 %, wo 6yno 3yMOBMEHO pi3HOK aAcopOUiHOK EMHI-
CTIO MiHepanbHux agcopbeHrTis (Tabn. 3).
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Tabnuys 4
Pe3ynbTaTv BUMipy BMIiCTY TPUTIIO B eKCNEepUMMEHTanbHUX CUMCTeMax 3a Yac eKCNepuMeHTy
[HOeKC Mutoma akTUBHiCcTL | 3anac TpuTito % Big Bmicty T 3anac Tpurito % Big Bmicty T
Apncop6eHT cug'eMM T B npo6ax B AleKaHTarTi (N aTom) B agcopbari (N aTom)
i aekanTari, Bkxgm> | Qf, Bk | N atom | y Buxigniin H(D,T)O | Qm, Bk | N atom | y Buxigtin H(D,T)O
MoHTMOpPUIoHIT D-3 5316+109,4 2279 |[1,3E+12 68,2 1060,3 |6,0E+11 31,8
CarnoHit D-4 3651+662,3 1020 |5,4E+11 30,5 2319,6 [1,3E+12 69,5
Manuropcebkit D-5 5032+180,9 1318 |7,4E+11 39,5 2021,4 |1,1E+12 60,5
Cenionit D-6 5139+199,3 1603 | 9,0E+11 48,0 1687,1 |2,8E+10 52,0
KniHonTunonit D-7 5195+368,7 2331 |1,3E+12 67,5 1123,0 [6,3E+11 32,5
Tabnuuysa 5
Pe3synbTaTv BUMipy BMIiCTY AelTepilo B eKCNepUuMeHTanbHUX CUCTEMaX 3a Yac eKCNepUMEHTY
IHOeKe KoHueHTpauis D 3anac D B pekaHTari 3anac D B agcop6ari
Apncop6eHT CM(ﬂFeMM B npo6ax i pekaHTari, % af. r % Big Bmicty D (N 1) am. r % Big Bmicty D (N 1)
(r/100 cm®) ’ y BuxigHin H(D,T)O ’ y BuxigHin H(D,T)O
MOHTMOPUAOHIT D-3 0,496+0,0096 2,134 86,2 0,341 13,8
CanoHit D-4 0,423+0,0408 1,320 53,3 1,155 46,7
MManuropcbkiT D-5 0,48+0,014 1,273 51,4 1,202 48,6
Cenionit D-6 0,489+0,0144 1,516 61,3 0,959 38,7
KniHontunonit D-7 0,491+0,0066 2,224 89,9 0,251 10,1
100,0
80,0
60,0
% 40,0
il B L
0.0 D-3 D-4 D-5 D-7
uT B geKkaHTaTi 68,2 30,5 39,5 48,0 67,5
mD B gekaHTaTi 86,2 53,3 51,4 61,3 89,9
T B agcopbari 31,8 69,5 60,5 52,0 32,5
mD B agcopbari 13,8 46,7 48,6 38,7 10,1

Puc. 2. Po3nogain 3anacy geuTepito i TpuTito BuxigHoi H(D,T)O
MiX AeKaHTaTOM i afcopb6aToM y 3aKpMTUX eKCnepUMeHTarbHUX cucTemMax

OpHoyacHo, B npoueci copbuii H(D,T)O miHepanbHUMM
apcopbeHTamu 6yno 3adikcoBaHO NposiBu pakLioHyBaHHS
BaXXKMX i30TOMIB BOAH. [N OUiHKM edhekTy Mixda3oBoro
opakuioHyBaHHS i30TOMIB BOAHIO 3 BUKOPUCTAHHSAM BUpasy
(6) (Evans, 1970) nutomi akTMBHOCTI TpuTito Bynu nepepa-
XOBaHi Ha KirnbKocTi aTtomis isoTony 3H:

A A T 5

A 0693 " ©)

ae N — kinbkocTi aToMiB TpuTito, L0 BigNOBi4aOTb NUTOMIN

aKTMBHOCTI JocnigKyBaHoi cybcTaHuii; A — nMTOMa akTue-

HicTb TpuTito, Bkxam3; A = (0,693/T12) — KOHCTaHTa posnagy

TpuTito; T12 — Nepiog HaniBposnagy TpuTito, C.

3rigHo 3 HaBe4EeHUM BMPa30M KiMnbKiCTb aTOMIB TPUTItO, LLO

Bignosigae 1 bk y gocnigKyBaHin pigkui cybcTaHui, JopiBHIOE

5,62E+08. [1ns po3paxyHKy NUTOMOI KiflbKOCTi aTOMIB TPUTItO B
AekaHTarti (agcopbari) 6yno BukopucTaHo Bupas (7):

N; = A, -5,62E + 08 (7)

Ae N, — NMTOMa KinbKiCTb aToMiB TPUTilO B AekaHTaTi (aa-

copbari) ekcriepuMeHTansHoT cucTemm, atoMmxcm>; A; — nu-
TOMa aKTUBHICTb TPUTItO, Brkxcm™3,

[nsa pospaxyHky koediLlieHTiB dpakLioHyBaHHS i30ToNiB
BoAHI0 3a B3aemogii H(D,T)O 3 miHepanbHuM apcopbeH-
TOM, BiANOBIgHO BVIKOpVICTaHO Bupas (8):

/ e (8)

Ae o — KoedilieHT dpakuioHyBaHHS i3oToniB BOAHIO, Tm, Hm —
KOHLIEHTpALisi aTOMIB TPUTIO | MPOTIlO Y AeKaHTaTi, aToM%cm;
Tw, Hw — KOHUEHTpaLis aToMiB TpUTito i NPOTit0 y BMXiGHOMY
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po3yuHi H(D,T)O, atomxcm>, nicnst 4OCATHEHHS PIBHOBaXHOMO
CTaHy B cuctemi "MiHepanbHuii agcopbeHT — H(D, T)O".
3acTocyBaHHS HaBe4EHOro Krnacu4yHoro Bupasy ans po-
3paxyHKy koediuieHTa ppakuioHyBaHHS i30TOMIB BOAHIO BU-
Marae [geskux KopekTueiB. Lle noe'asaHo 3 Tum, WO
KOHLIeHTpaUil NpoTito i TpUTilo y BOAHMX hasax ekcnepume-
HTanbHUX CUCTEM pO3pi3HATLCA Ha 14 nopsakis. Jelwo
MEHLLIOIO MipOI0 Lie CTOCYETLCSA AeNTepito, OCKiINbKM CniBBia-
HoweHHs [D)/[H] y npupoaHin Boai He nepeswuLlye
(1,32+1,51)-10™. BogHouac y npoteci B3aemogii pobo4oro
po3uuHy H(D,T)O i miHepanbHOro aacopOeHTy KOHLEeHTpa-
LS NpOTit0 NPaKTUYHO He 3MIHIOETLCA | BENUYUHU Hm | Hw
3anuwalTbCa Ha piBHi 6,69-1022 atomis Hxcm™3,

Omxe, AnA obuncneHHst koediujeHTa dpakuioHyBaHHS
i30TOMIB BOAHIO B AOCNIAXYBaHNX CyOCTaHLisIX JOCUTb B3STU
[0 yBaru TifnbKM KOHUEHTpaLii TpUTito i enTepito B ekcnepu-
MEHTanbHUX CUCTEMaxX MiCns BCTAHOBMEHHSI PIBHOBAXHOMO
CTaHy MiX BOOHOI Ta MiHepanbHot hazamu. 3 ypaxyBaHHAM
BUKIagaeHoro, Bupas (8) TpaHcdopmoBaHo y Bupasu (9, 10):

a=D_-H, 9)

a=T, T, (10)
ae o — koedilieHT dpakuioHyBaHHSA i30ToMiB BOAHO, Dm —
KOHLeHTpaUis aenTepito B apcopbarti, nmicrns OOCArHEHHs!
PIBHOBaXHOro CTaHy B CUCTEMIi "MiHepanbHUA aacopOeHT —
H(D,T)O", rxcm3; Tin — KOHLEHTpaLisi aTOMIB TPUTIO B aco-
pbarti, nicna 4OCArHEHHS PiBHOBAXKHOTO CTaHy B cUCTEMI "Mi-
HepanbHun aacopbeHt — H(D,T)O", atomxcm®; Dw, —
KOHUeHTpauisa agentepito y BuxigHomy posduHi H(D,T)O
(0,00495 rxcm3); Tw — KOHUEHTpaLis TPUTilo y BUXiGHOMY
posaumHi H(D,T)O, (3,75E+09 aTtomxcm™3).
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OTpumaHi pe3ynbTaTi EKCNepUMEHTIB i3 3aKpUTUMMU
ABoa3HUMKN BOAHO-MiHEpPanbHUMK cucTemMamu niaTBep-
OUnnM  ovikyBaHy MOXINUBICTb (PpakuiOHYBaHHS BaXKMX

i30TOMIB BOAHIO BHACMIAOK OUHAMIYHMX agcopOuiiHO-
aecopbuinHnx npouecie (puc. 3, Tabn. 6, 7).

Ta6nuys 6
3miHa KoHUeHTpauiil TpuTito B npoueci agcop6uii po3unHy H(D,T)O MiHepanbHMMU agcop6eHTamum
IHaekc 06G'em 3anac Tpurito KoHueHTpauis TpuTito KoediuieHT mixxdpasoBoro
Apcop6eHT . . 3 N .
cucTemMu agcopb6arty, mn B agcopbari, Bk B agcopbari, aTom* cm ppakUioHyBaHHSA TPUTitO, a
BeHToHIT D-3 71,35 2278,70 8,35E+09 2,23
CanoHit D-4 2121 2319,6 6,15E+09 1,64
MManuropcbkiT D-5 240,1 2021,4 4,73E+09 1,26
Cenionit D-6 192,9 1735,9 5,06E+09 1,35
KniHontunonit D-7 56,9 1123,0 1,11E+10 2,96
Ta6bnuuys 7

3MiHa KOHUeHTpauii genTepito B npoueci agcopbuii po3unHy H(D,T)O miHepanbHUMK agcop6eHTamm

ARcopBeHT IHgekc 06G'em 3anac geuTtepito | KoHueHTpauia genTepito KoediuieHT mixxcdpazoBoro
P cuctemu agcopbarty, mn B agcopbari, r B agcop6ari, rx cm* cppakuioHyBaHHsA genTepito, a
BeHToHIT D-3 71,35 0,341 0,00479 0,97
CanoHit D-4 2121 1,155 0,00545 1,10
[ManuropcbkiT D-5 240,1 1,202 0,00501 1,01
Cenionit D-6 192,9 0,959 0,00497 1,00
KniHonTunonit D-7 56,9 0,251 0,00441 0,89
003
002
a
001
000
D-3 D-4 D-5 D-6 D-7
B KoedilieHT pakuioHyBaHHS  TpUTIto, d 002 002 001 001 003
u KoediLieHT dpakuioHyBaHHA AenTepito, a 001 001 001 001 001

Puc. 3. ®pakuioHyBaHHA BaXK1X i30TONIiB BOAHIO y CTalliOHapHUX BOAHO-MiHepanbHUX cucTemax

Y pesynbTtaTi B3aemogii po3unHy H(D,T)O 3 miHepanb-
HUMK agcopbeHTamMy KIHETUYHI i30TOMNHI edhekT 3ymMOBUNU
npioputeTHe yTpMMaHHS Ginbll iHEPUINHMX TigPOKCUAHMX
OT-rpyn, Hix OD™- rpyn 6inst agcop6buinHoOi NoBepxHi MiHe-
panbHuX YacTuHok (puc. 3). Lle npusBeno ao dpakuioHy-
BaHHSA BaXKWUX i30TOMIB BOAHK 3i 3MIHOK KOHLEHTpaLii
TpUTItO | genTepito y 3anuwkosi yactuHi H(D,T)O (aekaH-
TaTi) Ta agcopbaTi B MiHEparnbHin maci.

[unckycis i BUCHOBKMU

BuaHaveHa MOXNUBICTb MixkhasoBoro opakLiiHoro pos-
AiNeHHsA BaXkuxX i30TOMNiB BOAHIO Y BOAHO-MiHEpanbHUX
cuctemax, ski cknagatoTtbes 3 posumHy H(D,T)O Ta miHepa-
nbHUX agcopbeHTiB, NpeAcTaBneHnX WapyBaTUMmM cunika-
Tamu MOHTMOPWMOHITOBOI i ManMropcbkiToBOI rpyn Ta
KNiHOMTWIIONITOM.

MoTyxHi agcopbuiiHi BNacTMBOCTI MiHEpPAnbHUX YacTu-
HOK LLIapyBaTKX CUikaTiB MOHTMOPWIOHITOBOI | NaNUropCbKiTO-
BOI rpyn Ta KHONTUMONITY 3 pPO3BUHYTOKD MUTOMOIO
NoBEpPXHEe0 BHACHIOOK ANHAMIYHOIO XapakTepy aacopOuiiHo-
AecopbuiiHux npoueciB 3a paxyHOK KIHETUYHMX i30TOMHUX
edekTiB 3yMOBWMM NpiopuTeTHE yTpumaHHA 6ina agcopb-
LiNHMX NMOBEPXOHb MiHEparnbHMX YacTMHOK BinbLu iHepLin-
HUX rigpokengHmx rpyn OT-.

K HacnigoK — y cTauioHapHWX BOAHO-MiHEparbHUX cucTe-
Max Bigbyrnocs mixdasoBe pakUioHyBaHHsI BaXKUX i30TOMIB
BoAH0. KoediuieHT MixkdhasoBoro pakuioHyBaHHSA TPUTItO
AOopiBHIOKOTE Big a = 1,26 Ana nanuropcekity Ao a = 2,96 ans
kniHonTunonity. [na genTepito Len nokasHWK AOPIBHIOE Bif
a = 0,89 ans kniHonTunonity go a = 1,10 Ansa canoHity.
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INTERACTION OF H(D,T)O WITH MINERAL ADSORBENTS IN STATIONARY SYSTEMS

Background. The theoretical basis of the experiments is the idea that the significant adsorption properties of layered silicates of the
montmorillonite and palygorskite groups and clinoptilolite with a developed specific surface due to the dynamic nature of adsorption-desorption
processes due to kinetic isotope effects can ensure priority retention of mineral particles of more inert hydroxide groups OT- near the adsorption
surfaces.

Methods. Cherkasy bentonite with a montmorillonite content of 75 % (hereafter montmorillonite), Varvarivska saponite, and Sokyrnytsky
clinoptilolite were used for the experiments. Experiments were performed in stationary mode in hermetically sealed containers (two-phase water-
mineral system).

Results. During the first 7 days of interaction of the aqueous and mineral phases, the specific activity of tritium in the working solution
decreased by 31.8-69.5 %. Subsequently, during the 92 days of interaction of the aqueous solution of H(D,T)O with mineral adsorbents, the change
in the specific activity of tritium did not exceed 2-4 %. At the same time, the initial concentration of deuterium in the working solution of H(D,T)O of
two-phase water-mineral systems decreased by only 0.8-14 %, ranging from 0.0066 % to 0.0408 %. During the experiment, in closed water-mineral
systems, a partial interphase redistribution of the initial stock of hydrogen isotopes, which was accumulated in the initial working solution H(D,T)O,
took place. In the process of adsorption of the solution by mineral adsorbents, the initial moisture in the mineral phase was replaced by H(D,T)O and
the content of hydrogen isotopes increased in them. The content of tritium in the adsorbate, depending on the mineral type of the adsorbent, increased
by 31.8 to 69.5 %. Concentration of deuterium increased by 10.1-48.6 %, which was due to the different adsorption capacity of mineral adsorbents.
Adsorption of the H(D,T)O working solution by mineral adsorbents was accompanied by fractionation of heavy hydrogen isotopes.

Conclusions. Asaresultof the interaction of the H(D,T)O solution with mineral adsorbents, kinetic isotope effects determined the priority
retention of more inert hydroxide OT-groups than OD- groups near the adsorption surface of mineral particles. Consequently, interphase fractionation
of heavy hydrogen isotopes occurred in stationary water-mineral systems. The coefficients of tritium interphase fractionation range from a = 1.26 for
palyhorskite to a = 2.96 for clinoptilolite. For deuterium, this indicator is equal to a = 0.89 for clinoptilolite and to a = 1.10 for saponite.

Keywords: fractionation, tritium, deuterium, montmorillonite, sepiolite, saponite, palyhorskite, clinoptilolite.

ABTOpM 3asBNAIOTb NPO BiACYTHICTb KOHMIIKTY iHTepeciB. CnoHcopu He Bpanu yyacTi B po3pobneHHi gocnigxeHHs; y 36opi, aHanisi un
iHTepnpeTauii AaHWX; y HanMcaHHI pykonucy; B pilleHHi Nnpo ny6nikauito pesynbTartis.
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TEHAEHLII PO3BUTKY NPHUYOPYAHOI MPOMMCIIOBOCTI YKPAIHM
Y CBITOBOMY KOHTEKCTI

(MpedcmaeneHo 4YreHoMm pedakuyiliHoi Konezil 0-poM 2eos.-miHepasio2. Hayk, npod. B.M. 3azHimkom)

Po3ansiHymo ocHoeHi ceimoei meHAeHUii po3eumky 2ipHuU40006yeHOI 2ay3i 3a ocmaHHi POKu; Moka3aHo NocmiliHe 3pocmaHHs iH-
meHcueHocmi po3pobku 3eMHUX Hadp i euGobymky MiHepansHOI NPodykuii 8 ocmaHHi decsimusniimmsi; eudineHo npoeidHi eudobyeHi
KpaiHu ceimy, ecmaHoeJsieHo, Wo 3a 06'eMoM eudobymky nepedoei no3uyii 3alimaromb Kumati (23 % ceimoeozo eudobymky), CLUA
(12 %), Pocisi (9 %), Aecmpanisi (7 %), a 3a eapmicmro eudobymoi npodykuii — Kumaii, CLUA, Pocisi, Caydiecbka Apaeis ma Aecmpanis.
BcmaHoeneHo, wjo 3a ocmaHHi poku (2015-2021) oco6nueo 6ypxnusum 6ys1o 3pocmaHHs1 uGo6ymKy simito, pioKicHUX 3emerib, Hiobito,
mumaHy, 6okcumis, Hikesnto, ghriroopumy, 2paghimy ma iH., y mou yac sik audobymok osioea, pmymi, CypMu, ypaHy, maHmarsy, mexHi4Hux
anmasie ma iH. 3Hu3uecs. BusieneHo, wjo HanpukiHyi 20-x pokie Ha po3e8umok 2ipHU40006y8HOI 2asy3i HezamueHo ennueasnu Hacioku
naHOeMmil, ane exe HanpukiHyi 2020 p. cmaH 2ipHuU4opydHoi 2any3i noyae nokpaujyeamucs. [lokazaHo posb i Micye YkpaiHu y ceimosit
2ipHUYopyOHili npomucioeocmi, sika 3a 06'emom eaudobymky nocidae 24-me micuye y ceimi, a 3a eapmicmro eudo6ymoi npodykuii —
36-me, 3alimae noeidHi nosuuii y eudobymky 3asniza, Map2aHyto, mumaHy ma iH. 3a ocmaHHi poku (2015-2021) e YkpaiHi cymmeeo
36inbwuecst suGo6ymok 3asiza, Mapa2aHyro, mumasy, nosibo8o20 wamy, 2paghimy, cipku, KOKCieHO20 8y2innsi, ane audobymok 2arnito,

6eHmMoHiImy, cori, YUPKOHy, 8y2innsi, ypaHy 3HU3UECSI.

Knw4yoBi cnoBa: MiHepanbHO-cuposuHHa 6a3a, 2ipHU40d06y8Ha 2ay3b, 8UGOOYMOK.

Bcrtyn

MocmaHoeka npo6nemu. Ans NPURHATTSA yNpaBniHCb-
KMX pilLeHb Y ranysi HaApoKOPUCTYBaHHS NOTPiOHI MapkeTu-
HFOBi  OOCNIMKEHHA 3aranbHOro CTaHy, TeHOeHUin i
NepcrneKkTuB PO3BUTKY MiHEparbHO-CUPOBUHHOI 6a3n (MCB)
CBIiTYy, Micus i poni YkpaiHu y cBiToBOMY BMAOOYTKY KOpMC-
HWX KOMaruH, Y4iTke po3yMiHHS CUIbHUX | cnabKunx CTopiH Ha-
LLIOrO TipHUYOro CeKTopy, Npo6nem i NepcnekTMB po3BUTKY
MCB Halwuoi kpaiHu.

AHani3 nonepedHix docnidxeHb. IcHye 6araTto gocni-
OXeHb Woao cTpykTypy i po3BuTKy MCB pi3HMX KOPUCHWUX
KonanuH cBiTy, ob'emiB ix BMgobyTky i BaptocTi (Mineral
Commodity..., 2016—2021; World Exploration Trends, 2022;
World Mining Data, 2020, 2021, 2022). 3BeeHHs LLOAO KO-
PUCHUX KONanuH YKpaiHW TakoX HadaeTbCst B YMCMEHHMX
HaykoBux npausix (Mypcekui, 2008; Muxannos, 2023; MiHe-
panbHi pecypcu, 2020; Mykhailov et al., 2022, 2023).

®opmynroeaHHsi npobnemu. [Mpobnema nonsrae
y BiOCYTHOCTI 06'€éKTMBHOro aHanidy poni i NOMoXeHHS
YkpaiHn y cBiToBOMYy BUAOOYTKY KOPUCHUX KOMaruH, TEeH-
OeHUin i HanpsamkiB po3BuTKy it MCB. Lium nutaHHam i npu-
CBsiYeHa us cTaTTS.

PesynbTaTtu

Ceimoei meHOeHUii po3eumky 2ipHuU4odobyeHoi
2asy3i. 3a 0CTaHHi poKM pi3Kko 3pocna iHTEHCUBHICTb poO3po-
OKkM 3eMHUX Hagp (Tabn. 1): skwo y 1984 p. ceiToBa MiHepa-
nbHa npoaykuia crtaHosuna 9,3 Mnpa T, 70 y 2000 p. —
17,3 mnpg T, v 2019 p. BoHa pgocarma 18,0 mnpaT. Y
2021 p. ob'eM CBiTOBOiI MiHepanbHOI MPOAYKLUii He3Ha4yHO
ckopotmBcs o 17,9 mnpa T i3 3aranbHOK  BapTIiCTO
$5 133 702 mnH. HainGinblunii 06'em BUaoGyTKy npunagae
Ha roptodi KopucHi konanuHm (15,3 MnpAa T), Ha opyrin Nnoau-
Ljii — 3aniso i depocnnasu (1,7 MNpAa T), Ha TPETbOMY — He-
MeTaniyHi kKopucHi konanuuum (0,8 mnpa T), Ha YeTBEpPTOMY —
iHwi meTtanu (0,1 mnpa T). CnMcok NpoBigHMX BUAOOYBHMX
KpaiH CBiTy HaBeAeHo B Tabn. 2.

Ak BuaHO 3 Tabnuui, 3a 06'eMoM BMAOGYTKY NPOBiAHI No-
3u1Lii 3alMaloTb YOTMPK KpaiHW, Ha siKi Npyunagae nosnoBMHa
BCcboro BuaobyTtky: Kutan (23 %), CLUA (12 %), Pocis (9 %)
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i ABctpanis (7 %). Kutai € ciToBuM nigepom 3 BUaobyTKy
32 BuaiB MiHepanbHOI CMPOBUHMK, BiH Nocigae 1-we micue y
CBITi 3 BUAoOGYTKYy (y % cBiToBOrO B1MA0OYTKY) BOnbdpamy
(80), BaHapito (54), antomiHito (57), cypmu (64), nnasuko-
Boro wnarty (51), rpagity (60), marHe3uTy (66), ranito (94),
repmadito (89), Tenypy (74), muw'sky (46), BicmyTy (64), Mmo-
nioaeny (36), kagmito (35), ceuHuto (44), TutaHy (26), Ta-
neky (25), kaoniHy (18), 6eHToHITY (26) Ta iH. Y CLUA
BMOoOyBaloTb 68 % cBiToBOro ob6'emy G6epunito, 22 % npu-
poaHoro rasy i 15 % HadTu. Pocia nocigae 1-we micue y
cBiTi 3 BUOobyTky (%) anmasis (28), nanagito (41), asbecty
(61), ABcTpanis € nigepom 3 B1AoGyTKy niTito (61), 3anisa
(37), 6okeuTiB (29) i umpkoHy (40).

Y BapTiCHOMY BuWpasi CUCOK OeLlOo 3MIHIOETLCS, BoYe-
BWAb, 3aBASIKW PI3HIN CTPYKTYpi MiHepanbHO-CUPOBUHHOMO
KOMMIEKCy, Tpirika nigepis 3anuliaeTbCa TOW e camMoto, Ha
4-te micue BuxoguTtb Cayaiscbka Apasisi, a ABCTpanisa — 5-Te.

LlikaBo BigsHaumth, wo 3a nepiog 3 2015 no 2019 p. ocob-
nvBo BypxnueBum Gyno 3pocTaHHS CBITOBOro BUAOOYTKY ni-
Tito (Ha 202,9 %), cytteBo 3pocnm 06'emm BMOOBYTKY
pigkicHnx 3emenb (62,3 %), HioGito (54,8 %), Muw'aky
(52,1 %), Tenypy (34,5 %), mapraHuo (33,8 %), Hikeno
(31,4 %), ranito (31,2 %), GokeutiB (23,5 %), Xxpomy
(20,1 %), nnasukosoro wnaty (21,6 %), 6eHToHITY (20,4 %).
Y ToW xe Yac 3meHLwmBCcs BUOobyTok kobanbTy, MonibaeHy,
TaHTany, Bonbdpamy, cypmu, 6epunito, BicMyTy, repManito,
pTYTi, ONOBa, UWHKY, NrnaTuHu, a3becty, 6aputy, 6opy, mar-
He3uTy, Cori, BEPMUKYIITY.

3a nepioa 3 2017 no 2021 p. HanbinbLue 3pic BMAOOYTOK
P3E (Ha 102,1 %), cytTeBo (noHag 10 %) 36inbwmBca BU-
[obyTok TUTaHy, 6okeuTis, Hikento, 6epwunito, niTito, repma-
Hito, ranito, Hiobito, iHAjlo, Tenypy, ceneHy, rpadgity, 6opy,
drntoopuTy, diaToMiTy, Nepnity, BEPMUKYNITy, ane cyTTEBO
3HM3MBCS BUOOOYTOK OnoBa, PTyTi, CypMK, ypaHy, TaHTany,
TexHiYHuX anmasise (tabn. 3).

Ha nouatky 20-x pokiB XXI CT. OCHOBHi TeHAEHLUii po3Bu-
TKy ripHM40806yBHOI ranysi Bu3Havyanucst HeraTUBHUMU Ha-
cnigkamn naHgemii  COVID-19, ska npussena [Jo
LUIMPOKOMACLUTABHNX 3MiH Yy XWTTEQIANBHOCTI MOACHKOrO
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cycninbCTBa i NafiHHA BanoBOrO BHYTPIWHLOrO MPOAYKTY
(BBIM) 6araTtbox KpaiH, 3okpema, BBIM €C 3HM3uBCA Yy
2020 p. Ha 14,9 %, BBIN CLUA — Ha 9,5 % (World Exploration ...,
2021). Tomy B nepwin nonosuHi 2020 p. ripHu4yonobyBHa
NMPOMMWCIOBICTb CTUKHYNACh 3i 3HaYHUMW BUNPOBYBaHHAMM,
SIKi NpU3BENK cnoYaTKy 40 NagiHHS, @ NoTiM — 4O 3pPOCTaHHS
LiH Ha OCHOBHI MeTanu, 3aKpUTTS MOLUYKOBO-PO3BigyBasb-
HWX MPOEKTIB i CKOPOYEHHS acurHyBaHb Ha reornoropos-

BidyBanbHi poboTu. 3okpema, BUTpaTh Ha PO3BiAKY KOMbO-
poBux mMeTanis ckopoTunuca Ha 11 % y piyHomy Bupasi o
$8,7mnpa y 2020p. 3 $9,8mnpa y 2019p.
OcobnuBo ACKpaBO Take CKOPOYEHHS MPOSIBUIIOCS B MepLLUil
nonosuHi 2020 p. OgHak y apyrii nonosuHi 2020 p. cutya-
Lisi AeLlo B1uNpaBmnacs, LiHa Ha KonbopoBi MeTanu 3aMmiH1na
TEHAEHLI0 Ha 3pOCTaHHsl, AOCMIAHWLBKI NporpaMmu OHOBU-
nucs, xo4a 1 B obmexeHoMy BUrmsAi.

Ta6bnuuys 1
AvHamika cBiTOBOI MiHepanbHoi npoaykuii y 1984-2021 pp., T (World Mining..., 2020, 2021, 2023)
Pik YopHi MeTanm ) _Ko_nb(_)poai [OoporouiHHi IHaycTpianbHa EHepreTunyHa Beboro
i pigkicHi meTanu MeTanu CUpOBUHa CUpOBUHa
1984 463 653 286 35084 585 14 609 460 034 310 8 374 143 026 9 332929 816
1985 510 052 413 35280 131 15039 468 017 624 8 632 008 924 9 645 374 131
1986 514 514 946 35 134 266 14 972 478 274 132 8866 100 552 9 894 038 868
1987 527 743 082 36 715179 15754 493 253 351 9 022 185 833 10 079 913 199
1988 545 104 841 37771629 16 744 505 107 009 9279010 974 10 367 011 197
1989 563 035 654 39 457 040 17 189 508 179 916 9 570 906 201 10 681 596 000
1990 553 138 430 39 158 801 17 418 495 266 552 9575572129 10 663 153 330
1991 554 426 795 39 133 368 17 000 473 973 296 9443 788 547 10 511 339 006
1992 518 351 544 39714 334 17 352 466 022 788 9 375485 492 10 399 591 510
1993 527 354 970 39 121 393 16 581 453 542 362 9 330 148 521 10 350 183 827
1994 546 473 894 38 758 449 15937 476 448 258 9 385 856 096 10 447 552 634
1995 577 003 628 40425 344 16 863 493 200 047 9 665 259 246 10 775905 128
1996 564 412 774 42 593 880 17 370 501 553 390 9809 104 380 10917 681794
1997 590 662 477 44 044 133 18 567 518 080 782 9 986 638 623 11 139 444 582
1998 593 354 759 45 872 155 19 575 504 542 436 10 011 385 352 11 155 174 277
1999 582 302 931 47 973 981 19 871 532 629 932 9911 925 207 11074 851 922
2000 627 277 484 49999 012 21 041 539 434 881 10 105 168 703 11321901 121
2001 596 561 401 50 557 341 21628 537 057 554 10 329 585 282 11513783 206
2002 642 377 488 51770272 21769 542 008 604 10 483 465 547 11719 643 680
2003 692 928 163 54 904 665 21737 589 890 476 11 058 691 275 12 396 436 316
2004 787 207 372 57 518 485 22 637 633 680 934 11725051614 13203 481 042
2005 858 612 467 60 526 878 23216 656 649 518 12 229 188 782 13 805 000 861
2006 963 127 912 63 650 568 22 932 679 234 001 12 665 314 545 14 371 349 958
2007 1064 353 923 68 904 072 23 447 693 078 079 13 001 956 404 14 828 315 925
2008 1120984 014 71643 411 24 044 700 313 424 13 330 547 179 15223 512 072
2009 1103 080 437 68 786 771 25518 673 755 493 13 140 965 067 14 986 613 286
2010 1224 004 013 74 867 975 26 727 712 674 005 13 827 774 190 15 839 346 910
2011 1308 602 816 78 343726 26 914 740 569 092 14 392 333 109 16 519 875 657
2012 1320724 158 85 356 312 28 217 752 882 753 14 682 072 173 16 841 063 613
2013 1401844 672 90 051 397 29 533 781216 623 14 752 253 330 17 025 395 555
2014 1490 632 046 92 253 381 30 686 785 081 500 14 807 376 853 17 175 374 466
2015 1494 789 495 96 193 095 31 861 790 281 214 14 833 656 268 17 214 951 933
2016 1502 945 334 96 906 145 31902 791 316 050 14 395 634 888 16 786 834 319
2017 1 554 609 380 98 050 174 30 800 802 011 255 14 806 182 843 17 260 884 452
2018 1570 009 096 102 977 508 31652 825 014 143 15 333 481 009 17 831 513 408
2019 1599 612 882 102 815 267 31845 810 856 834 15 504 305 583 18 017 622 411
2020 1567 412 575 104 563 805 29 930 781 511 602 14 774 452 791 17 227 970 703
2021 1682971493 107 665 438 29 604 809 971 978 15 296 261 104 17 896 899 617
Tabnuys 2
Cnucok NnpoBiAHUX BUAOGYBHUX KpaiH cBiTy, 2021 p. (World Mining..., 2023

Ne Kpaiita BupobyTok, Ne Kpaina BupobyTok, Ne Kpaina BaprTicTb, Ne Kpaina BapricTb,

MIH T MIH T $ MnH $ MAH
1 |Kutan 4 639 23 [Monblya 120 1 | Kutan 879 461 23 |OmaH 33317
2 |CWA 2217 24 | YkpaiHa 108 2 |CWA 652 348 24 |Nisis 33314
3 [Pocisa 1676 25 |Konymbis 101 3 |Pocis 506 217 25 |Konymbis 31931
4 | Ascrpanis 1310 26 | OmaH 93 4 ngg;ﬂmbka 289925 | 26 |Awrona 29008
5 [IHgis 1125 27 |IBiHes 89 5 | AscTpanis 246 674 27 | Manasis 27 008
6 |lHaoHesist 684 28 |Manaitsis 87 6 |Kanana 223136 | 28 |Bemka 26 639

BpuTaHis
7 /f;;"si'sc""a 636 29 |Erner 87 7 | Inais 188994 | 29 |E€rvner 26 446
8 [KaHaga 526 30 | TypkmeHicTaH 79 8 |NAP* 169 302 30 | TypeyuuHa 26 128
9 | Bpasunis 504 31 |Bemka 73 9 | Bpasunis 149811 | 31 |OPK* 25 769
BpuTtaHis

10 | IpaH 440 32 |[iBisi 73 10 |[lpaH 136 975 32 | ApreHTuHa 23 205
11 | MAP* 296 33 |B'eTHam 72 11 | IHOoHesisA 135 502 33 | AsepbarigpxkaH 22 768
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12 | KasaxcraH 256 34 |Tainang 63 12 |lpak 105 610 34 |[aboH 21944
13 |OAE* 218 35 | AsepbarigpkaH 61 13 |KasaxcTtaH 101 671 35 |BeHecyena 21 606
14 | Katap 214 36 | ApreHTuHa 61 14 |OAE* 100 027 36 | YkpaiHa 20173
15 | Ipak 210 37 |Axrona 59 15 [ Mekcuka 80 599 37 | TypkmeHicTaH 17 304
16 | Hopseria 190 38 |BeHecyena 55 16 | Hopseris 69 272 38 |Y3bekucraH 16 877
17 |HimeyumHa 166 39 | Y3bekucTaH 51 17 [ Kyseut 64 907 39 |Monbuwa 15 541
18 | Mekcuka 153 40 | MakuctaH 50 18 |Kartap 64 402 40 |B'eTHam 14 477
19 | Armxup 146 41 |Nepy 38 19 | Yuni 62 911 41 |HimeyuuHa 12 196
20 | TypeyvunHa 146 42 |Yvni 31 20 | Hirepis 49 411 42 | TainaHg 9980
21 [KyBsewt 135 43 |lFaboH 15 21 | Anmxup 44 894 43 |MNakuctaH 9637
22 | Hirepis 121 44 | APK* 14 22 |lMepy 44 568 44 |I'BiHes 8 969
Mpumimka*: PK — ONemokpaTnyHa Pecny6nika Koxro; MAP — lNiaeHHo-AdpukaHcbka Pecny6nika; OAE — O6'eaHaHi Apabebki EmipaTy.
Ta6nuys 3
AvHamika BUAOGYTKY KOPMCHUX KonanuH y cBiTi B 2017-2021 pp. (World Mining..., 2023)

CupoBuHa 2017 2021 21/17 CupoBuHa 2017 2021 2117
3anizo, MIH T 1511,8 1635,1 +8,26 | lanin, 1 310 434 +40,0
Maprareub, MIH T 18,8 21,2 +13,1 TaHTtan, T 2 301 1760 -23,5
XpOoMm, MIH T 14,1 14,6 +3,8 Hiobin, Tnc. T 92,0 121,9 +32,5
TwutaH, TMC. T 7120,4 8493,3 +19,3 | IHgin, T 782 917 +17,3
BaHagin, Tuc. T 81,9 88,5 +2,5 P3E, Tuc. 1 133,2 269,2 +102,1
ANOMIHIA, MNH T 60,5 67,7 +11,8 | Penin, 1 45 42 -6,7
Bokeutn, MNH T 311,8 379,8 +21,8 | Tenyp, T 613 734 +19,7
Migb, MIH T 20,1 21,4 +6,6 CeneH, 1 3005 3710 +23,5
CBuHelp, TUC. T 4 654,2 4 680,6 +0,6 Anma3 oBenipHUin, MITH Kap. 81,2 75,3 -7,2
LinHk, TMC. T 11 899,0 | 12928,7 +8,7 Anma3s TeXHIYHUIN MIH Kap. 69,6 42,9 -38,3
Hikenb, TMC. T 2141,8 2812,8 | +31,30 | doccaTtun, MiH T 79,6 75,4 -5,3
KobanbT, TMC. T 138,7 134,5 -3,04 Bapwut, TUC. T 89545 8,369,3 -6,5
MonibgeH, Tnc. T 285,4 267,7 -6,2 AszbecT, TUC. T 1157,1 1,292,4 +11,7
Bonbdpam, Tuc. 1 86,4 88,5 +2,5 [padit, TMC. T 896,3 1167,4 +30,3
Ono.o, THC. T 315,9 271,3 -14,2 Bop, TMC. T 4228,7 4919,8 +16,34
PTyTh, T 2 396 1657 -30,8 | ®noopuT, TMC. T 5750,0 8391,9 +45,9
Cypwma, Tuc. T 148,9 94,0 -36,9 BEeHTOHIT, MNH T 21,2 18,8 -11,4
Mwuw'sk, Tuc. T 57,4 54,9 -4,4 LiatomiTt, Tmc. T 22429 25433 +19,39
BicmyT, T 10 607 11143 +5,1 [MonboBWM WINAT, MAH T 31,5 35,9 +13,8
Kagmin, T 26 777 24 770 -7,5 Finc, MAH T 155,9 172,8 +10,9
3onoto, T 3336,5 3235,2 -3,0 KaoniH, MrH T 45,2 43,3 -4,1
Cpibno, 1 27 054,5 | 25342,6 -4,1 MarHesuT, MnH T 28,5 28,0 -1,56
lMnatuHa, T 184,6 190,9 +3,4 MepniT, TMC. T 2 375,8 3702,7 +55,9
Managin, T 204,6 212,6 +3,9 Coni kaninHi, KO, MnH T 42,3 45,2 +6,7
Pogin, T 23,1 24,5 +6,1 Cinb, MIH T 282,6 273,8 -3,1
YpaH, T 70 402 56 155 -20,2 | Cipka, MNH T 79,6 76,8 -3,5
Bepunin, T 5306 6716 +26,6 | Tanbk, TUC. T 8 278,5 7 695,3 -7,0
JliTin, TMe. T 162,7 232,5 +42,9 | BepMmukynit, TMC. T 416,1 516,0 +24,0
epmaHii, T 98 142 +44,9 | UupkoH, TC. T 13794 1456,1 +5,6

lpHWM4YO[00yBHY ranysb CyTTEBO MIATPUMANO 3POCTaHHS
LliH Ha OCHOBHI MeTanu. Tak, LiHW Ha 30/10TO AOCAMNN peKkopa-
HUX no3Hauok 2063 $/yHuito (6.08.2020 p.), xoua NoTimM Ha no-
yatky 2021 p. BoHM 3HM3uUnNucs Jo 1728,80 $/yHuio
(26.02.2021). LliHa 3anisHoi pyau 3pocna 3 80 $/1 y nioTomy
po 177 $/1 y rpyaHi 2020 p. LliHa Ha migb npoTtsirom 2020 p.
36inbwmnaca Ha 68 % i gocarna MakcMMarbHUX NO3HAYoK Y
9 614,50 $/1 (25.02.2021) — makcumManbHuid piseHb 3 2011 p.
LliHa Ha umHK 3pocna go 289,40 $/1(25.02.2021) — HakBULLWIA
piBeHb 3 TpaBHsi 2019 p. LliHn Ha Hikenb 3a 2020 p. 3pocnu Ha
18 %, nepesuwwmn 20 000 $/T (22.02.2021), xo4a MOTIM
JeLlo 3Hu3unacs go 18 653 $/1 (26.02.2021).

Y 2020 p. gewo niaBuwmBes obcsr iHaHCyBaHHS reo-
noropo3BiayBarnbHUX pobiT Ha 30M0TO i cpibno, y Tol Yac sik
diHaHcyBaHHA TPP Ha Migb, UWHK, NiTi | KOGanbT 3MeHLWn-
nocs. Tak, nopiBHsHO 3 2019 p. diHaHcyBaHHS PP Ha migb
ckopoTunocs Ha 24 %, un Ha $561 MnH; Ha UMHK — Ha 21 %;
Ha Hikenb — Ha 5 %. OCHOBHUM KpuTepieM iHBeCTyBaHHSA OyB
HU3bKWIA PIBEHb PU3VKY KaniTanoBKMageHb, TOMY HawbinbLue
noctpaxgano ciHaHcyBaHHA PP paHHix cTtagin (nowy-
KOBO-pO3BigyBarnbHi pob0oTK), MEHLLE — PO3BiAKa BXe BifkK-
puUTUX poJoBULL, obCAr (iHAHCYBaHHSI SIKOI 3MEHLUMBCS
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nuwe Ha 4 %, uv Ha $147 mIH nopieHsiHO 3 2019 p., y Tol
yac sK piHaHCyBaHHA paHHix ctagin PP ameHwwnnocsa Ha
19 %. BignoBigHO 3mMeHLIMNacsa 1 KinbkiCTb HOBUX 00'eKTiB
nposeneHHss PP, skux y 2020 p. 6yno 3apeectpoBaHO
TiNbkn 52, N'aTUpPIYHUIA MiHIMYM, OyXe Aanekui Big mMakcu-
mymy 2012 p., konm 6yno 3adikcoBaHo 175 HOBMX 00'EKTIB.
BiogXeTHi acurHyBaHHs Ha reonoropo3eigKy CKOpOTU-
nmcsa y Beix perioHax, ocobnueo B JlaTuHcbknii AMepudi, oe
cKopoyeHHst csrano 21 % ($556 mnH), y Toid yac sk y CLUA,
Kanagi, AscTpanii BoHO cTtaHoBuo 6nmsbko 1,5 % (puc. 1).
Y Pocii 6opkeTHi acurHyBaHHa PP 3pocnu Ha 6 % (Ha
$24 mnH), y Toit vac sk y Kutai BoHu ckopoTunmcs Ha 20 %.
Bromxet PP Asctpanii B 2020 p. ctaHosuB $1,37 mnpg,
wo Ha 10,3 %, un $158 mnH meHLwe, Hix y 2019 p. Y Kanagi
3HMKEHHA carano 1,5 %, un $19 mnH, Hacamnepep 3a paxy-
HOK 3HWKEHHSA acurHyBaHb PP Ha ypaH, CBMHeUb i LIMHK,
KobGanbT i Migb. Y TON e 4Yac BOHU 3pocnu Anis 3onoTta (Ha
$55 mnH) i ans cpiona (Ha $13 mnH). B Adpuui Bigbynocs
CKOpOYeHHs acurHyBaHb Ha PP Ha 10 %, y TomMy 4ucni Ha
30n0T10 — Ha 11 %, Ha Migb — Ha 26 %. CKOPOYEHHS acurHy-
BaHb y CLWA csarano 1,5% ($14 mnH), a B Asilicbko-
TuxookeaHcbkoMy perioHi — 16 % ($50 mnH).
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Puc. 1. KpaiHu 3 HanbinbLuoto 3miHoto GroaxeTty Ha FPP B 2020 p. (World Exploration..., 2021)

Y 2020 p. Bcboro y cBiTi 6yno npobypeHo 41 026 po3B.i-
ayBanbHux ceepanosuH no 1098 npoekrax, wo gewo Gi-
nbwe pesynbTatis 2019 p (38 958 ceepanosuH no 1093
npoekTax). HanbinbLy KinbkicTe cBEpANIOBUH Oyno npo0dy-
pEHO MO 30M0TOPYOHUX MPOEKTax, Y ToM 4vac sk ob'emu
OypiHHA Ha cpibno, MM, kobanbT, Migb, MonibaeH, ceu-
HeLlb, LIMHK 3HU3WUIUCh.

Bxe y 2021 p. caiTOBa ripHU4OpyAHA MPOMUCIIOBICTb NOYM-
Ha€e BiQHOBNOBATUCS, NPUOYTKM 36iNbLUYIOTHCS, LIiHU Ha CUPO-
BUHY, 06'emu BypiHHs 3pocTatoTb (World Exploration ..., 2022).

3aBOskn LOMY CyTTEBO 30iNbLUMBCA Tak 3BaHWN iHOEKC
Pipeline Activity Index (PAl), sikuin Bigasepkantoe 3auikaene-
HICTb MOTEHLNHWX KIieHTiB y npoBeaerHi MPP. Y 2021 p. BiH
csaraB y cepegHbomy 137 (y 6epesHi 2021 p. — 149), Togi sk y
2020 p. — 98. 3pocro i diHaHcyBaHHa PP o $11,24 mnpg
npotv $8,35 mnpa y 2020 p. ExkcnepTv nporHo3ysanu nigsu-
LeHHs rnobansHoro blopxety Ha PP Ha 5-15 % y 2022 p.,
ane BToprHeHHs Pocii B YkpaiHy 24.02.2022 p. 3ymOBUIIO He-
BM3HAYEHICTb LLOAO TOBAapPHUX PUHKIB i rMobanbHOi eKOHOMIKK
3arasnom, Lo 3aBaguno iHTeHcudikauii MPP.
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Y 2021 p. iHTEHCMBHO pO3BMBanacs Tak 3BaHa 3eneHa
eHepreTuka i pUHOK enekTpomobinis, WO CNPUYMHWUIO Nig-
BUMLLEHHS NONUTY Ha cpibno i Migb y nepioMmy BUnagky, a 'y
OPYroMy — Ha Hikenb, kobanbT i niTin. 3 iHWoro 60Ky, 3poc-
TaHHS LiH Ha eHeprito B €Bponi i Knutai npnseeno go 3ynuHku
6araTtboX NNaBWMbHUX i OYMCHWUX NIANPUEMCTB, 0COBNMBO
ONsi UMHKY, @ 0OMeXeHHs1 BUpOOHMLITBA eneKTpoeHeprii B
Kutai'y gpyrinn nonosuHi 2021 p. — 40 CKOPOYEHHS BUPOBHU-
uTBa ctani. Lie cnpoBokyBano 3poCTaHHs LiH Ha Ui MeTanu,
30KkpeMa, 8 6epesHst 2021 p. UiHa LMHKY Ha JIOHOOHCbKIN Bi-
pxi meTanie (LME) carHyna 15-piuHoro makcumymy B $4136
3a TOHHY, LiHW Ha 3anisHy pyay gocarnuv y TpaeHi 2021 p.
233,10 $/1, uiHa Hikenio y 2021 p. 3pocna Ha 21 %, a migi —
Ha 22 % (puc. 2).

Micnsa ntotoro 2022 p. pi3ko 3pocnu LiHW Ha nanagini i 8 6e-
pesHst 2022 p. BoHM csranu $3180,29 3a yHujto. OgHovacHo
36inbLUMNUCE LiHM Ha 30M0TO, siki nepesmmny $2000 3a yHuio
(10.032022), Ha Hikenb — fo 33 350 $/1 (8.03.2022).

Hadra

Hikers
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3anizni pyan

§ Tapanii
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Puc. 2. BapTicTb MiHepanbHoi cupoBuHM y 2021-2022 pp. (World Exploration..., 2022)

3aBasikv umm 3miHam BuTpatu Ha PP y 2021 p. noyanu
BigHOBMOBaTUCA Nicnsa ckopoyeHHs y 2020 p. Ha 10 %, xo4a
BOHW 1 He gocarnu pisHa 2019 p. 3aranbHi cBiTOBI BUTpaTH
Ha nowykoBi po6otn y 2021 p. 3pocnn Ha 45 % (go
$2,91 mnpg). Baptictb M'PP Ha konbopoBsi MeTanu 36inbLm-
nacbk y 2021 p. Ha 35 % (go $11,24 mnpg); KinbKicTb reomno-
roposBigyBanbHuX KomnaHin 3pocrna Ha 10 % (oo 1948),
xo4ya He gocsrna piBHA 2011-2012 pp., Konu Ha PUHKY X
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npautoBano 2500. 3pocnu obcarn diHaHcyBaHHS TPP Ha
3on0T1o, ocobnueo B Kanagi, CLUA, Asctpanii, migb (Ha
31%), Hikento (Ha 27%), niTin (Ha 25%), kobanbT (Ha 27%).

OcobnnBo iHTEHCKBHE 3pocTaHHsA hiHaHcyBaHHA PP
Binbynocs B KaHagi — go (Ha 62 %, un $799 MnH — go
$2,09 mnpa), Asctpanii (Ha 39 %, 41 Ha $531 MnH — go
$1,9 mnpa), CLWWA (Ha 37 % — go $1,28 mnpa), NlaTUHCbKWiA
Amepuui (Ha 29 %, uv Ha $591 mnH — go $2,66 mnpga), Pocii
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(Ha 24 % — po $535 mnH), Kutai (Ha 59 % — no $495 mnH),
Caygiscbkinnt Apasii (Ha 155 % — go $85 mnH), Adpuui Ta
Asilicbko-TrxookeaHCbKkoMy perioHi (no 12 %) (puc. 3, 4). B
Adpuui 36inbWINMOCE acurHyBaHHa Ha 3onoto (Ha 18 %),
CKOPOTUMUCS — Ha Migb, anmasu, CBUHeLUb, UMHK, NiTin. TyT
3pocno ¢iHaHcyBaHHs PP y BypkiHa-®aco (go $126 mnH),

Kanapna
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Yuri
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Yan
€runer
Hopryraxis
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Mani (go $129 mnH), ane ckopotunocs y [demokpaTuyHiii
Pecny6niui  Konro (OPK) ($130 mnH), Kot-a'lByapi
($88 mnH). B Asiiicbko-THUX00OKEaHCbKOMY PEerioHi 36inbLum-
nocs ciHaHcyBaHHa PP B IHgoHesii (oo $129 mnH), Ha ®i-
ninniHax (go $32 mnH), ane ckopoTtunocsa B Manya Hosil
rBiHei (IMHI) ($58 mnH).
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Puc. 3. KpaiHu 3 Han6inbLwoto 3miHow AgepxaBHoro 6romxety Ha MPP y 2021 p. (World Exploration..., 2022)
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Puc. 4. AcurHyBaHHsA Ha PP 3a perioHamu cBiTy y 1997-2021 pp. ($M) (World Exploration..., 2022)

Y 2021 p. BcboOro y cBiTi 6yno npobypeHo 68 982 po3si-
AyBanbHUX CBEPANOBUH Mo 1611 npoekTax (3poCTaHHA Ha
47 % i 68 % BignoBigHo). HanbinbLuy KinbKicTb CBEPANOBUH
6yrno npobypeHo no 3onoTopyaHUx npoekTtax (49 858 ceepa-
noBuH), 36inbwmnuce 06'emn BypiHHA Ha CBUHELb i LMHK
(2466 cBepanoBuH), iHWI konboposi MeTanu (599), cneuia-
neHi meTtanu (3630), migb (4710), cpibno (4250), Hikenb
(2231), miHepanu nnatuHosoi rpynu (M) (1238).

HanbinbLuy kinbkicTb 6ypoBUX NPOEKTIB 3adikcoBaHO B
Asctpanii (479), Kanagi (443), CLWA (176), Mekcuui (81);
KiNbKiCTb CBepAnoBuH B ABCTpanii 3pocna go 27 143, B Ka-
Hagi — po 12 078 (puc. 5).

FipHu4YyopyOHa 2any3b YkKpaiHu. YkpaiHa 3a o6'emom
BMOoOyTKy (2021 p.) nocigae 24-te micue (107,7 MAH T), ay
BapTiCHOMYy CMUCKYy nepemillyetbca Ha 36-Te  Micue
(%20 173 mnH). BpaxoBytoun ii 3HauHy MCB, 3a sikoto, Ha
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OYMKY Aesikux JOCigHMKIB, BOHA NMocigae 3a pPisHUMU OLLiH-
kamn 10—15-Te Micue y CBiTi, Lie CBiQ4YMTb NPO HeOOCTaTHIN
PO3BUTOK TpPHWUYO-BUAOOYBHOIO KOMMIEKCY HaLUOi KpaiHu.
Pasom 3 Tum YkpaiHa nocigae nposigHi micusa y BuaobyTky
(2021 p.): 3aniza — 6-Te micue (3,2 % cBiToBOro BUAOOYTKY),
mapraHut — 7-me (3,1 %), Tutany — 5-te (5,8 %), ranito —
3-1¢ (0,9 %), 6eHTOHITY — 16-Te (0,7 %), NonboBOro Wwnary —
27-me (0,2 %), rpadity — 9-te (1,5 %), kaoniHy — 8-me
(5,4 %), coni — 21-we (0,7 %), cipkn — 35-te (0,3 %), ump-
koHy — 11-te (1,9 %), Byrinns — 13-te (0,4 %), KOKCiBHOrO
Byrinns — 10-te (0,7 %), npupogHoro rasy — 32-re (0,5 %),
Had™1 — 53-13 (0,1 %), ypaHy — 9-Te (1,0 %).

Y 1abn. 4 Ha OCHOBI 3aKOPAOHHUX LaHUX HaBeAEeHO Au-
HaMiky BUOOOYTKY HaNBaXNMBILLMX KOPUCHUX KOMAnuH B YkK-
paiHi. Ak BuaHo, 3a cim pokiB — 3 2015 no 2021 p. B KpaiHi
CyTTEBO 36inbLUMBCHA BUAOOYTOK 3anisa, MapraHuto, TUTaHy,
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nonbLOBOro WNaTy, rpadity, KaoniHy, Cipku, KOKCIBHOTO BY-
rinns, ane 3HM3MBCA BMOOOYTOK ranito, 6eHTOHITY, coni, uu-
PKOHy, Byrinnsi, ypaHy. OcobnvBe 3aHENOKOEHHS BUKITUKAE
pi3ke 3MeHLLeHHs BUaobyTky y 2019 p. nopiBHsAHO 3 2018 p.

Takux BUAiB KOPUCHUX KONanuH, sik ranin, 6eHTOHIT, rpadiT,
LIMPKOH, BYrinns, ypaH. Lli gaHi Tpeba BpaxoByBaTu nig Yac
OLiHKK iHBeCTMUiHOT npuBabnmeocTi MCB YkpaiHu.
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Tabnuuysa 4
[AvHamika BUAoGYTKy HaMBaXNMBIlLMX KOPMCHUX konanuH Ykpaiiu (World Mining..., 2021, 2023)

CupoBuHa 2015 2016 2017 2018 2019 2020 2021 2021/2015 %
3aniso, T 42817 200 | 40240 600 | 38 767 600 | 38 751 300 | 47 584 000 | 49 274 000 | 52 431 000 +22,5
MapraHeub, T 546 600 491 500 650 500 682 700 698 100 698 500 652 300 +19,3
TutaH, T 375 480 339 800 430 300 518 950 564 050 537 430 489 200 +30,3
[anin, T 9 9 6 5 4 4 -55,6
epmaHin, T 1 1 1 1 1 1 1 0
BeHToHIT, T 220 000 200 000 113 200 178 200 124 700 125 000 125 000 -43,2
MonboBwi Wnat, T 44 460 33 627 35 000 50 000 60 000 50 000 60 000 +35,0
Mpadpit, T 10 000 12 000 13 000 15 000 10 000 10 000 17 000 +70,0
Mnc, T 1254 900 1303000 | 1528900 | 1386400 | 1409400 | 1529000 | 1783300 +42,1
KaoniH, T 1814786 | 2335004 | 2379636 | 2091525 | 1843561 1680 891 2317723 +27,7
Cinb, T 2 136 500 1783530 | 1815684 | 2191619 | 2092795 | 2075000 | 1900 000 -11.1
Cipka, T 171 700 171 300 175 900 222 200 220 400 223 500 255 600 +48,9
LinpkoH, T 30 000 29 280 27 239 21614 18 000 16 000 27 000 -10,0
Byrinns, T 23 852700 | 25121500 | 18 932 900 | 21 648 100 | 19747 200 | 17 733 500 | 22 153 000 -7,1

KokciBHe Byrinns, T 6063900 | 6508800 | 5233900 | 4606300 | 5783200 | 6434800 | 7234000 +19,3
a3, mnpg m* 19 900 20 052 20 510 20 806 20 520 20 183 19 757 -0,7
Hadta, T 2533300 | 2272100 | 2169900 | 2293300 | 2453600 | 2430800 | 2455400 -3,1
YpaH, T 1156 1185 986 1390 944 877 536 -53,6
Bcboro, T 97 792 692 | 96 884 836 | 88 682 655 | 91 303 405 |99 013 956 | 98 965 703 | 107 706 664 +10,1

Takum YnmHom, ekcnnyaTauis MCB € cyTTEBUM YAHHUKOM
€KOHOMIKM HaLLoi kpaiHu i 3abe3nedye 3HauHy YacTky il Barno-
BOTO BHYTPILLUHLOrO npoaykTy (BBI). 3a cniBeigHOLWEHHSM Ya-
ctkm BHecky MCK po BBI1 122 BuaoGyBHWMX KpaiH CBITY
(2019 p.) YkpaiHa 3arimae cepefHto nosuuito — 55-Te micue B
PEVTUHrOBOMY CMMCKY 3i criBBigHOLWEHHSM 7,35 % (Tabn. 5).
BepxHi wabni penTMHroBoro cnucky 3anMaroTb Taki KpaiHu,
sk Konro (87,10 %), MoHronis (75,42 %), Mabox (70,40 %),
KasaxctaH (58,67 %), Nigis (50,99 %), a HWxHi — nepeBaxHO
PO3BMHEHI KpaiHU 3 BUCOKUM PiBHEM NPOMMUCIIOBOrO BUPOG-
HuuTtea: Benuka Bputania (1,03 %), HimewyuuHa (0,26 %),
Icnania (0,25 %), Ipnangis (0,19 %), Itanisa (0,15 %), ®paH-
uist (0,07 %), NMisgeHHa Kopesa (0,04 %), Anonis (0,02 %).
Y 3aranbHin CTPyKTYpi HapoAHOro rocnogapcTea UMx KpaiH
MiHEpanbHO-CUPOBUHHI pecypcu He BidirpaloTb 3HAYHOI
poni. 3 iHworo 6oky, KpaiHu 3 po3BuHeHo MCE i Bucokum
NPOMMWCIIOBMM MOTEHLianoM 3anMaloTb B PENTUHrOBOMY
cnucky cepepgHi  nosuuii: Pocia (25,57 %), AscTtpanis
(12,97 %), Kanaga (9,94 %), IHaoHesisa (8,95 %), Bpasunis
(6,39 %), Mekcuka (5,67 %), IHgis (4,54 %), Kutan (4,08 %),
CWA (2,57 %). OTxe, MOXHa BBaXaTu, LLIO CMiBBIAHOLLIEHHS
YacTKN BHECKY MiHepanbHO-CMPOBUHHOIO KOMMMAEKCY A0
BBl B YkpaiHi € 6inbLi-meHw 36anaHcoBaHuM i Bionosigae
cepeaHbOCBITOBUM NMOKa3HMKaM.

ISSN 1728-3817

3a ob'emom i BapTicTio npoaykuii MCK YkpaiHa noctyna-
€TbCA TaknM KpaiHam, sik Kutai, CLUA, Pocis, ABcTpanis, IH-
ais, lnpoHesis, Caypiscbka Apasis, KaHaga, Bpasunis, IpaH,
MAP, KasaxctaH, OAE, Katap, Ipak, HopBerisi; npuénusHo
BignoBigae TakMM kpaiHam, gk HimeuunHa, TypeduuHa,
Monbla, Konymbis, OmaH, TypkmeHicTtaH, Benuka Bputa-
Hif; NepeBuLLye Taki kpaiHu, sk B'etHam, Tainang, Y36eku-
ctaH, MakuctaH (tabn. 6).

Ouckycisi i BACHOBKK

Po3rnsHyTO OCHOBHI CBITOBI TEHAEHLi PO3BUTKY FPHUYOL0-
©OyBHOI ranysi 3a 0CTaHHi poKu; NoKa3aHo NOCTIiHE 3POCTaHHs iH-
TEHCMBHOCTI PO3pOo0KM 3eMHMX Hagp i BUOODYTKy MiHeparnbHoI
NpOAyKLUIii B OCTaHHi AECATUNITTS; BUAINEHO NPoBiaHi BUA0OYBHI
KpaiHu CBiTy, BCTAHOBIEHO, LLIO 3a 06'eMOM BUOODYTKY NpOBiaHi
nosvuii 3anmaioTb Kutai (23 % csitoBoro BugobyTky), CLUA
(12 %), Pocis (9 %), Asctpanis (7 %), a 3a BapTicTiO BUOoOyTOi
npogykuii — Kutain, CLUA, Pocis, Cayaiscbka Apasisi Ta ABCTpa-
nisi. BctaHoBneHo, Wo 3a ocTaHHi pokn (2015-2021) ocob-
nnBo BypxnmemnmM Byno 3pocTaHHs BUAOOYTKY NiTito, piaKiCHUX
3emernb, HioGito, TnTaHy, 6okcuTiB, Hikento, dnoopuTy, rpa-
iTy Ta iH., y TOM Yac sik BUOoOyToK onoBa, pTyTi, Cypmu,
ypaHy, TaHTany, TexHIYHUX anMasiB Ta iH. 3H13mBcs. BetaHo-
BIEHO, LU0 HanpuKiHLi 20-X POKIB Ha PO3BUTOK MPHUYOA00YBHOI



FEOJIOriA. 1(104)/2024

~61~

ranysi HeraTVBHO BrNMBany HacnigKy naHaemii, ane Bxe Hanpu-
KiHUi 2020 p. CTaH ripHUYOPYAHOI ranysi noYaB MoKpaLLyBaTUCS.
MokasaHo ponb i Micue YKpaiHuM y CBITOBIW FipHUYOPYAHIA
NPOMUCITIOBOCTI, sika 3a 06'emoM B1gobyTKy nocigae 24-te mi-
cLe y CBiTi, a 3a BapTicTio BUgobyToi npoaykuii — 36-Te Micue,

npoBiAHi Micus y BuaobyTKy 3anisa, MapraHuto, TUTaHy Ta iH.
3a ocTaHHi poku (2015-2021) B YkpaiHi cyTTEBO 36inbLUMBCSA
BMOOOYTOK 3anisa, MapraHuto, TUTaHy, MOSIbOBOrO LUMaTy,
rpacpity, cipku, KOKCIBHOrO Byrinns, ane BuaoOyToK ranito,
©OEHTOHITY, coni, LMPKOHY, BYTINNs, ypaHy 3HU3MBCS.

Tabnuys 5
MNuToma Bara MiHepanbHoi npoaykuii y BBIM gepxas cBity (2019 p., $ MnH)
Ne KpaiHa BBN | BaPTICTe | o BEA | Ne KpaiHa BBN Bapricts | o \ ggp
npoaykuii npoaykuii
1 | KoHro 9 640 8 396 87,10 62 | Hirep 12735 689 5,41
2 | MoHronig 12 291 9271 75,42 63 | EcToHis 30738 1633 5,31
3 |laboH 15 511 10 920 70,40 64 | KamepyH 38 004 1966 5,17
4 | KaszaxctaH 157 872 92 631 58,67 65 |B'eTHam 242 274 12 196 5,03
5 |JliBis 53 008 27 027 50,99 66 | Icnangis 24 634 1225 4,97
6 |3imbabee 19 836 9767 49,24 67 |CeHeran 22 963 1131 4,93
7 |lpak 232 981 111 371 47,80 68 | ApreHTnHa 432 302 20 053 4,64
8 |Eks. 'BiHes 8 330 3947 47,38 69 |Ingis 2843 902 129 033 4,54
9 | AsepbangxaH 45 987 20 181 43,88 70 |Kutan 14 308 060 583 714 4,08
10 | CypuHam 3562 1486 41,72 71 | TaHsaHis 61578 2497 4,06
11 _|AHrona 87 199 32042 36,75 72 | TyHic 37 391 1401 3,75
12 |OmaH 75745 29 289 38,67 73 | BocHia u 'epuer. 20 016 718 3,59
13 |NAP 341 523 124 963 36,59 74 | Cepbis 48 636 1726 3,55
14 | Caya. Apasisi 800 937 276 745 34,55 75 |Hikaparya 12 200 427 3,50
15 | AnbaHis 15122 5157 34,10 76 |WMoppaHis 43 429 1522 3,50
16 | AP Kohro 45 879 13 688 29,84 77 | Bonrapisi 66 046 2310 3,50
17 | IBiHes 12 819 3697 28,84 78 | TypeyuvHa 741 899 25 486 3,44
18 | BpyHen 13 831 3985 28,81 79 |KocoBo 8 093 240 2,97
19 |Katap 179 057 50 318 28,10 80 | NiBH. MakepaoHis 12193 362 2,97
20 |Yap 11141 2975 26,70 81 |CLA 21 624 996 555 067 2,57
21 | Pocis 1646 524 | 421049 25,57 82 | MakuctaH 296 935 7 597 2,56
22 |MNHC 24 426 6 131 25,10 83 | PiHnangis 268 153 6 265 2,34
23 |CypaH 18 286 4 495 24,58 84 |Pyanga 9798 218 2,22
24 | Anmxup 165 788 38 699 23,34 85 |Toro 5481 115 2,10
25 | Mo3ambik 14 573 3393 23,28 86 |Monblia 566 087 11726 2,07
26 |lanaHa 4192 961 22,92 87 |Ipysis 17 039 342 2,01
27 |laHa 65 527 14 970 22,85 88 | Amaiika 15814 317 2,00
28 |OAE 423 201 95 533 22,57 89 | dininninHm 414 269 8192 1,98
29 |3ambis 22 767 5098 22,39 90 |TainaHg 523 598 9526 1,82
30 |YabekucraH 58 795 12 629 21,48 91 | Mapokko 116 445 1974 1,79
31 | MaBpuTaHis 7 503 1531 20,41 92 |MNaHama 62 397 992 1,59
32 | TpwH. i Tobaro 23 824 4622 19,40 93 | PymyHis 246 657 3933 1,59
33 | boniBisi 40 101 7 061 17,61 94 |BoTtcBaHa 16 961 253 1,49
34 |Manu 17 055 2990 17,53 95 |IBatemana 75435 998 1,32
35 | NiGepis 2718 471 17,33 96 | Hoea 3enaHgis 201 059 2431 1,21
36 | KvpruscrtaH 7 837 1321 16,86 97 | AdpranictaH 19 402 228 1,17
37 | BypkiHa-®aco 15 326 2 527 16,49 98 |loHaypac 23 181 265 1,14
38 |[lMepy 216 266 34 061 15,75 99 |Benuka BputaHis 2788 384 28 852 1,03
39 |Ywvni 270972 42 445 15,66 100 |BaHrnagew 316 907 2959 0,93
40 | baxpenH 36 313 5011 13,80 101 | peuis 209 532 1880 0,90
41 | TagpkukmucTaH 9 447 1310 13,87 102 |Yexia 235412 1993 0,85
42 | Asctpanis 1346629 | 174640 12,97 103 | OaHis 357 272 2763 0,77
43 | Eksapop 104 330 12 830 12,30 104 | Xopsaris 59 493 440 0,74
44 | Hirepis 433 450 52 678 12,15 105 | WBeuist 544 936 3983 0,73
45 |Hopseris 420 118 50 600 12,04 106 |I3painb 394 597 2547 0,65
46 | binopycb 61171 7144 11,68 107 | CnoBay4mHa 103 878 506 0,49
47 | Hawmibis 12019 1249 10,39 108 | YroplmHa 155 153 721 0,46
48 |Kanaga 1718554 | 170820 9,94 109 |Higepnangn 912 197 4190 0,46
49 |Naoc 17 746 1743 9,82 110 | CnoseHist 52 973 194 0,37
50 |Magarackap 13 629 1323 9,71 111 |MopTyranis 231998 858 0,37
51 | Konymbis 313494 30 874 9,85 112 | KeHis 93 578 328 0,35
52 | IHgoHesis 1085 709 97 180 8,95 113 | Kocta-Puka 58 186 203 0,35
53 |€Ermnet 292 150 23 225 7,95 114 | HimeyymnHa 3957 759 10 460 0,26
54 | BipmeHis 13 901 1038 7,47 115 | IcnaHis 1396 930 3 461 0,25
55 | YkpaiHa 158 534 11 654 7,35 116 | IpnaHgis 299 747 565 0,19
56 | M'aHma 73292 5 346 7,29 117 | AscTpis 445912 749 0,17
57 | Manansis 354 198 23 511 6,64 118 | Edpionis 95 641 158 0,17
58 | bpasunis 1790969 | 114529 6,39 119 | Itanisa 2018 377 3026 0,15
59 |Kot-g'IByap 56 976 3484 6,11 120 | dpaHuis 2 768 040 2074 0,07
60 | Cbeppa-lleoHe 3 668 217 5,92 121 | NiBgeHHa Kopest 1657 553 662 0,04
61 | Mekcuka 1221112 69 236 5,67 122 | AnoHis 5263 538 1119 0,02

IMpumimka. B po3paxyHok Bpanucs kpaiHu 3 BapTicTio MiHepanbHoT NpoayKuii He Huk4de sk $100 mnH.
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Tabnuys 6
CniBBiAHOLIEHHA 06'eMy i BapTOCTi NnpoAykKLii MiHepanbHO-CUPOBUHHOIO KOMNneKcy YKpaiHu
(NpUAHATO 32 oANHULIO) | AeAKUX iHWKX KpaiH (2021 p.)
Kpaina O6'em BapTicn?__ Kpaina 06G'em BapTicn?“ Kpaina 06'em BapTicn?__
npoaykKuii npoAyKuii npoaykKuii npoaykKuii npoAykKuii npoAaykKuii
Kutan 43,0 43,6 Ipak 1,9 5,0 TypKmMeHicTaH 0,7 0,9
CLUA 20,5 32,3 Hopseris 1,8 3,4 Bb 0,7 1,3
Pocis 15,5 25,1 HimeyuunHa 1,5 0,6 JliBig 0,7 1,7
AscTpanis 12,1 12,2 Mekcuka 1,4 4,0 B'eTHam 0,7 0,7
IHAia 10,4 9,4 Armxup 14 2,2 Tainang 0,6 0,5
IHOOHe3is 6,3 6,7 TypeyuunHa 1,4 1,3 AszepbangxaH 0,6 1,1
CA 59 14,4 Kysent 1,3 3,2 ApreHTuHa 0,6 1,2
KaHnaga 4,9 11,1 Hirepisa 1.1 24 AHrona 0,5 1,4
Bpasuniga 4,7 74 Monbla 1,1 0,8 BeHecyena 0,5 1,1
IpaH 4.1 6,8 Konymbis 0,9 1,6 Y3bekucTaH 0,5 0,8
NAP 2,7 8,4 OwmaH 0,9 1,7 MakucTaH 0,5 0,5
KasaxcTtaH 2,4 5,0 ['BiHes 0,8 0,4 Mepy 0,4 2,2
OAE 2,0 5,0 Manawsis 0,8 1,3 OPK 0,1 1,3
KaTap 2,0 3,2 €rmnet 0,8 1,3 Yuni 0,3 3,1
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DEVELOPMENT TRENDS OF THE MINING INDUSTRY OF UKRAINE IN THE GLOBAL CONTEXT

The main global trends in the development of the mining industry in recent years are considered; a constant increase in the intensity of
development of the earth's subsoil and extraction of mineral products in recent decades is shown; the world's largest mining countries are
highlighted. It was established that China (23 % of world production), the USA (12 %), Russia (9 %), and Australia (7 %) are the leading countries in
terms of production volume. China, the USA, Russia, Saudi Arabia and Australia are the leaders in terms of the value of mined products. It has been
established that in recent years (2015-2021) the growth of mining of lithium, rare earths, niobium, titanium, bauxite, nickel, fluorite, graphite, etc. was
especially rapid, while the mining of tin, mercury, antimony, uranium, tantalum, technical diamonds, etc. decreased. It was established that at the end
of the 20s, the development of the mining industry was negatively affected by the consequences of the pandemic, but already at the end of 2020, the
state of the mining industry began to improve. The role and place of Ukraine in the global mining industry is shown, which ranks 24th in the world in
terms of volume of production, and 36th in terms of the value of mined products; and takes leading positions in the production of iron, manganese,
titanium, etc. In recent years (2015-2021), the production of iron, manganese, titanium, feldspar, graphite, sulfur, and coking coal has increased
significantly in Ukraine, but the production of gallium, bentonite, salt, zircon, coal, and uranium has decreased.
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CTPATErNYHE 3HAYEHHA PIAKICHO3EMENbHUX EJNIEMEHTIB
ANA CYYACHUX TEXHONOrIN TA NEPCMNEKTUBU BITYU3HAHUX POOOBULY

(MpedcmaeneHo 4YneHoM pedakyiliHoi Koneaii 0-poM 2eos. Hayk, douy. C.€. LLIHokosum)

B ymoeax cmaro20 po3sumky repeopicHmyeaHHs1 WUPOKO20 KOJ1a MEeXHOII02iYHUX 2aTy3el € HeMUHYYUM SI8UWLEM, sIKE 3YMOBITIOE
nepmyp6ayii ycmaneHo20 nepesiiky cCUpo8uHU, W0 Mae cmpameziyHe 3HaYyeHHs1. 3MiHU npiopumemie y nepuly Yepay 3yMoesieHi mom-
peboro nepexody do iHHoeayiliHux nidxodie 3 Memor esupiwieHHs1 cmapux npobsieM ma 3abe3neyeHHsI 8cix nompe6b cy4yacHo20 cycrii-
nbcmea. | Hapasi, iHmeapyroYuCh y YucrieHHi ar106anbHi eKOHOMI4YHI TaHYIOXKU, caMe piOKo3emMesibHi efleMeHmMu gidkpusaromse yinut
crekmp Ho8UX MOXJiugocmel.

Y pamkax docnidxeHHs1 npoaHanizogaHo U y3a2asibHeHO iHghopMayiro U000 OCHOBHUX HarNpPsIMKie 8UKOPUCMaHHS piOKo3eMesIbHUX
esileMeHmie, KOH'FOHKMYpU iX PUHKY, iCHyt040i ma npo2HO3Hoi OuHaMiKu yiH; npoeedeHo cucmemamusayiro cmumysioeasibHUX ma cmpu-
MyearnbHUX ¢ghakmopie po3eumky MiHepasibHO-CUPO8UHHOI 6a3u pidko3emesibHUX e/leMeHmie 3a eKOHOMIYHUMU, eKOJ102iYHUMU, 2€e0/10-
2iYHUMU, pecypcHUMU ma MexHOJ102i4YHUMU MOKa3HUKaMU; MPOCMEXeHO 38'30K Cy4acHoI ceimoeoi cmpameaii "3eneHoi eHepzemuku”
i3 memnamu iHmeHcudbikayii pob6im Ha 06'ekmax nomeHyiliHo2o suGo6y MKy pidko3eMesibHUX efleMeHmie y ceimi ma HagedeHo apayme-
Hmauito iGHOCHO Nepuwo4ep2080i HE06XiOHOCMIi KOHUEeHMpPYeaHHs 3yCcuUJlb Ha IMOMNOBHEHHI PUHKY eJleMeHmie yepieeoi 2pynu, Kyou exo-
9samb HeoOuM Ui npa3eoouM.

3a pesynbmamamu rnposedeHo20 A0CiOXeHHs1 3p06JIeHO 8UCHOBOK W000 20/108HUX (haKImopie po3eUMKY PUHKY PiOKO3eMesTbHUX
esleMeHmie, a Makox ideHmudpikoeaHo Halibinbw nepcrekmueHi Ossi 2eos102iYHUX Mowykie ma peanizauii sudobymky OinsiHKU Ha me-
pumopii YkpaiHu.

KnwuyoBi cnoBa: pidkozemensHi enemeHmu, nonum, 3eJieHa eHepa2emuka, po3eidaHicmeb 06°'ekmis, mMpomMucsiosa UiHHiCMb.

Bctyn us cBiTOBa TEeHOeHLUis 3anunLaeTbcA

YHikanbHa 3gaTHiCTb pigko3emernbHux enemeHTis (P3E)
iHTerpyBaTucs y BENUKY KinbKiCTb rnobanbHUX eKOHOMIYHUX
NaHUoXKKIB, CTal4M HEBIL'€MHOI YaCTUHO LLUMPOKOTO Kona
TEXHOMOriYHWX ranys3en, BUBOAUTb iX CTaTyC Ha piBeHb CTpa-
TEeriYHoi CMPOBUHM Y Byab-SKil PO3BUHEHIN KpaiHi.

IHHOBaUiNHMMY Migxoaamu 0 PO3B'sAI3aHHS CTapuX Npo-
6rem 3 meTot 3abe3nedeHHs BCix NoTped cyyacHoro cycni-
nectBa OyB YTBOpPEHWI LUMpPOKOMACLITabHWIA  CheKTp
MOXMBOro BuMKopuUcTaHHsa P3E, sgkuin BapiloeTbcs Big
LoaeHHoro (3acobu ans nonipyBaHHS ckra, aBTOMOOBINbHI
reHepaTopu Ta iH.) O BUCOKOTEXHOMOrYHOro crevjianisoBa-
HOro 3aCTOCYBaHHS (Na3epu, MarHitu, akyMmynsTopu, BOro-
KOHHO-ONTUYHI TenekoMyHikauinHi kabeni Ta iH.). Okpim
TOro, cTpaTeriyHe 3HavyeHHs P3E 3ymoOBniOETLCA MOXNMBI-
CTIO iX BMKOpWUCTaHHA y 6e3nekosin (BiCbKOBIN) cdepi, 3a-
NpOBaKyHO4M BiANOBIAHI TEXHOMOTIT y NpoLiecax CTBOPEHHSA
BiliCbKOBOI TeXHikn (MiQBOAHMI YOBEH aMEpPUKAHCBKOro
knacy BipopxuHis, ecmiHeub knacy Arleigh Burke, niTak-Bu-
HuwyBad F-35).

OTxe, pigko3emMernbHi enemeHTy 6ynu TpaHcOpPMOBaHi
B YHiBepcarnbHUIN KOMMNOHEHT TEXHIYHOI eBoMtoLii kpaiH, Lo,
y CBOIO Yepry, Bifirpae KrmoyoBy ponb Y 3abe3neyeHHi KoH-
KYypPeHTO34aTHOCTI iX EKOHOMIK. |3 L€l NpUYnMHW HaginHWn 0o-
CTyNn OO0 SKICHUX pecypcCiB BiAMOBIOHOI CUPOBWMHM HUHI
BXOAMTb [0 NPIOPUTETIB KOXKHOI AepXaBu.

AHanimu4Hull 0251510 0OCHOBHUX HarpsiMKie eUKopu-
cmaHHsa P3E. Mepwwi aBa gecatupivds XXI cT. MoxHa BBa-
XaTn CyTTEBOIO BIXOK B iCTOPIii PO3BUTKY BUCOKOTEXHO-
NOriYHOro CEKTOPY MPOMUCMOBOCTI, | BaXXIUBY POrib Y LIbOMY
Bigirpanu came pigko3emerbHi eNemMeHTH, BiAKPUBLUN Linuia
CMEeKTP MOXIMBOCTEN Ans peanisauii HanbinbLw CMinMBmnx
NPOEKTIB. AK 3aKOHOMIPHWUIA pe3yrnbTaT — JaHUW TUN CUPO-
BVHK Oyno NepeBefeHO B KaTEropito CTpaTeriyHo BaXXIMBUX
(Critical Mineral) ansi GinbLOCTi PO3BUHEHMX KpaiH, Ta Mo-
Yyano gikcyBaTuncs CTpiMKe NiABULLEHHSA NONUTY Ha Hel. HuHi
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NepcrnekTUBHOK B MabyTHLOMY.

P3E € HeBig'eMHOI0 YacTnHOO 6araTboX NPOMUCIIOBUX,
KOMepUiiHUX i NobyToBMX Npunagais, BaXNMBUM €N1EMEHTOM
enekTpugikaLiiH1X NpoLeciB i TpaHCNOPTHUX 3acobiB, Lo
3aVHANM MiLHi NO3uLii Yy HalOMy NOBCAKAEHHOMY XXUTTI.
BoHun MicTATbCA B KOXXHOMY TenedoHi, MaLuuHi, nitaky, 6es
HUX HEMOXXIMBE CTBOPEHHSI BiTPOBMX TypOiH Ta psiay Bilich-
KOBOi TexHikn. Cy4yaCcHUMWM HayKOBMMMW [OCHISKEHHSMM
Oyna BCTaHOBNEHa MOXIMBICTb 32 4OMOMOIOH X BUKOPUC-
TaHHA NigBMLLYBaTW KOPO3iMHY CTINKICTb Nerkux cnnasi., no-
ninwysaTh CTPYKTYpU Ta MeXaHiyHi BNacTUBOCTI YaBYHIB,
cTanemn, MarHito Ta antoMiHito. P3E BUKOPUCTOBYIOTb Y aTOM-
HUxX BaTapesix, WO 34aTHi BUOINATM eHeprito NPOTAroMm Kinb-
KOX POKiB, @ CNnaBu 3 TakUX eNnemMeHTiB, AK Lepii, NNyTOHIN
i TOpiN, BUKOPUCTOBYIOTbCA SK saepHe nanuso. OKpim Toro,
00 nepersniky HannoLUpeHiWnxX HanpsMKiB BUKOPUCTaHHSA
OaHOI CUPOBUHM (pUC. 1) BXOAATH BUPOOHMLITBO aKyMyIisiToO-
pHux GaTtapen Ta onTuyHa npomucnoBicTb (ManaHuyk,
2016; Goodenough, Wall, & Merriman, 2017; Minerals
Yearbook..., 2016; Roskill, 2016b).

3rigHo 3 npoBedeHow AudepeHLuialielo pigkosemenb-
HWX €NEeMEHTIB L0 OCHOBHMX HaMNpPsIMKIB iX 3aCTOCYBaHHS
(Tabn. 1), HaWLWMPLLKIA X CNEKTP MOXe BUKOPUCTOBYBaTUCS
y npouecax BUIOTOBMIEHHSA fa3epiB PisHUX TUMIB, JIIOMIHO-
dopiB, MarHiTis, cnnaeiB Ta katanisatopie Ans HadTOBOI
npomMucnoBocTi. [1na pewwTn cdep, 3 METOK OTPUMAHHS AKi-
CHOrO pesynbTaTy, MOXIMBUM € BUKOPUCTaHHA Binbl 06-
MexeHoro kona P3E.

lMocmaHoeka npobniemu ma ii 38’30k 3 8axnueumu
npakmuyHumu 3aedaHHsAMU. Baxnneoto ocobnusicTio pi-
OKO3eMeNbHOI CUPOBUHW € CKNaAHICTb Ti 3aMiHW, OCKIMNbKM,
He3BaXKalun Ha HeBenuKkni obcar ii MOXNMBOro BMKOPUC-
TaHHs, BOHa 34aTHa 3abe3neqnTu NpoayKTy Taki nepesaru,
SIK NPOAYKTUBHICTb abo JoBroeivHicTb (Smith Stegen, 2015).
HdaHui acnekT € cBig4eHHAM 6e3CYyMHIBHOTO €KOHOMIYHOrO
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npiopuTeTy WmMpokomacliTabHoro BukopuctaHHs P3E B cy-
YacHOMy CBITi Ta apryMeHTOBaHWM [0Ka3oM notpebu pos-
BUTKY X MiHEpPANbHO-CUPOBUHHOI 6a3n. OCTaHHE 3HAYHO
MipOI0 3aNeXnTb HEe NULLIE Bif CTYNeHs NPOMMUCIOBOrO OCBO-
€HHS Ta HasIBHOCTI MOXMMBOCTEW OOBMBYEHHS pPOAOBWL i

Magnets

Catalysts
Polishing powders
Metallurgical
Class

Battery alloys
Ceramics
Phosphors
Pigments

Others

7.6%

0% 5% 10% 15% 20%

pygonposBis, ane n Big 06i3HaHOCTI 3 NMMTaHb, WO CTOCY-
IOTbCS1 KOH'KOHKTYPY CaMOro PUHKY L€l CUPOBMHU, OUHAMIKN
Ta nporHosiB i UiH, wnaxiB peanizauii Towo. TobTo BCix
akTopiB, LLLO MOXYTb BMIIMHYTW HA MPUAHATTS OCTAaTOYHOIO
iHBECTMLINHOIO piLLIEHHS.

43.2%

25% 30% 35% 40% 45% 50%

Puc. 1. NoToyHe BukopuctaHHsa P3E y cBiTi (Distribution of rare..., 2021)

Ta6nuys 1

OcHOBHi HanpsiMKu 3acTocyBaHHs P3E

Hanpsimkn 3acTtocyBaHHSA

P3E

Jlazepu

Y, Pr, Nd, Sm, Eu, Gd, Th. Dy, Ho, Er,Tm,Yb

JlromiHodbopu (Anst MobinbHKX TenedoHis, LEDs Ta iHWnx npucTpois)

Sc, Y, Eu,Y,Tb, La, Dy, Ce, Pr, Lu

Brpo6bHMUTBO MarHiTis

Nd, Pr, Sm, Td, Dy, Ho

KaTanizaTopu B HadTOBIi NPOMUCIIOBOCTi

La, Ce, Nd, Pr, Lu

BupobHuuTBO cnnasiB

Sc, Yb, Er, Dy, Tb

LaNiH akymynsatopu La, Ce, Nd, Pr
Mpo3sopicTb ckna Ce, La, Nd, Er
OnTOBONOKHO Er,Y, Tb, Eu
MonipyBanbHi MaTepianu AN MOHITOPIB, NNaHLWETIB, TeNesi3opis, A3epkana La. Ce. Nd
(y BUrNsigi HAHOYACTUHOK) R
ABTOKaTanisaTopu La, Ce, Nd
Kepawmika Nd

®dopmynroeaHHs1 yineli cmammi. HassHi nybnikauii
pesynbTaTiB paHille NpoBefeHVX pobiT Ta CTaTUCTUYHMX
OaHVX NOKNageHO B OCHOBY OAHOr0o AOCHIOKEHHS, SIKe CTO-
CyeTbCH cucTemaTmaadii CTMMyioBanbHUX Ta CTpuMyBarb-
HUX hbaKTOpIB PO3BUTKY MiHEPANbHO-CMPOBMHHOI 6a3n P3E.
Bcsa iHdopmalisi, no ki icHyloTb BigkpuTi onybnikoBaHi
[AaHi, cucteMaTn3oBaHa 3a €KOHOMIYHVMMU, EKOOTiYHMMU,
reonoriYHnMm, pPecypcHMUMM Ta TEXHOSMOMYHUMU MOKa3HU-
kamun. OkpeMum 3aBAaHHAM Oyno BUAINUTM Ha OCHOBI OTpU-
MaHWX pesynbTaTiB NepcrekTUBHI KOMMNMeKCHi 0b'ekTn Ha
TepuTopii YKpaiHu, Wo MOXyTb ByTn OxapakTepusoBaHi sk
Ti, WO MakTb BUCOKY NPOMMWCIIOBY LiHHICTb Ta B6ayaoTbes
iHBECTUUINHO NpMBabNMBMMYK B yMOBAX Cy4acHMX peaniin.

PesynbtaTtun

Y citoBoMy BupoGHMUTBI P3E yxe OocuTb TpuBanuii
yac (3 1990-x pokiB), NpoBiAgHi No3uuii 3amae Kutan, supo-
onsatoun 6nmnsbko 95 % ix ceiToBMx o6cariB. KnoyoBum no-
SICHEHHSIM TaKoro He3miHHOro nigepcTea € MOXIMBOCTI Ujiel
KpaiHn 3 nepepobku 3HAYHOro BiACOTKA PiAKICHMX 3eMenb,
Lo BMAOOYBalOTLCA 1 B iHWMNX YacTuHax Asii, Ta TX HeBe-
JIMKMX KiNbKOCTEW, WO Haaxoaatb 3 Adpukn. Okpim TOro,

ISSN 1728-3817

TexHiyHa po3BMHEHICTb Kutato gae riomy 3mory 6patu y pos-
pobky Ta pearnisauito MPOEKTU, NOB'A3aHI 3 NEPEepPOOKOD BaXx-
KMX PiaKO3eMenbHUX KOHUEHTpaTiB 3 HadTonepepobHmX
3aBofiB, CYTTEBO 36iNnblUyO4YM TUM CaMUM CBOKO iIMMOPTHY
CrpoMOXHicTb (y 2018 p. obcsirm imnopTy caranum 13 000 T1).

dakTnyHa MoHononis Kutato oCcTaHHIMU poKaMu BUKNK-
Kae fepani rmubLy ctypboBaHicTb Y CBITOBOro cycninbcTaa
" nicnsi BBeaeHH Kntaem ekcnopTHMX KBOT, WO Npu3Beso
[0 3Ha4yHoro 3pocTtaHHA uiH Ha P3E, y 2010 p. y BCcboMy
CBIiTi cnocTepiranocs piske 3pocTaHHs iHTepecy [0 pigkic-
HWUX 3eMernb, L0 CYNnPOBOAXYBanocs iHTeHcudikalieo pos-
BidKM pOAOBULL, Ta akTMBi3aui€eld MOLWYKIB MOXIUBUX
anbTepHaTMB, OCKINbKM 36iMbLUEHHS NONUTY Ha Lew Bug cu-
POBUHM (pUC. 2) CTPIMKO NiABULLYETLCS.

Migxoan 00 BUPILLEHHSA 0aHOro MUTAHHA PisHATbCS —
AnoHia ckoHUeHTpyBanacs Ha noLuyky 3amiHHukiB P3E, As-
cTpanisi — Ha CTINKOMY PO3BUTKY TipHUY04006YBHOI AisnbHO-
cTi, a KaHaga — Ha nowykax Ta po3Bigui (Nicoletopoulos,
2014). Tak un iHakwe, gaHi poboTn CyTTEBO CNpPUKAIOTDL NiA-
BULLIEHHIO PiBHA pO3BiAaHOCTi Haap (puc. 3) Ta OKPeCnoTb
MOXIUBI NepCneKTMBM.
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REO Demand by Regions

Region Application

Demand (bin)

China Catalyst

Ceramics

Glass

Magnets (excluding recycling)
Metal Alloys

Phosphoros (including Pigments)

C

Polishing

Other

Catalyst

Ceramics

Glass

Magnets (excluding recycling)
Metal Alloys

Phosphoros (including Pigments)
Polishing

Other

Catalyst

Ceramics

Glass

Magnets (excluding recycling)
Metal Alloys

Phosphoros (including Pigments)
Polishing

Other

Catalyst

Ceramics

Glass

Magnets (excluding recycling)
Metal Alloys

Phosphoros (including Pigments)
Polishing

Other

Europe

Japan &
SE Asia

USA
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Demand, tonnes

40K

Puc. 2.

REE Reserves distribution
».

54000 000
Russia

10200 000
Australia
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PerioHanbHa audepeHuiauin notpe6u B P3E (USGS, H.4.)

OGN

\ o

"\

830000
Canada

Reserves

30000 44M

SEY

1500 000:
Greenlan

3000000
Other countries

Puc. 3. Po3nogain 3anacie P3E (Bizyanisauis gaHnx BUKOHyBanucb 3a BUKOPUCTaHHA akageMiyHoi niueHsii IBM Tableau
y KuiBcbkomy HauioHanbHoMy yHiBepcuTeTi imeHi Tapaca LLleBYeHka, YkpaiHa)

Buicokuii nonuT Ha pigko3emMenbHi eneMeHT!, CTBOPEHUI
LLUMPOKNM CNEKTPOM MOXXIMBOCTEN X BUKOPUCTAHHS, BOOHO-
Yac CynpoBOOXKYETLCS PALAOM MEPENOH, NMOAOMNAaHHS SIKMX €
HapPKHUM NUTaHHSAM NOAAnNbLIOrO PO3BUTKY Hanpsimy.

OpHWM i3 ronoBHUX haKTOPIB, LLIO YAaCTO YHEMOXITUBIIIOE
BiAKPUTTS piAko3eMernbHUX BUPOOHMUTB y panoHax i3 BUCO-
KMM TEXHOMOTIYHUM piBHEM IHPACTPYKTYPU € XKOPCMKI eKO-
1102i4Hi 8UMO2U B PO3BUHEHMX KpaiHax, 30kpema €sponu. Ix
HebaXkaHHA Takoro cycigcTea 3MyLLye NepemillyBaT BUPO-
OHWMYI NOTYXXHOCTI 4O MEHLU PO3BUHEHWNX TEPUTOPIN. Ackpa-
BVM NPUKIIaA0M MOXe CIyryBaTh po3MilLleHHs HanbinbLumx
3aBOAiB aBcTpanincbkoi koMmnawii "Lynas" y Manansii, oe
€eKonoriYyHi obmMexeHHs € 6inbll NacTUYHUMK, | BoaHoYac €
Oinblwe npocTtopy Ans BUMpOOHMYMX MaHeBpiB (Dadwal,
2011). 3 ornsgy Ha Ui obcTaBuHW, Nepes KOMMNaHigsMK noc-
TalTb MUTaHHSI NPOBAMKEHHS BUCOKOSIKICHOrO MEHemxMe-
HTY MPOEKTIB LOAO PigKO3EMENbHUX ENIEMEHTIB, KOXEH 3
AKX NOTpebye He 0gHOro PoKy poboTH, CNOBINBHIOKYY TUM
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caMUM MOXIUBI TEMNW 3pOCTaHHA NPOAYKTUBHOCTI A0CHi-
OXXYBaHOro acrnekTy ranyasi.

IHWKM dakTopoMm, WO Mae BNMB Ha peani3auito HOBUX
NPOEKTIB i, BiAMNOBIAHO, NiABULLEHHST PiBHA KOHKYPEHLii Ha
PVHKY pigKO3eMenbHUX ENEMEHTIB, LLO MOrnn 6 3HU3UTKU pu-
3UKM NMOCTaBOK, € BUCOKI 3ampamu Ha OC80EHHSI HOBUX PO-
dosuwy. Lle 3ymoBneHo iX BWCOKOI PO3pi3HEHICTIO 3a
cknagom i 6asoBMMU MiHepanamu, 3 sikux BunydatoTe P3E.
| pyxe 4acto BuHMKae notpeba B iHAMBIAyanbHOMY Mid-
xofi / TexHonorii 4o BignpauBaHHsA 06'ekTa.

Bnnue cmpameeii "3eneHoi eHep2emuku” ma ii pea-
ni3zauiir Ha puHok P3E. Ha npoTtuBary 3a3Ha4yeHuM cknag-
Howam obnalTyBaHHS pigko3emMenbHOro BMpobHMUTBA Y
CBiTi MPOBOAMTLCHA akTMBHA Monynspusauis igei Bnposa-
OXXEeHHs cTpaTerii "3eneHol eHepreTukn", WO IpyHTYETbCSA
Ha 3MeHLWeHHi kinbkocTi BukmMaiB (Low  Emission
Development Strategy, 2010) Ta BUKOPUCTAHHI YUCTUX EHe-
PreTUYHMX TEeXHOMOriN, BaroMWMn BiACOTOK BUPOOHMLTBA
AKNX cTaHoBUTb came P3E. 36inblueHHsA 3 KOXXHUM POKOM
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NonNuTy Ha L0 CUPOBKHY € HEMUHYYeE 3 ornsagy Ha Heobxia-
HICTb il 3aCTOCYBaHHS y BiTpOoeHepreTuli, nepepobui HadTw,
3abe3neyeHHi HaceneHHs BMCOKOE(EKTMBHMM OCBITIEH-
HsIM, po3pobLi TPaHCMOPTHMX 3acobiB HOBOroO MOKOMIHHA —
To6TO BCiX Cepax, HaLUiNneHNX Ha eHepro3bepexeHHs1, pos-
BUTOK HU3bKOBYrELEeBOI EKOHOMIKM Ta 3MEHLLEHHS BUKUAIB
Byrneuto B atmocdepy (Ctpareris..., H.4.).

OcobnuBuin iHTEpeC NPOTArOM HaCTYMHOrO OECATUNITTA
OyAyTb CTaHOBWTW Taki enemMeHTW, Sk HeoaWM, NpaseoauMm,
ONCNpOo3ii, NaHTaH Ta uepin. MNMonuT Ha nepLli Tpu eneMeHTn
3YMOBIIOIOTECA MOXIUBICTIO OTPUMAHHS OyXe MOTYXHUX i
NOCTIVHUX (NEPMaHEHTHWNX) HEOAMMOBWX MarHiTiB, sIKi BUCTY-
natoTb BaXMMBMM KOMMNOHEHTOM KOHCTPYIOBaHHS ribpuaHoro
TPaHCNopTy, enekTPoMobiniB i BITpoeHepreTUYHMX TypOiH.

OcyyacHeHHs nigxofiB A0 BIiTPOEHEPreTUKN CynpoBo-
OXYETbCHA BNPOBaAXXEHHAM BinbLUMX Ta NOTYXXHIWNX TYpOiH,
[0 cKnapy iHXeHepHOI KOHCTPYKLUii SKMX BXOASATb caMe He-
OOUMOBI MarHiTu, WO 34aTHi CYTTEBO 3MEHLLyBaTW PO3MIp i
Bary reHeparopa. 3 TUX e NPUYMH Ha PUHKY enekTpomobi-
niB (K 3BMYaHKUX, Tak i ribpuaHmMx) novano BigMivaTucs

450000

AOMiHYBaHHS NPOAYKLUii 3 ABUrYHaMW, CKOHCTPYMOBaHUMM
3a aHanoriyHMm npuHuunomMm. [daHun nigxia BGadaeTbes
NepcrnekTMBHUM, 3 Ornsay Ha MOXNMBICTb OOMexyBaTh 3ra-
[AaHi BuLle napameTpu BigNoBiAHO A0 Cy4aCHUX KOHCTPYK-
TMBHMX pilleHb Ta KoHdirypauin TtpaHcnopty (Critical
Materials Strategy, 2011; Market information, H.A.).

JlaHTaH Ta Lepil, y CBOK Yepry, MOXyTb ByTu BUKopUC-
TaHi B aBTokaTanisaropax i sk gobaeku pnoigHoro kararni-
TUYHOrO KpEKiHry, TpaHCOPMYKUM BaXXKi MOMEKynu B
OinblU nerki CronykM Ta 3MEHLLYHYN BUKMOWN, CNPUYMHEHI
nepepobkoto cnpoi HadpTn. A MOAEepHi3aLis TEXHOMOTIN AKi-
CHOTO OCBITIIEHHS NPUNYCKae OOMOBHEHHS BUPOBHMYOro
npouecy TakumMu enemMeHTamu, K iTpin, NpoMeTiln, eBponil,
Tebpin Ta AMcnposin.

3 ornsagy Ha Bce BuLWe3a3HayeHe, "3eneHa eHepreTuka"
CNnyrye Ans Cy4acHoro CBIiTY PYLUIHOK CUMOL0, 3aBASAKU SiKil
O4iKYETbCS iHTEHCHIKaLia TemniB PO3BUTKY TEXHOMOTIN pi-
3HOI HaMpaBMEeHOCTI, WO MOXYTb NMPUBECTU A0 NMOABOEHHSA
nonuty Ha P3E go 2025 p. (puc. 4).
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3a ouiHkamn Rare Earth Industry Association cepea ok-
cuais P3E came pvHOK enemeHTiB uepieBoi rpynu (Kyam
BXOAATb HeOoOUM | Npa3eofgum) € CbOrofHi HawmbinbLu
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Puc. 4. Nonut Ha P3E (£15-25 %) ToHH 3a nporHo3amu Rare Earth Industry Association

20152020  2020-2025

HeHacnyeHUM (BigCOTOK MPOMO3uLii Ha CBITOBOMY PUHKY €
HeBUCOKUM) (pyc. 5), He3BaXkaroum Ha Moro BUCOKy 3aTpeby-
BaHicTb (Tabn. 2).

Mine Production

||
100 105000

Tponoamix

Kiaskicts rou %

1800 08
225000 100

Puc. 5. CBiToBa npono3uuis Ansi okpeMux piakosemenbHUX enemeHTiB B 2020 poui (+25 %)
(Bizyani3auis gaHUX BUKOHYBanuchb 3a BUKOPUCTaAHHA akagemivHoi niueHsii IBM Tableau
y KviBcbkoMy HauioHanbHoOMy yHiBepcuTeTi iMeHi Tapaca LLleBuyeHka, YkpaiHa)
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Tabnuys 2
CBiTOBUI NONUT ANA OKPEMUX PigKO3eMeNbHUX eNneMeHTiB
B 2020 poui (* 25 %)

PigkosemenbHi Monut
oKkcuamn KinbKicTb TOHH %

Lanthanum 49425 24,50
Cerium 72175 35,80
Praseodymium 15175 7,50
Neodymium 46100 22,90
Samarium 1600 0,80
Europium 250 0,10
Gadolinium 3675 1,80
Terbium 400 0,20
Dysprosium 1850 0,90
Erbium 900 0,40
Yttrium 9675 4,80
Ho-Tm-Yb-Lu 275 0,1

Bcboro 201500 100

3rigHo 3 aHaniTYHUMK BUKkNagkamu Roksil 3a Hanbnu-
Xyi Kinbka pokiB (o 2026 p.) € WMOBIPHICTb OESIKOI 3MiHU
nonuty (puc. 6) Ha P3E, sk 3 nornsgy obcary, Tak i nuto-
MOFO CMOXMBaHHS OKPEMMUX €neMeHTiB, o Oyae 3ymoB-
NeHO pO3pOBKOK HOBUX MNPOAYKTIB | YEeproBUM BUTKOM
TEXHOMOrYHOrO PO3BUTKY KpaiH.

BignosigHo 0o gaHoro nporHosy, A0 ronoBHUX hakTopis
po3BUTKY puHKYy P3E MOXHa BiOHECTM HEe NuLe eKOHOMIKOo-
NoniTUYHI MaHiNynioBaHHSA NPoOBiAHOro BUpobHWMKa, ane 1 pos-
LUMPEHHs nepeniky cdep, Wo 30inbLyBaTUMYTb NOMNKUT i, Bid-
nosigHo, M uUiHy. Tak, 3a nporHo3amu Rare Earth Industry
Association UiHM Ha JaHuUiA BUO CUPOBWHK, 30KPEMa Ha OKcu,
Heoaumy (puc. 8), y Hanbnwkyi poku Oyae HEBNMHHO 3pocTaTu.

OunHamiky uiH Ha okenan P3E, 3a gaHUMKU KUMTaWCbKUX
Tpengepis (https://giti.sg), HaBegeHo B Tabn. 3.

Y Tom e vac, 3rigHo 3i Statista Global Consumer
Survey, feski konuBaHHS LiH byayTh dikcyBaTMCs BiAHOCHO
iHWKX, gewo meHw 3aTtpebyBaHnx okeuais P3E (puc. 7, 8),
O MOXe CNpOBOKYBaTU OiNnbll aKTUBHI MOLUYKW pO3LUK-
PEHHS KOrna came iX BUKOPUCTaHHS.

BpaxoBytoum BuLLe3ragaHe 3poctaHHs LiH Ha P3E Ta 6e3-
CYMHIBHUIA €KOHOMIYHWI NPIOPUTET LUMPOKOMACLLUTAOHOro BU-
KOPUCTaHHS Lj€i CUMPOBUHW B Cy4aCHOMY CBITi, CYyTTEBI
nepcrnekTveu Ansa YkpaiHu MOXYTb BiOKPUTW came akTUBHI
noLwykoBi Ta po3BigyBanbHi poboTW, 30KpeMa B Mexax
YkpaiHCbKoro wuTa, ge 3ocepeaXeHun OCHOBHUI BiACOTOK
3anacis pya (tabn. 4), wo mictats P3E.

Dy 0,8%

o Ho-Tm-Yb-Lu-Er
0,8%

La 27,4%

Pr4.2%

Puc. 6. lporHo3 nonuty Ans okpemmx
piako3eMenbHUX enemeHTiB y 2026 poui

Ta6nuys 3
OuHawmika uiH Ha okcuam P3E B 2021-2022 pokax

2021 $/kg 2022 $/kg A $/kg
Praesodymium oxide 80,04 129,8 49,76
Neodymium oxide 103,89 129,8 2591
Erbium oxide 31,55 50,07 18,52
Gadoliniumm oxide 37,79 64,09 26,3
Yttrium oxide 6,54 11,05 4,51
Cerium oxide 1,42 1,15 -0,27
Lanthanum oxide 1,35 1,13 —0,22
Samarium oxide 2,08 3,19 1,11
Terbium oxide 1516,08 2054 537,92
Dysprosium oxide 460,21 348,6 -111,61
Europium oxide 30,01 28,48 -1,53
Holmium oxide 157,77 162,44 4,67
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Puc. 7. NporHos uiH Ha P3E (Dy, Ho, Tb) 3a nporHo3samu Statista Global Consumer Survey

0
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Puc. 8. MporHo3 uiH Ha P3E (Er, Eu) 3a nporHo3amu Statista Global Consumer Survey
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Tabnuys 4
Po3nogin 3anaciB pigkicHo3emenbHux pya (MiHepanbHi pecypcu Ykpainu, 2021)
KinbKicTb pogoBuLy 3anacwu Ha 01.01.2021**
HasBa obnacri Bcboro Bcboro
A+B+C, C;
- . 860524,0 741358,0
Bcboro B YkpaiHi 1+2 939,74 291,66
. 635222,0
[oHeubka 1 — T
3 . 1 859627,0 95858,0
anopiseka 1938,0 274,0
X 1 897,0 10278,0
MTOMMPCbKa 174 17.66
pynoa, Tuc.T

TMpumimku: *06'exTn 06NiKy 3anacis, Lo BXOASTb A0 CKnay KOMMMEKCHUX PoAoBuLL; **

Y [epxaBHomy banaHci 3anacis KOpUCHUX KonarnvH Bpa-
XOBYHOTbCS 3anacy piaKiCHUX 3eMerb Mo Taknx poAoBuLLaXx,
sk Hoeoronnmasckke, Acmpybeubke (ainsHka lNiBoeHHO-
3axigHa). NpoTe, BpaxoBylo4M yce 3a3HayeHe BuLLe, cydac-
HWA CTyMiHb PO3Bi4AHOCTI, @ TaKOX NPOBEAEHWUW paHille
(Muxawnos, Kypuno, & KowapHa, 2021) aHani3 noTeHuinHoi
NPOMWCIOBOI LiIHHOCTI BiAOMUX 06'€KTIB, HUHI € MOXITMBMM
BMOKPEMIIEHHS 3-NMOMIX IHLIMX pAAY A0AATKOBUX KOMMIEKC-
HUX 06'exTiB, WO BOa4aloTbCsl iIHBECTULINHO NpuBabnMBuMmn
Ons iHTeHcndikauii noganbLLoro OCBOEHHS.

[o 3a3HayveHoro nepeniky HannepcnekTUBHILLMX YBIALLMN:

e AHadornbecbke podosuuye — NPeACcTaBreHe pyaHOK 30-
HOMO, LLIO MEepPeTMHAE aHaJONbChKi IPaHiT i MeTamopdidHi
nopoaun 3axigHonpuasoBCbKOi cepii Ha MIBAEHHWIA cXig Big
>KoBTHeBoro macusy. PigkosemenbHi MiHepanu npeacras-
neHi opTUTOM, UepUTOM, LepbacTHe3nToM, anaTtuTom i
dnooputom. OpTuT yTBOPIOE rHi3aa 1 niHam (go 10-15 cm)
CHOMO- i BIANONOAiIOHNX arperaTiB BUAOBXEHUX Npu3maTuy-
Hux kpuctanis (0,5-1,5 mm), mictutb 23,7 % TR20s3. Leput
YTBOPIOE BKpPAMeHHs APiOHUX KCEHOMOPMHUX i i3oMeTpuy-
Hux 3epeH (0,5-2 MM) cepep, arperatiB OpTUTY, BKIOYEHHS]
y cprroopuTi, Mictute 70,1 % TR203. BacTHe3uT npuypode-
HUA OO0 MK3EPHOBUX AINAHOK OPTUTY i 3aMilllye OCTaHHIN.
Bwmict TR203 B 6actHe3nTi — 60 %. AnaTtuT i contoopur (2,9 i
0,8-1,12 TR203 %, BigNOBIAHO) YTBOPIOIOTL Yy CMY>X4YaTUX
pygax TOHKi NpoLlapKkm, siKi 4eprylTbea 3 npoLuapkamu op-
TUTY, 3a XiMiYHUM CKNagoM HanexaTb [0 LepieBnX Pi3HOBM-
4iB anatuty i gonroopuTy. 3anacu pyam pogosuLia 3HauHi, ii
NPOMMUCNOBI AocnigXeHHs Ha MpnaHINPOBCbLKOMY XiM3aBoAi
4anuv No3nTUBHI pesynbTaTy;

e epyna pydonposisie banka KopabenbHa, sika NoB's-
3aHa 3 KaniesMM MeTacomaTo30oM. [0foBHI pyaHi MiHepanu
npencTaBneHi MOHaUUTOM i KCEHOTUMOM, MEHLUE — anaTu-
TOM i ypaHiHiTom. OCHOBHa Maca pigko3emenbHux ocda-
TIB Yy pygHuUX Tinax npuypoveHa A0 AiNsHOK 6GioTuToBOI
nopoau, ska 3asHana MikpokniHisauii. pyna Big3HavaeTbcs
BMCOKMMM SIKICHUMW MNapameTpamu, ane notpebye [oBu-
BYEHHS i NigpaxyHKy 3anaciB i3 TEXHOMOrYHUM i FipHUYO-
TEXHIYHUM OBI'pYHTYBaHHAM KOHAULIR;

e A3osckke podosuuye, Lo NpuypoYveHe Ao cepii CieHi-
TOBMX LUTOKIB, B SKOMY 3anacuv pya pigkicHo3eMenbHUX Me-
TaniB SK CynyTHbOTO KOMMOHEHTY BWSIBMNEHI B KOpi
BMBITPIOBaHHS, KOPIHHMX anaTUTOBWX Ta pigKicCHOMeTaniyHo-
anatuToBux pygax. Bmict P3E B pynax 3a3suyar CTaHOBUTb
nepui BiacoTky, iHogi caratoumn 20-30 %, a BMICT Zr Konuea-
etbes Big 0,02 no 27 %. CepeaHin Bmict TR203 — 1,27, ZrO2
-1,5 0/0;

e iHTEpPEC TaKOX CTaHOBNSATb PO3CUMNU Mpua3o8CbKo20
patoHy, 3okpema: Mano-AHuconbebka, Templolbka Ta Ba-
cuniBcbka [iNsHKU, WO 3yMOBIOETLCA BCTAHOBEHUMU
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P3E(TR,0;), me.T

cytteBummn Bmictamm TREO, Ta CtapogybiBcbkuin, [iaHis-
cbkuii, XoroniBcbkuii, ypiBCbKMI pyoonposiBU PigKiCHUX
3emernb, Wo O6ynu BuaineHi pesisiiHMMKM pobGoTamu Lwoao
OLJiHKM pifKiCHO3eMEeNbHMX 06'EKTIB Y KiHLi MUHYNOro aecs-
TUNITTS W NOTPebyloTb MOBTOPHOrO, AOCKOHAMILIOro BK-
BUYEHHSI, OCKINbKM WNMOBIPHICTb  BUSIBMEHHS  3HAYHMKX
HEpO3KPUTUX PECYPCIB BeNuka. A 3 pO3BUTKOM TEXHOSOriY-
HWX NigxoaiB Ao nepepobkn pyau A4oOaTKOBi pOAOBMLLA MO-
XKyTb MNOCMPUSTU 3HAYHUM EKOHOMIYHUM LOCATHEHHSAM.

[unckycis i BUCHOBKMU

HasBHicTb B YKpaiHi fxepen YyHikanbHUX KOPUCHUX KO-
nanuH € OYEBMAOHUM LLUAHCOM KpaiHu copmyBaTh NOTYX-
HWUI BUCOKOTEXHOMOrYHMI CEMMEHT Ha OCHOBI "NpupoaHnx"
yMoB i nepegymoB. KputuyHa ouiHka eKOHOMIYHOro, eKomno-
riYHOro, reonoriyHoro i peCypCHOro acnekTiB € NepLIOOCHO-
BOH AN BUPOOBEHHS SIKiCHOT cTpaTerii Ta YiTkoi nporpamMmu
pPO3BUTKY [aHOr0 HamnpsiMKy. BuUKOpWUCTOBYLOUM 3HaHHS,
BMiHHS i HABMYKM, HAKOMNWUYEHi y ccpepi CTBOPEHHS BUCOKO-
TEeXHOMOri4YHOI NpoaykKuii, nepen YKpaiHO BiAKpMBalOTbCA
MOXXIIMBOCTi CTBOPEHHS CYKYMHOCTI YHiKanbHUX HanpsiMkis
PO3BUTKY BITYM3HSIHOI €KOHOMIKM Ha OCHOBi BMKOPUCTAHHS
pigko3eMenbHUX eneMeHTIB i MeTarniB, WO B Cy4aCHUX yMO-
Bax € peanbHUM LLAHCOM MOAONIaHHsSI EKOHOMIYHOI Ta nicns-
BOEHHOI KpU3W.

BHecok aBTopiB: Mapis Kypuno — koHuenTyanisauis, MeToao-
norisi, Banigauis AaHuWx, HanucaHHsA (nepernag i pedaryBaHHsA);
Codist KowapHa — chopmanbHuii aHania, HanucaHHs (opuvriHanbHa
YepHeTka).
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STRATEGIC IMPORTANCE OF RARE EARTH ELEMENTS
FOR MODERN TECHNOLOGIES AND PROSPECTS OF DOMESTIC DEPOSITS

In the context of sustainable development, the reorientation of a wide range of technological industries is an inevitable phenomenon that
predetermines the perturbations of the established list of raw materials of strategic importance. Changes in priorities are primarily derived from the
transition need to innovative approaches in order to solve old problems and ensure all the needs of modern society. So far, integrating into numerous
global economic chains, rare earth elements open up a whole range of new opportunities.

Within the study information on the main areas of REE use, its market conditions, existing and projected price dynamics were analyzed and
summarized; a systematization of stimulating and restraining factors of REE mineral resource base development according to economic, ecological,
geological, resource and technological indicators was also made; the connection of the modern "Green Energy Transition" global strategy with the
work intensification rate at potential REE mining objects is traced, arguments regarding the primary need to concentrate efforts on replenishing the
market for elements of the cerium group, which includes neodymium and praseodymium are given as well.

Based on the results of the study, a conclusion regarding the main factors in the development of the REE market was made, and the most
promising areas for geological prospecting and mining implementation on the territory of Ukraine were identified.

Keywords: rare earth elements, demand, green energy, exploration level of objects, industrial value.
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nonsa HAMPYXEHDb TA FEOJIOr iIYHA CTPYKTYPA
3AXIAHOO 3AMUKAHHSA FOPMNIBCbKOI AHTUKIIHAJI AOHBACY
YACTUHA 2. NONSA HAMNPYXXEHb | AE®OPMALIIA

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

BcTyn. lNopniecbka aumukniHaneb [JoH6acy sik 06'ekm mekmoHogizudyHux AocsidKeHb cmaHo8umb iHMepec He MinbKu 3
nosuyii 2eonoeiyHoi 6ydosu, mexaHi3amy ¢hopMyeaHHs i Npocmopo8oz20 po3mauwlyeaHHsI MeKMoHi4HuUx ducsiokayil, ane U 3 no3u-
yii ennuey yux YUHHUKI8 Ha yMoeu po3pobKu 8yeinbHUx podosuw. Memor ybo20 0OC/iOKeHHSI € aHali3 2eoso2iyHoi 6ydosu,
nosie HanpyxeHb i deghopmauyili 3axiOH020 3aMukaHHs1 [oprliecbKOi aHmMuKsiHani Ons NPo2HO3y8aHHSs 2iPHUY0-2€0J102i4HUX YyMO8
npoeedeHHs 2ipHU4UX pobim.

M e T o au. PekoHCmMpyKUisi moslie MeKmMoHiYHUX HarnpyXeHb 8UKOHy8asacsi 3a 8Ci€t0 CYKynHIiCMIo OpieHMUPHUX i KiHeMamu4HuUx
OaHux 3 8UKOPUCMAaHHSIM KiHeMamu4Ho20 MmemoOdy 'yuwieHka, sikuli ’pyHmMyembCsl Ha aHasli3i eeKmopie MeKmMoHi4HUX 3MiujeHb no dse-
pKkanax Koe3saHHsi. [lapamempu rnosiie HanpyxeHb Me30pe2ioHasIbHO20 PieHs1 PEKOHCMPYLi0o8aHO WUISAXOM CMamucmu4Ho20 orfpauyto-
eaHHsl JIOKa/lbHUX cmepeozpaghiyHux po3e'sizaHb. BiOHOCHYy eikoey xpoHosiozito i cmadiliHicmb MeKMOHIYHUX HarnpyXeHb 6ys1o
su3Ha4yeHo 3a dornomMozoro Memody cmpec-MoHimopuHay. [Mapamempu 20/108HUX oceli cyMapHO20 nosisi deghopmayili o6pobrieHo 3a
90rmomMoz0okr npozpamHo20 3abesneyeHHs1 GEOS.

Pe3ynbTaTu. PekoHcmpyliogaHe rosie MeKmMoHiYHUX HarnpyXeHb Xxapakmepu3yembcsi cy620pu3oHmasnbHOK 8iCCH0 Makcuma-
JIbHUX 20J108HUX Harpy»eHb, OPIEHMO8aHO0 3 rigHi4YHO20 3axo0dy Ha niedeHHul cXid, i cy620pU30HMaIbHOIO 8iCCHO MiHIManbHUX 20-
JI08HUX Harpy»eHb, OPIEHMOBaHO0 3 MieHIYHO20 cx00y Ha nieGeHHUl 3axio (3cyeHe nosie). 3a 4acoM c8020 MPosisy makuili murn rnosnsi
Harnpy»eHb OMOMOXXHIOEMbCS 3 anbNiliCbKUM MeKmo2eHe30M i € Halimosrodwum 0ns [JoHeybko20 b6aceliHy. Egomntoyis yMoe meKkmoHiy-
HO20 HagaHMa)keHHs1 00CJ1id)XyeaHOi cmpyKMypu xapakmepu3yembcsi deghopmauitiHum psiOoM 3 Wecmu HanpyXXeHux cmadie — eid Hal-
OaeHiuwo20 ckudoeoz20 Ao HaliMos1o0u020 3CYy8HO20, OCMaHHIl 3 sIKUX 3a C8OIMU NapaMempamMu CUHXPOHI3yembCsl 3 HaliMOSIOOWUM,
pekoHcmpytioeaHum 0ns1 [JoH6acy i [pua3oe st anbnilicbkKuM rnosieM HanpyxeHs. Bicb sudoexeHHs1 enincoida deghopmayiti Ma€e nieHivYHo-
3axiOHy — mepudioHanbHy opieHmMauiro, eicb yKOPOYEHHS1 — NieHIYHO-CXiOHY, MaliXXe opmoz2oHasibHy 80 oci aHmukniHani. Ha 6inbuwil
YacmuHi docnidxyeaHoi mepumopii npoyec de¢hopMyeaHHsI 2iPCbKO20 Macusy KOHIMPOJTI08a8Cs MepesaXHo 3CY8HUM i nepexiGHumMu
CKUOQO- i NiGKudo-3cy8HUMU MexaHiamamu. BidnoeidHo do 3Ha4eHb koeghiyienma Jlode—Hadai deghopmauyii eiobyeanucs 3a ymos, 651u3n-
Kux 90 3CYy8HUX.

B n c H 0 B k u. HasedeHi npuknadu npocmoposux 83a€M08iOHOCUH PeKOHCMpPYUio8aHO20 10151 Harnpy»eHb 3 HA6OPOM 3a3HavYeHUX
deghopmauitiHux esleMeHmie 3axiOHO20 3amMukaHHs1 FopriiecbKoi aHmukiiHani (cucmema cripsiXeHUX CKoJlie 3cyeHoi 30HU, 6paxiaHmuk-
niHanbHa cknadka 3 Hacyeamu y i Kpusax) daromb 3Mo_y po3a/isi0amu ocmaHHi K efleMeHmu CmMpyKmMypHoO20 fnapa2eHe3ucy, ymeo-
PEHHS1 s1IK020 6YJ10 cripu4uHeHe MpPago3cy8HUMU 20PU30HMaIbHUMU NepeMiujeHHsIMU 83008 cucmemMu o3008XKHixX 3cyeie npuocboeoi
4acmuHu ["opriecbkoi aHmukiiHani, a gppacMeHMu 83a€MHOI cuMempu4YHOCMI oIS HanpyXeHb i nossi deghopmauiti MOXXymb po3aiisi-

Oamucsi sik 0oKa3 ixX 2eHemu4HO20 CrIOPIOHEHHS.

Knwo4yoBi cnoBa: 2eonoziyHa cmpykmypa, ckonosi deghopmauii, KiHemamuyHi iHOukamopu, nose HanpyxeHb, rnosie cymap-
Hux Kpuxkux 0e¢ghopmauyiti, kiHemamu4Huli Memod, koegbiyieHm Jlode—Hadai.

Bcrtyn

OaHMM 3 ePeKTUBHMX HANPSAMIB AOCHIOKEHb, WO Aal0Tb
3MOry OLHUTY HaNPSIMKM aKTUBHUX TEKTOHIYHMX 3YCUTb, LLO
cdopMyBanu reonoriyHy CTPYKTYpY, NOMs HanpyxeHb, K
icHyBanu nig yac ii popMyBaHHs, i po3nodin gedopmadin
ycepeavHi Hel € TeKTOHOMI3NYHI OOCNIMKEHHS, 3aranbHa
3aa4ya SKuX Monsarae y BU3HaAY€HHI 3aKOHOMIPHOCTEN po3-
nogainy Hanpy>eHb i PO3BUTKY TEKTOHIYHUX AedopMalLlii, Lo
BUHMKAKOTb Y 3eMHin kopi. [aHi nonboBoi TEKTOHOI3NKM
MOXYTb BHOCUTU iCTOTHi AOMOBHEHHS A0 pe3yrnbTaTiB pi3HUX
BWAIB MOAENIOBaHHS, AKi y TENepiLlHil Yac LWMPOKO BUKOPU-
CTOBYHOTbCS ANsl pO3B'A3aHHs Takmx 3agady. CnpusTtnuei
YMOBU A1 TaKNX CNOCTEePEXeHb CTBOPIOKTLCS Nif Yac Ka-
p'epHOI i Nig3eMHOI po3pobKM MNacTOBUX POAOBWULL, KOMU
30INCHIOETBCA CyLinbHA BUIMKa KOPUCHUX KOnanwH 3 geta-
NbHUM reONOoriYHNM LOKYMEHTYBAHHSAM, 3aBOsSKU YOMY MO-
Ha 6e3nocepeHbO BMBYATM re€0NorivyHi CTPYKTYpU Pi3HOro
piBHS B peanbHoMy maclutabi i gikcyBaTu 3mMiHU Mopdorno-
rii No NnoLwi i B po3pisi.

AHani3 nonepedHix docnidxeHb. PeKOHCTPYKLisM Mo-
niB HanMpyXeHb i MexaHi3aMy YTBOPEHHSA 3aXigHOI YacTuHU
lopniBcbkoi aHTMKNiHanN [JoHOacy nNpucBsiYeHi AOCHiAXEHHSsI
A.A. Babuua, KO.B. Byumka, A.M. [obpsHcekoro, B.C. Emus,
B.O. KopuemariHa, B.®. MpuxogyeHka, HO.C. PsbowTaHa,
B.C. TokoBeHka, OcobnmMBOCTi NPOCTOPOBOrO OpiEHTYBaHHS
Ocel rofoBHMX HOPMaribHUX HaMpyXXeHb BKA3YOTb Ha Te, Lo
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BOHM € HacrigKOM CTUCKaHHS, HAaNpPsSIMOK SIKOro croyaTky 6yB
nonepeYHum Ao LapHipy opniBCbKOI aHTUKMiHANI, a NoTiM
AiaroHanbHUM A0 Hboro. PopmyBaHHSA "OpNIBCLKOI aHTUKII-
Hani i AedopMaLinHNX enemMeHTIB, SKi YCKaaHIoTb ii CTpy-
KTYpY, 30KpeEMa pi3HOPaHrOBMX PO3PMBIB i CKNagoK APYroro
nopsiaKy, Biabyeanocs y ABa eTanu: nepLuuii, BacHocknag-
YaCTUI, KU NOB'A3YETHCS i3 3aKMOYHUMKN hasamm repuuH-
CbKOro oporeHesy, i Apyrun, nicnsacknagyactuii, noB'a3aHun
i3 3aKnoYHMMK hasamu anbnincekoro oporeHesy. Tak, Nnpoc-
TOpOBe CNiBBiAHOLLEHHSI HANPSAMKY Aii FONOBHUX HOPMarnbHUX
HanpyxeHb 3 gedopmauiiHiMmn enemeHTamMmm MUKUTIBCbKOro
pyOHOro nonsi BM3HAYaETbCS [AiarOHanbHUM MOMOXEHHAM
ocel Lboro nonsi 4o aecopmadiiHnx ocen ronoBHOI pyAoKo-
HTPOSOKYOI CTPYKTYpU (TopniBCbKOT aHTUKMiIHANI) | cMMeTpU-
YHUM — [10 CKITaA4acTUX CTPYKTYp APYroro NopsaKy CKeniHHA
rONoBHOI CTPYKTYpU: GNN3ropmu3oHTarnbHi OCi MakcMarnbHOro
(03) i MiHiManbHOro (01) CTUCKaHHSA OpiEHTOBaHI Bronepek
NPOCTSraHHs KyMNosibHWUX CKIMaAoK i mapanernbHO MOSNOXKEHHO
X WapHipiB BignoBiaHo. 3a 3HaveHHAMU koedpiuieHTa Jlope—
Hapai (Jo) Hanpy>xeHui CTaH ripcbkvx nopig BapitoBas Yy LWn-
POKUX MeXax Bi OAHOBICHOIO CTUCHEHHS 0 OAHOBICHOO po-
3TAryBaHHs. Lle nome HanpyxeHb € HaimMonogwum ans
[oHbacy i AaTyeTbCa Napamiicbkoro ¢hasoo anbmniiCbKoro Tek-
ToreHedy (IwHToB, 2005; KopuemaruH, 1970; KopuemaruH, &
Ewmeu, 1987; KopuemarvH, & PsidowuTaH, 1987; KopuemarviH n ap.,
2005; Saintot et al., 2013; Sim et al., 1999). 3 ypaxyBaHHAM
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PEKOHCTPYMOBaHWX  MNapamMeTpiB  MOMiB  HamnpyXeHsb,
KiHeMaTWKN PO3PUBIB | OPIEHTYBAHHSA CTPYKTYPHUX Aedopma-
LiMHMX enemeHTiB Oyrno HaBedeHO MEXaHi3M CTPYKTYpOYTBO-
peHHs [onoBHOI aHTukniHani [oHbacy K Hagpo3noMHoI
cKnagku, kv nependayae, LWo CTpykTypa ckneniHHs [opnis-
CbKOi aHTUKNiHani i MukuTiBcbKkoro pygHoro nons 6yna cgo-
pMOBaHa y pe3ynbTaTi NpaBobiYHMX 3CYBHUX MO300BXHLO-
30HarnbHUX pyxiB Mo 30HI LieHTpanbHOAOHeLBKOro rmmMbuH-
HOro po3nomy, Ae BCi Bigomi AecopMauiviHi enemMeHTn pya-
HOrO Mons SBMAAKTb COBOK  €NeMEHTU  CTPYKTYPHOrO
napareHesucy npaBO3CYBHOI 30HW, WO cdopmyBanucsa 3a
OOVH eTan 3a HE3MIHHOrO HaMpPsIMKy OCel 3ararnbHoro rnons
HanpyxeHb (Emeu n gp., 1986; KopuemaruH, 1970, 1984;
KopuemarvH, & Emeu, 1987; KopuyemaruH, & PsbowTaH,
1987; Hukonbckun u gp., 1991).

BudineHHs1 HegupiweHux paHiwe YacmuH 3a2asibHol
npo6nemu. NeonoriyHa CTPyKTypa 3axigHOro nepukniHanb-
HOro 3ammkaHHsA [OpniBCbKOI aHTUKMiHaNI Ha BigMiHy Big ii
Kpwn i CKMeniHHOT YaCTWHW 3anuiuanacsa MEeHLLIOK MipoH BU-
BYEHOI0, MPOTE B Mipy PO3BUTKY MPHUYMNX poBIT y Mexax nonsi
waxTtn "HoBoasepxunHebka", po3TalloBaHoi Ha caMoMy nepu-
KniHanbLHOMY 3aMuKaHHI aHTUKMiHanMI, 3'ABunacs MOXNMBICTb
NpOBECTU CTPYKTYPHO-TEKTOHOMI3NYHI  JOCNIOKEHHS, 3a-
BOSIKA SIKUM 3@ HOBMMM [AHVMMMU MPO KiIHEMATWKy PpO3puvBiB
Oyro 3AiNCHEHO PEKOHCTPYKLIK0O OCHOBHUX NapamMeTpiB TEKTO-
HIYHOrO MONs HanpyXeHb i NOMNsA CyMapHUX KPUXKNX aedop-
MaLin ans uiei ginaHky FopniBcbKoi aHTUKMiHani.

PopmynroeaHHs yineli cmammi. OCHOBHOIO METOK [0-
CNiHKEHb € BUBYEHHS CTPYKTYPHO-TEKTOHOMI3NYHIX 0CcOBNK-
BOCTEM | 3aKOHOMIpHOCTEN (POPMYBaHHSI  reornoriYHol
CTPYKTYPU i TEKTOHIYHUX PO3PUBIB 3aXiAHOro NepuKniHanb-
HOro 3amukaHHs [OpniBCbKOI aHTMKMiHani Ana nporHosy
riPHUYO-reoNoriYHMX YMOB PO3POOKM BYFiNlbHUX POAOBMLL.
OCHOBHWUM 3aBOAHHAMW € PEKOHCTPYKLIE OCHOBHWX NapamMe-
TpiB nonie gedopmaliiin, TEKTOHIYHUX Hanpy>XeHb JToKanbHOro
i Me3operioHanbHOro piBHIB.

Metoaun

TeKTOHIYHI Hanpy>XeHHs1 BUBYanNucs KiHeMatuiHuMm me-
TogoMm O. lNyuweHka, CyTHICTb SKOro Nonsrae B 3HaXO4KEHHi
32 I0NOMOTOK pi3HOMAacLUTabHUX TPILLMH, po3nomiB 3i chi-
AamMu pyxy OrokiB Takoro opieHTyBaHHSA OcCeW nons Hampy-
XeHb, 3a IKOro HambinbLUa KifbKiCTb HaNpsIMKiB BiGHOCHOIO
nepeMilieHHs GrokiB BignNoOBiAaTMME MEBHIN TEOPETUYHIN
Homorpami (MMHToB, 2005). PeKOHCTPYKLUii NapameTpiB Tek-
TOHIYHUX HanpyXeHb Yy NoKanbHUX 06'emax ripcbkoro ma-
cvBy Oyrno 3giMCHEHO 3 BWKOPUCTAHHSIM YCI€i CyKYMHOCTI
3aMipSAHNX TEKTOHIYHMX CKOMIB i BCTAHOBMNEHMX Ha iX CTiHKax
BEKTOpIiB 3MileHHs. [NapameTpu nonis Me3operioHansHoro
piBHSA (ANA OKpeMmx GMOKIB i LWaxTHOro nonsg y uinomy) sia-
HOBNOBANMCS 9K Yepes CTaTUCTU4He obpobneHHsa Ha cTe-
peorpadiyHin ciTui AaHUX NoKanbHUX PEKOHCTPYKLUIN, Tak i
aHaniTM4HO. Y Ui cTaTTi OCi rONOBHMX HOPMarbHUX Hanpy-
XeHb — anrebpaiyHo MiHiManbHOro cTuckaHHs (o1) OyayTb
Aani imeHyBaTucs BiCClO po3TsiryBaHHs, anrebpaiyHo mak-
CMManbHOro CTUCKaHHSA (03) — BICCHO CTUCKaHHS.

BigHocHy yacoBy NocnigoBHICTb NOMiB HaMpyXeHb JOC-
NiOKEHO METOAOM TEKTOHIYHOro CTPEec-MOHITOpUHry. 3Ba-
Xawum Ha nepegymoBy npo GesnepepBHICTb TPaEKTOpIn
rOfIOBHUX HarnpyXeHb Y Yaci Ta NpocTopi N ycnagkoBaHUn
XapakTep po3BUTKY AedopmaLiiHoro npouecy, BiH 3abes-
neyye MOXIMBICTb BUAINEHHSI CUHXPOHI30BaHUX Mix cOBOM0
6e3nepepBHUX PAAIB TEKTOHIYHUX HaMNpPYXeHb, e KOXKEH i3
uneHiB geopmMauiiHoro psify onucye CyKynHiCTb Pi3HOBIKO-
BUX, ane oAHOTUMHMX MONIB HaMNpyXeHb B OCTAaHHbLOMY Ansi
pocnimxeHoro obesary nedopmadinHomy Lmkni (CyLieHko n ap.,
2001). XapakTepuCTUKN TFOfOBHUX OCEeW NOoMs CyMapHWX
Kpuxkmx gedopmauin 6yno obpobneHo 3a [OMNOMOrow
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cneuianizoBaHoro nporpamMHoro 3abesneveHHs GEOS.
PeKoHCTpyKUis 34iMCcHIOBanacya 3a BCi€E CYKYMHICTIO 3aMi-
PSHMX CKOMOBUX 3MiLLEHb (3 ypaxyBaHHsIM ix 3Haky), ob6'eq-
HaHUX Yy TPynu CMOCTEPEXEHb B OKPEMMX FOKanbHUX
06'emax ripcbKoro MacuBy, y CTBOPEHIl PiBHOMIPHIii Mepexi
NYHKTIB cnocTepexeHb (3rnampkeHe none gedopmadin).

PesynbtaTtun

lMone HanpyxeHb. [lonboBi TeKTOHOMI3MYHI Aocni-
OXXEHHS TEeKTOHIYHOI TpilMHYBaTOCTi i po3puBIiB 3 enemMeH-
Tamy KiHEMaTUKU Ha Pi3HMX AiNsHKaxX LWaxTHOro nons Aanu
3MOry PEeKOHCTpYIOBaTU MapameTpu TEKTOHIYHUX MOoMiB Ha-
npy>xeHb GinbLl Hik y 60 nokanbHMx o6'emax ripcbkoro Ma-
CVBY Ha pi3HMX NnacTax i FopM30HTax LUaxTHOro Monsi.

BpaxoBytouun Te, LLO MDK OPIEHTYBaHHSIMU OCEN Hanpy-
XKEHb ITOKanbHOro PiBHS i OCAMM HACTYMHUX CTPYKTYPHUX
PiBHIB iICHYE 3aKOHOMIpPHWI 3B'A30K, 3yMOBIEHWI iepapxXiy-
HOI MPUPOAOI0 MOSIB HaMpPYXXeHb, ANA nepexoay 40 nonis
Me30perioHanbHOro piBHA Gyno 34iMCHEHO CTAaTUCTUYHE 06-
pobneHHs AaHuX Npo fnokanbHi MoNSA HanpyXeHb. 3BeAeHi
cTepeorpammu 6ynu cknageHi onst 4BOX CTPYKTYpHUX Bro-
KiB i Anga Bciei waxTtun B uinomy. Npu niacymoByBaHHi opi-
€HTYBaHb OCel HOpMarnbHUX HaNpyXeHb y Mexax Grokis
dopmyBanucsa camMoCTiHi 30HW po3nodiny, npuyomy
30Ha po3noAiny Ans oci CTUCKaHHA o3 dopmyBanacs y
nepndepuyHmMX YacTUHaxX HaBXpecT po3TalloBaHMX NiBHi-
YHO-3axigHOMY | MiBAEHHO-CXiAHOMY KBagpaHTax paiar-
pam, ToAi sik OCsIMW PO3TSAryBaHHS o1 nignepesanacs
BCA Mnowia ABOX APYrMX KBaOpaHTIB: MNiBHIYHO-CXiQHOroO
i niBgeHHO-3axigHoro (puc. 1a-r).

CymapHe none HanpyXeHb He3Ha4HO BiApi3HAETBCA ONs
MepLUoro i Apyroro CTPYKTYPHWUX BrokiB waxTHoro nons. Y
ApyromMy 6r1oui oci FoNIOBHUX HOpMarbHWUX Harnpy>eHb MakTb
TaKi enemMeHTn 3ansaraHHg: Bicb o1 — as. nag. 232°/30°, Bicb
o3 — as. nag. 140°£5°, i nexatb B ycepeaHeHil MoLLMHI Ha-
LWapyBaHHa Ans uboro kpuna (puc. 1B). Y cXigHin YacTuHi
nepworo 6MnoKy OCi OpIiEHTOBAHO TakMM YMHOM: G©1 —
as. nag. 65°/24°, o3 —as. nag. 330°£20°, ae BOHM TaKoX fe-
XaTb 6NnM3bKo 0O ycepeaHEHOI MNOLWMHN HallapyBaHHA Ans
uporo 6rnoky (puc. 1a). Y 3oHi OcboBOro HacyBy (3axigHa Ya-
CTUHa nepLuoro 6MoKy) oci MaloTb Take OpPIEHTYBaHHSA: G1 —
a3. nag. 230°£28°, o3 — a3. nag. 330°£18°; Bicb CTUCKaHHS
po3TawioBaHa 6nn3bko [0 NIOLWMHM HallapyBaHHS, a Bicb
pO3TArHEHHsT Nexutb y nnowli OcboBoro Hacysy (puc. 16).
B3aranom Ansi BCbOro LUAXTHOrO MOMsi BOHO XapakTepusy-
€TbCH TaKUMW NapameTpamu: BiCb CTUCKaHHSA O3 — 141°/5°,
BiCb po3TAryBaHHs 01 — 231°£20°; BUA Hanpy>XeHoro ctaHy
6nusbknin Ao 4uctoro 3cyBy (Mo = +0) (puc. 1r) (Maenos,
HukuTeHko, & TkaueHko, 2011; Nikitenko, & Chernysh, 2015;
Volkova, Nikitenko, & Chernysh, 2016).

BigHoBReHOMYy MO0 HanpyXeHb CUMETPUYHI OCHOBHI
aedopmauiiHi enemMeHTH LWaxTHOro Nosnd — crnpsikeHa napa
3cyBiB (MiBHIYHO-3axigHi MpaBi i NiBOEHHO-CXigHI MiBi), WO
OopMYyIOTb 3CyBHY 30HY, LUMPOTHI HacyBW i cKNag4yacTiCTb
OPYroro nopsiaky.

Buxogsum 3 BaxknvMBoi YMOBM 3aCTOCOBHOCTI KiHemMaTuy-
HOro MeTOA4y MpOo Te, WO LITPUXM KOB3aHHA BigobpaxatoTb
cnign OCTaHHIX Hanmbinbll MOMOAMX TEKTOHIYHUX 3MilleHb
(cnigm GinbL paHHiX 3MileHb abo cTupatoTbes, abo MatTb
ripy 36epexeHicTb), siki BUHMKaTb MO po3pvBax nig Aicto
€MHOrO MOMNsi HanpyXeHb, MOXHa MNPUMYCTUTK, WO MOCy-
BaHHS 3@ BCIi€EI0 CYKYMHICTIO po3puBiB Oyro nos'sA3aHe 3 Aieto
3CYBHOTO MOJSISi HAMNPYXXeHb i NiANopsiAKOBaAHO reHepanbHOMY
NpPaBO3CYBHOMY 3MILLIEHHIO MOPOAHOr0 MacuBy B3OOBX OCi
lopniBcbkoi aHTWKMIHaMN MO NMOLMHI OCHOBHOIO pPO3pUBY.
HedopmyBaHHs BiabyBanocs sk 3a paxyHoK 3MilLeHb noBep-
XHAMM TPILLMH (PO3pMBIB), LLO POPMYIOTLCS, TaK i 3@ paxyHOK
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B 1 CH U K KuiBcbkoro HauioHanbHoro yHisepcurerty imeHi Tapaca LleBueHka

3MileHb MO BXe HasiBHUX OCMabrieHuX MOBEPXHSX Pi3HOro
BiKy i reHe3ucy.

PekoHcTpynoBaHe Ang 3axigHoro nepukriiHanbHOro 3amm-
KaHHA [opniBCbKOI aHTMKMiHaM none HanpyXeHb aHarnoriyHe
nono, oTpuMaHoMmy Ans  MUKUTIBCbKOrO pygHOro nons
(puc. 2a). MoxHa cTBepaKyBaTH, O Xapakrtep Mnonsi Hanpy-
XeHb | TMN gucnokauin y ckneniHHi [onoBHOI aHTUKMiHanNi BU-
TpMMaHi Bif cXigHux Mex MWKWTIBCbKOro pygHoro nomns Ao
3axigHOro 3amukaHHs [opniBcbkoi aHTukNiHami. 3a 4Yacom
CBOro NposiBy NogibHMI TMN Nomns Hanpy>XeHb OTOTOXHIOETLCS
3 napaMincbkolo da3oro anbnifcbkoro TektoreHesy (MMHTOB,
2005; KopuemaruH, & Emel, 1987; KopuemaruH, & PsibowitaH,

6

1987; KopuemaruH n gp., 2005; MNoHyap, 2019). BigHoBneHe
norne HanpyXeHb i, OTKe, BCi BiaMoBigHi oMy aedopmawii —
HarimonopaLwi ans [loHewubkoro 6acerity.

EBontouisi TEKTOHIYHOrO MONsi HamnpyxeHb Moxe OyTu
onucaHa BMAiNeHMm 3a npoueaypamMmmu TEKTOHIYHOMO CTpec-
MOHITOPUHIY MPOCTOPOBO-4acoBMM AedopMaLiiHUM psiAoM
3 LWeCTM 0QHOPIAHOOCHMX HaMnpyXXeHuX cTaHiB (a3 gedop-
MYBaHHs1) B OCTaHHbOMY, HarlMOnoALoMy AN Jochnimke-
Horo o6'eMy gedopmauiiHoOMy LMKNi — Big HangaBHIWOro
(F) no Hanmonoaworo (A). OCHOBHI NnapameTpy BUAINEHNX
¢a3 gecopmyBaHHA HaBeaeHo B Tadn. 1.

[0y @], ) Jsl £ JalEs

Puc. 1. PeKOHCTPYKLii NONA TEKTOHIYHUX HaNpyXeHb Ans nonsa waxTtn "HoBoa3sepXuHcbKa™:
nepLmin 6rnok — 3cyBHa 30Ha (a), 3oHa OcboBoro HacyBy (6); B) Apyruit 6rok; r) WwaxTHe none; g — MukuTiBCbke pyaHe none.
1 — OCi pO3TsiryBaHHsI: @ — JIOKANbHOro pPiBHA, 6 — Me30perioHanbHOro; 2 — 0Ci CTUCKaHHSA: @ — NOKarbHOrO PiBHS,
6 — Me3operioHanbHOro; 3 — NNOLWMHM Aji FONOBHUX HOPMarbHUX HanpyXeHb; 4 — KOHIYHi NOBEPXHI,
L0 OGMEXYHOTb 30HU PO3BUTKY OCEW OAHOrO 3HaKy; 5 — NNOWMHU: a — HallapyBaHHs; 6 — OCbOBOr0O HacyBy.

Ta6bnuys 1
®da3u gedopMyBaHHA i BigNoBiAHI iM XapakTepUCTUKU HanpyXeHb
®Paza % Tun nonsa [} o, o3 Ho Me
A 34,4 3CYBHUN 257/3 154,77 348413 0,9 0,06
B 25,4 nigKMa0BUN 219,67 79,18 344,14 0,95 0,58
C 18,4 nigKMa0BUN 187/75 347214 7845 0,95 0,31
D 28,1 3CYBHUN 336213 178476 6825 -0,95 -0,11
E 22,8 CK1AoBUIA 350215 26021 166475 -0,95 -0,43
F 18,7 CKUA0BUIA 259/2 350415 162/75 -0,9 -0,44

lMpumimku: % — nuToma Bara O4HOPIQHOT FPYNKM CKOMIB Y 3aranbHiil BUXiAHIN reHepanbHivi BUBIpLI; TN Nons — reoMeTPUYHUI TUM Nons
HanpyxeHb abo Tun gedopmauiiHoro pexumy (Bi4NOBIAHO A0 BENMUYUH KyTiB HAXwWMy Qi, Oz, Oz FONIOBHUX OCEW T4, Oy, O3 OO FTOPU3OHTY):
cknpoBui (041<30°, a,<30°), 3cyBHUI (a41<30°, 0,<30°), niakmaoBuin (a;<30° 0a3;<30°); 04, Oz, O3 — OPIEHTYBaHHSI TONOBHUX OCEW HanpyXeHb
(asumyT i KyT 3aHypeHHs); Uy — HanbinbL NOBTOPIOBaHE ANSA BUAINEHOI cTadii AedopMyBaHHS 3Ha4YeHHs1 koedpiieHTa Jloge—Hapai (Bug
Hanpy>eHoro cTaHy ripCbKoro MacuBy): —1 — 04HOBICHE PO3TArHEHHS, +1 — OAHOBICHE CTUCHEHHS; [ — (hOpMa enincoiga CyMapHOi pO3pUBHOT
YacTuHu gedopmalii (BuA Aedopmadii ripcbkoro macuBy): —1 — ogHOBICHE BUAOBXEHHS, +1 — OHOBICHE YKOPOYEHHS.

Po3BuTok HangaBHiwmx a3 gedopmadiiHoro npolecy
F i E KoHTpontoBaBCcs CKMOOBUM MeXxaHiaMoM i BiabyBaBcs
3a YMOB MepeBaXHOr0 BUAOBXEHHS MPCbKOro Macuey, LUO
XapaKTepuayloTbCs BenuunHamu koediuieHTta JNloge—Hagai
Me —0,44 i —0,43 BignoBigHo. CknaoBuiA MexaHiaM, KOHTPO-
NbOBaHMN CyOBepTMKANbHOK OpiEHTaLiel0 OCi CTUCKaHHS
03, BU3HA4YaB yMOBU A5l 3MEHLUEHHA aMnniTyau BepTuKa-
NbHUX TEKTOHIYHWMX pyXiB i, BIANOBIOHO, BWHWUKHEHHS
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NOKarnbHUX 30H 3HWKEHOI NPOHUKHOCTI B MipCbKOMY MacuBi.
OcobnusicTio npouecy Aedopmadii ctana nepeopieHTauis
OCi po3TAryBaHHsA 01 3 MiBAEHHOro 3axody Ha dasi (F) Ha
niBHiYHMI 3axig Ha dasi (E).

Ha grasi D gechopMyBaHHSA 3eMHOI KOPU KIHEMATUYHWIA TUN
MexaHi3amMy NpoLecy CTae 3CyBHUM i CyrnpOBOKYETLCS Nocna-
GneHHsAM NpoLecy BUOOBXKEHHS Fipcbkoro macuey (Je = —0,11).
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Bwa HanpyxeHoro ctany anst a3 F-D € 6rnunsbkim 0o ogHOBI-
CHOTO PO3TATHEHHSI.

Mpouec nedopmyBaHHA Ha ¢asax C i B xapakrepusy-
€TbCs 3MiHO (1) KIHEMaTMYHOro TUMy MexaHiamy aedopma-
Lji i3 3cyBHOro Ha MigkngoBwii i (2) mpouecy BUOOBXEHHSI
ripCbKOro MacmBy NPOLLECOM NOro HAPOCTaKHOro YKOPOYEHHSI
(ue = 0,31 i 0,58 BignosigHo). MiaKMAOBUIA MEXaHI3M, KOHTPO-
NbOBaHWIN CyGBEPTUKANbHOK OpIEHTAL|E0 OCi PO3TAryBaHHS
01, BU3Ha4aB NnosiBy yMOB Ans 36inbLUeHHs amnniTyam BepTu-
KanbHWX TEKTOHIYHWUX PYXiB i, BiANOBIOHO, BUHMKHEHHS JTOKa-
JNIbHUX 30H MiOBUWLLEHOI MPOHUKHOCTI B FPCbKOMY MacuBi
(po3BMTOK MpoueciB croigo-maconepHocy). Y npoeci ae-
dopmaLii Binbynacs nepeopieHTaLis oci CTUCKaHHSA 03 3 niB-
HiYHOro cxogy Ha cpasi C Ha niBHiYHMI 3axig Ha dasi B.
3pOoCTaHHS YKOPOYEHHS (YLUiIMbHEHHS) FPCbKOro Macuey i
HOBa OpieHTaLis OCi 3 MOrMN CNpUSATU OPMYBaHHIO BTOPUH-
HOI CKNnagyacToCTi B AOCHiAKyBaHi CTPyKTypi. Hanpsmok
NPOCTAraHHA OCbOBOI NOBEPXHiI BTOPUHHOI CKIAAKWU, OPIEHTO-
BaHOi 6nM3HOpPManbHO A0 OCi 03, MOXe NiATBepAXKyBaTN J0-
CTOBIPHICTb BUCHOBKIB NP0 KiHEMaTWKy ymoB Aedopmadil
ripcbkoro MmacuBy Ha cpasi B.
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Ha 3akntouHin dasi A gedpopmyBaHHS KiHeMaTUYHUIA TvN
MeXaHi3My MpoLecy CTae 3HOBY 3CYBHWM, ane BXe 3 iHLLOI,
3BOPOTHOO NOPIBHAHO 3 (pasoto D, opieHTauie0 FONOBHMX Ha-
NPY>KEHb, i CYNPOBOXYETHLCH Pi3kMM ocriabneHHsM npoLecy
YKOPOYeHHs ripcekoro macusy (Pe = 0,06). Mogieto 3akntoy-
Horo npouecy AedopMaLlii cTaB NPosiB NPaBO3CYyBHUX TEKTO-
HiYHUX pyxiB y3a0BX oci [opniBcbkoi aHTuKniHani. Bupa
HanpyxxeHoro ctaHy ans a3 C—A € 6nunsbkMm 40 OAHOBIC-
Horo ctucHeHHsa (HukuteHko, 2014; Volkova, Nikitenko, &
Chernysh, 2016).

TakuMm YMHOM, CNPAMOBaHWA | yCNaaKOBaHUIM XapakTep
3MIHEHHS YMOB TEKTOHIYHOIO HAaBaHTaXEHHS CTPYKTYpU 3axi-
OHOro NepuvKniHanNbHOro 3aMmmkaHHs MopniBCbKOI aHTMKNiHAnI
XapakTepuayeTbCs NOCif0BHUM 3MiHEHHAM AedopMaLlinHnx
pexvMiB Bif HanOaBHILLIOIO CKMAOBOrO 4O HAMMOMOALLOro —
3CyBHOrO (puc. 2). AGContoTHi YacoBi iHTepBanu Aii umx a3
BM3HAYNTU CKMagHo, MpoTe ocTaHHA ¢asa A 3a CBOiMM
napameTpamMu CUHXPOHI3YETbCSA 3 HANMONOALINM, PEKOHCT-
pyrnoBaHum ansa [OoHb6acy i Mpunasos'a anbniicbkkumM nonem
TEKTOHIYHMX HanpyxeHb (KopyemaruH, & Emel, 1987; Kopye-
maruH, & PabowTaH, 1987).
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Puc. 2. CTtpykTypa Haimonogworo aecopmauifiHOro LKy
AnA 3axigHoro nepukniHanbHOro 3aMmmkaHHA MopniBcbKOI aHTUKNiIHaNi:
1 — NpOoEKLUIii 0OCeln roNoBHNX HaNpPyXeHb: @ — 01, 6 — O3; 2 — KyT 3aHypPEHHSI OCeN HanpyXeHb:
a — noxwuni, 6 — kpyTi; 3 — BUA AecopMyBaHHS ripCbKOro MacuBy: a — BUAOBXKEHHS, 6 — YKOPOYEHHS!, 8 — 3CYB.

Mone deghopmayiti. MNone cymapHux Kpuxkmx gedop-
Mauii 6yno pekoHCTPYMOBaHO 3a BCi€lo CYKYMHICTIO 3amipsi-
HMX CKONOBUX 3MiLLEHb 3 ypaxyBaHHSAM 3HaKy LIMX 3MilLleHb.
Bug pedopmadii (YKOpoOYeHHS, BUOOBXKEHHS, 3CyB) FipChb-
KOro MacuBy BM3HA4yaBCA 3a BenuuuHamu KoediuieHTa
Ilope—Hapai e, ki onncye xapaktep AedopmyBaHHS B
pamkax Teopii NPY>KHOCTI | BUpaXaeTbCs Yepes rofoBHi 3Ha-
YeHHs1 TeH3opa Aedpopmaltini €1, €2, €3 (@HaANOrYHO A0 Koe-
DILIEHTY Wo).

PesynbTaT pekoHCTpyKUil nokasanu, Lo 3rnampkeHe
none CymapHux KpuMxknx gedpopmaldini y 30Hi 3axigHoro 3a-
MUKaHHSA [OpniBCbKOI aHTUKNIHANI € HEOAHOPIAHUM, OpiEH-
TyBaHHS ocen nons i Bug gedopmadin 3MiHIOITLCA 9K 3a
nroLleo JOCNiAXKyBaHOro panoHy, TaK i y Mexax BerMKuX
CTPYKTYPHUX (DOPM.

Bicb MakcumarnbHOro BUAOBXEHHS €1 Y MexXax MiBHiy-
HOro Kpuna opieHToBaHa nepeBaxkHO Yy MiBAEHHO-3axia-
HOMY (niBHiYHa 4YacTuHa) i cybwmpoTHOMY (nNpuockboBa
YacTuHa) HanpsiMkax. Ha ginsHui, oomexeHin MiBHIYHUM i
OcboBMM HacyBaMK, OpPIEHTYBaHHS OCi €1 MEHL BUTPU-
MaHe, BOHa Bapiloe B4 nNiBAEHHO-3axigHoOro Ao
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cybLwmpoTHoro i cydbmepugioHansHoro. Kyt Haxuny oci 3mi-
HIOETBbCS Bif BIAHOCHO KpyToro (30-45°) y niBHiYHIN Yac-
TWHI go kpytoro (oo 60°) no6nudy [lliBHiYHOrO HacyBy i
noxunoro (10-20°) y NpMOCLOBIN YacCTUHI aHTUKMiHanNI
(puc. 3a, B). OcboBa YacTMHa XxapakTepu3yeTbCs CyoLUMpPO-
THUM, OGnusnapanensHuM [o  opieHTyBaHHA OcCbOBOro
HacyBy, i MaWXe ropu3oHTanbHUM MOSIOXKEHHSAM OCi €1.
Ha pinsHui niBaeHHoro kpuna, sika obmexeHa OCbOBUM i
TopeubkMM HacyBamu, BiCb OpieHTOBaHa y niBAeHHO-3axia-
HOMY HanpsiMKy, OeLlo po3ropTaiuuck Ao cybmepugioHa-
NbHOrO B nepexigHin Big Topeubkoro Ao MonoBHOro HacysiB
30Hi i CyOLUMPOTHOro HaNpsIMKIB 3 HAbNMKeHHsaM Ao onos-
HOro HacyBy, MO340BXHbO A0 OPIEHTYBaHHS OCTaHHLOTO.
Y Mexax MiBAeHHOro Kpurna BiCb €1 3aMMae nepeBaxHO
noxure (10-30°) nonoxeHHs (puc. 3a, r).

Bicb MakcnmanbHOro YKOpOYeHHs €3 Ha MiBHIYHOMY Kpuni
opieHTOBaHa y NiBHIYHO-3axiAHOMY — NiBAEHHO-CXIOHOMY Ha-
NpsIMKY, 3aiMaroumn cybLuMpoTHe | cybmepuaioHansHe noso-
XeHHSA 3 HabnwxeHHam Ao [MiBHiyHOro i OcboBOro HacysiB
BignosigHo (puc. 36, e). Haxun oci Bapitoe Big nepeBaxHo no-
xunoro (10-35°) go kpytoro (oo 50°) 3 HabrnwkeHHsM [0
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OCbOBOI YaCTUHW aHTUKNiHani (puc. 36, e). Y mexax niBaeH-
HOrO Kpuna npy HabnmxxeHHi 4o 30HM TOpPeLbKOro HacyBy BiCb
€3 PO3ropTaeTbCca A0 CyOLIMPOTHOrO i Aani — Ao cybmepugio-
HanbHOro—nNiBHIYHO-3axXiAHOro HanpPsIMKy, 3anMaroyn nepesa-
XHO kpyTe (50-60°) nonoxeHHs. Y nepexigHii Big
Topeubkoro oo MonoBHOro HacyBy 30HiI BOHa NEBHOO Mipol
36epirae HanpsIMOK CBOro OpPIiEHTYBaHHS, NpoTe cTae GinbLu
noxunoto (puc. 36, €) (Volkova, Nikitenko, & Chernysh, 2016).

Hanbinblw BUTPUMaHMM y NPOCTOPI € OPIEHTYBaHHA OCi
MaKCMMarbHOrO BUAOBXEHHS €1, SKa HA NEePEBaXHIN YacTuHI
O0CnioKyBaHOI NIoLLi 3aiMae NoxXumrie NOSTOXEHHS | OpIEHTO-
BaHa y niBAeHHO-3axigHOMY HanpsiMKy (puc. 3a, A). OpieHTy-
BaHHA OCi MaKCMManbHOTO YKOPOYEHHH €3 € MEHLU
BUTPUMaHNM, 0COBNMBO 3a KyTOM Haxmiy — Bifi FOpM30HTarb-
Horo o cybsepTukansHoro (puc. 36, x). 3a BenuinHamm Ko-
ediuieHta Jloge-Hapai Bug gedopmyBaHHS  ripCbKOro

MacuBy y MexXax 3axigHoro 3amvkaHHs [opniBCbKoi aHTUKIi-
Hani 3MIHIETLCA B Aiana3oHi Big Mamke OAHOBICHOIO BUOOB-
XEHHA OO0  OAHOBICHOTO  YKOPOYeHHA  (Me = £0,9).
[edopmyBaHHS ripcbKoro MacuBy Yy NiBHIYHOMY KPWIi KOHT-
pornoBanocs 3CyBHWM, CKMAO- i MiOKMOO0-3CYBHUM MeXaHi3-
Mamu 3a YMOB, 6IN3bKMX 40 3CYBHUX 3 MEBHNM YKOPOYEHHSIM
(ue = 0,1 npu BapitoBaHHi Big —0,7 #o 0,9); y niBAEHHOMY Kpuni
— MEepeBaXHO CKUOOBUM i CKMOO-3CYBHUM MEXaHi3MOM
3a ymMOB, ONM3bKMX [0 3CYBHUX 3 MEBHUM BUOOBXKEHHSIM
(ue = —0,2 npwu BapitoBaHHi Big —0,9 go 0,5) (puc. 3a, 6). 3ara-
NoM Ans AOCHiAXyBaHOI Mol oci ronoBHMX Aedopmalin
XapaKTepu3ylTbCa TakMMU yCepeaHEeHUMU napameTpamMu:
Bicb €1 — a3.naa. 210°219°, Bicb €3 — a3. naa. 330°.34°,
pe = —0,03. 3a napameTpamu CBOro OpiEHTYBaHHS ernincoig
cyMapHux gedbopmaLii € GrmsbkuM OO enincoify Hanpy»KeHb.
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Puc. 3. Mone cymapHux Kpuxkux gedopmauinn Ans 3axigHoro 3aMukaHHA FopniBcbKol aHTUKMiHaNI:
OpieHmysaHHs1 20/108HUX ocell enincoidy Kpuxkux deghopmauili: a — Bicb MaKCUManbHOro BUAOBXEHHS €1;
6 — BiCb MaKCUMarnbHOrO YKOPOYEHHS €3.
1 — NyHKTM po3paxyHKy napameTpis nons gedopmaLiin 3 HanpsMKOM OJHIET 3 0Cel (JOBXMHA ropu3oHTanbHOT NPoEKUIT Bijobpaxae KyT
HaxuIy Oci: KOpoTLUa NPOEKLst — KPYTILLWIA KyT Haxuny; 3aHypeHHs OCi CNPsIMOBaHO Bif TOYKN);
2 — niHii po3puBiB (306paxeHo cxemaTnyHo): N — MiBHIYHMIA HacyB, O — OcboBuii HacyB, T — Topeubkuii HacyB, I — FONOBHWIA Hacys;
3 — Bicb [NopniBcbkoi aHTukNiHani (FA).
Hiazpamu HanpsiMKy i Kyma 3aHypeHHs1 ocel €1 (nigopyy) i €3 (Mpasopyy) enincoidy Kpuxkux deghopmauit:
8, € — NiBHIYHe KpWIo, 2, € — NiBAEHHEe Kpuno, 0, X — 3BefeHa.
FeomempuyHut mun nons dechopmauiti (BiANOBIAHO A0 BEMNWUYMH KYTiB HaXumy Ay, Oy, O3 FTONOBHUX OCEN €4, €2, £5 A0 FTOPUIOHTY):
a — ckmnpoBui (£1<30°, €,<30°), 6 — nigknpoBui (£,<30°, €5<30°), 8 — 3cyBHUIA (£1<30°, £,<30°), 2 — "okTaegpuyHuin" (£,>30°, £,>30°, £,>30°).

Bud degbopmauji 2ipcbko2o macugy (3a 0aHUMU 8U3Ha4YeHHs1 KoegiuieHma Jlode—Hadar pe):
a — ofHoBIiCHe BMAOBXeHHS (Je = —1), 6 — 3cyB (Y = 0), 8 — OHOBICHE YKOPOYEHHS (U = +1).

3 ypaxyBaHHSAM PEKOHCTPYMOBAaHMX MOMIB HanpyXeHb i
AedopmaLlii MOXHa NPUIYCTUTK, LLO ONMUcaHa 3CyBHa 30Ha y
CXigHi YacTuHi nepworo 6rnoky € 6esnocepegHiM npogoBs-
XKEHHAM perioHanbHOro NpaBoro 3cyBY NMPUOCLOBOI YaCTUHM
lopniBcbkOi aHTMKMiIHaNI, Ae peanisauis NPaBO3CYBHUX 3Mi-
LeHb Ha 3aBepluanbHUX da3ax anbnicbKoro TeKToreHesy
npu3Bena [0 YTBOPEHHS CrpshKeHOi napwn 3cysiB, siki 6ynu
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3aKapTOBaHi B caMil 3CyBHi 30Hi. [OpU30OHTarnbHi 3MilLEeHHs
Mac Yy niBHIYHO-3axigHOMY — NiBAEHHO-CXIQHOMY HanpsiMKy Y
il niBAEHHOMY Kpuni CynpoBOXKYBanuncst CTUCKaHHSAM y 6rns-
rOPV30HTarbHil NOLLMHI, LLIO NPU3BOAMIIO A0 NO3A0BXHBOIO
BUMHY LLApyBaTOi TOBLLi 3 YTBOPEHHsM GpaxiaHTuknuHani
3 MO3A0BXHIMU CYOLUMPOTHUMM HacyBamu, LLO YCKNaOHIOTb
il kpyna. Fopu3OHTamnbHi 3MILLEHHS B Kpurax HacysiB, LLO
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OpMYIOTBCS, 32 NMOXMITOro 3ansraHHa TOBLL NPM3BOAMIU OO
YTBOPEHHSI CUCTEM CKUAo-3CyBiB. OTke, BeCb Habip 3asHave-
HUX aecbopmaLiiHux enemMeHTiB 3axigHoro 3aMuKaHHs onos-
HOI aHTUKMIHaMI MOXHa po3rnNsgaTv SIK €AMHWUA CTPYKTYPHUI
napareHes3unc, yTBOPEHHS SKoro 6yno cnpuyvHeHe nNpaBo3cyB-
HAMWU TOPU3OHTANbHUMU MEPEMILLEHHSMI B3O0OBX CUCTEMMU
NO300BXHIX 3CyBIB NPMOCHOBOI YacTUHW [[ONOBHOI aHTUKNIHaN.

Lunckycis i BUCHOBKM

BcTaHoBneHo, WO pekoHCTpyNoBaHe ANs OKpemux Ains-
HOK paroHy AOCNiMKEHb MOre TEKTOHIYHUX Hanpy>XeHb € 3CyB-
HVUM 3 BrM3ropu3oHTanbHUM OPIEHTYBAHHSIM OCEW FONOBHMX
HOpMarbHUX HanpyXeHb: BiCb 01 — a3. npocT. 50-60° (230-
240°), Bicb 03 — a3. npocTt. 320-330° (140—-160°); onsa BCbOro
panoHy OoChimxeHb BOHO XapaKTepu3yeTbCsl TakuMu napa-
MeTpamu: Bicb 01— a3. nag. 231°£20° Bicb 01— as. nag.
141°£5°. Lle none HanpyxeHb 3a CBOIMM NapameTpamun €
aHanoriYHum [0 Nons HanpyXeHb, oTpuMaHoro anst Muku-
TIBCbKOrO pyAHOro nornsl, TobTo € HakmMonoawum Ans
JoHeubkoro GaceriHy i OaTyeTbCcsl napamincbkol ¢asorn
anbnificbkoro TektoreHedy. CnpsiMOBaHWIM i ycnagkoBaHUiA
XapakTep 3MiHEHHS YMOB TEKTOHIYHOTO HaBaHTaXKEHHS CTPY-
KTYpU 3axigHOro nepuKniHanbHOro 3amMukaHHs [opniBCbKOi
aHTUKNIHani XxapakTtepusyeTbcs AedopMauinHiM psgom 3
LLIECTMN HaNpPY>KEHNX CTaHiB — Bif HanaasHiworo ckuaosoro (F)
00 HanmonoALworo 3cyBHOro (A), OCTaHHIN 3 SIKUX 3a CBOIMM
napaMeTpaMm CUHXPOHI3YETbCA 3 HAWMOSOALINM, PEKOHCT-
pyvioBaHum ansa [oH6acy i Mpuasos's anbniickkum nonem
HanpyxxeHb. [ing nons cymapHux KpUxknx gedopmalin xapa-
KTEpHE Take MpPOCTOPOBE OPIEHTYBAHHS TOMOBHUX OCEW:
€1— as. nag. 210°£19°, Bicb €3 — 330°£34°. MNpouec aedop-
MyBaHHS FipCbKOrO MacvBYy KOHTPOIOBABCS NEPEBAXHO 3Cy-
BHMM | MepexigHMMKM  CKMgo- | MigKMOO-3CyBHUMM
MexaHiamamu. [Jecpopmadii BinGyBanvcsa 3a ymoB, 6nn3bKux
[0 3CyBHUX 3 NEBHUM YKOPOYEHHAM (e = 0,1) y MiBHIYHOMY i
BMOOBXEHHAM (i = —0,2) y niBAEHHOMY Kpunax aHTuKniHani.

HaBepeHi Bu1LLE NpUKNagm NpocTopoBMX B3aEMOBIZHOCKH
PEKOHCTPYMOBAHOrO Mofsi HanpyXeHb 3 Habopom 3a3Have-
HUX AedopMaLlinHUX eneMeHTIB 3axigHOro 3amMukaHHs [op-
NIBCbKOI aHTWKNiHaMNI AalTb 3MOry po3rnsgati OCTaHHI K
€reMEHTN CTPYKTYPHOro napareHesucy, YTBOPEHHSI SIKOro
Oyno cnpuyMHeHe NpPaBO3CYBHUMU rOPU3OHTaNbHUMKN Nepe-
MiLLLEHHAMMW B3[0BX CUCTEMU MO3[0BXHIX 3CYBiB MPYOCHOBOI
YacTuHM opniBCbkOi aHTWKNIHaMi, a dparMeHT B3aEMHOI
CUMETPUYHOCTI NOMSs HanpyXeHb i Nonsa gedopmadin MoXyTb
po3rnagaTncs siK okas ix reHETUYHOTO CMOpPiAHEHHS.
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STRESS FIELDS AND GEOLOGICAL STRUCTURE
OF WESTERN CLOSURE OF HORLIVKA ANTICLINE OF DONBAS
PART 2. STRESS AND STRAIN FIELDS

Background. In tectonophysical studies, particular importance is placed on the mechanism of formation of large complex deformation
structural elements, and the Horlivka anticline of the Donets Basin serves as such an example. Its importance lies not only in its complex structural
composition and development mechanism but also in its potential impact on safe and efficient coal mining. This study aims to analyse the geological
structure, stress and strain fields of the western closure of the Horlivka anticline that could be useful in forecasting geological factors for coal mining
operations.

Methods. The paleostress analysis was performed on the collected fault orientation and kinematic data using Gushchenko's kinematic
method based on the analysis of tectonic displacement vectors along slickensides. Mesoregional stress field characteristics were reconstructed by
statistical processing of local stereographic solutions. The relative age chronology and staging of tectonic stresses were studied using the stress
monitoring method. The characteristics of the principal axes of the total strain field were processed using the GEOS software.

Results. Mesoregional stress field is characterised by a subhorizontal NW-SE-oriented maximum principal stress axis and a subhorizontal
NE-SW-oriented minimum principal stress axis. This stress regime is classified as a strike-slip regime and is the youngest one (Alpine orogeny) for
the Donets Basin. The evolution of tectonic loading conditions of the studied structure is characterised by a deformation series of six stress regimes
from the oldest (normal) to the youngest (strike-slip). Stretching axis of the strain ellipsoid is oriented NW and N-S, and shortening axis is oriented
NE, nearly orthogonal to the anticline axis. Strike- and oblique-slip faulting regimes of the total strain field were determined for most of the study area,
and the deformation has occurred under shear conditions, as indicated by the Lode—Nadai coefficient.

Conclusions. Astructural pattern of deformation elements, including a conjugate strike-slip fault system of the shear zone, a dome-shaped
fold, and longitudinal thrusts in its limbs, may be interpreted as a single pattern of structural paragenesis developed by right-lateral displacements
along the longitudinal strike-slip fault system within the Horlivka anticline paraxial part. Fragments of mutual symmetry between the stress and strain
fields can be taken as evidence of their genetic relationship.

Keywords: geological structure, shear deformation, kinematic indicator, stress field, brittle deformation field, kinematic method, Lode—Nadai.
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METOAUYHI NiAXoaAn BU3HAYEHHA TA OUIHKM PECYPCHOIO NOTEHUIAY
KPUTUYHOI MIHEPANIbHOI CUPOBUHMU YKPAIHM

(MpedcmaeneHo 4neHoM pedakyiliHoi koneaii 0-pom 2eos. Hayk, doy. M.M. Kypuno)

lpomucnosa ma mexHosnozi4Ha yeaza o KpuMuYHoI (cmpameziyHol) MiHepaslbHOI CUPOBUHU Y 25106abHIll eKOHOMIUi 3 0251510y Ha
i npupodHy obmexeHicmb Habyeae KI1l0408020 3Ha4eHHs1. 3abe3neyeHicmb KpaiHu (abo pe2ioHy) cupOBUHOIO € YUHHUKOM €KOHOMIYHOT
6e3neku, aemoHOMHocmi ma 3acob6oM cmpaxyeaHHs ei0 arnobanbHuUx Kpu3. Ceimoei ma pezioHanbHi aHanimu4Hi docioxeHHs1 w000
OUiHKU pecypcie MiHepaslbHOi CUPOBUHU, 8 KOHMEKCMi po38UMKy YUPKY/IsIPHOI ma pecypcoegheKmueHoi (HU3bkosyaeyegoi) eKoHo-
MiKu, eusieunu psid Npo6/1IeMHUX NuMaHb, M08 'A3aHux 3 Pi3HUMU MemoduYyHUMU nidxodamMu G0 OuiHKU, Knacudikauii, o6iky ma ynpae-
JIiHHS1 KPUMUYHOI MiHepanbHoi cuposuHu (KMC). YHighikayiss makux nioxodie Onsi eKOHOMIYHO Moe'si3aHUX pezioHie € wiisixom do
cmeopeHHs1 HadiliHux naHyro2ie nocmayaHHss KMC ma cmano2o ekoHOMi4HO20 po38UMmKY.

3 Memoro suKOHaHHs1 OKpecsleHuUX 3ae0daHb 6YI10 BUKOPUCMAaHO WUPOKUU KOMIIIEKC O0C1iOXeHb, sIKUll 8K/TI0Yas 3a2asibHOHayKosi
ma cneyianbHi Memoodu Haykoeux i npuknadHux docnidxeHb. OKpiM 3a2anbHOMeopemMuYyHUX Memodie aHasizy, cmamucmuku ma cuc-
memamu3ayii aukopucmaHo Komriekc Memodie 2e0s102i4HO20 IMma MexHIKO-eKOHOMi4YHO20 8UBYEHHSI MiHePaslbHOI CUPOBUHU.

Po3zznsiHymo pi3Hi knacudpikauiliHi cucmemu, wjo eukopucmoegyromscsi 0518 ouyiHku ma ynpaeniHHs KMC. HaeedeHo npakmuyHul
doceid 3acmocyeaHHs1 pamkoeoi knacugbikauyii OpzaHizayii 06'edHaHux Hauili (PKOOH) nid 4ac ouiHku pecypcHo20 nomeHuiany eudie
Kpumu4Hoi MiHepasibHOi cupoeuHuU 8 YkpaiHi (6e3 eyaneeodHie ma niozeMHux eod) e neperiky €eponelickko2o Coro3y. Bpaxoeyroqu
nomo4Hull cmaH MiHepaslbHO-CUPOBUHHOI 6a3u YkpaiHu, aesmopamu 3anpornoHoeaHo Memodu4Hi iHcmpymeHmu npueedeHHs1 epxae-
HO20 6anaHcy 0o iHme2po8aHO20 cucmeMHO20 061iKy 32i0Ho 3 PKOOH.

AHani3 [lepxasHo20 6anaHcy YkpaiHu 3 eukopucmaHHsiM nioxodie PKOOH eusieue 20s106Hi nepcriekmueu po3eumky miHepasibHoO-
CUPOBUHHOI 6a3u, W0 noe's3aHi 3 NTomMeHyitiHUMU Ma rnepcrneKmMu8HUMU MPOEKMamu o 22 efleMeHmax 3i CrucKy Kpumu4Hoi MiHepasb-
Hoi cuposuHu E€C. YKpaiHa mae eci nepedymMosu cmamu y4acHUKoM rpozpam €epornelicbko2o Coro3y, wjo MokukaHi cmeopumu cmitki
moderti naHyrozie nocmayaHHs pi3HOMaHimHux pecypcie 0551 nepexody Ha Cro)XXU8aHHs1 3aMKHYIMO20 YUKITy 3 HYJIbO8UMU 8idxodamu.

Knw4yoBi cnoBa: kKpumu4Ha MiHepanbHa cupO8UHa, ynpaeJsiHHs MiHeparibHUMU pecypcamu, Kameaopil, 03Haku Kiacudika-
yit, pamkoea knacudpikauiss Opzanizauyii 06'cdHaHux Hauiii (PKOOH), cucmema ynpaeniHHsi pecypcamu OpzaHizauii 06'edHaHux Hauiti

(CYPOOH).

Bcrtyn

Y GinbLIOCTi PO3BMHEHUX KpaiH CBITY 3aCTOCOBYHTbLCS
NPUHLMMNN CTanoro eKOHOMIYHOro po3BuTKy. [ocTyn Ao MiHe-
panbHOi CMPOBWHY Mae BUpILLanbHE 3HaYEHHS Ans HagiHoro
PYHKLIOHYBaHHS €KOHOMIKW. YNPOOOBX OCTaHHIX POKIB 3'ABMs-
€TbCs BCe binblue aHaniTuyHOI iHdopmauii Wwoao "HanbinbLu
BaXXNMBOI" MiHepanbHOI CUPOBUHU, SIKIM HagatoTb pisHi "06'ea-
HyBanbHi" Ha3BW (KpUTUYHA CUPOBMHA, MiHepanu MawibyT-
HbOro, MiHepanu 3erneHux TEeXHOIOorin, cTpaTeriyHa KopucHa
KonanuHa i T. iH.). KpaiHu 3 po3BUHYTUMM eKOHOMIKaMU OeLLo
no-pisHoMy chopMytOTb Nepenik KPUTUYHOI MiHeparnbHOI CcUpo-
BWHW, arne rno BCbOMY CBITY FONOBHWM ii "cnioxveayemM" € eko-
JIOTYHO YUCTi EHEepreTUYHi TEXHOMOrii (aTOMHa, COHsIYHa,
BiTPOBa Ta BOAHa eHepreTuka) Ta 3pOCTaHHs BUPOBHMLTBA
€eKTPUYHNX TPaHCMOPTHMX 3acobiB.

3rigHo 3 4aHNMKN amepyKaHCbKOro IHCTUTYTY reonorivHmnx
Hayk (The American Geosciences Institute), "KpUTUYHI kopu-
CHi konanuHn" (critical minerals) — Le BaXxnNuBi 4NA eKOHOMIKK
KOPUCHI KOManuHW, NocTayaHHs SKkMx Moxe OyTv nopyLueHo
(Critical Materials..., 2023). Cneuianicty €BpoOnencLKoro
Cotosy kputnuHoi cnposuHu (Critical Raw Materials Alliance)
BM3HAYalOTb "KPUTUYHY cUpoBUMHY" (critical raw materials) sik
€KOHOMIYHO I CTpaTeriyHO BaXKIIMBY AN €BPOMNENCHLKOI eKo-
HOMIKW CUPOBMHY 3 BWCOKMMW MOCTayanbHUMK PUSUKaMW.
BignosigHo A0 BM3HaYeHHs1 NPOBIAHOI HayKOBOI reonoriYHol
opraHisauii npu ypsai Asctpanii (Geoscience Australia) kpu-
TUYHO BaXXJIMBUMMW KOPUCHUMM KOManMHaMm € MeTanm i Heme-
Tanwu, Aki BBaXar0Tb XUTTEBO BaXMBUMM NS €KOHOMIYHOIO
[06pobyTy BENUKNX | PO3BMHYTUX EKOHOMIK CBITY, ane 3 noc-
TaYaHHAM AKX MOXYTb BUHMKaTK Npobremu Yepes reonoriy-
HWUIA aediuunT, reononiTuyHi npobremMu, Toprosy NOMITMKY abo
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iHWi YHHKKKM (Critical Minerals..., 2023). NonosHUMK Xapak-
TEPHMMUN O3HaKaMu KPUTUYHOT MiHEpanbHOI CUPOBUHK (KOpY-
CHOI KOnamuHu) € il BaXnuBICTb AN €KOHOMIKM N PU3NKN
aediunty. PisHOBMOW MiHepanbHOI CUPOBUHMW, siKi MalTb
BaXXIUBI HANPSIMKM BUKOPUCTAHHS N CTUKAKOTLCS 3 NOTEHLiN-
HUMKU nepebosiMu B MOCTayvaHHi, MalTb BupillanbHe 3Ha-
YEeHHS ANs1 eKOHOMIYHOT 1 HauioHanbHOI 6e3nekn kpaiHn abo
perioHy (Schulz et al., 2017).

BpaxoBytoun gnHamiky BukopuctaHHs KMC, a Takox no-
CTIHOTrO PO3LIMNPEHHS Ti Nepeniky, akTyanbHUM € po3pobka
€anHKX (yHiBepCanbHNX) METOANYHUX MiAXOAiB BU3HAYEHHS
napameTpiB "KPUTUYHOCTI" i OLliHKM pecypCcHOro noTeHuiany
KpaiHn abo perioHy.

YKpaiHa € gepxXaBot 3 MOTYXXHOK MiHepanbHO-CUMPO-
BUHHO 6a3ot (MiHepanbHi pecypcewm..., 2021), 6aratcTBa
Haap sIKoi 3yMOBIIeHi 0cO6nMBOCTAMM reonorivyHoi 6yaoBu
i TepuTopii. YkpaiHa € ogHUM i3 NPOBigHMX CBITOBMX BUPO-
OHUKIB AESKUX BUAIB KOPUCHUX KOMAmnuH, y TOMy Yuchi Ta-
KOi BaXnuMBOi CUPOBMHU, SIK MapraHeub, TUTaH i rpadir.
3acrtocyBaHHs B YkpaiHi PKOOH ta CYPOOH y ctanomy
ynpaeniHHi pecypcamu (ouiHKa, O006niK, BWKOPUCTaHHSA),
BKITIOYA04M KPUTUYHY CMPOBUMHY, Biflirpae BaxnvBy colia-
NbHY Ta eKONOriYHy posb Y MOKPaLLEeHHi PO3BUTKY LIMPKY-
NAPHOI Ta pecypcoedeKTUBHOT EKOHOMIKM.

3a nporHo3amu BcecgiTHboro 6aHky (Grohol, & Veeh,
2023), ons 3a00BONeHHst Aeaani GinbLIoro NonuTy Ha YUCTI
eHepreTU4Hi TexHonorii, notpeba y TakMx enemeHTax, sik
rpadiT, niTin i k0banbT, 3pocTe y Kinbka pasis. Mepenik kpu-
TUYHUX KOPUCHMX KOManuH, noTpibHMX Ons nepexoay Ha
"3eneHy" eHepreTuKy, OXOMJIOE arntoMiHi, Xpom, KobanbT,
Migb, rpadit, iHAIA, 3aniso, CcBWHeUb, NIiTiK, MaHraH,
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MonibaeH, HeoaMM, Hikenb, cpibno, TUTaH, BaHa4M i LIMHK.
BinbLWiCTb i3 HUX HaNEeXWTb OO KPUTUYHOI MiHEpanbHOi cu-
pPOBMHM B PO3BMHEHMX KpaiHax. Lli meTann BBaxawTbCs
XWUTTEBO BaXXMMBMMU AN HAWBINbLUNX EKOHOMIK CBIiTYy, ane
BOZHOYAC TXHS MPOMO3KLisi HA PUHKY — Lie NOCTIHUIA 06'eXT
AN HU3KW pU3KKIB, NOB'A3aHMX, Hanpuknag, 3 AediumMTom
reonoriYyHnx pecypcis, reononiTM4HUMN npobnemamm, Top-
rOBOO MOMITUKOK YM iHLUMMUK 30BHILLHIMW YNHHUKAMWN.

YkpaiHa 6yna 7 3anuwaeTtbca BuaoOyBHOK OepXaBoto i
NOTEHLIHO MOXe CTaT! CEPNO3HUM rpaBLIEM Ha PUHKY CUPO-
BWHHUX pecypciB. MiHepanbHO-CMPOBUHHWUIA KOMMMEKC YKpa-
THU € MiLHUM DYHAAMEHTOM EKOHOMIKM AepXKaBu | BaXXITMBUM
noTeHuianom Ans il npouBiTaHHs, Wo 3abe3neyvye Baromy 4a-
CTKY BasfioBOro HaLioOHaNbHOro NpoaykKTy.

Y HopMaTuMBHOMY norni YKpaiHu, Lo perynoe coepy Bu-
BYEHHSA Ta YNpaBniHHA MiHEPanbHO-CUPOBUHHUM KOMIIEK-
COM, MOHATTH abo TepMiH "KpUTUYHA MiHepanbHa cupoBuHa"
BiACYTHIN. HopmaTMBHO-METOONYHI AOKYMEHTU PerynoTb
BM3HAYEHHSI TaKMX MOHATb, K KOPUCHI KONanuHu MicLLeBOro
Ta 3aranbHOAEPXKaBHOMO 3HAYEHHS!, HLWMMKU LOKYMEHTaMu
3a3Ha4YeHO MOHATTA KOPUCHWUX KOMamnuWH CTpaTeriyHoro 3Ha-
YeHHs. BpaxoByroum iHTerpauinHi npouecu B €BpPOMEncbKy
MoZernb PO3BUTKY, akTyanbHUM Ans YKpaiHn € hopMyBaHHS
METOOUKM BU3HAYEHHSA MOHATTA Ta ouiHkm KMC, wo mae
Ba)kNMBE CTpaTeriyHe 3HavYeHHs ONst eKOHOMIKW KpaiHu Ta i
CTanoro po3BUTKY.

O25190 ocmaHHix docnidxeHb i ny6nikauiti ma ¢gpop-
mynroeaHHs yineti cmammi. MNMoHatta KMC, metoamnkn Bu-
3HaYeHHs1 KPUTUYHOCTI, akTyanbHi nepeniku Ta ctpaTerii
wono KMC pisHux kpaiH Ta perioHiB 06roBoptooTbCs y po-
6oTax (Australia's..., 2023; Canada and U.S..., 2020;
Carrara et al., 2023; Hund et al., 2020; Isetani et al., 2022;
Nakano, 2021; Report..., 2014).

XapakTepucTukn pisHMX KnacudikauiiHux cuctem Ta
IXHi migxoaun 4o reonoriYHoro BUBYEHHS Ta OLIHKM pOOOBULL,
KOPUCHMX KoManuH BigobpaxeHi B MOHorpadgisaix i pobotax
(Banera, Buxea, & Kypuno, 2018; Pygbko Ta iH., 2012;
UNFC..., 2019; International Reporting..., 2019; Knacudika-
uis..., 1997).

MuTaHHA rapMoHi3aLii OCHOBHUX KracudikauiiHUX cuctem
CBITY BigoOpaeHi B Tak 3BaHNUX MOCTOBWX JOKYMEHTax €Bpo-
nencbKkoi ekoHomivHoiI komicii (EEK) OOH (Bridging..., 2015;
ECE/ENERGY/GE.3/2021/10; ECE/ENERGY/GE.3/2022/6).

CrparteriyHa Ta KpUTu4Ha MiHepanbHa CMpoBMHA YKpaiHu
Ta ii 3aranbHe 3Ha4YeHHs AN eKoHOMiYHOT 6e3nekn Ta cTa-
1oro po3BUTKY OGroBOPIOIOTLCS Yy HayKoBWUX Mybnikauisx
(Bapsiubka, 2020; Pygbko, & bana, 2021; Pygbko Ta iH.,
2021; Buxsa, Kypuno, & banera, 2018).

3akoHoaaByi 0cobnmBocCTi y cdpepi HaaPOKOPUCTYBaHHS
BifoOpaxeHi y YNHHUX HOpMaTUBHO-NpaBoBux akTax (Mono-
XeHHs..., 1994; Kogekc..., 1994).

HesBaxaloum Ha 4OCUTb LUMPOKE BUCBITIIEHHSI CTaHy Mi-
HepanbHO-CMPOBMHHOI 6a3un YkpaiHu, a Takox geski acne-
KTW 3acTOCyBaHHA MiKHapoOHWX Kracudikauii  OuiHKK
KOPUCHMX KOManuH, NPakTU4YHO HE BUCBITNEHWM 3anuiua-
€TbCA CTaH Ta Kinbkictb KMC B YkpaiHi, a Takox Lnaxu
BMPOBaXXEHHA NepefoBMX CBITOBMX MPaKTUK OLHKK Ta yn-
pasniHHa KMC.

Buxogsaum 3 nepegymoB, HEOOXigHUX A4S CTAnoro pos-
BUTKY Ta CTBOPEHHS e(DEKTUBHOI CUCTEMM yMNpaBMniHHA pe-
cypcamu (NEpPBMHHMMM Ta BTOPUHHUMWK), y poboTi
BMKNAAEHO METOAUYHI MiAXOAM OO0 BM3HAYEHHS Ta OLHKM
KMC, a Takox MixHapoaHi knacudikauinHi cuctemmn gns
OLiHKWN pecypcHoro noTteHuiany Ta ynpasniHHg KMC.
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Pesynbtatun

TMoHssmmsi ma memoduku eu3HavyeHHs1 KMC. Ctpate-
ris cTanoro po3BUTKY cycninbcTBa nepegbayae HamnexHe
3abe3neyeHHst CycninbCTBa MiHEpanbHO CUMPOBUHOLO,
TOMY YHibikoBaHa OLjiHKa Ta CUCTEMHUIA 0Nk Mae Baxnuee
3HayeHHs. basosi noHaATTA Ta nepenikn KMC 3miHoBanucs
y yaci Ta 6ynu nos'sa3aHi 3 iCTOTHUMMK 3MiHAMW reononiTUY-
HWUX Ta TEXHOMNOriYHNX 06CTaBWH (CBITOBI BiiHW, iHQYCTpiani-
3auis, TexHonoriyHi "pesontouii” ToLwo).

Kpainum "pynu cemu” Ta €ponencbkmii Colo3 B OCTaHHI
POKW PO3rOPHYIM LUMPOKI NporpamMu WoAo cTpaTerin BusHa-
YeHHsl, opMyBaHHA nepeniky Ta ynpaeniHHa KMC
(Methodology..., 2017).

Cepeq nigxogis Bu3HaveHHs noHaTTa KMC cnig suainutu
pob0oTK, BUKOHaHi B pamkax npoekTis €C (FeHepanbHWii au-
pekToparT 3 NUTaHb BHYTPILUHLOIO PUHKY, NPOMWCNOBOCTI, Nig-
NPUEMHULITBA Ta Maroro Ta cepeaHboro GisHecy).

Y 2017 p. 6yno po3pobneHo ANPEKTUBHUIA OOKYMEHT,
SAKUN MICTUTb KepiBHI NPUHLNNN BU3HAYEHHA Ta MEeTOOuKY
ouiHkm KMC gnsa €C (Methodology..., 2017). BignosigHo o
LbOro MEeToANYHOro OOKyMeHTy y 2023 p. po3pobreHo Ta
ony6nikoBaHo chiHanbHU 3BiT 3 gocnigxeHHs KMC gna €C
(Grohol, & Veeh, 2023). 3rigHoO 3 LMY JOCTIAXEHHAMN, Me-
ToAauka Bu3HaveHHs Ta ouiHkn KMC (puc. 1) 6asyeTbes Ha
ABOX 3aranbHuX rpynax napameTpiB: eKOHOMIYHE 3HAYEHHS
(economic importance — El) Ta pusuk noctadaHHsa (supply
risk — SR).

[ns po3paxyHKiB €KOHOMIYHOro 3Ha4yeHHs y copmyni
BPaXOBYETbCS:

e yacTka KiHLEBOro BUKOPUCTaHHSA CUPOBUHU B CEKTOPI
€KOHOMiKkK (AS);

e [0[aHa BapTiCTb 3a3HAYEHOr0 CEKTOPY EKOHOMIKU (Qs);

e iHOeKC 3amilleHHst cupoBuHK (SlEr).

MapameTpu pM3ukiB nocTayaHHsi 6asyoTbCs Ha KOHLEH-
Tpauii NepBUHHUX NOCTAaBOK i3 KpaiH-BUpoGHMkiB KMC, Bpa-
XOBYIOUM €e(eKTMBHICTb iX YMnpaBniHHA Ta TOProBerbHi
acnekTu, Ta BKINIOYaloTh:

e rnobanbHe nocTavaHHs, rpyna KpaiH CBiTOBUX NocTa-
YanbHukiB (GS);

e (haKTU4He mxepeno noctaBok Ao €C, To6To BHYTPILLHE
BUPOOHMUTBO €C nntoc iHWwi KpaiHu-imnoptepn go €C
(EU sourcing);

e iHaekcy HHI Ta WGI, Wwo BM3Ha4yatoTb NapaMeTpy KOH-
ueHTpauii KMC Ta ix cuctemy ynpaeniHHs;

e iMNopTHa 3anexHicTtb (IR);

e 30aTHICTb 4O NepepobKM HaNPUKIHL XUTTEBOrO LIMKNY
(EOLRIR);

e iHOEKC 3aMilLeHHs1, NOB'A3aHMI 3 PU3NKOM NPONo3nLii
(SIsr).

Mepenik KMC BCTaHOBNIOETLCA HA OCHOBI OLiHEHOT CU-
poOBWMHK, Sika gocsArae abo nepesuLLYE NMOPOroBi 3HAYEHHS
ansa obox napameTpis, BU3HaYeHUX €Bponencbkor Komi-
cieto. PospaxyHku 6a3yoTbCs Ha cepeiHiX JaHUX 3@ OCTaHHi
n'aTb pokiB. [Ns pisHMX napameTpiB BPaxoBYETLCA Npiopu-
TeT, AKICTb | AOCTYNHICTb AaHMX.

Omxe, napameTpu (iHOMKATOPW) KPUTUYHOCTI MOXYTb
OyTu pisHumMK: puank gediumty (supply risk) Ta ekoHOMiIYHe
3HayeHHs1 (economic importance), abo puauk nponoauuii
(koHUEeHTpauis BMPOBHULTBA), 3pOCTaHHA BUMPOBHWULTBA
(3miHa po3MipiB pVHKY M reomnoriYHMX pecypciB) i AMHamika
PVHKY (3MiHa LjiHW). IHOAI AOAATKOBO 3aCTOCOBYIOThL PisHi Mid-
Xoam anst 06'eKTUBHILLIOrO NOPIBHSIHHSA MiHEpParbHOI CUPOBUHU
3 pi3HMMU 3a obcaramm pyHkamu. Y TakoMy pasi 3ararnbHy eko-
HOMIYHY 3HaYyLLiCTb OOYMCIOTE 33 BiAHOLUEHHSIM BarioBOi
popaHoi BapTocTi fo BBI kpaitu abo perioHy.



FEOJIOriA. 1(104)/2024

~79 ~

MoTteHuinHa KMC
Candidate raw materials

EKOHOMiYHe 3Ha4YeHHs
(Economic Importance - El)

EI= (A5 % Qs) * Sl

e yacTka KiHLEBOro BUKOPUCTAHHSI CUPOBUHM

B CEKTOPi EKOHOMIKY;

e flofaHa BapTiCTb 3a3HA4YEHOro CEKTOPY EKOHOMIKM;
® iHOEKC 3aMilLeHHsI CUPOBUHMU

Pu13uk noctayaHHs
(Supply Risk - SR)

IR IR
SR = [(HHIWGI)GS7 + (HHIygp)gsrecovery (1 - —)]

2

(1 — EOLgg)SIsr
o rmobanbHe nNocTavaHHs, rpyna KpaiH CBiTOBMX
nocTavanbHUKIB;
o (hakTU4He Axepeno noctaBok Ao €C (BHYTpIWHE
BMPOGHMLTBO EC + KapiHu-imnopTepu);
e iHaekcn HHI Ta WGI, wo B13HavaoTb napameTpu
koHueHTpauii KMC Ta ix cucremy ynpasniHHs;
® 3anexHiCTb Big iMNOPTY;
® 3[1aTHICTb A0 NepepobKku HaMPUKIHL XXUTTEBOIO LIMKITY;
® iHAEKC 3aMileHHs1, NOB'A3aHWI 3 PU3MKOM NPONO3nLii

KputnyHa MmiHepanbHa cupoBuHa
Critical raw material

Puc. 1. MeTogonoriyHa cxema BusHayeHHss KMC 3a gaHumu (Methodology..., 2017)

ABTOpW npoaHanisyBanu 3HaudHy KifbKiCTb napameTpis
"KpUTUYHOCTI" MiHepanbHOi CUPOBUHU, BUKOPUCTOBYOUU Pi-
3Hi Mpaui €eBPONENCbKNX Ta yKpaiHCbkux dhaxiBuis. 3a pe-
3ynbTataMu OOCHifKEeHb BCTAHOBMEHO, WO OinbLwicTb
napameTpiB, siki BU3Ha4aloTb Nepernik KPUTUYHOT CUPOBUHY,
€ [BOXKOOpAMHATHA CUCTEMA MOHSITb: EKOHOMIYHa BaXnu-
BiCTb Ta NOTICTUYHI NapaMeTpu NOCTa4YaHHS.

Ha gymky aBTOpiB, Takui niaxig He Binobpakae komnre-
KCHOCTI LibOr0 MUTaHHS i HE MOXe MOBHOK Mipoto ByTu 3a-
CTOCOBaHWUM Mg 4ac BU3HaAYEHHA nepeniky KpUTUYHOT
MiHepanbHOI CUPOBMHU Ha PIi3HUX PIBHAX AepXaBHUX i di-
HaHCOBMX IHCTUTYTIB.

MapameTpu BU3Ha4YeHHs Ta cMcTema ynpaeniHHSA KpuTu-
YHOI MiHEpParbHO CUPOBUHOIO — Lie peani3aLlisi CKrnagHoro
KOMMNIIEKCY HOPUANYHO-NPaBOBUX, FE€OSIOr0-€KOHOMIYHUX i
coLjianbHO-NOMITUYHUX YMHHMKIB, LLIO BPErynboBylOTb reo-
noriyHe BUBYEHHS Ta BUKOPUCTAHHA MiHeparnbHOi 6a3n kpa-
iHW, perioHy Ta cBiTy. BpaxoBytun meToauyHi 3acagum
PKOOH ta CYPOOH, nepenik KpUTUYHOI MiHeparnbHoi cu-
POBWHM Crif, BU3HAYaTK 3a TaknuMu napameTpamm:

coyianbHO-eKOHOMIYHi YUHHUKU (8ick E):
3pocTaHHs 06'eMy BUPOOHULTBA;

PO3LUMPEHHS CNeKTpa BMAiB BUPOOHULTBA;
06'eMMn NocTayaHHs;

KOHLEeHTpaLis BUpOOHNLTBA;

BM/MB BiICbKOBO-MONITUYHMX KOHAIIKTIB;

e iHLLi YHHWKN (QUHaMiKa PUHKY, EKOHOMIYHE 3HAYEHHS,
eKonoris ToLo).

mexHo102i4YHi YUHHUKU (8icb F):

e PO3BUTOK TEXHOMOrN BUAODYTKY,
BUPOOHULTBA;

e 3MiHa MaTepianbHOI CKNagoBol TEXHOMNOMYHOro NPoLecy;

o "eKOmnoriyHiCTL" TEeXHOMOrIN.

2eos1020-npomucisiogi HUHHUKU (8icb G):

e HasiBHICTb pecypcHoi 6asu;

e CTYMiHb BUBYEHOCTi Ta MPOMMCIOBOrO OCBOEHHS;

e HasABHICTb TripHMYoOo6YyBHOI iH(pacTpykTypn Ta
TNOTiCTUKN.

Kpumu4Hna miHepanbHa cuposuHa. [Nepeniku Kputuy-
HUX KOPUCHWX KOManwH (pisHOBWUAIB MiHeparnbHOI CUPOBUHM)
€ YaCTUHOIO NOMITUKK LLOAO PO3BUTKY MiHEPaNbHO-CUPOBUH-
Hoi 6a3n kpaiH i perioHiB. Ak MoxHa 6aunTtn 3 Tabn. 1, ckna-
AeHoi Ha ocHoBi gaHux €C npo nepenikn KMC, noHag

3barayeHHs Ta
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10 pokiB 36epiraeTbes CTilka TEHOEHLIA 0O PO3LLMPEHHST ne-
peniky KMC €sponelicbkoro Cotosy, kv 3a uer yac 36inb-
wmBca 3 16 oo 34. Pag KOpUCHWUX KONarnuH, Takux sik 6epunin,
Bonbdpam, rpadit, repmanini, P3E Ta iH., yci ui poku 36epira-
I0Tb CBOE KPUTUYHE 3HAYEHHS Ans ekoHomiku €C. IHwi, Ha-
npvknag, niTin, mapraHeup, antoMiHii, TUTaH, AogaBanuca
noctynoBo. [eski, Taki Ik XpoMm, Kayudyk, iHAin, nuwe Ha ae-
AKUA nepiod HabyBanu KPUTUYHOIO 3HaYeHHs. 3aranom ne-
penikn KMC € gocutb noka3oBumMu 3 nornsgy po3suTky (abo
CTUMYMIOBaHHA) NEBHMX HaNpPAMKIB EKOHOMIKM Ta MPOMUCIIO-
BOCTi A4/19 AAHOro PerioHy.

Ak moxHa Gaumtn 3 giarpamu (puc. 2), nepeniku KMC
CLUA, €C i YkpaiHn matoTb 4ocUTb GaraTo crinbHUX BUAIB cu-
POBUHW. Y TOW Xe Yac yKpaiHCbKNiA nepernik JOCUTb CYTTEBO Bi-
OPI3HSETbCS | Mae 8 BnacHUX. HWHI Hawi cTpaTteriyHi KopUCHI
KonanuHu G6inbLw nogibHi go nepeniky KMC CLUA, Hix €C, wo
€ JocuTb HemnoriyHum. Lle moxe Byt nos'dA3aHo He nuwe 3
Pi3HMM PO3BUTKOM €KOHOMIKV Ta MPOMWCIIOBOCTI, ane 1 3 me-
TOAMKaMM BU3HAYEHHS KPUTUYHOCTI (CTpaTeriyHocTi).

MemoduyHi nidxodu ouyiHKu pecypcHo20 nomeHuyi-
any ma ynpaeniHHss KMC. Y perioHi EEK OOH i Ykpainu,
B PI3HUX OPUCOMKLISX OEepXaBHOro Ta "kopnopaTuBHOro"
piBHS i€ Kinbka knacudikauinHMX cMcTeM OLiHKM 3anacis i
pecypciB MiHepanbHOI CUPOBMHU Ta iHLLMX PecypciB (aHTpoO-
NOreHHi, BiAHOBMOBanbHi eHepreTnyHi Ta iH.). Cepepg knacu-
dikauiMHMX  cucteM  MiHepanbHOI  CUPOBWHM,  LIO
3aCTOCOBYIOTbCH, Chif BUAINUTK:

1. PamkoBa knacuaikauis pecypcis Opranisauii O6'egHa-
Hux Hauijn (PKOOH) — yHiBepcanbHa cuctema rnobansHoro
PiBHS, B SKi 3anacu KnacudikyoTb Ha OCHOBI TPbOX dyHAa-
MeHTanbHUX KpuTepiiB: (1) EKOHOMIYHOI | coLianbHOT XUTTE-
30aTHOCTI MPOEKTY; (2) cTaTycy i 06r'pyHTOBaHOCTI MPOEKTY
OCBOEHHSA poaoBuLa; (3) reonoriyHoi BUBYEHOCTI 3 BUKOPW-
CTaHHAM LMdPOBOI CUCTEMU KOAIB.

2. llabnoH mixHapoaHoi 3BiTHOCTI KomiTeTy 3 MixkHapoa-
HWUX CTandapTiB 3BiTHOCTI No 3anacax (CRIRSCO). WabnoH
nofaHHs 3BITHOCTI MPO pe3yrnbTaTh reonoropo3BigyBanbHUX
pobiT, MiHepanbHi pecypcy i 3anacv TBepanx KOPUCHUX Kona-
NVH iHTerpye MiHiManbHO HeoOXiaHi cTaHgapTHI BMMOTY,
NPUAHATI B HaUioHanbHUX CTaHgapTax 3BiTHOCTI OKPEMWX
KpaiH CBIiTy, 3 pekomeHaauismu i BkasiBkamn. Pecypen i 3a-
nacu KnacudikyloTbCa Ha [OCTOBIPHOCTI OLHKM KiSTIbKOCTI,
BMIiCTy (sIkOCTi), ¢popMM, LWNbHOCTI Ta iHWKUX I3UYHKX
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XapakrepucTukax. [onoBHUMU MpuvHUMNaMu Adii i 3acTtocy-
BaHHSA LLabnoHy € npo3opicTb, MaTepianbHiCTb (ICTOTHICTB) i
KOMMETEHTHICTb (transparency, materiality and competence).

3. Cucrema knacudikauii 3anacis i pecypciB KOPUCHUX KO-
nanvH CPCP (Ha ocHosi Knacudikauii CPCP 1981 p.) — Buko-
puCTOBYETLCA BaraTbMa KpaiHamu NocTpafsHCLKOro MPOCTopy
Ta CxigHoi €sponu. OcHoBoto Knacudikauii 3anacis i pecypcis
€ 30e0inbLUIoro CTyniHb reororiYHoi Po3BigaHoOCTi.

4. 3 npunHATTAM y 1997 p. HoBOI Knacudikauii 3anacis
i pecypciB KOPUCHUX KoManuH aep>xasHoro oHay Hagp, Lo
po3pobrneHa BignosiaHo ao PKOOH, B YkpaiHi BnpoBamxeHi
€avHi Ana gepxasHoro poHay Hagp YkpaiHu npuHUMIK
niapaxyHKy, reonoro-eKOHOMIYHOT OLIHKW, AepXXaBHOro obniky
Ta 3BITHOCTi MPO BUKOPUCTaHHS 3anaciB i pecypciB KOPUCHNX
KOManuH 3rigHo 3 piBHEM iX couianbHO-EKOHOMIYHOIO 3Ha-
YeHHs (Bicb E), cTyneHem TexHiko-eKOHOMIYHOT BUBYEHOCTI i
NiAroTOBMEHOCTi MOKNaAiB KOPUCHMX KOManuH A0 nojanb-
LLIOrO BUKOPUCTaHHS (Bicb F), a TakoX CTyneHeM reonorivyHoi

BMBYEHOCTI | JOCTOBIpHOCTI (Bicb G), BigNoBiAHO OO KaTero-
pin PKOOH 3anaciB i pecypciB BUKOMHWUX EHEPreTUYHMUX i Mi-
HepanbHUX KOPUCHUX konanuH (puc. 3).

B YkpaiHi BegeTbca cucteMHuin obnik 3anacie Ta pecyp-
CiB yCiX BUAiB KOPUCHMX KOMNamnwvH, ik SBnsie coboro cuc-
Temy 360py, 06pobku Ta 3bepiraHHA faHuX Npo pesynbTaTn
reonoropo3eigyBanbHUX Ta ripHn4ogobyBHux pobiT (Hdep-
XaBHuU 6anaHc..., 2021). Cuctema obniky 06'ekTiB gepxa-
BHOro (oHAy Hagp BKMYae iHdopmadito [epxaBHoOro
KagacTpy poooBuL, i NpOsiBiB KOPUCHMX KoNanuH Ta [depxa-
BHOro 6anaHcy 3anaciB KOpMCHUX KonanuH (tabn. 2), a Ta-
KOX Oep>aBHyY 3BIiTHICTb Ta 3BITHICTb NiANPUEMCTB, YCTaHOB,
opraHisauiii Ta rpomMagsH, siki BUKOPUCTOBYIOTb Hagpa abo
3[JNCHIOITb NPOEKTYBaHHSA, OyAiBHULTBO, PEKOHCTPYKLitO,
ekcrnnyaTauito, nikeigauito YM KoHcepBauilo ripHmiyonobys-
HMX OG'EKTIB, Y T. Y. Y MeXaX KOHTUHEHTanNbHOro wenbgy i
BUKIOYHOT (MOPCBKOT) EKOHOMIYHOT 30HM.

Ta6bnuys 1

TeHaeHUii 3 nepenikiB KPUTUMHUX KOpUCHUX konanuH €C 3 2011 go 2023 poky

Ne KputnyHa miHepanbHa cupoBuHa 2011 2014 2017 2020
1 | AntomiHiv (bokcuToBi pyam)
2 | bBaput

3 | bepunin

4 | Bopatu

5 Banagin

6 | Bicmyt

7 | Bonbtpam

8 | MadHin

9 | lanin

10 | lenii

11 | FepmaHin

12 | 'padit

13 | Ingin

14 | KobanbT

15 | KokciBHe Byrinns

16 | KpemHi meTtanesun

17 | NiTin

18 | Marnin

19 | MarHesnt

20 | MapraHeupb

21 | MeTtanv nnatuHOBOI rpynu
22 | Mwuw'sk

23 | Migb

24 | HatypanbHui Kaydyk

25 | Hikenb

26 | Hiobin

27 | MNnasikoBui wnat (dpnoopur)
28 | MNonboBuii Wnat

29 | P3E (Baxki)

30 | P3E (nerki)

31 | CkaHpin

32 | Ctubin (Cypma)

33 | CrtpoHuin

34 | TanTtan

35 | TutaH

36 | doccop

37 | ®ochopuToBi pyam

38 | Xpom
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Puc. 2. NMopiBHaANbHa giarpama nepenikiB KPUTUUHUX KOpUcHUX KonanuH CLUA, €C Ta cTpaTeriyHMX KOPUCHUX KonanuH YKpaiHu

Bumoru oo reonorivHoro

BWBYEHHSA Ta NigpaxyHKy

3anacis Ta pecypcis
Kowepuiin npoecrn 111 121 122 MiHepanbHOT CHPOBHHM

Bumorn oo

" 333334 . _
TeXHIKO-eKOHOMIYHOIo

outorupomiay s
npockin

Aoaanioni peeypen

Ta TeXHOMNoriYHoro
BUBYEHHA

Bumoru no AepxaBHoro
oBniky Ta 3BiTHOCTI Npo
BUKOPUCTaHHA 3anacis i
G G G G, pecypciB MiHepanbHoT
Featorioma mumenicrs CHPOBHHH

Puc. 3. 3acTtocyBaHHsa Knacudikauii 3anaciB i pecypciB KOpUcHMUX KonanuH gepxaBHoro ¢oHAy Haap

Ta6bnuys 2
AHani3 obnikoBaHux 06'ekTiB AepxaBHoro ¢oHAay Hagp (ctaHoM Ha 01.01.2022)

KinbkicTb ginAHoK pogoBuL, Ki . .
Kinbki : - . inbKicTb AinsiHOK poaoBwMLL,
. inbKicTb ouiHeHuX BianoBigHO : - .
KopucHa Y npomucnoBin Al O - ouiHeHUX BiAnoBigHO
. poaoBuLy Bcboro | go Knacudikauii 3anaciB i pecypcis o
KonanuHa po3pobui A no Knacudikauii CPCP
(ainsiHok Happ) KOPMUCHUX KOMarnuH gepxaBHOro 1960. 1981
c¢oHgy Hagp (PKOOH) ! Pp-
"a3 npupoaHu 285 467 467 -
Hadra 145 216 216 -
MeTaniyHi (pyaHi) 60 157 64 93
Boaut (MiHeparntHl, 913 1873 717 1156
MWTHI, TEXHIYHI)
Byrinns 337 1039 512 527
Topd 40 682 55 627
HemeTaniyHi
(bypisenbHi, 1149 4738 1940 2798
TiPHAYOXIMIYHi,
TiPHUYOTEXHIYHI)
KamiHHs KOLITOBHE 9 19 19 _
Ta KonekuijHe
Pasom 2929 9191 3971 5201
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OcHoBHUM 3aBAaHHAM 00riKy 3anaciB KOPUCHUX KONanuH
€ OTPMMaHHS MOBHUX i OOCTOBIPHUX A@HWX MPO MOTOYHUNA
CTaH MiHeparnbHO-CYPOBMHHOI 0a3n mignpuemcTea, ranysi i
KpaiHu B LiNoMy, CTyneHs po3BigaHocTi i NigroToBneHoCTi po-
AOBWLLA ANns NPOMMUCIIOBOT po3po0kn, 3abe3ne4eHoCTi ripHN-
4opoOyBHUX NiANPUEMCTB PO3BigAHUMIK 3anacamu.

MoTouHmn aHani3 obnikoBaHMX OBG'EKTIB AepaBHOro
doHay Hagp NpoBeAEeHWI BigNOBIAHO 4O YMHHOI HOPMATMBHO-
npaBoBoi 6asu y cdepi HagpPOKOPUCTYBaHHA Ta METOAMKM
ouiHkn PKOOH.

"ONOBHUMUM KPUTEPIAMM XapaKTEPUCTMKM 0ONikoBaHMX gj-
NSHOK HaJp € piBeHb AOCTOBIPHOCTI FEOMNOriYHOr0 BUBYEHHS,
piBEHb TEXHOMOrMYHOro Ta TEXHIKO-eKOHOMIYHOrO BMBYEHHS,
coujanbHOoro Ta NPOMUCIIOBOTO 3HAYEHHS (puc. 3).

leonoziyHe sugyeHHs1 (Bicb G) KOPUCHUX KOnanuH, Bia-
noeiaHo Ao Knacudikauii, mae 3a MeTy BU3HAYEHHS 3 BU-
CXiQHOI [OeTanbHICTIO PEYOBMHHOrO CKragy, KifbKiCHUX i
AKICHMX XapaKTepWUCTUK, TEXHONOrMYHMX BNacTUBOCTEN KO-
PUCHUX KOMarnuH, reosnoriyHoi OygoBwW, rigporeonoriyHmx,
ripHNUYO-reonoriYHMX Ta iHWKWX YMOB 3ansraHHs iX noknaais
Anst obrpyHTYBaHHSA MPOEKTHUX PpillleHb LWoao crnocoby i
cuctemMyn BUOOOYTKY Ta CXEMU KOMMIEKCHOI nepepobku
MiHeparnbHOI CUPOBUHMW.

3a cTyneHem reonoriYHOro BUBYEHHS i JOCTOBIPHOCTI
HarpoMapkeHHs BMAINA0Tb — po3BiAaHi (aoBeaeHi) i none-
peaHbO po3BigaHi  (MMOBIpHI) 3amacu, NepcrnekTUBHI i
NPOrHO3Hi pecypcu.

TexHiko-ekoHOMI4YHe sugyeHHSs (Bicb F) KopucHux kona-
nvH nepenbavae BU3HAYEHHS ripHUYOTEXHIYHNX, reorpado-
€KOHOMIYHNX, TEXHOMOTMYHNX Ta iHWNX YMOB po3pobKku po-
[AO0BUILL, KOPUCHUX KOManwuH i nepepobkn MiHepanbHoi cupo-
BMHW, a TakoX YMOB peanisauii ToBapHOi npoayKLuii
ripHMYOro BMPOOHULUTBA 3 METOK [eOoforo-eKOHOMIYHOI

e ™

Minepan / M

OLHKM NPOMMCIOBOrO 3HAYEHHSI BUSIBIIEHOTO HAKOMUYEHHS
KOPUCHMX KONarnvH.

CoujarbHe, eKOHOMIYHE ma npomucriose 3HaqeHHs (Bick E)
3anaciB Ta pecypciB KOPWCHUX KOMamnuH BU3HAYaETbCSA
Ha MigcTaBi KOMMMEKCHNX OaHUX (EKOHOMIYHMX, coLjianbHO-
€KOMOoriYHMX Ta iH.) i modinseTbca Ha rpynu: GanaHcoBi,
yMOBHO GanaHcoBi Ta no3abanaHcoBi, 3 HeBU3HAYEHVUM
NPOMUCIIOBUM 3HAYEHHSM.

Tak, 3a cTyneHem BMBYEHOCTi 6anaHCoBi 3anacu MoXyTb
Hanexatu go knacis nig kogamm 111, 121 i 122 (nigTBep-
[>KeHa ekonoriyHa Ta colianbHO-eKOHOMIYHA 3[aTHICTb
NpoekTy). YMOBHO GanaHcoBi 3anacy BXoaaTb 4O Knacy nifg
kogom 211 (3a peanicTmyHUMK nporHo3amu abo y pasi 3miH
NpPUPOSOOXOPOHHOIO 3aKOHO4ABCTBA MNPOEKT MOXeE BYTU XKNT-
Te3naTtHuM). Mo3abanaHcoBi 3anacy HanexaTtb [0 knacie 221
Ta 222 (y pasi 3MiH LiH/ Ta NONMTY NPOEKT MOXe ByTn XnTTe-
3gatHuMm). [leTanbHO Ta nonepeaHbO PO3BidaHi 3anacu kopu-
CHUX KonanuH, 6anaHcoBa HaNeXHICTb SKUX He BM3HayeHa,
o6'egHaHi knacamu 331 Ta 332 (MpoekT nepebyBae Ha paHHixX
CTagisx gocnigkeHHs). MepcnekTMBHI Ta NPOrHo3Hi pecypcu
cTtaHoBnATbL knacy 333 Ta 334 BignosigHo. Kpim Toro, cepep
3anaciB 3 HEBM3HAYEHUM NMPOMMUCIIOBMM 3HAYEHHSIM BUAINS-
I0TbCA 3anuLLKOBI (JOAaTKOBI) Y Hagpax 3anacy, Wo He BU-
nobyeatoTbes, 06'eaHaHi knacamu 341, 342, 343 Ta 344.

MpoaHanisyBaBwKn aaHi [depxaBHoro 6anaHcy 3anacis
KOPUCHMX KOMamnuvH i HasiBHMX NposBiB B YKpaiHi (puc. 4) i3
3aCTOCYBaHHAM BULLEBUKNAAEHOT METOAMKM Ta NOPIBHABLUN
iX i3 HaBegeHumMKM B Tabnuui KpUTMYHMMK ansg €C nosuui-
SIMW, BCTAHOBIMIOETLCS NEBHUA peCypCHUIA NoTeHLian Ykpa-
fHW, WO p[fae 3mory Hanarogutu BuaobyTok | cratu
BaXK/IMBMM NOCTaYanbHWKOM NepeBaxHoi GinbLUocCTi 3a3Ha-
YEHUX eNeMEHTIB.

PogoBHIna (o6mikoBaHi /

bapuat

KokciBHe Byrimns, rpadit, Benmiii

Mapraserb, KpeMHii Bananiil

MeTaleBHi, THTaH, Ta
(D

\ BaHaIiil, MMPKOH

_

T'epmanii

I'pagit

KobaasT Ta HiKelIh

KoxkciBHe BYTI

BepImifi, Ko6aTET Ta Kpemuiii MeTaniuamnii

HiKelb, MiJb, TadHiii, JIiTiid

mitiit, P3E, ckaumiii,
TaHTAT Ta HioBift

MarHiii
Maprasenb

&

| Amomimii |
[ Bapnr |
[ Bamapii |
| Cpagir |
| Mammii |
| Mapramems |

P3E

IlepcniekTHBHI Cranuiii

HpoeKTH Crponnii

JiNeA30Bafi 00’ cKTH L [FEEILH
3/0 331,332
1/0 331, 332
3/1 111,122,211,222,333,334
8/ 7 (KOMITTIeKCHi) 111,122,221,331,332
2/ 2 (KOMILIEKCHI) 111,221,331
5 -
oGyt 81,332
6/2 111, 121,222, 331,332
12/3 122,331,332, 333
28 /26 111,122
G6/6 111,222,332
4/1 122,222,332
2/0 331,332
5/3 111,121, 122,221, 331, 332
5/3 122, 332, 333
3/ 2 (KOMILIeKCHI) 122,331,332
12 /3 (kOMIUIEKCHi) 222,332,333
1/ 0 (koMILTeKCHi) 331,332

TanaTan Ta Hiobiil

AdmromiHiit, 6apmr,
tmro0puT, repMaHiii,

Tuatan

4/ 3 (KOMIIICKCHI) 111,122, 331,332

20/ 10 111,121, 122,221, 331, 332

DIIOPHT

MarHifi, CTpoHIIif

3/0 121, 331, 332, 333

DdocdopuTori pyan

3/1 111, 122,331,332

IupKoH

8/ 7 (KOMILIEKCHI) 111, 122,221,222, 331, 332

Puc. 4. PecypcHuit noTeHuian YkpaiHM B nocTa4yaHHi KpUTUYHOI MiHepanbHoi cuposuHu ansa €C

3 MeTol 00'EKTUBHOI OLHKM PEecypCHOro noTeHuiany
KMC cnig gogatu gesiki po3'acHeHHs wono niaxogis dop-
MYBaHHS1 BUKITaAEHOro nepertiky.

1. [o nepeniky yBinWnu AiNSHKM HazAp, Wo obnikoBaHi y
BCTAHOBMNEHOMY MOPSIAKY 3aKOHOAABCTBOM YKpaiHu y [ep-
aBHoOMy BanaHci 3anaciB KOPUCHUX KonanuH YkpaiHu.

ISSN 1728-3817

2. 3HayHa KinbKiCTb KOPUCHUX €MNEeMEHTIB 30cepeaxeHa
Yy KOMMIEKCHUX pogoBuax (TaHtan i Hiobin, Hikemnb i Ko-
GanbT, TUTaH, BaHagi i T. iH.). Y Takomy pasi 06'ekTn noBTO-
ptoBanucb, a KinbkicTb pecypciB 3asHayanacb OKpemo 3a
enemMeHTamu.
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3. PecypcHun noteHujian kBanicikoBaHui BignosigHo 4o
HauioHanbHoi knacudikauii 3anacie Ta pecypciB KOPUCHUX
KonanuH YkpaiHu (bakTuyHmi obnik).

4. BignosigHO [0 HauioHanbHOro 3akoHodaBcTBa Ta Y
3B'A3KY 3 BiiCbKOBO arpecito Pocii npoTtu YkpaiHu, YactuHa
OaHux Ta iHcpopmaLii 3akpuTi 1 MaloTe 0OMeEXeHWA JoCTyn
(6epwnii, NiTiiA, LMPKOH, CKaHAiA, TUTaH, TaHTan Ta Hiobin).

5. Kpim Toro, cnig 3a3HaumTy, wo 6nusbko 5200 ginsHok
Hagp noTpebyloTb NepeoLiHKM B MOTOYHMX YMOBaXx 3rigHo 3
NPUHUMNAMKN CyYaCHUX Ta YMHHUX KnacudikauinHMX cuctem.

OetanbHuii aHanis noHag 140 o6'exTiB (@ingHOK Hagp,
poAoBKLL) AaB 3MOry HagaTtu iHdopmalito woao 22 Kopuc-
HUX eneMeHTiB. |3 BpaxyBaHHAM METOAMYHUX NiaxoAais
PKOOH nepenik KMC knacudikoBaHuin BignoBigHoO 40 Kna-
ciB, Wo BigobpaxalTb CTafilo reonoriYHOro BMBYEHHS Ta
NPOMWCIIOBOIO OCBOEHHS.

Ounckycis i BUCHOBKM

HopmaTtuBHo-npaBoBa nonitvka YkpaiHu nepepbavae
OOCSArHEHHS Uinen ctanoro po3sBuTky, 3abesneyeHHs pauio-
HanbHOro, KOMMIIEKCHOrO BUKOPUCTaHHS pECYPCHMX NOTpeb
CyCnifnbHOro BUPOGHWLITBA, OXOPOHW HaAp, rapaHTyBaHHS
npu KOpUCTyBaHHi Hagpamu 6e3neku nogen, maHa Ta Ha-
BKOMNULLUHLOTO NPUPOAHOIO CEPENOBULLA, @ TaKOX OXOPOHM
npas i 3aKOHHWX iHTepeciB NigNPMEMCTB, YCTaHOB, OpraHisa-
Ui Ta rpoMagsiH.

basoBi npuvHUMNN bopMyBaHHS Ta ynpaBniHHA pecyp-
camm YkpaiHu Bignosigaotb PKOOH Ta peanisytoTbca 3
1997 p. PKOOH — yHiBepcanbHa knacuaikauiiHa cucrema, B
AKI pecypcy KnacugikyoTb Ha OCHOBI TPbOX (byHOAMEHTa-
NbHUX KpuTepiiB: (1) ekonoriyHoi i couianbHO-eKOHOMIYHOT
xutTesgaTHocTi npoekTty (E); (2) cratycy 1 obrpyHTOBaHOCTI
NPOEKTY 0CBOEHHS pogosuLua (F); (3) reonoriyHOT BUBYEHOCTI
abo piBHA AOCTOBIPHOCTI 3HaHb (G) 3 BUKOpUCTaHHAM Lmndpo-
BOi CUCTEMM KOLIB.

€EK OOH, cnupatounce Ha PKOOH, npogoBxye pos-
BuBatn CYPOOH, sika ctaHe O0OpOBINbHO MNPUAHSATUM
rnobaneHUM CcTaH4apTOM yHAAMEHTaNbHUX MPUHLMNIB
iHTerpoBaHoro ynpasniHHsa pecypcamu, y Tomy yncni KMC.

dyHgamenTaneHi npuHumnu PKOOH ta CYPOOH Bxe
(PYHKLOHYIOTb Ha HauioHanbHUX i rnobanbHux piBHAX (Mix-
HapoaHi ueHTpu nepepoBoro goceigy — "ICE"). AKTMBHO
NPOAOBXYHTLCS Nporpamy €sponencbkoro Cowsy noknu-
KaHi CTBOPUTM CTiliKi MOAeni NaHLoriB NoCTayaHHs pisHoMa-
HITHWX pecypciB AN nepexoy Ha CroXUBaHHS 3aMKHYTOro
LMKy 3 HYNbOBUMY BigXoAamum.

MeToamka Bu3HadeHHss KMC, wwo 3acTocoByeTbCA Ha
ABOXx 6a30BMX NapameTpax eKOHOMIYHOI BaXINMBOCTi Ta pu-
3UKYy MOCTayaHHsl, JO3BOMSE Ansi PO3BUHYTUX EKOHOMIK OY-
AyBaTu cepefHbO Ta AOBroCTPOKOBI CTpaTerii ynpaBniHHA
pecypcamu. B YkpaiHi nig yac Bu3HayeHHsi Ta ouiHkn KMC
npaue rpyna napaMeTpiB EKOHOMIYHOI BaXXnMBOCTI. Mepe-
nik KMC nornmHaeTbCcs NOHATTAMU CTpaTeriyHOi KOPUCHOI
KonanuHu.

HeobxigHoto ymoBoto Ans 3abe3neyeHHss HaginHUX Mixk-
perioHanbHMX naHutoris noctadaHHs KMC Ta 3anyyeHHs iH-
BECTMLiN y iX reomnoriyHy pos3Bigky Ta BugobOyBaHHsI €
iHTerpyBaHHa YKpaiHW [0 MiKHapogHOi cucTemu ynpas-
niHHA pecypcamm KMC. Onsa uboro HeobxigHO 3aTBEpAnTH
MeTOAMYHI MNiaX0An A0 BU3HAYEHHS, OLHKN pecypciB Ta yn-
paBniHHa KMC 3 ypaxyBaHHAM nepefoBuX CBITOBUX Mpak-
TUK. [JouinbHO TakoX NPOBOAUTM AOCIIAKEHHSA KPUTUYHOCTI
MiHepanbHOI CMPOBUMHU Ha AepXXaBHOMY piBHi Ta 3aTBep-
OXyBaTu BignoBigHi nepeniku. Lle moxe ByTn Takox mexa-
Hi3MOM  CTUMYIOBaHHSI  pPO3BUTKY MEBHUX HanpsiMiB
reonoriYHoro BUBYEHHsI 1 BUAOOYBaHHS KOPUCHUX KOMaH.

Anania lepxaBHoro 6anaHcy YkpaiHu 3 BUKOPUCTaHHAM
nigxogis PKOOH BusBMB ronoBHi NepcrnekTMBu pPO3BUTKY

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

MiHepanbHO-CMPOBMHHOI 6a3n, WO MOoB'A3aHi 3 MOTeHUin-
HUMMK Ta NepCnekTUBHUMU MPOEKTaMu No 22 enemeHTax 3i
CMUCKY KPUTUYHOI MiHepanbHoi cnpoBuHn €C. YkpaiHa mae
BCi NepeayMoBM CTaTN Y4aCHUKOM nporpam €BponencbLKoro
Coto3y, Lo NoknunkaHi CTBOPUTK CTilki MOAENi NaHLUoriB Mo-
CTayaHHs pPisBHOMaHITHNX pecypciB AN Nepexoay Ha CroXu-
BaHHSA 3aMKHYTOro LMKy 3 HynboBMMM Bigxogamu. lMonpu
3HAYHUI pecypcHMIN MoTeHuian YKpaiHu Hawa npoMucro-
BiCTb XapaKTepu3yeTbCA TEXHOMONYHOI BiACTanICTIO i HU3b-
KOl iIHHOBALINHOK aKTUBHICTIO Cy0'eKTIB roCnofaptoBaHHs,
3acTapinot CTpykTypol obpobHOI NpoMMCNoBOCTi, NOCK-
TNIEHHAM TEXHOMONYHOI 3aNeXHOCTI Bif iHLMX KpaiH. Y Takux
yMOBax MiHepanbHO-CUpPOBMHHA 6asa po3rnsgaeTbes K
Axepeno nocta4aHHs KMC 3 HM3bkoo 40A4aHO0 BapTICTIO.

BHecok aBTopiB: CTaHicnas JIMTBUHIOK — KOHLENTyarnisauis, Me-
TOAO0NOris1, HAaNMCaHHA (Nepernsg i pegaryBaHHs); Hatanis bapsiubka —
hopmanbHWI aHanis, HanvcaHHs (nepernsag i peaaryBaHHS).
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METHODOLOGICAL APPROACHES FOR DETERMINATION AND ASSESSING THE RESOURCE POTENTIAL
OF CRITICAL RAW MATERIALS IN UKRAINE

Industrial and technological interest in critical (strategic) mineral raw materials, given their natural scarcity, is of key importance in the global
economy. A country's (or region's) supply of raw materials is a factor of economic security, autonomy and an insurance against global crises. Global
and regional analytical researches on the mineral resource assessment in the context of circular and resource efficient (low-carbon) economy
development have revealed a number of problematic issues related to different methodological approaches to the assessment, classification,
accounting and management of critical mineral raw materials (CRM). The standardization of such approaches for economically related regions is the
way to create reliable critical mineral raw material supply chains and ensure sustainable economic development.
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In order to complete the outlined tasks, a wide range of studies has been used, including general scientific and special methods of scientific and
applied research. In addition to general theoretical methods of analysis, statistics and systematization, a complex of methods of geological and
technical-economic study of mineral raw materials has been used to achieve the set goal and complete specified tasks.

Authors have attempted to define the concept of critical mineral raw materials by using basic criteria and methodical approaches of the United
Nations Framework Classification (UNFC).

Various classification systems used for the assessment and management of critical mineral raw materials have been considered. Practical
experience of the UNFC application during the assessment of CRM resource potential in Ukraine (excluding hydrocarbons and groundwater)
based on the list of the European Union has been presented. Considering the current state of the mineral raw material resource base of Ukraine,
authors have suggested methodological tools for bringing the State Balance into compliance with the integrated systematic accounting in
accordance with the UNFC.

The analysis of the State Balance of Ukraine using the UNFC approaches has revealed primary prospects for the mineral and raw material base
development, which are related to potential and perspective projects on 22 elements from the EU list of critical mineral raw materials. Ukraine
possesses all the prerequisites to participate in European Union programs designed to create sustainable models of supply chains for various
resources for the transition to closed-cycle zero waste consumption.

Keywords: critical raw materials, mineral resource management, categories, classification principles, United Nations Framework
Classification (UNFC), United Nations Resource Management System (UNRMS).
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OCOBJIUBOCTI PO3NoAlny MAKPO- TA MIKPOIMJIACTUKY
B MEXAX NMNAXEBUX 30H BHYTPILWUHBbOKOHTUHEHTAJNIbHUX MOPIB
(HA NPUKNAAI NASXEBOI 30HU M. I0XXHE, YKPAIHA)

(MpedcmaesneHo 4neHoM pedakyiliHoi Koseaii 0-poM 2e0s1. HayK, cm. HayK. cnie pob. O.J1. LLleg4yeHkom)

B cTyn. lNpumickki nnsxi 6 Mexax ykpaiHCbKo20 y36epexoks nieHiyHo-3axiOHo20 wenbgy YopHo20 Mops, 38a)karo4u Ha Winb-
Hicmb npomuciogoi ma coyianbHo-no6ymoeoi iHghpacmpykmypu, HabnuxeHicmb 0o enadiHHs 8 Mope 8e/luKUX 800HUX apmepitl i3 3Ha-
YHUMU 800036ipHUMU mepumopisiMu, € docmamHbO fMokazoeumu o6'ekmamu Onsi NPoeedeHHsT PeXUMHUX docidxeHb po3nodiny
nnacmukKoeo20 cMimmsi ma MiKponsacmuKy 8 KOMIMOHeHmMax O0@KirJisi.

MeToawu. BusHavyeHo 3aKkoHOMipHOCMI po3rnodifly nracmukogo20 cMimmsi ma Mikponnacmiky e Mexax npubepexHoi 30HU
nieiyHo-3axi0Hoi YyacmuHu YopHo20 Mopsi Ha npuknadi mecmoeux dinsitHok M. OxHe (Odecbka 061., YkpaiHa). [na aHani3y KinbKicHUx
ma siKicHUX xapakmepucmuK cUHmMemuyHuUx rnoJsiimepie ma 3'acyeaHHsi ocobnueocmeli ix ¢popmyeaHHsI, po3nodisly ma HaGxoO0XeHHs
MeXax M/sHKHOI 30HU 00aImKoeo eUKOpUCMaHO Memod (hinbmpauii 380pPOMHUX X8UJIbOBUX MOMOKie. BukoHaHO ei3yanbHuli aHasi3
po3nodiny nnacmukosux o6'ekmie i gppazmeHmie ma eusHa4yeHo ixHi munu 3a dornomozor PamaH-criekmpocKortil.

PesynbTaTtun. CnekmpockoniyHi docnideHHs 3aceidqunu, wo e nepesaxHil 6inbwocmi eidibpaHi 3pa3ku Makpo- ma MiKpo-
nnacmuky npedcmasJsieHi nosinponineHom, nosiemuneHom ma nosicmuposiom. llidmeepdxeHo, W0 0OCHO8Ha YacmuHa nacmukKy Mae
8UCOKY MizpayiliHy 30amHicmb y Mexax npubiliHux OifsAHOK, W0 U3Ha4Ya€MbCs1 MepeHOoCoOM 80GHUMU MOMOKaMu & rnepiodu Xxeusibo08oi
akmueHocmi ma eidcymHicmro cmasioi KOMMOHeHMU 8 Mmoswi MicKy e Mexax rsky. BusHa4eHo, ujo 0n1s1 pi3HUX kame20pilli pO3MipHO-
cmi nnacmukosux ghpazcmeHmie kapOuHarbHO 3MiHOEMbCS ix audoeuli cknad. lMonimepHi cuHmMemuyHi 06°ekmu po3mMipom noHad 1 cm
npedcmaesieHi nepesaxxHo MoJslinponineHoM, noslicmuposioMm ma aupobamu 3 nosliemursieHy aucokol winbHocmi. B kamezopii 6inbw dpi-
6HOI po3mipHOCMi niIacmukoeux ¢hpazmeHmie Po3WUPHEMBLCS sIK criekmp audie nosimepie, mak i ix HanexxHicmes 0o pi3HUX eKOHOMIY-
Hux c¢hep sukopucmaHHsi. CUHMemMuYHi 80JIOKHa, W0 CMaHoeIIMb 6inbwicmes 06'ekmie HaliOpi6HiWOT 2paHyToMempuUYHOI ¢hpakuyii —
meHw 51k 0,1 MM — npucymHi No8croOHO i @ 3HaYHil KinbKocmi.

B ucHoBku. JocnidxeHHs1 3aceidyyromsb, Wo napamempu 6epe2080i JiHii (wupuHa, Aoe)xuHa, Haxusl, ghopma, HasieHicmb poc-
JIUHHOCMI, aHMpPoro2eHHa 3MiHHicmb), 2i0poduHaMi4Hi Mpoyecu ma 2eosoei4yHa 6ydoea 6epe2080i 30HU Maromb cymmeasull 8rniue Ha
ghopmyeaHHsI yMO8 HaKOMUYeHHs1 MaKpo- ma Mikpornnacmukis. [ns nodanbwozo docnideHHs1 hakmopie ensuey Ha 3acCMi4eHHs1 nnac-
mukoeumMu 06'ckmamMu ma MiKpOonIacmuKoM MJishkeeoi 30HU Heo6XiOHi MOHiIiMopuH208i AOCTiO)KeHHSs 8 MeXax npedcmassieHUx mecmo-
aux OinsiHOK.

Kno4yoBi cnoBa: 3abpyoHeHHs, niacmukoge cMimmsi, Mikponnacmuk, YopHe mope, npubepexHa 30Ha, nimoouHaMika.

Bctyn

B ymoBax noBHomMacLUTabHMX BiiCbKOBUX Aili B YKpaiHi
MOPCbKi NN NOKM WO 3anuarTbcs ogHMM 3 Hebara-
TbOX LOCTYMHWUX ONS1 BUBYEHHSI €NEMEHTIB cepenoBuLL
MOPCbKUX reoekocucTeM. [poBoANTM NOBHOLHHI kKOMMIe-
KCHi gocnigkeHHs B akBaTopisx YopHoro ta A30BCbKOro
MOPIB HVHI HeMOXnuBO. KpiM TOro, mnskesi 30HW MOXHa
BBaXXaTW OJHIED 3 MNOKa30BMX CKNagoBUX NPUPOLAHUX
KOMMJIEKCIB CyOCUCTEM AINAHOK 34rieHyBaHHSA "cyxopnin-
Mope", 30KpeMa B KOHTEKCTi CrnocTepexeHb pOo3noAiny

NNacTUKOBOMO CMITTS Ta MIKPONMAcTMKIB Yy MOPCBKUX
reoekocuctemax.

Mo-nepLue, Nnsxi — Lie NpUPOAHi TepuTopii, Ae BiabyBa-
€TbCSl HAKOMWYEHHS NMacTUKOBMX BigXoAiB 3aranom, a Ta-
KOX YaCTKOBa akyMyrsiList MiKponnacTuKiB 3aBAsikv NpoLiecy
iHTEHCMBHOI cenapaLii Ta nepeBsiaknageHHs B XxBunenpuobin-
Hill 30HI pe4oBUHU, sika NnepebyBae B TOBLLi Y/ HA NMOBEPXHI
BOOHOMo Lwapy akesatopii. [lo gpyre, couianbHui ctaTtyc
nnskiB YopHoMopcbkoro 6GaceHy K 30H aKTUBHOTO
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BiMOYMHKY Aa€ 3MOry po3rnagatm ix Sk nepBrHHE axepeno
eMicii nnacTvky B NpupoaHe cepefoBuLLE.

Kpim TOro, y Mexax nnsxis BigOyBaeTbCsl HE TiNbKu aky-
Mynsuis Ta cenapadig nnacTMKOBOro CMITTS, ane n akTuBHa
OECTPYKUIS LbOro MNpPOAYKTY aHTPOMOreHHoi AifnbHOCTI.
3rigHo 3 A.L. Andrady (Andrady, 2011) Ha BigmiHy Big nna-
CTUKIB, IO NepebyBatoTb Y TOBLUi BoAMW, Ha ii noBepxHi abo
y Ckragi JOHHMX BigKNaAdiB, NNacTMKN Y Mexax MIsKHUX 30H
3a3HatoTb: 1) IHTEHCUBHOIO BMMBY YNbTPadioneToBoro Bu-
NPOMIHIOBaHHS; 2) TeMnepaTypHUx nepenagis (sk 4OO0BMX,
TaK i Ce30HHUX); 3) BMIMBY KMCHEBOrO cepeaoBuLla (Mo.i-
Tps); 4) iIHTEHCMBHOIO MEXaHIYHOro MNoApiOHEHHs Ta CTu-
paHHA B NEPiOAM Pi3HOro CTYNeHs XBUMbOBOI aKTUBHOCTI Ta
5) GionoriyHoro Ta mMikpobionoriyHoro BNAUBY.

MixHapogHuiA JocBig oocnimpkeHb Lboro Tuny 3abpya-
HEHHS B MexXax TepuTopin nnsxis aksaTopii YopHoro mops
OOCTaTHbO Pi3HOMAaHITHUIA, ane He cuctemMHui. 3okpema, B
ny6nikauii M. Sener i3 cniBaBTopamn (Sener, Dogruyol, &
Balkaya, 2019) BMCBITNOIOTECSA pe3ynbTaTh A0CHioKEHb 3a-
OpyOHEHHsT NNacTUKOM MillaHux nnsxiB y3bepexoks Yop-
HOro Mopsi 3 aHaTonicbkoi cTopoHu Micta Ctambyn.
PymyHcbki HaykoBLi (Savuca et al., 2017) nposenu gocni-
OXeHHs1 3abpyaHeHHs Bigknagie YopHomopcbkoro y3be-
pexoks PymyHii MmikponnactuyHummn BonokHamu. Cknag Ta
YUCENBHICTb @HTPOMOreHHOro CMITTS OOCHiAXKyBanucb Ta-
KOX Ha npunernvx npubepexHux nnspkax TpboX PivoK, LU0
BrnagatoTh y MiBHiYHO-3axigHe Ta lMiBaeHHe MpuyopHomop'sa
(Aytan, Pogojeva, & Simeonova, 2020).

Okpemi meToguuHi po3pobku (Kershaw, Turra, &
Galgani, 2019) B13Ha4aTb BaXNUBMM NPUPOLHUM eneme-
HTOM ANS 34iINCHEHHSA MOHITOPUHIY NIIaCTUKOBOrO CMITTS Ta
MikponnacTuky xsunenpubiiHi 4insHku y3depexoksi, Big3Ha-
Yyalouum Taki BNacTUBOCTI NNAXIB, SAK:

e MiCLle HaKOMWYEHHsI (KOHLEHTPYBaHHS) MOPCLKOro
CMITTS1 3aBASAKN XBUNENPUBINHIN AisnbHOCTI MOps Ta po3no-
ainy Teuvin;

e [iNsHKY akBaTopii, HanbINbL HabnxeHy A0 HAa3EMHUX
J)Xepen yTBOPEHHS NNacTUKOBOro CMITTSi Ta MIKpONNacTuKy.

Omxe, BUXOAAYM i3 3a3HAYEHOro BuLLE, MPUMICHKI NNSXi
B Mexax YKpaiHCbKOro ysbepexoks niBHIYHO-3aXigHoro

wenbdy YopHoro Mops, 3Baxarum Ha LWNbHICTb NPOMMUC-
JNOBOI Ta coujianbHO-NOBYTOBOI iHppPaCTPYKTYpH, Habnmxe-
HiCTb 0O BnagiHHA B MOpe BeSIMKUX BOAHWMX apTepin i3
3HaYHMMKN BOAO30ipHMMUN TEPUTOPISIMU, € AOCTaTHBO MOKa-
30BMMU 06'eKTamu 4N NPOBEAEHHS PEXMMHUX JOCTIOKEHD
po3noAiny NnacTMKOBOro CMITTS Ta MiKpOMMacTuUKy B KOMMO-
HeHTax OOBKinnsA. AHani3 nnacTuky B Mexax 6eperosux ni-
Hil BM3HAYa€E EKOHOMIYHO edeKTMBHMI nigxia  go
MOHITOPWUHIY TEHOEHLi NOro po3noAiny, HesBaxaloun Ha
ONHaMIYHICTb NPUPOAHMX (haKTopIB (3@ YMOBM BpaxyBaHHS
MiHIIMBOCTI CUCTEMM).

O6rpyHmyeaHHs1 eubopy OinssHKU 0OocJliidkeHb 3a
ghizuko-2ceozpaghiyHUMU ymMoeamu. AHani3 pesynbrariB
pocnigxeHb nnactukie (Kershaw, Turra, & Galgani, 2019;
Andrady, 2011; Falahudin et al., 2020; Constant et al., 2020)
nokasye, Wo nig vac Bubopy Ta O6rpyHTYBaHHA AiNSHOK
CrocTepexeHb 3a PO3NoAirioM KOMMOHEHTIB MIAacTUKOBUX
BioXoAiB (30KkpemMa, MiKponnacTuky) noTpibHO BpaxoByBaTh
SK 3aranbHoreorpadiyHi acnekTn posTallyBaHHsS TEPUTOPIN
AocnigXeHb, Tak i naHgwadTHY Ta reoMopdonorivyHy pisHo-
MaHITHICTb NOKanbHUX MPUPOOHMX CEepedoBULl, Y Mexax
CTaHUih npoGosigbopy.

Mig yac BuGOpY AinsiHKM cnocTepexeHb Y 3aranbHoreorpa-
hiuHOMY acnekTi krno4oBMM dhakTopoM Byno 3aBaaHHSA MiHiMi-
3auii KiMbKOCTi [xepen BMMMBY Ha MOXMBE HACUYEHHS
06'ekTa 4oCHiMKEHb NNACTUKOBMM CMITTAM i MIKPONacTUKOM.

BusHadyeHa cnocTepexHa pAinsgHKa — MICbKMN NNSX
M. KOXXHe — pO3TalLOBYETLCA B LLEHTPI Y30epexoks NiBHIYHO-
3axigHoro wenbgy YopHoro Mops, Heganeko Big Micus po-
3BaHTaxeHHs BoA [HinpoBcbko-by3bkoro numaHy. BogHo-
Yac NPOMMUCIIOBO HaBaHTaxeHun perioH (M. Ogeca, nopToBi
KOMMMEKCH, Micusa AHOYeprnaHHa Ta AamniHry) B panoHi
OpecbKoi 3aTOKM 3HaxoaAnTbes 6nmabko 50 kKM 3axigHilwe Big,
o6paHoi aingHkW. Posnogin Tevin y YacTuHi aksaTopii, npu-
nernoi go M. OxHe, BU3HAYaeTbCA LiNMOPIYHUM BMIIMBOM
pO3npiCHeHNX BOA, WO HaaxoAsaTb 3 rmpra [HinpoBCbko-
By3bKkoro nMmaHy Ta opMytoTb CTIKUIA NOTIK Y Mexax i€l
YacTWHU Wenbdy B NiBAEHHO-3aXiAHOMY HanpsMKy.

. / -
Puc. 1. Po3tawyBaHHA AinsAHKY gocnigxeHb (YepBOHe KOMNo) B Mexax y36epexks niBHi4Ho-3axigHoro wenbdgy YopHoro mops

[MOMipHO KOHTUHEHTanbHWIA KNiMaT panoHy AOChiAXeHb
3 pucamu cy6TponiyHoro, M'sika auma, Tensne i 4oBre nito Bu-
3Ha4alTb TYPUCTUYHY NPMBAGNUBICTL MiCTa, Ta AINAHKM J0-
cnigxkeHb, 3okpema M. HOxHe, B Mexax sKoro posTtallo-
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npunopToBuin 3aeof. BigctaHb [o obnacHoro ueHTpy —
M. Opgeca ctaHOBUTb 6nmn3bko 47 kM. Takox 3axigHille Big,
MicTa 30ygoBaHO MOpCbkuin HadbToBMI TepmiHan "lMiBaen-
HUR", 3 sIKOro NounHaeTbes HadgoToriH Ogeca—bpoaun. Heob-
XiOHO  3a3HauMTW, WO  OBinblWicTb  KOMyHanbHUX i
NPOMUCIIOBUX OCEpPEeLKiB B Mexax YOpHOMOPCLKOro ysbte-
PeXoKs, siKi MOXXYTb MaTWu CyTTEBUIA BMNAMB HA HAOXOOXKEHHSI
NnacTUKOBOrO CMITTS Ta MiKpONNacTuKy, po3TalloBaHi 3axi-
AHiwe Big M. KOxHe. OcTtaHHE cBigYMTbL NPO MiHIManNbHUI
MOXITMBWIA iXHiA BHECOK Yy 3abpyAHEHHS MnacTUKOM AOCHi-
IPKyBaHOI OiNsHKW, 3BaXKaloum Ha PO3MOAIN Tevid y panoHi
akBaTopii, A& HanmBMNMBOBIWKUM ()aKTOPOM € pO3BaHTa-
XXEHHS B akBaTopilo piykoBux BoA 3 [HiNpoBcbko-By3bkoro
nuMmaHy Ha cxig Big micTa.

3 nitepatypHux gxepen (Kershaw, Turra, & Galgani,
2019) sigomo, wWo napameTpu Geperosoi niHii (LWpWHa,
OOBXMHA, Haxun, opMa, HasiBHICTb POCITMHHOCTI, aHTPOMO-
reHHa 3MiHHICTb) MaloTb CYTTEBMI BMSIMB Ha HOPMYBaHHSI
YMOB HaKOMWYEHHS MNacTuUKiB Ta Mikponnactukie. Y3be-
pexoks  3asBuyand  gyxke AMHaMIYHI vepe3  MoeAHaHHs
oKkeaHorpadgi4Hux (NpuUnNnunBK, XBuni Ta Tedii) Ta MeTeopo-
noriyHux (BiTpM Ta ocagku) npoueciB. Takox Ha xapaktep
6eperoBoi NiHii BNNMBaTb reonorivHi gpaktopu, Wo BU3Ha-
YaloTb ii TMN, cknag Ta NOTYXHICTb nopia. Bce ue 3ymosnioe
po3noain, YACENbHICTb Ta BUAM MOPCBKOrO CMITTS, iX MiHMK-
BiCTb Y MPOCTOPI Ta yaci.

LLlogo nitonoriyHnx ocobnmneBocTen NoOBEPXHEBOI 0CAA0-
BOI TOBLLi, TO JOCNiAKyBaHa AiNsHKa CKNagaeTbcs 3 OBOX
TUNIB NOKPUBY:

¢ 6e3nocepeHbO MICBKUIA MK i3 NPUBHECEHOro Hacu-
MHOrO MiCKy, MPEACTaBNEHOro cepefHbO-KPYMHO3EPHUCTO
rpaHynoMeTpuyHOT opakuieto, 3abpyaHEHICTb SIKOro Mae Bi-
3yanbHO KOHTPOIOBATUCh KOMYHaNbHUMU criyx6amu micTa;

o MPUPOAHI NNSXKi, CKrageHi ApiOHO3ePHUCTUM NiCKOM Ta
aneBpUTOBOID CKNAZOBOK, LLIO YTBOPHOWOTLCS 3aBAsk/ ab-
pasii 6eperoBux ycTynis.

Tunu GeperoBoro ycTyny AiNsHKMA OOCAiAXEHb Hanexarb
3a knacudikauieto HOY "YKpaiHCbKMl HAyKOBWUI LIEHTP eKo-
norii mops" (YkpaiHcbkuii Ta iH., 2018) o kopiHHWMX abpasiii-
HUX  KMigiB, @ MNOTYXHICTb BTOPWHHOTO  3aMyreHHs!
npubepexxHoi AOHHOI NOBEPXHi, NPeACTaBneHOi MiCKOM, My-
oM Ta YepenaiuHukoMm, carae 5 cm (puc. 2). MnsxHuiA npo-
inb Moxke OyTn 3MIHEHUI CUINTBHUM XBUITFOBAHHSAM, LLIO MOXe
noxosaTtu abo BUSBWTW CMITTS, ane Le BigbyBaeTbCs He4acTo
i NnepeBaXxHO B XONOAHUI Nepiof poKy. BBaxaeTbes, Wo ang
parioHy AOOCHifXeHb aKTUBHE OCapKeHHSI TOHKOAMCNEPCHOT
PEYOBMHM BUKIMKAHE 3HWXKEHHSIM IHTEHCUBHOCTI CTOKY BOZ,
[HinpoBcbko-By3bkoro numaHy, a Ansg YacTuHW akBaTopii Ha
3axif — TakoXX aKTMBHOI rOCMOAAPCHKOD AIANbHICTIO (Mop-
TOBE rocrnogapcTeo, npubepexHe OyaiBHULTBO, CyOHOBUM
BaHTa)XHWUI NOTIK, AAMIMIHT I'PYHTIB, PUOHMIA NPOMMCEN TOLLIO).

Omxe, 6epyyn 00 yBarm HanpsiMku NpuoepexxHNxX Tevin,
ocobnuBocTi penbedy Ta Mopdonorito y36epexks, OCHOBHI
JXepena HafoXOMKEHHS CUMHTETUYHMX NoniMepiB 3a cTyne-
HEM aHTPOMOreHHOro HaBaHTaXXEHHs1 Ha BeperoBy niHito B
MexXax TepuTopii JoCNigKeHb, BAPTO OOMEXMNTH:

1) TP@H3UTHUM NPUBHECEHHAM 3 BOA030ipHMX TepUTOpiii
pivok JHinpo Ta MNiBaeHHn byr, 3Baxkatoun Ha 6nm3bKicTb
[0 CTBOpIB PiYOK — NOTEHUMHMX TpaH3UTEepiB NIacTMKOBOro
CMITTS Ta MIKpOMMacTuKy;

2) HagxoOXXeHHsIM 3 NOBYTOBMX [XXeper MiCbKOro ocepe-
OKY (NNspKeBi 30HW KyNbTYPHOTO BiAMNOYMHKY, 3Banviia B Me-
ax Ta Hefaneko Bif y36epexcks, CTi4HI Boam).

BopgHouac cnig 3a3HauunTty, wo 6aceiiH p. [IHinpo Hanivye
15381 many pidky (67,2 T1C. KM) i 3amMae HanbinbLwy cepes
iHWINX pivok KpaiHn nnowly — 48,5 % Teputopii Ykpainn. ba-
cenH lMisaoenHoro Byry oxonnoe 10,6 % TepuTopii YkpaiHu,
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o 6aceliHy HanexwuTb 6638 Manux pivok 3aranbHOK JOBXM-
Hoto 20,1 TuC. KM. Taki MOKa3HMKM MaloTb CYTTEBUIA BMITUB HA
BWHIC @aHTPOMOreHHOI PE4YOBUHM, i 30KpeMa CUHTETUYHUX MO-
nimepis, y Mmexi akBatopii HYopHoro mops (puc. 3).
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Puc. 2. NpocTopoBuiA po3noAin 30H BTOPMHHOIO 3aMyJieHHSA
OOHHOI NoBepxHi Mops B [IHinpoBcbko-By3bkomy panoHi
niBHiYHO-3axigHOI YacTMHM YopHOro Mmopsi
(4epBOHe KOMNO — palioH NpoBeAeHHA [OCNiAXeHb)
(YkpaiHCbKui Ta iH., 2018)
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Puc. 3. Cxema BoAo36ipHMX TepuTopiin YkpaiHu
(4epBOHe KONO — paoH NPoBeAeHHs AOCHiAXEHb)

Metoan

Memoduka eid6opy, nidcomoeku ma aHanisy npo6.
Bigbip npob nposoanBcs ABoMa cnocobamu, OAWH 3 SKUX €
TpaguuiiHum Ans AoCcnifXeHb 3 BUSIBNEHHS MiKPOMMIacTuky
Ta NNacTUKOBMX pparMeHTiB y nilaHux HaHocax. 3okpema,
npo6wu nicky Bigbypanuck BiANOBIAHO A0 yCTaneHUx MeToaMK
(Loder, Gerdts, 2015).

3a BigcyTHOCTI BiYyTHUX NPUMNNBHO-BIAMMBHUX SBULL Y
YopHoMy Mopi akueHTu Bigbopy 6yno 3pobneHo Ha:

1) pi3Hnx AinsHkax xBunenpubinHoi 30HW; Npobu Biabw-
panuck B 1 Ta 7 MeTpax nepneHanKynspHO A0 KPOMKU BOAW;

2) Trnax y36epexks, BiAMIHHUX y reoMopdororiYyHOMY
nnaHi; npobu Bigbupanuck i3 cepegnHM NOSIOroro MiCbKoro
nnsxy (puc. 4, T. 2), By3bKOi NPUPOAHOT AINSAHKU MAsKY B
Mexax KopiHHoro abpagsinHoro knidy (puc. 4, 1. 3) Ta nepe-
XigHoT ginsiHku (puc. 4, 1. 1).

Big6ip npob 3a Knacn4Ho CXeMol NPOBOAMBCS MeTa-
NEeBO NoNaTKo Ha rMUOKHI 5 CM 3 Pi3HWMX NITONOriYHMX TK-
niB NOBEPXHEBOI 0CAOOBOI TOBLLi, 30KpeMa B Mexax
OCHOBHOI AiNAHKN MICbKOro NNsbKy, NpeacTaBlieHnX cepea-
HbO-KPYMHO3EPHUCTMM MiCKOM, Ta MPUPOAHWUX NASXKIB Ha
MeXi Ta 3a MeXaMu MyHiuunanbHol TepuTopii, cknageHux
ApiGHO3epHUCTMM MiCKOM 3 aneBpUTOBOID CKMNagoBolo, WO
YTBOPIOKOTLCS 3aBAsKkn abpasii 6eperosux ycTynis.

OG6'em nicky B KOXHIin Npo6i ctaHoBuB 1 aM3, NpoTsirom
ABOX pokiB 6yno BiaibpaHo 12 3pa3kiB ynpodoBx MiTHLOro
nepiogy (4epBeHb—nuneHb) (EmMenbsHoB Ta iH., 2021).
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Puc. 4. KapTta-cxema Big6opy npo6 Ha AinsiHui gocnigkeHb:

1 — nepexigHa ainsHka, 2 — cepefuHa NiHIMHOro Tina MicbKoro Nnsixy, 3 — KOPiHHWIA abpasiHni Knid

Opyruii Tmn BigGopy 3pas3kiB MaB HeCTaHAAPTHWUIA Xapak-
Tep Ta 6yB 3yMOBMEHUIN TaknMu 06'€EKTUBHMMUK (hakTopamu,
SIK BKpaW He3HayHa KinbKiCTb MIKpOMnacTuky, Wo dikcyBa-
nacs B npobax nicky, BigibpaHux TpaguuiiHIMK MeTogamum,
poKkoM paHiwe. BogHouyac BidyanbHa ouiHka po3noAiny 4ac-
TUHOK MNacTWKy Ta 3anuLLKiB NIacTUKOBMX BUPOBIB y Mexax
NAsHKY BKasyBarna Ha OOCTaTHIO X KiNbKICTb ANS NOBHOLiH-
Horo BigGopy Ha AinsHui gocnigpkeHb (EmenbsHOB Ta iH.,
2021). Lle# meTog Binbopy I'pyHTYBaBCSt HA HAaTypHOMY Mpo-
Leci nepeBefeHHs B 3aBUCNUNA CTaH Ta BUHOCY PEYOBUHU 3
AEHHOI NMOBEPXHi NNSPKY NIOLMHHUM 3MMBOM, 30Kpema 3BO-
POTHMMU XBWIBOBVMMW BOJOTOKaMU B MeXax BU3HAYEHWX gij-
NSHOK Biabopy. [Ans uboro 6yno BUKOPUCTaHO yCTaTKyBaHHS,
3a NpYHLMIOM il cXoxe Ha Tpanu Ans Binbopy 3paskiB Mikpo-
opraHiamMiB, 30KpeMa MMaHKTOHy, 3 BOAHOI ToBLWi (Tpan
"MaHTa" Ta iH.). Ak pinbTpyBanLHa TkaHWHa BUKOPUCTOBYBA-
nock noniamigHe nonotHo Saatifil PA 3 po3aMipom YapyHku
0,016 mm (16 MikpoH). 3BOPOTHI BOAHI NOTOKN BUHOCUIW HaW-
MEHLU LLiNbHY AUCNEPCHY CKNaaoBy 3 MOBEPXHi NSy B Ha-
npsMKy ypisy Bogu (puc. 5). BoHa Gyna npencraeneHa, B
NOpPSIAKY 3MEHLLIEHHS KiNbKOCTi, MiHEparnbHOK KOMMOHEHTO
aneBpuUTOBOI PO3MIpPHOCTI (kBapLLOBUIA MiCOK Ta OeTpUT GeH-
TOCHMX MOJIOCKIB), MUUYMHKaAMKM Ta 3anuiiKamu Komax, Apio-
HAMW  LUMAaToOYKaMW  OEepPeBUHW, parMeHTamu  BOAHOI
POCAVHHOCTI Ta NNacTUKOBUMU YaCTUHKaMM Pi3HOT PO3MIpHO-
cTi. Y Mipy HakonuyeHHsi npubnuaHo 20 n Boau y dinbTpyBa-
NbHIM  eMHOCTI  BiAGIp 3aBepllyBaBcs, BiaibpaHa pigvHa
nocTynoBo npodinbTpyBanack Yepes NorioTHO, a HaKonm4ye-
HWUIA 0CcafokK BiabupaBcs Ans noganblumx nabopaTtopHux 4o-
cnimkeHb.  [oBxuHa Mnsxy (NEpneHAVKynsapHO  MNiHii
npuboto), ApeHoBaHa 3BOPOTHVMW BOSAMW XBUINbOBMX 30Y-
peHb, carana 4 m, Npy oMy AOCHiAKEHHS NPOBOANIUCE HA
TPbOX BULLE3a3HAYEHUX AiNsaHKaX.

Y noganbluomy Npobu y ckNsHil Tapi 4OCTaBNANM B na-
6opatopito AHY "MopleoEkolleHTp HAH Ykpainn", ae npo-
XoAMnu npoueaypy cenapaudii  MiHepanbHOI NpUPOAHOT
pPEeYOoBUMHM Bif, MIKPOMMACTUKy Ta TBEPAUX OPraHiyHUX peLu-
TOK LUMSIXOM BUTPUMKM B PO3YMHI XITOPUCTOTO LIMHKY, LLO
Aano 3Mory 3aBAsiKu LWiNlbHOCTi PO34uHY, Malxe B ABa pasu
BULOI 3a LWiNbHICTb BOoAW, Hambinbll NoBHO 3abe3neynTin
Biabip dparmMeHTiB CUHTETUYHMX MOMIMepIB Pi3HOro XiMiy-
Horo cknagy. Etann nabopatopHoi nigrotoBku Ta 06pobkm
npob cenapauieto iX y KOHLEHTPOBaHOMY PO34MHI XNopuc-
TOro uuHky (ZnCl2) (puc. 6) BMKOHYBanuCb BigNOBIAHO OO
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pekomeHngauin (Imhof et al., 2012). Lie so3sonumno 3anyuntu
00 igeHTudpikauii Ta OUiHKM rpyny MiKpOMMacTuKiB, LWiNnb-
HICTb AKX NEepPEeBULLYE LWiNbHICTE MOPCLKOI BOAW, | SAKi nia
yac cenapadii 3 BukopuctaHHaMm NaCl 3asBuyan 3anuvwa-
I0TbCH Y Cknagi MiHepanbHOI KOMMOHEHTU (noriecTp, noni-
ypeTaH, noniamig, nonictmpon Ta iH.).

HacTynHum eTanom nicns rpasiTauiiHoro posnoginy
6yna miHimi3auisi KinbKOCTi NPMPOOHOT OpraHivyHOl CKNagoBoi
3aBUCMNOI PEYOBUHM, LUMISAXOM BiACTOIOBaHHSA B KOHLIEHTPO-
BaHOMy po34uHi nepokcuay BogHo 60 %. Onepauia aana
3MOry 4YaCTKOBO BWIyYMTM OpraHiyHi 3amuLLKy LUASXOM iX
pPO34MHEHHS Ta 06e36apBUTK Ti, WO 3anUWNIUCB (puc. 7).

Puc. 5. MNMpouec Bia6opy npo6 3i 3BOPOTHUX
XBUNbOBUX NOTOKIB (a) Ta noaanbLuoi cenapadii (6)
yepes inbTpyBanbHy TKAHMHY
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6

Puc. 6. llabopaTopHa nigrotoBka Ta 06pobka npob
cenapaui€to B KOHLLEHTPOBaHOMY PO34MHi XJIOPUCTOrO LIMHKY
(ZnCl;): cyxa npo6a HaTypHOi pe4OBWHU, 3aranbHU1A BUrNAg
[0 nepeaaHaniTM4YHOI NiAroToBKMU (a);
npotec cenapadii pe4oBMHU B PO34MHi XNTOPUCTOrO LIMHKY (6)

B nopanbwomy npobu npomuBanu y OUCTUIbOBAHIN
BOAi Ta BUCYyLUyBarnu.

Micna npocywwku BigibpaHux nNpo6 3pasku HanpaBnsAnu
Ha nabopaTopHi AOCNIMKEHHS, WO BKMOYanu Taki OCHOBHI
eTanu:

1) Bisyanisauis Ta Bigbip parmeHTiB MiKponnacTuky, sKi
MOXHa HaneBHO iAeHTUIKyBaTn 3a 30BHILLHIMW O3HaKaMmu;

2) BUNYYEHHSA 3 MPOO OpraHiYHMX PeLUToK, SKUX BUSBU-
nacs 3Ha4Ha kinbkicte — noHag, 95 % obcsrie npob, nonepe-
AHbO BiAcenapoBaHux y podunHax ZnClz ta H202;

3) pocnigxeHHs YacTUHOK MiKponnacTuky nig 6iHokyns-
pom MBC-9 Ta ix doTodikcauis. BisyanbHa ouiHka nig mik-
pockonom MBC-9 BigGyBanach 3a HM3KOK NpeacTaBneHuX
y niTepaTypHux gxepenax mMeToanK, OCHOBHUMMW MOKa3HW-
KaMn — igeHTudikaTopammn Oynu Konip, CniBBigHOLLUEHHS
NiHIMHXX po3MipiB Ta Mopdpornoris YacTuHok. Lie aano amory
BUABUTU HU3KY pparMeHTiB NNacTuKy, a TaKoX YacCTUHOK
Mikponnactuky (MeHw sk 0,5 mm);

4) BU3HaAYeHHS HeiaeHTUdIKOBaHNX YaCTMHOK 3a A0Mo-
Moroto PamaH-cnekTpockonii, Lo NpoBOAMMIOCE Ha anapa-
TypHin 6asi Bigainy ontukm i cnekTpockonii IHCTUTYTY disnku
HaniBnpoBigHukiB iM. B.€. lawkapboBa HAH Ykpainu. 30k-
pema, B focnimkeHHsAX B6yno 3agigHo ofHoKackagHWi crek-
Tpockon MDR-23, OoCHaLleHunn OXONOAXYBaHUM
petektopom CCD (Andor iDus 420, Benvka BputaHis) Ta
mikpockonom "Micromed". PamaHiBcbki cnekTpu 36ymxyBa-
nncs BUNPOMIHIOBaAHHAM TBEPAOTINbHUX Nasepis 3 OOBXMK-
Hamu xBunb 457 HM, 532 HM, 671 HM Ta 785 HM.
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Puc. 7. Mpouec po3YnHEHHS OpraHiYHOI pe4oBMHMU
B NepoKcuai BOAHIO Ta NPOMMBKM B AUCTUNbLOBaHIN BoAi:
1,2 — noYaTKoOBMWI eTan BiACTOIOBaHHSA NPobY B KOHLIEHTPOBaHOMY
po34mHi nepokenay BoaHwo 35 %; 3 — Burnsg BigcenapoBaHoi
BuMCYyLLeHOi Npobu. binbla yactuHa dparmMeHTiB —
3aruLLIKM KOMax Ta iXHi IWYUHKKW, APiGHI ynamku 4epeBuHM

PesynbTtatn

Mig yac po3rnagy Ta cuctematusadii pesynbTatie 6yno
BMKOPUCTaHO kracudikauito HauioHansHOro ynpaeniHHS
okeaHiyHux i atmocdpepHux gocnigxerb CLUA (NOAA) wopo
po3amipHoCTi nmnactukoBux Bigxogis  (Arthur, Baker, &
Bamford, 2009; Collignon et al., 2014). 3okpema, mikponnac-
TUK BU3Ha4aBCs SK oparMeHTn Byab-AKoro Tuny nNnacTuky 3
po3mipom MeHW sk 5 mm (0,20 grorma), Wo yTBOpHTLECA B
pe3ynbTaTi Aerpagauii NNacTMKoBMX BUPOBIB i CPUYNHSIOTL
3abpyaHEHHs], NOTpannsiloyn B NPUPOOHI ekocuctemu 3 pis-
HUX Jxepen (KocMeTuKa, oasr, XxapyoBa ynakoBka Ta npoMu-
cnosi npouecu). IHWa Baroma cknagoBa NIacTMKOBOrO
CMITTS, BigibpaHoro Ha AinsHUi 4OCNimpKeHb, Le — dhparMeHTn
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4YM BUMPOOW i3 CUHTETUYHKX NONIMEpIB, PO3MIp AKUX NepeBu-
wye 5 mm. Binbuwictb Takmx 06'ekTiB, 3a pedynbratamun Ha-
woro npobosigbopy, He NnepeByLLyBana 3a po3MipoM 5 cm.
MonepeoHbLO 3ayBaXKMMO, LLO aHania TWMiB NIacTUKOBMX
nonimepis 3a JOMOMOrOK cnekTpockonii 6yrno 3acTocoBaHo 3
ornsgy Ha Te, WO Nig Yac BidyanebHOro aHanisy GinbLuicTb Yac-
TUHOK MOXe ByTV MOMWUIKOBO iaeHTUdiKoBaHa sik NnacTMachm.

plastic
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Puc. 8. PamaHiBCbKi cnekTpu Ans AeAKMX YacTMHOK NNacTuKy, BiaiGpaHux y xoai gocnigxeHb,
i3 BUKOPUCTaHHSIM YCTaHOBKM Ha 6a3i cnekTtpomeTpa AP C-52

Pa3om 3 Tum cyTTeBa KinbKicTb nonepeaHLo BigibpaHoro
marepiarny, BU3Ha4YeHoro nig MiKpOCKOMNOM 3 BENMKO Biporia-
HICTIO SIK NNacTuK, y npoueci igeHTudikauii cnekrpockonieto
BUSIBUIIACb TBEPAMMM OpraHiyHMMK peLuTKaMu POCIMHHOIO
Y/ TBAPUHHOTO MOXOMKEHHS, LU0 He 3a3Hanu OecTpykuil Ha
cTagii 06pobkn nepokcmaom BogHo. Tak um iHakwe, iHTeHcu-
BHICTb (poTOnOMiHECLEHUT B xoai nabopaTtopHMX BUMIpHO-
BaHb He fJana 3mory igeHTudikysatn mamke 50 dpparmeHTis
y po3amipHocTi 0,5-0,1 MM K CUHTETUYHI nonimMepw.

Y3aranbHeHHA OocnigXeHb 3acBiguMno Hu3Ky dakTis,
30KpemMa:

1. QocnidxeHHs1 npo6 nicky 3a cmaHGapmMHuUMU rpo-
yedypamu BignNoBIAHO yCTaneHM MeTOAUKaM 3 Pi3HUX Ai-
NAHOK NASXXY BUSBUAMW Taki 0COBNMBOCTI:

a) MoBHa BiACYTHICTb YAaCTUHOK NNAacTUKy PO3Mipom no-
Hag 5 mwm;

0) OoMiHyBaHHA (bparMeHTIB CUHTETUYHUX MaTepianis,
NpeAcTaBrneHnx BOMOKHaMWU Pi3HOI AOBXMHM (00 5 MM) Ta
konbopy (puc. 9), 3 nonepeyHnm nepepizom 10-50 mkm. 3a xi-
MiYHUM CKIaZoM BOJSTOKHA BigMOBigaoTh NepeBaXkHO Mominpo-
nineHam, noniectepam Ta nosniamigam, CrocTepiratoTbCst TakoX
OOVHUYHI eK3eMMNITAPM KyrboK niHonoricTupony (puc. 10).

Puc. 9. BonokHa pisHoro Buay i konbopy, BifibpaHi 3a yctaneHot cxemolo npo6oBiacopy i3 3paskiB niwaHoro marepiany
B MeXax MicbKkoro nnsxy M. lOxHe

[oBoni LWMpOKy NpUCYTHICTb BOMOKOH noniectepy B Npo-
6ax nmiwaHoro matepiany, BigibpaHoro TpaguuinHUM MeTo-
OO0M, MOXITMBO MOSICHUTU TaknMn oakTopamu:

1) BigHOCHa MIUHICTb noniecTepy A0 MeXaHiYHUX Bnnu-
BiB, BiH CTiliKVMI 0O Aii CBiTNa, 4EeCTPYKUii MikpoopraHiamamu,
pYMNHYBaHHSA Nig dieto BOAHOIO cepefoBuLLa;
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2) BUCOKa NTOMa LUiNbHICTb MaTepiany — noHag 1,3 ricm®,
LLIO Aa€e 3MOry 3aKpinsoBaTMCh Y NillaHux HaHocax i 3anobirae
BMHECEHHIO B MOPE B Nepioan XBUMLOBOI aKTUBHOCTI.

OueBnaHo, L0 mxeperna HagxomKeHHs LbOoro BUAY Mikpo-
NracTukiB MatloTb NOOYTOBWI XapakTep, a Lunsxamyv Hagxo-
[DKEHHS1 MOXYTb OYTW SIK TPAH3WTHI, TaK i MiCLIEBi BOAHI NOTOKW.
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LLloao HasiBHOCTI HE3HAYHOI KinbKOCTi YaCTUHOK, npea-
CTaBMeHnX NiHOMOiCTMPONOM 3 BUPO6iB HEBN3HAYEHOTO re-
Hesncy, MOXHa MpUNYyCTUTU Take. 3BaaluuM Ha 3Ha4vHy
KinbkicTe cpparmeHTiB 6e3npecoBoro niHononictipony, Bigi-
OpaHuX y Mexax AinsHKX JOCNigKeHb iHLWIMM MeToA0M (onu-
CaHWU HWXKYE), MOXHa BBaXxaTu, Lo cepa 3acTocyBaHHS

NEPBUHHUX BUPOOIB i IX MOXOMKEHHA — OyAiBHMLTBO un
cchepa nocnyr (nakyBanbHMI maTepian). BogHouac ix Big-
HOCHO BMCOKa LUiMbHICTb | TEMHWUI KOSip, BipOrigHO, 3yMOB-
JNIOKTLCA XiMIYHMM BNAMBOM MOPCBKOI BOAW, TpuBanum
nepebyBaHHAM Y Mexax rgpoanHamiYHO aKTUBHOI 30HW Ta
BMMMBOM COHSIYHOI pajiauii.

Puc. 10. YacTuHkm, npeacTaBneHi niHononicTMponom i3 3paskiB nilaHoro matepiany B Mexax Micbkoro nnsxy M. lOxHe
(dboTo i3 pizHUM 36inbLIEHHAM)

OTxe, MOXHa KOHCTaTyBaTW, LLO OOCHIOKEHHS 3acBia-
YMM HU3LKY iHOpPMaTMBHICTL Npobosigbopy B Mexax
Micbkoro nnspky HOXHOro 3a ycraneHotw B niTepaTypHUX
OXepenax CXemor CyLinbHOro Biabopy 3paskiB noBepxHe-
BOro LWapy nilaHux Bigknagis 3 noganblio nabopartop-
HOO cenapadieto MiHepanbHOI Ta OpraHiyHol CKNagoBuX.

2. MeTton ¢hinbmpauii nomokie eodu noeepxHeeoz20
CMOKy [OCNIfXEHb BUSBMBCS 3HAYHO €(eKTMBHILMM —
KiNbKiCHi Ta sIKiCHI XapaKkTepucTUKM BigibpaHOro CUHTETUY-
HOro Mmarepiany 3acBiguunu HM3Ky OcoGnMBOCTEN KOro
YTBOPEHHS, PO3MOAiNy Ta HaOXOMKEHHS B MeXi NNsKy.
Mo-nepLue, NOPIBHSIHHA KOMMOHEHTHOrO CKnagy OCHOBHUX
rpyn 3a po3mipom BKasye Ha JOMiHYBaHHS 3a KiflbKiCHUM Mo-
Ka3HMKOM YaCTUHOK po3Mipom meHL Ak 0,5 mm. OgHovacHo
3a 3aranbHuM 00csrom BigibpaHoro matepiany GinbLicTb
CTaHOBNSATb (bparMeHTM MnacTuKy Ta NNacTuKOBi BUpoOH,
po3Mip fkux (B ofHin 3 nnowuH) nepesuwye 0,5 mm. Cnig
3a3Ha4UTK, LLO NOAIN 3a pO3MipOM € AOCUTb YMOBHUM, 3Ba-
)Karum Ha 3HaYHy KinbKiCTb NiHiNHMX 06'EKTIB | TakmX, L0 Ma-
I0Tb  HeLinbHYy CTPYKTYpy | MOXyTb Apobutuch uum
posknagaTuchb y NpoLeci NigroTosku Npod [0 AOCHiAXEHb.

3a XxiMiYHMM cknagom OinbLUICTb YaCTUHOK — MOXiaHI BK-
pobie 3 nonieTuneHy Yy NoninponineHy i MakTb BiANOBIAHY
LLINBHICTb HWXYY 3a oanHULKD. CnekTp BUpoGiB UM dparmeH-
TiB BUpOOIB, LWiNbHICTL KMX cArae Binblue oauHWLI, gocTaTt-
HbO 3HaYHUI — Lie pubanbCbki NpuUNaaas, enemMeHTH irpaLlok,
a Takox cpparmeHTV ogsAry Ta M'skux Mebnis (moponoH). CyT-
TEBUIA CerMeHT Yy BigibpaHmx npobax 3arMaroTb TakoX Mori-
Mepu, WO Hanexatb [0 YTBOPEHWX 3 MNPUPOAHUX
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(HECVMHTETWYHNX) KOMMOHEHTIB — LIMrapkoBi (inbTpu pi3HOro
CTyNeHs1 po3kNnaZaHHs, Lo CKraJatoTbes 3 ouToBOro edipy
uentonosn. OanMHUYHI enemMeHTV Npob — ryMoBi BUpoGK um ix
(bparmMeHTU, OCHOBY SIKMX CTAHOBUTb KayyyK, TakoX He MOXHa
BiHOCWTW OO0 Krnacy CUHTETUYHUX MaTepianis.

3 igeHTudikoBaHMX bparmMeHTiB 4M Linmx BupobiB 3a
rocnogapCbkUM MpU3HaYeHHAM OBinbLIiCTb HanexwTb A0
ranysi xap4oBOi MPOMMCIIOBOCTI, 0COONMMBO B pPO3MIipHil
rpyni >0,5 Mmm.

Hwxuye B 3BegeHux Tabnuusax (tabn. 1, 2) npeacras-
NEeHO HaMTMNOBILLI oparMeHTU Yn BUPOGU 3 NNacTMKy, LUO
6yno 6e3nocepeaHbO BifibpaHo MeTogoM inbTpaLii 380-
POTHMX XBUIbOBMX MOTOKIB y MeXax TPbOX TOYOK Bigbopy
npo6 nnsxy M. KOxHe.

AHanis posnoainy gparmMeHTiB N1acTUKy BigHOCHO TOYOK
npo06oBigdopy B Mexax pPi3HMX QiNsIHOK NIIsKy 3acBigymB 3a-
ranbHy TeHAEeHLio 30inbLUIEeHHS iX KiNbKOCTI Ta pi3HOMaHITTA
B LEHTpanbHiin 4YacTuHi (3a BMLLEHABEOEHOK CXEMOH)).
Takin 3aKOHOMIPHOCTI, Ccyasiun 3 06'EKTUBHMX NPUYMH, € ABA
NOSICHEHHSI, AIKi HE [alTb 3MOry BU3HAYUTU HaAWBMIMBOBI-
WK hakTop Ta B3AEMOBMKIOYAKOTL BMMUBU O4HE OHOIO.
3okpema, Lie MOXHa po3rnsaaaTth Sk NpsaMUin 3B'a30K MK CTy-
neHeM 3acMiYeHHs NIIsHKy Ta KinbKicTHo BiANOYMBanbHUKIB, a
TaKoX K 3MiHM NPUPOAHMX (haKTOpiB po3noainy ocagoBoi
PEYOBMHM Y XBUNENPUBIHIA 30HI. OcTaHHE NOB'A3aHe 3 Ha-
OnvkeHHsM nepudepiiHnx AinsiHok Bigbopy Ao abpasinHux
KnichiB, a TakoX 3MiHOK rpaHyrioMeTPUYHOro ckragy nicky
Ha Ginblw ApiGHOAMCNEPCHUIA NOPIBHSIHO i3 LIEHTparbHOK
YaCTUHOK MASXKY.
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OcHoBHi igeHTUdikoBaHi (NpeAcTaBHULbKI) KOMMOHEHTU NIACTUKOBOrO CMITTSA

Ta6bnuys 1

(Ta npoaykTiB NoniMepisauii NPMPOAHUX KOMMOHEHTIB), BigibpaHi wnsaxom c¢inbTpauii 3BOPOTHUX NOTOKIB BOAU
B HanpsIMKy cyxogin — Mope, CIPUYMHEHMX XBUIbOBOK aKTUBHICTIO B MeXaXx NniisikeBoi 30HU M. KOxxHe po3mipom noHag 0,5 cm

. . LWinbHicTb, rlcm® YMOBHUMA
06'ekT TunoBun Burnag Bup nnacTtuky .
(3a xapakTepucTukamm) BigCOTOK
. . MoninponineH (PP
LLlinbHI 06ropTku pomr (. )
- CUHTETUYHUIA Nofimep, 3 3Ha4yHa
BiJ LIyKepoK, . 0,9-0,93 r/'cm i
- npoaykT noniMepur3aadji KinbKiCTb
ix chparmeHTn ;
nponineHy
TN Moninponinex
OpHopa3sosi Tpyboyku CVHTETUYHMI nonimep, 0.9-0.93 rfem® 3Ha4yHa
ONs HanoiB npoaykT noniMmepusadii o KiNbKiCTb
nponinexHy
AueTaTHe BOJTOKHO —
. OLTOBUI edhip Lentonosu
Linrapkosi H - tip 4 cyTTeBa
. (aueTinuentonosa), s
dinbTPY ) A KiNbKiCTb
npoaykT nonimepisadii
NPUPOAHUX KOMIMOHEHTIB
o MoninponineH
[InacTukoBui nocyg. CUHTETUYHUI Nonime| cyTTeBaa
doTo: hparmeHTn h P, 0,9-0,93 r/icm® yTTe
; npoaykT noniMepm3aadji KinbKicTb
cTakaHiB .
nponinexy
CUHTETUYHI noniaMuaHi
dparmeHTV prbonoBHUX ) 3 He3Ha4Ha
. mMaTepianu 1,01-1,24 r/cm S
3Hapsiab, 30KpeMa CiTku . KiNbKiCTb
(HEeWrnoH, KanpoH)
. MonieTnneH Bucokoi
MnacTuKoBI KPULLIKK . )
. LLiNbHOCTI, HN3bKOTO TUCKY
BiJ NNALWOK .
. HDPE), nonimep 3 He3Ha4Ha
Ta iX hparmeHTH, . 0,93-0,97 ricm S
anicgaTuyHoro KiNIbKiCTb

BTYIIKM, YLUiNbHIOBaYi
nig MeTanesi KpULLKK

OpraHi4yHOro BYrneBogHs
onediHOBOrO psiAly eTUneHy

dparMeHTn Ym cKnagosi
NNacTMKOBMX irpaLuok,
30Kkpema "nero”

ABC-nnactuk
(AkpunoHiTpun-
byTagieHcTnpon),
yAapoMiLHa TexHiYHa
TepmonnacTMyHa cMona
Ha OCHOBI Kononimepy
aKpUnoHITpuIy
3 ByTagieHoMm i cTuponom

1,080 r/cm®

OKpeMi ek3em-
nnspu

dparmMeHTV rymm
Ta ryMoBi CTpiyKu

HaTypanbHumn
UM CUHTETUYHUI KaydyK

[ns ineHTndikoBaHmnx
dparmeHTiB —
1,2-1,28 ricm®

OKpeMi ek3em-
nnspu

dparmeHTU oasry.
doTo: aTnacHa cTpiyka
3 CUHTETWUYHOrO BOSOKHA

MNoniectepn — nonimepwu,
ofepXKyBaHi
nonikoHAaeHcawie
6araTtooCHOBHMX KACMOT
3 baratoaToOMHUMM
cnvpTamu

1,38 ricm®

OKpeMi ek3eM-
nnspu
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Tabnuys 2
OcHoOBHi igeHTUdikoBaHi (NpeacTaBHULbKI) KOMMNOHEHTU NNACTUKOBOIO CMITTS,
BiAiOpaHi Wwnsaxom inbTpauii 3BBOPOTHMX NOTOKIB BOAU B HanNpsiMKy Cyxoain — mope,
CNpPUYMHEHUX XBUITbOBOK aKTUBHICTIO B MeXaX nnsxeBoi 30HU M. KOxHe po3mipom MeHL 5ik 0,5 cm
. iNnbHiCTb MpnbnusHumn
O6'ekT TunoBun Burnag Bup nnactuky L s p_
ricm BiACOTOK
. MoninponineH PP, .
[pi6Hi doparmeHTn ninp .. 0,9-0,93 r/cm® 3Ha4Ha Kinb-
. MonieTuneH HU3bKOI 3 .
OropToK, NakeTiB . . 0.91-0,96 r/cm KiCTb
winsHocTi (LDPE)
CUHTETUYHI
BOMOKHa Moniamia, .
Lo h 3 3Ha4Ha Kinb-
KOMbOPOBI Pi3HOI noniecrtp, 0,95-1,38 r/lcm KiCTh
LOBXWHU noninponinex
Ta po3mipy
. 1,069-1,125
Y npobax gikcyBaBcs 3 . .
. _ r/cm® (gns noni- 3HaYyHa Kinb-
3epHa niHonnacty Ges3npecoBuii ¢ .
. . nponineHy He KicTb
noninponinex .
CrMiHeHoro)
B 6inbwocTi —
®dparmeHTn WiNbHWIA NNacTuK
4Yn cknagoBi HENpo30pui, pPi3HNX
A posopud, p . 0,9-0,96 r/icm?; cyTTeBa
nnacTMKoBMX KOmNbOpIiB, FOCTPOKYTHI 3 A
A noHag 1 r/cm KinbKiCTb
BMPOGIB HEBU3HaYeE- yrnamku, 3a ckrnagom —
HOI HaneXHocTi noninponineH,
nonietTunex
AueTaTHe BOMOKHO —
®dparmeHTH uurap- ouToBUI edip pocraTHs
KOBMX INbTpiB Lenonosn KinbKiCTb
(aueTunuentonosa)
MiHononiypeTtaH
CUHTETUYHUIA
nopucTui martepian He3HayHa
MopornoH puctv arep 1,18 rlem® Cone
Ha OCHOBI NnoniypeTaHy, KinbKicTb
B npobax dikcyBaBcs
enacTU4HUIA NOPONoH
Ynamku ogHopaso- - He3HayHa
AHOP MonicTipon 1,07 riecm® Cene
BOro nocyay KinbKiCTb
®dparmeHT pubonos- . L
CUWHTETUYHI noniamigHi
HUX 3Hapsab Ta . J 3 He3HayHa
: ; marepianu (HeWnoH, 1,15 r/cm Nl
iHLWe — BUTI MOTY- KinbKiCTb
; . KanpoH)
3KM, CUHTETUYHI HUTI
YTBOpPEHHS HEBU- IHTEHCUBHICTb O6'exTn
3Ha4YeHoro cknagy doTontomiHecUeHLii YTPUMYIOTbCSH
Ta reHesucy, Bi3dya- B xofi NabopaTopHux Ha nnasy B 3HauHa
nbHO cnpunma- BMMIipIOBaHb He Jana | KOHLEHTPOBaHOMY KINbKICTD
10TbCA AK 3Mory igeHTudikyBaTn PO34UHI

aHTponoreHHa ckna-
foBsa

K pparmeHTn
nnacTmky

XJTOPUCTOrO UNHKY
(0,18 ricm®)
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Ouckycisi i BACHOBKK

Mo-nepLe, cnig 3a3Ha4ynTy, WO 3aCTOCOBaHUN HaMn Me-
ToA QpinbTpauii MiKponnacTuKy 3 NoBepXHEBUX BOAOTOKIB,
He3Ba)kaloun Ha pe3yrnbTaTUBHICTb, HE € METOANYHO OBI'pyH-
ToBaHMM cnocobom npobosinbopy, i Le NoKM Lo YHEMOX-
TNNBAIOE KiMNbKICHY OLHKY BMICTY CUHTETUYHWUX MnonimepiB y
MeXax NIsPKHUX 30H. 3 iHWOoi BOKY, MOXIUBICTb KOHLEHTPY-
BaHHs1 (pakTMYHOro marepiany B npoLeci nacnBHOro npo6o-
Binbopy 3a [pgonomorol nacTok i3 inbTpyBanbHOro
nomnoTHa, SKi JOUiINbHO BCTAaHOBMIOBATM Ha LUMsiXax 3BOPOT-
HUX XBWMbOBWUX BOAOTOKIB, Aae 3Mory 6inbl AeTanbHO
Ta NMOBHO BMBYaTK PO3MNodin Ha y3bepexoksx Hanbinbw mo-
6inbHOT CKNagoBOI NMACTUKOBOrO CMITTS Ta MiKPOMACTUKY.
Y ManbyTHbOMY Takvii METOAMYHUIA Miaxig MoXe Crnpusitn
CTBOPEHHIO Ta JOCNIgHIN ekcnnyaTauii MmacwTabHMx cTauio-
HapHMX MNacToK i3 3HAa4YHUM TEPMIHOM eKkcno3uuii, NpUHLK-
nomM poboTu sikmx Gyae OCHOBaHMI Ha cenapawii MOPCbKOro
CMITTS y XBUINbOBIl 30Hi y36epex (NnsxiB) nig yac wropmis
32 paxyHOK pyxy BOOHWX MOTOKIB y NPsIMOMY i 3BOPOTHOMY
HanpsiMkax (EmenbaHoB Ta iH., 2023).

Hawi pocnimkeHHa 3acsigyumnn, LLO OCHOBHA 4YacTuHa
NNacTUKy Mae BUCOKY MirpaLiiHy 34aTHICTb y MexaXx NpubinHnX
JiNsHOK, L0 BU3HAYAETHCSt NEPEHOCOM MOTOKAMU NIOLLMHHOTO
CTOKY B Mepioay XBUNbOBOI akKTUBHOCTI Ta BiACYTHICTIO cTanoi
KOMIMOHEHTMU B TOBLL MiCKy B Mexax nnsiky. BogHovac Takox
BinOyBa€eTbCA aKTUBHE MEPEHECEHHS 3BOPOTHUMU XBUIbO-
BMMMW MOTOKaMV MiHepanbHOI NPUPOAHOT KOMMOHEHTY MiLLaHOT
Ta aneBpuUTO-NEniTOBOI PO3MIPHOCTI, a TAKOX doparMeHTiB nna-
CTUKIB, LLINbHICTb SIKMX BULLA 32 OOUHULLIO.

IHWO BM3HAYEHOK OCOGMMBICTIO € hakT nepeposno-
Ainy MiKponNnacTuKy B MexXax NNsHkHOI 30HM, Le (iKCyeTbes
nepeBaxHO B Npobax NOBEPXHEBOro Lwapy nicky, Wwo Biadu-
panucek CTaHgapTHMM MeToAOoM. Y nillaHux Bigknagax 3 To-
Yok 1 Ta 3 (puc. 1) cxigHoi Ta 3axigHoi KpanoBMX YacTUH
NASPKY KiNbKICTb OAMHULB MIKPOMNMacTUKy 3HAa4YHO MeHLa,
HiXK Y LeHTparnbHin YacTuHi. Lle Mmoxe cBiguMTn SK Ha Ko-
pPUCTb MPUMYLLEHHS, LU0 NepeBaXHa KiNbKiCTb 3anuLuKiB Mno-
nimepHux BMpPOGIB Ha nNNsxi noe's3aHa 3  MicLEeBMMMU
JXepernamMmum HagxoKEHHs!, TaK | Bka3yBaTWu Ha Pi3Hi npupo-
OHi reoMopdOrnorivyHi YMOBU — akTUBHY NiTOAWHAMIKY HaHO-
ciB BYy3bkux MNNskiB y Mexax OeperoBux ycTyniB, WO
po3MumBalTbCA. Ha KOpuUCTb OCTaHHbOI Bepcii CBigYUTb i
daKT BiACYTHOCTI obkaTaHOCTI Y BigLWNihoBaHOCTI rocTpmx
KyTiB BifibpaHux 3paskiB nnacTukis, Lo, BipOrigHo, € 03Ha-
KOlo HeTpuBanoro nepebyBaHHS yramKiB y Mexax rigpoau-
HaMi4YHO aKTUBHUX 30H MOPCBKOI0 y30epexoks.

MokaszoBuM hpakTom € Te, WO ANd PisHUX KaTeropin pos-
MIPHOCTi NNacTUKOBMX (pparMeHTiB 4OCTaTHLO KapauHanbHO
3MIHIOETBCA iX BMAOOBMM cknad. [loniMepHi CUMHTETWUYHI
06'ekTV po3mipom noHag 1 cM npeacTaBreHi NepeBaxHo Mno-
ninponineHom, nonicTMponioM Ta Bupobamu 3 norieTuneHy
BMCOKOI LiNbHOCTI, GinbLICTb 3 SKMX CTOCYHTbCA Xap4oBOi
NPOMUCIIOBOCTI, @ B €KOHOMIYHOMY CeHCi — chepu nocnyr
(opHOpasoBuMi nocya, pisHOMaHITHa xap4yoBa ynakoBka, Tapa
NS HanoiB, iH.). Y kaTteropii 6inbLw apibHoI po3mipHocTi nna-
CTUKOBWX (DparmMeHTiB pO3LLMPIOETLCS SIK BUAOBUIA CNEKTP MOo-
nimMepiB, TaKk i iX HaNexHiCTb [0 Pi3HNUX EKOHOMIYHMX
CErMeHTIB BMKOPUCTaHHS, BOAHOYAC, BipoOrigHO, NPOOOBXYE
JOMiHyBaTu nobyToBa ckragoBa Ta cdepa po3sar.

CUHTETUYHI BOJIOKHA, LLI0 CTaHOBNATL binblUicTb 06'ek-
TiB HaWAPIOHILWOI rpaHyNnoMeTpuYHOI dpakuii — MeHW siK
0,1 MM, NPUCYTHI NOBCIOAHO i B 3HAYHOMY KiNbKICHOMY
cknagi, po3pi3HAYNCh BidyanbHO 3a TakuMy napameTpamu,
SIK KONip i AOBXMHA.
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Omxe, CniBBIgHOLLIEHHSI KaTeropivi po3mipHOCTeN Bigid-
paHUX KOMMOHEHTIB NMacTUKIB Ta MIKpONIacTuKiB 3a 3ara-
NbHUM BMICTOM Yy npo6ax 3acBiaynno HU3ky ocobnmeocTten
Pi3HNUX TEMATUYHUX FPYN CUHTETUYHUX noniMmepis. [JomiHyto-
YOO KaTeropieto € NNacTMKOBUIA OQHOPA30BWIA NOCY/ Ta ak-
cecyapu AN xapyyBaHHS, §Ki, BiporigHo, cnig BBaxaTu
ernemMeHTOM BMMMBY MICLEBOro XapakTtepy Ta MOXiaHO
cdepu nocnyr. MNpoTe, Akwo B abcontoTHOMy 06cs3i i Maci
06'exTiB 6€3YMOBHO AOMiHYIOTb CUHTETUYHI nonimepu pos-
MipHicTio noHag 0,5 MM, TO B KiflbKiCHOMY BiHOLLEHHi Han-
lmMpLle npeacTaBnieHa Karteropis MikponnacTuky. Takox
BWHWKAE OriYHe NUTaHHS LWOAO KapAnHanbHOI 3MiHK BUAiB
NNacTuKiB (3a XiMiYHUM CKIagoM, EKOHOMIYHVMM NPU3HaAYEH-
HSIM TOLLLO) ANS Pi3HMX KaTeropil ix po3aMipHOCTi — e akyMmy-
noTbCA  MIKpOMMacTMkM  —  MPOAYKTW  po3knagy
NNacTUKOBOrO CMITTS, NPEACTaBMNEHOro y CKnafi NisKHUX
HaHOCIB, i 3 IKUX [xepern Ta 00'ekTiB, BiACYTHIX y cknagi Lmx
KOMMOHEHTIB Y Mexax OinsHK1 JocnigKeHb, HaaXoauTb 3a-
(pikcoBaHa ApibHoancnepcHa KOMMOHEHTA.

TakoxX y pamkax NpoBeAeHUX OOChigKeHb HEMOXIMBO
BM3HAYNTU, 32 HASIBHUM (haKTUYHUM MaTepianom Ta oTpu-
MaHMMU pe3ynbTaTamu, Bary Ta po3nogin akropis BNAney
Ha 3aCMiYeHHsI NacTUKOBMMU BUMpoGamu Ta MikponnacTtu-
KOM nniskeBoi 3oHW. Ha ue mir 6u gaTn BignoBiab MOHITO-
PVHT OiNsIHKM NPOTSAroM PoKy, 30KpeMa B Pi3Hi Ce30HU, Konu
3MIHIOETbCSA aHTPOMNOreHHe HaBaHTaXXeHHS MiCLEeBOro xapa-
KTEepY 4K 36inbLUYyETHCA XBUIbOBA aKTUBHICTL MOPS.

BHecok aBTopiB: Bonogumup €menbsHoB — KoHLenTyanisawjsi,
MEeTOA0S10rist, HanuUcaHHs (Nepernsf | pefaryBaHHs); €sreH HaceakiH —
KOHLienTyanisauis, MeTodomnoris, HanMcaHHsa (opuriHanbHa YepHeTKa,
nepernsg i pegarysaHHsl); OneHa IBaHik — KoHUenTyanisaLis, MeTogo-
norisi, HanucaHHsA (opuriHanbHa YepHeTka, Nepernsg i pegaryBaHHs);
Tamapa KykoBcbka — HanncaHHs (nepernsg i pegarysaHHs); Bonogu-
Mup KOXuMYyK — nporpamHe 3abesneyeHHs, hopmanbHUA aHanis, Ha-
nucaHHa (nepernsg i peparyBaHHs), OnekcaHgpa MutpodaHoBa —
hopmanbHWI aHanis, HanvcaHHs (nepernsag i pegaryBaHHs).

Mopsikn, axepena diHaHcyBaHHA. [poBeAeHHs AocnioXeHb
3a BigMOBIAHO HAayKOBOK TEMAaTUKOK CTano MOXIMBUM 3aBOSKU
nigTpumui €BponencbkMM NPoeKTom 3a nporpamoto Horizon 2020
DOORS (Developing Optimal and Open Research Support), rpaH-
ToBumi gorosip 101000518.
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DISTRIBUTION OF MACRO- AND MICRO-PLASTICS WITHIN THE BEACH ZONES OF INTERCONTINENTAL SEAS
(CASE STUDY FOR YUZHNE CITY, UKRAINE)

Background. Suburban beaches within the Ukrainian coast of the northwestern shelf of the Black Sea, taking into account the density of
industrial and social infrastructure, the proximity to the confluence of large rivers with significant catchment areas into the sea, are indicative of
objects for carrying out regulatory studies of the distribution of plastic waste and microplastics in the components of the environment.

Methods. Theregularities of the distribution of plastic waste and microplastics within the coastal zone of the north-western part of the Black
Sea were determined using the example of test sites in the city of Yuzhne (Odesa region, Ukraine). To analyze the quantitative and qualitative
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characteristics of the synthetic material and to determine the features of its formation, distribution and accumulation in the coastal zone, the method
of filtering water flows of the surface runoff was used. Visual analysis of plastic polymers was performed and their types were determined using
spectroscopy and OPUS 7.5 software.

Results. The results of Raman spectroscopy studies proved that the majority of selected samples of macro- and microplastics are
represented by polypropylene, polyethylene and polystyrene. It has been confirmed that the main part of the plastic has a high migration capacity
within the coastal areas, which is determined by the transport of runoff during periods of wave activity and the absence of a permanent component
in the sand layer within the beach. It was determined that for different dimensional categories of plastic fragments, their species composition changes
radically. Polymeric synthetic objects larger than 1 cm are represented mainly by polypropylene, polystyrene, and high-density polyethylene products.
In the category of finer dimensions of plastic fragments, both the species spectrum of polymers and their belonging to different economic segments
of use is expanding. Synthetic fibers, which make up the majority of objects of the smallest particle size fraction - less than 0.1 mm - are present
everywhere and in significant quantitative composition.

Conclusions. Research shows that the parameters of the coastline (width, length, slope, shape, presence of vegetation, anthropogenic
variability), hydrogen processes and the geological structure of the coastal zone have a significant impact on the formation of the conditions for the
accumulation of plastics and microplastics. In order to further study the factors influencing the pollution of the beach area by plastic products and
microplastics, monitoring studies are needed within the presented test areas.

Keywords: pollution, plastic waste, microplastic, Black Sea, coastal zone, lithodynamics.
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REMOTE IDENTIFICATION OF MICROSEDIMENTAL RELIEF FORMS AND SOIL SECTIONS
OF AGROLANDSCAPES OF THE FORESTS OF UKRAINE WITH SIGNS OF HYDROMORPHISM

(MpedcmasneHo 4neHoM pedakyiliHoi Kosneaii 0-poM 2eosl. Hayk, cm. docnidHukom O.l. MeHbwosum)

Background. Agricultural lands play a key role in ensuring the food security of the population and the development of the
country's economy. However, excessive wetting poses a significant threat to these lands, as a result of which the conditions for the
formation of soils with signs of glaciation and low fertility are formed within the lower relief elements, which significantly reduces their
potential. In order to highlight the problems of geospatial identification of micro-recessed landforms (MRLF) on agricultural lands, the
article uses spectral indices based on the data of RSE.

Methods. 6 spectral indices were selected for the research. They were used to obtain data on areas of soil subsidence on arable
lands, namely: NDWI, NWI, NDMI, NDVI, OSAVI, WRI. Solving research tasks involved the use of data from the Sentinel-2A satellite system.
In order to visualize the spread of MRLF on the research territory, a high-resolution image (0.2 m per 1 pixel) obtained in the "Digitals
Professional 5.0" software was used. Processing and geospatial visualization of the RSE data were performed in the Arc Map environment
of the Arc GIS 10.8 program using the raster calculator tool.

R e s ults. Within the reference fields, the dynamics of the values of water and vegetation indices were constructed and analyzed,
and the identification ability for the geospatial separation of soil areas with signs of hydromorphism was evaluated. It is shown that the
identification capacity of the indices depends not only on the level of soil moisture, but also on the biomass of vegetation (scales of crop
damage), which is indicated by the high information capacity of the traditional vegetation index NDVI. The most informative index ranges
were established: for NDVI, the range is from -0.117 to -0.024 with an identification percentage of 98.0 %; for OSAVI — 78.0 % with a range
of 0.255-0.313; for NDMI with a range variation of -0.041 to -0.149 and an identification percentage of 56.0.

Conclusions. The results of remote identification of the areas of the MRLF enabled to obtain information about the moisture
content of the soils of the arable lands of the research area. The ability of the specified indices during the geospatial identification of micro-
recessed landforms (MRLF) and soil areas within them with signs of hydromorphism was evaluated.

It is demonstrated that the use of orthophotos with a resolution of 0.2 m per 1 pixel serves as important supporting aids of successful
completion of the specified tasks. It was found that the identification ability of water indices on test fields without existing vegetation is
too low. On the other hand, the shielding of the soil surface by vegetation with areas of damaged crops makes it possible to isolate MRLF.

The obtained information can be used during the development of the methodology of soil science surveying and planning of large-
scale soil survey activities.

Keywords: micro-recessed landforms (MRLF), subsidence, remote sensing of the Earth (RSE), spectral indices of
vegetation and moisture.

Background importance for preserving soil fertility, ensuring the

The study of the condition of the soils of agro-landscapes
is one of the urgent problems related to important aspects of
the modern functioning of any state. Agricultural lands play
a key role in ensuring the food security of the population and
the development of the country's economy. However,
excessive moisture poses a great threat to these lands, as
a result of which the conditions for the formation of soils with
signs of glaciation and low fertility are formed within the
lower relief elements, which significantly reduces their
potential. To solve the problems of geospatial identification
of defined areas of soil cover and areas of lowered relief
elements on agricultural lands, methods of remote sensing
of the Earth (RSE) are increasingly being used. The use of
RSE tools makes it possible to obtain up-to-date and
accurate information about the condition of individual plots
of land, monitor, control and forecast the impact of various
factors on their condition. The study of this issue is of great

sustainability of ecosystems and their stability. In addition,
the development of algorithms for the automated
identification of areas and areas of soil cover that are in a
state of periodic and long-term waterlogging is important,
because they provide for the possibility of isolating soil
areas with signs of siltation and siltiness.

Micro-recessed landforms (MRLF) are known to be small
hollows and depressions on the surface of the soil that arise
under the influence of various processes (for example,
erosion, landslides, waterlogging, and others). They can
have a diameter from several tens of centimeters to several
meters, a depth of several tens of centimeters and a shape
of various complexity (Romanchuk, 2018). MRLF, as a rule,
has a mostly negative impact on agriculture. However, in
some cases, they can provide soils, especially the ones of
light granulometric composition, with the characteristics of
siltiness, which slows down unproductive infiltration along
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the profile and moisture loss and can be useful in dry regions
or in conditions of reduced rainfall. At the same time, it
should be borne in mind that the forms of relief mentioned
above can be the cause of flooding of low-lying areas of the
ground cover, which reduces the yield of cultivated plants or
leads to their death.

As it was mentioned before, one of the key topics of
research in the field of soil quality and condition research is
the detection of subsidence or micro depressions that are
formed in the fields. To study and monitor subsidence,
scientists use data obtained from satellites, aircraft and
other means of remote sensing. These data allow getting
detailed information about changes in relief, soil moisture
and plant parameters in the field. It is worth noting that the
study of the formation of relief conditions at different levels
of soil moisture can be carried out using two main
approaches. The first one is based on the remote diagnosis
of soil free from vegetation, when the value of the NDVI
index does not exceed 0.1. The second one involves the use
of RSE tools on areas of the ground cover covered with
plants (shielded soil). The condition of the plant cover
indirectly indicates the level of favorable conditions for their
functioning under the influence of many factors, in particular,
the availability of soil moisture (lack of moisture or its
excessive amount) (1) and the level of their fertility (II), which
largely depends on the presence of siltiness signs. The
latter, as it is known, significantly reduces soil productivity
due to the presence of toxic compounds in them.

Field research of MRLF is interdisciplinary in nature and
it involves the work of scientists from various fields, such as
geology, soil science, agronomy, hydrology, and others. It is
aimed at understanding the causes of subsidence,
determining their scale and developing effective strategies
for managing soil and land resources. In particular, the
problems of classification of MRLF that developed on
agricultural lands of the reclamation system "Kuchynivka",
located in the Shchor district of the Chernihiv region, were
studied. In the work (Romanchuk, 2018) based on Sentinel-2
images and the NWI water index, soil moisture and MRLF
were studied, as a result of which a map of soil surface layer
moisture was constructed and the high efficiency of using
the selected index for evaluating evapotranspiration was
established . The use of the method of soil moisture
research based on space images is described in the article
of S.0. Dovhyy (Dovhyy et al.,, 2020). In the work
(Slobodianyk, 2016), the methods of forecasting the yield
of agricultural crops using remote vegetation indices PVI,
SAVI, TSAVI, ARVI, GNDVI, NDVI were investigated,
which made enabled to identify the problem areas of
suppressed vegetation. In this case, it should be
understood that crop yield data may indirectly indicate
unfavorable moisture conditions that have arisen within the
boundaries of the MRLF plots.

The causes of subsidence of the soil cover in the Central
Valley, California were explored in the work (Stanko et al,
2019), where with the help of a model of the hydrological
regime of the Central Valley created in GIS, the patterns of
subsidence and their consequences were revealed in detail.
The research investigated the features of using multispectral
remote sensing from aboard an unmanned aerial vehicle
(UAV) for mapping the state of water stress in corn in a farm
which included the analysis of changes in the basic values
of water stress and the corresponding values that are not
associated with transpiration. The results demonstrated a
high correlation between some vegetation indices and the
water stress index. The specified demarcation made it
possible to more clearly identify the regularities of the
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influence of various factors on the formation of water stress
in plants, including the conditions of the MRLF.

Therefore, it should be stated that the study of formation,
development of MRLF and territorial distribution of soils with
signs of glaciation is an important scientific problem.
Conducting an assessment of the structure of the soil cover
should include remote identification of the above-mentioned
areas, as well as provide for the development of algorithms
for determining the danger of deterioration of their condition.

The article is devoted to the study of the features of the
use of specialized indices of the state of vegetation and soil
moisture obtained from the data of the RSE for the
identification of MRLF with areas of soil cover that have
signs of glaciation and calculation of their areas. The work
solves the problem of developing an algorithm for the remote
identification of defined problem areas of the soil cover
based on the established ranges of water index values,
characteristic of such areas. The geospatial separation of
areas of the MRLF with areas of soil cover that have signs
of glaciation involves a combination of spectrozonal images
of the earth's surface and ultra-high resolution orthophotos.

The purpose of this study is to analyze areas of
subsidence of agricultural land using remote sensing
technologies, to substantiate the feasibility of their use to
assess the condition of soils with signs of hydromorphism
and to ensure the rational use of soil and land resources.

To achieve this goal, an analysis of literary sources is
provided, data from field studies is collected and processed,
and data from the RSE are used to obtain accurate maps of
subsidence areas. The results of the research can become
the basis for the development of effective methods of
automated inventory of MRLF with soils with signs of
siltiness located within them.

MRLF pose a problem for the use of agricultural land,
because they concentrate excess moisture, which inhibits
the formation of biomass of most plants. In addition, soils
with gley genetic horizons are characterized by obstruction
of vertical movement and horizontal redistribution of excess
moisture, which creates anaerobic conditions for further gley
formation. At the same time, oxides of iron and aluminum,
which are toxic, are formed in the soil. Such soils have a low
level of fertility, low productivity and quality of the crop.
According to (Sherstyuk et al., 2021), an increase in
production costs leads to a decrease in its profitability,
environmental pollution and other related problems. In
addition, MRLF can increase the risks of water erosion of
soils and deflation, which in turn leads to physical losses of
the soil, and as a result, to the development of practically
non-renewable processes. That is why it is important to
study MRLF in the fields of the research area. Boryspil
district is located in the Kyiv region and is of great
importance for the agriculture of Ukraine (fig. 1).

Characteristic elements of the relief in the research area
are old rivers, lake depressions and dune formations
(Martyn, Osypchuk, & Chumachenko, 2015). The
background soils are: sod-podzolic soils on ancient alluvial
and water-glacial deposits, moraine and loess rocks;
podzolized soils mainly on loess-like rocks; meadow and
chernozem-meadow soils on alluvial deposits; sod clay soils
mainly on loess-like rocks. The research area is
characterized by a high concentration of agricultural
enterprises that specialize in the cultivation of plant
products. Therefore, the efficiency of the use of agricultural
land is an important component of achieving the maximum
yield and ensuring the food security of the state. Micro-sags
(subsidence) of soils in the research territory, which belongs
to the Polissia zone of Ukraine, is one of the characteristic
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qualitative features of the soil cover of agricultural lands.

Their presence negatively affects the growth and

development of plants, reduces the yield of crops and the
quality of products.

Therefore, when assessing the suitability of the soil cover

for production tasks, it is advisable to take into account not only
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the presence of MRLF, but also the specifics of the impact on
the soil in the short-term and long-term perspectives.

Micro-swelling (subsidence) of soils in the research area on
the soil cover is differentiated by the nature of the manifestation
of the negative impact of excessive moisture (fig. 2).
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Fig. 1. General view of the research area and test fields:
a — a map of Ukraine with Boryspil district highlighted in red; b — Boryspil district in approximation;
c — test fields on the territory of the Sulymiv Territorial Community superimposed on the Sentinel-2 space image for April 18, 2018;
d — test field No. 3 with selected areas of MRLF (8,15,16) used for the identification ability of spectral indices superimposed
on ultra-high resolution space images

a b
Fig. 2. Micro-recessed landforms and their impact on soils and crops.
Ultra-high resolution composite images (0.2 m by 1 pixel) were obtained in Digitals Professional 5.0 software:
a, b — TRF No. 1 (arable land is overgrown with shrubs and young forest);
¢ — TRF No. 3 (figure shows the damaged areas of winter wheat sowing)

Their development leads to the transformation of arable
land into forest plantations (see fig.2a, b, c), cause
irreversible changes in the soil, which reduces the yield of
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crops and the quality of products (see fig. 2a, b, c). The rest
of the settlements, which are fixed remotely, belong to the
elements of the nanorelief and are less harmful. However,
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the research program did not provide for the isolation of their
habitats, because the processes of waterlogging and
glaciation of soils can also occur within them, which is
undoubtedly a negative phenomenon that requires an
assessment and determination of the extent of the danger.

Methods

A characteristic feature of the state of vegetation, as one
of the objects of the earth's surface, is its spectral
reflectance, which is differentiated by differences in the
reflection of radiation of different wavelengths. As it is
known, to work with spectral information, RSE often resort
to the creation of so-called "index" images. "Spectral
indices", as indicators of the characteristics of the reflection
of solar radiation from various objects on the earth's surface
in different spectral ranges, are determined on the basis of
mathematical operations with the spectral brightnesses of
the imaging system obtained in different channels of the
RSE (Kuchma et al., 2019).

Earth remote sensing data from the Sentinel-2 satellite are
publicly available at https://dataspace.copernicus.eu/browser
and are part of the Copernicus program of the European Space
Agency (ESA). In particular the use of Sentinel-2 data for soil
research were studied.

Sentinel-2 satellite data with cloud cover <20 % were used
to obtain maps of the territory's humidity and calculations of
subsidence areas. Two scenes on the date: 04/18/2018 were
selected for analysis. Calculations, execution of geoanalytical
tasks and development of cartographic materials were
performed in Arc GIS Arc Map 10x software.

In order to visualize the extent of the spread of MRLF on
the research territory and their impact on the soil, a high-
resolution image (0.2 m by 1 pixel) obtained in the "Digitals
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Professional 5.0" software, which was developed by the
state research and production enterprise "Geosystem",
Ukraine, was used.

The online resource EO Browser (https://www.sentinel-
hub.com/explore/eobrowser/) was used to obtain graphs of
changes in NDVI (Normalized Difference Vegetation Index) and
NDWI (Normalized Difference Water Index) indices over the
years. It should be noted that EO Browser combines many
functions: data comparison, various automatic visualization
parameters, channel synthesis, area measurement, obtaining
statistical data in the form of graphs. Its application made it
possible to obtain the dynamics of changes in the vegetation
and water index and to export the received data in Microsoft
Excel format for further analysis. The determined methodical
approach made it possible to monitor and analyze the trends of
changes in vegetation and water resources in the selected
region during the research period.

During the calculation of the area of MRLF on agricultural
land, all other classes of objects that are not agricultural
land, but may be overmoistened, namely: urban
agglomerations, hydrographic objects, forest massifs and
other objects, are excluded. For this purpose, the
classification map of surface types of Ukraine obtained from
the ESA World Cover 2021 resource was used, which
consists of 10 types of the earth's surface (Zanaga, Van De
Kerchove, & Daems, 2021). One of which (cropland) was
used to carve out an area of agricultural land. ESA World
Cover is a map of land cover types with a spatial resolution
of 10 meters created by the European Space Agency under
the Copernicus Global Land Service (CGLS-LC) program.
This map was built from annual Sentinel-1 and Sentinel-2
satellite images (fig. 3).
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Fig. 3. The input data of land surface types were used to create a mask of agricultural land within Boryspil district:
a — classification map of land surface types ESA World Cover 2021; b — the field mask superimposed
on the Sentinel-2 space image for April 18, 2018 with a combination of channels 12,8A,4

The locations of the test reference fields (TRF) of the
studies are shown in Fig. 1. According to the analyzed data,
the main crops in the research area are corn and wheat.

Results

On the basis of spectral indices, the moisture content
was estimated both in the vegetation cover and in the upper
layer of the open sail (fig. 4).

The values of NWI, NDWI, WRI, NDSI, NDMI, OSAVI were
calculated for each pixel based on the respective
dependencies. In the resulting images, wetter areas appear
darker, and in this case correspond to lowered relief elements
with increased humidity or partially filled with water.
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Territorial selection of research plots for the selection of
a "working" index, which best identifies areas of the MRLF,
completed this stage of conducting research.

After visual verification of the obtained index images of
soil moisture by the geospatial distribution of NDVI values
(see fig. 4), the index that best reflects the differentiation of
overmoistened arable land areas (MRLF) was chosen. This
is NDWI. The moisture scale contains seven segments
(Dovgiy et al., 2020), which reflect the levels of soil moisture.

The wettest areas, shown in blue, where increased soil
moisture is periodically observed and waterlogging processes
may continue, while within dry zones (shown in green) with
elevated relief elements, on the contrary, a lack of moisture
may be felt. As a result, a map of the moisture of the surface
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layer of the soil was built, on which the vast majority of MRLF
with increased humidity is clearly visualized (fig. 5).
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According to the research results, it was found that the
area of the MRLF in the territory of the research varies from

0.0034 to 0.9388 with an average value of 0.0637 m?.
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Fig. 4. Fragments of moisture maps of the territory on the example
of the reference field No. 1 from the MRLF (contours are marked in black) obtained
from remote spectral indices calculated on the basis of the Sentinel-2 image for April 18, 2018:
a— NDWI, b — NWI, c — NDMI, d — NDVI, e — OSAVI, f — WRI
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Fig. 5. The map of the distribution of moisture in the territory of Boryspil district was built according

to the NDWI index for 04/18. 2018
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The dynamics of index value changes and the state of
the MRLF in the research area. Further, for a more visual
display of changes in the moisture content of agricultural
lands in the Boryspil district, graphs of changes in vegetation
and water indices for 7 years were constructed for all TRFs
from the MRLF (fig. 6-7).

NDVI measurement data from 2017 to 2023 on four

vegetation on the 1st and 4th test fields (see fig. 7), while on
the 2nd and 3rd fields there are winter wheat crops (index
values 0.20-0.25). Therefore, the earth's surface on the
1st and 4th test fields is free from vegetation and weakly
shielded by vegetation areas of the soil cover.

The graph shows the dynamics of the NDWI index at four
TEPs with measurements (fig. 7). The values of the NDWI

reference fields varies from -1.0 to 1.0. From January 2018 index correspond to the following ranges: 1.0-0.2 - "water
until the end of April, all areas were excessively wet, which surface", 0.2-0.0 - "wet areas", 0.0 — -0.3 - "dry surfaces", -
is a consequence of the melting of snow and ice in warm 0,3 - -1.0 — "arid areas".
winter conditions. NDVI values indicate the absence of
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Fig. 6. The graph of changes in the vegetation index (NDVI) from 2017 to 2023 on reference fields
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Fig. 7. The schedule of changes in the water index (NDWI) from 2017 to 2023, on reference fields

From the beginning of January 2017 to the end of February,
the NDWI values at sites 2, 3 and 4 were in the range of
0.0-0.2, indicating high humidity, probably due to the presence
of melting snow. From late 2017 to mid-April 2018, all sites
except site 2 were overmoistened, while site 2 was only wet
until late March. Since mid-October 2018, the NDWiIs of the first
and second sections have reached values of 0.0-0.2.

The high variation of the values of the indices on the test
fields indicates significant differences in the level of soil
moisture and the differentiation of the territory by the amount of
biomass accumulation by vegetation at the time of removal.

The study of the identification ability of the indices was
carried out by establishing the correspondence between the
areas of the MRLF on the ground cover with soils with signs
of silt, established on the basis of ultra-high resolution
images and isolated areas that are formed by the geospatial
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concentration of high values of the indices: NDVI - 1, 2, 3,
NDWI - 5, 6th, 7th grades; NDMI — grades 5, 6, 7; OSAVI —
1, 2, 3 (see fig. 4).

A graphic display of the geospatial identification of areas
of soils with signs of siltiness by various indices is shown in
figure 8. Red shows the limits of visual localization of soil
areas with the consequences of hydromorphism based on
ultra-high resolution orthophotos.

The identification ability of indices was determined on
the basis of an expert classification scale with percentage
intervals: 0-33 - "low ability", 34-66 — "average", 67-80 —
"increased", 81-100 - "high".

Table 1 presents the identification ability of vegetation
indices in relation to the localization of MRLF. As can be
seen from the table, the high identification ability of the
indices was found on the 3rd test field, almost all the indices
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showed a high percentage of detected MRLF. Satisfactory
indicators were recorded on the 2nd test field. The lowest
percentage was shown by 1 test field. In general, it should
be stated that the identification capacity of vegetation
indices depended on the level of soil moisture. Therefore, in
the case of remote diagnosis of the MRLF, it is necessary to
take into account the peculiarities of the moisture supply of
the territory, which in practical terms indicates the need to
choose a year with a sufficient amount of soil moisture in the
period from March to August, which turned out to be the year
2018 (see fig. 8).

Fig. 9 presents the index ranges that proved to be the
most informative.

Thus, for test field 3, plot 8, the most informative was the
NDVI index with a range from -0.117 to -0.024, the
percentage of identification is 98.0 %; for OSAVI — 78.0 %
with a range of 0.255-0.313; for NDMI with a range variation
of -0.041 - (-0.149) and an identification percentage of 56.0.

According to research results, the identification ability of
indices depends not only on the level of soil moisture, but

-0,62

0,065

[

also on the geospatial differentiation of vegetation biomass
(scales of crop damage), as indicated by the values of the
traditional vegetation index NDVI.

As predicted, the identification ability of the vegetation
indices NDVI, NDWI, OSAVI, NDMI, among which all but the
first one are considered classical water indices, on test fields
without existing vegetation is too low. This is due to the fact
that the very fact of increased soil moisture is not a direct
consequence of their becoming oleaginous. Instead, the
presence of vegetation on the earth's surface allows us to
indirectly fix the localization of the so-called "potholes" with
clear signs of damaged crops. In addition, as is known, the
lack of vegetation shielding of the soil of arable land is
observed only for about 6 weeks, which significantly narrows
the possibilities of using RSE tools due to time constraints.
That is why, for the geospatial separation of soil areas with
signs of hydromorphism, it is advisable to use an approach
characterized as remote phytoindication (indirect remote soil
research through vegetative plants).

0,070

d

Fig. 8. Cases of range crossing in the photographs:
a — partial coincidence, field 3, plot 15, 44.0 %, NDMI index; b — full match field 3, plot 15, 98.0 %, NDSI index;
¢ — full match field 3, site 15, 98.0 %, NDWI index; d — full match field 3, plot 15, 88.0 %, OSAVI index

Table 1
Identification ability of indices
J Name Test field number and index identification

N X Field 1 Field 2 Field 3 Field 4

of the index o — 3 — S — r —

% ability % ability % ability % ability

1| NDVI 8 % low 71 % increased 83 % high 83 % high
2 | NDWI - - 52 % average 84 % high - -
3 | NDMI - - 80% increased 44 % average - -
4 | OSAVI - - 84 % high 83 % high 98 % high

Note: MRLF is not identified
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Fig. 9. Ranges of vegetation indices:
a — plot No. 8; b — site No. 15; ¢ — plot No. 16; d — "identifying" ranges for field No. 3

Discussion and conclusions

The results of remote identification of the areas of MRLF,
carried out on test fields using the NDWI, NDSI, NDMI,
OSAVI indices based on the Sentinel 2A spectrozonal
image, made it possible to obtain information on soil
moisture of arable lands of Sulymiv territorial community of
Boryspil district of Kyiv region. The ability of the specified
indices during the geospatial identification of micro-
recessed landforms (MRLF) and soil areas within them with
signs of hydromorphism was evaluated.

It is shown that the use of orthophotos with a resolution
of 0.2m per 1 pixel is an important auxiliary means of
successfully solving the specified tasks.

It was found that the identification ability of water indices
on test fields without existing vegetation is too low. On the
other hand, the shielding of the soil surface by vegetation
with areas of damaged crops makes it possible to isolate
MZFR (so-called "saucers").

The most informative ranges of vegetation indices were
established: for NDVI, the range is from -0.117 to -0.024 with
an identification percentage of 98.0 %; for OSAVI — 78.0 %
with a range of 0.255 - 0.313; for NDMI with a range variation
of -0.041 to -0.149 and an identification percentage of 56.0.

The obtained information can be used during the
development of the methodology of soil science surveying
and planning of large-scale soil survey activities.

Authors’ contribution: Petro Trofymenko — conceptualization,
formal analysis, methodology, review and editing; Olha Tomchenko
— conceptualization, methodology; Rostyslav Poralo — formal
analysis, data treating; Vitalii Zatserkovnyi — data validation, editing;
Iryna Stakhiv — formal analysis, data treating.
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'KniBcbkuit HauioHanbHWIA yHiIBepcuTeT iMeHi Tapaca LLleBuyeHka, Kuis, YkpaiHa
2[lepxaBHa ycTaHoBa "HayKoBUI LeHTP aepoKOCMiYHMX AochigkeHb 3emni IHCTUTYTY reonoriyHMx Hayk
HauioHanbHoi akagemii Hayk Ykpainu", Kuis, YkpaiHa

OUCTAHUIWHA IDEHTU®IKALIA MIKPO3SANAOUHHUX ®OPM PENbE®Y TA ANAHOK I'PYHTOBOI'O NMOKPUBY
ArPOJTAHOLWA®TIB NONICCA YKPAIHU 3 O3HAKAMU rPOMOP®HOCTI

B c Ty n. Cinbcbkozocnodapchki y2id0s eidizparoms Kiro4o8y posib y 3abe3neqeHHi Npodoeosibyoi 6e3neKu HacesleHHs i po38UMKy eKOHOMIKU
kpaiHu. [[pome 3Ha4yHy 3a2po3y Onsl Yux 3emMeslb cCMaHo8umMb HaOMipHe 380JI0)KEHHSI, yHac/liOoK 4020 8 MeXax MOHUXEeHUX efleMeHmie penbegy
gopmyrombcsi ymosu 01 ymeopPeHHs pyHMmMie 3 03HaKaMu O2J/1e€EHHS, HU3LKUM pieHeM podroyocmi, Wo 3Ha4YHO 3HWXYE ixHili nomeHyian. 4ns eu-
ceimneHHs1 npobnem 2eonpocmopoeoi ideHmudpikayii MikpozanaduHHux ¢hopm penbegpy (M3®PP) Ha cinbcbkoz2ocnodapcbkux y2iddsx y cmammi
euKopucmaHo crnekmparsbHi iH0ekcu 3a daHumu [33.

Me Toawu. 1o yac docnidxeHb 6yno eidibpaHo 6 cnekmpanbHuUX iHOeKcie, siKi aukopucmaHo 05151 ompuMaHHs1 aHuUX Npo apeasu NpPocioaHb
rpyHmie Ha opHux 3emnsix, a came: NDWI, NWI, NDMI, NDVI, OSAVI, WRI. BupiweHHs1 3agdaHb docnidxeHb nepedbayasio 3acmocysaHHs 0aHUX Cy-
nymHukoeoi cucmemu Sentinel-2A. [ns eizyanizayii nowupeHHs1 M3®P na mepumopii docnidxeHb suKopucmaHo 3HiMOK Ha08UCOKoT po3pi3HeHocmi
(0,2 m Ha 1 nikcenb), ompumaHuli y npoepamMHomy 3abe3sneyveHHsi "Digitals Professional 5,0". O6po6Ky, 2eonpocmoposy ei3yanisayiro daHux 33
suKoHaHo y cepedoeuwii Arc Map npozpamu Arc GIS 10.8 i3 3acmocyeaHHsIM iHcmpymeHma raster calculator.

Pe3ynbTaTtun. Y mexax emanoHHux nosnie nobydosaHo i npoaHanizoeaHo OuHamiKy 3Ha4yeHb 800HUX | ee2emauyiliHo2o iHdeKcie ma oyiHeHo
ideHmudpikauyiiiHy 30amHicmb w000 2e0MPOCMOpPO8020 8UOKPEMIIEHHS apeaslie r'pyHmie 3 o3Hakamu 2idpomopgpHocmi. Moka3zaHo, wo ideHmudgbika-
yiliHa cnpomoiHicmb iHOeKcie 3anexums He nuwe 8id pieHs1 380/10)keHOCMIi IPyHMY, a makoxXx eid 6iomacu pocnuHHocmi (Macwmabie nowkooxe-
Hocmi nocieie), Ha w0 eka3ye eucoka iHghopmayiliHa cnpomMoXxHicmb mpaduyiliHo2o eezemauyilino2o iHOekcy NDVI. BcmaHoesieHo Halb6inbw
iHgpopmauyiliHi diana3oHu iHOekcie: Ansi NDVI diana3oH e mexax eid -0,117 do -0,024 3 eidcomkom ideHmudpikayii 98,0 %; onss OSAVI - 78,0 % 3 dia-
nasoHom 0,255-0,313; onss NDMI 3 eapiayieto diana3oHy eid -0,041 do -0,149 ma eidcomkom ideHmudpikayii 56,0.

B 1 cHoBKM. Pesaynbmamu ducmaHyiliHoi ideHmudgpikayii apeanie M3®P danu 3moay ompumamu iHghopmMayito npo 3eos0xeHicmb rpyHmie
OpHUX 3emMesib mepumopii docnidxeHb. OyiHeHo 30amHicmb o3Ha4yeHuUx iHOekcie nid 4ac 2eonpocmopoesoi ideHmudpikayii mikposzanaduHHux ¢hopm
penbegpy ma apeanamu rpyHmie e ix Mexax 3 o3Hakamu 2iopomopgpHocmi. [MokazaHo, w0 eaxiueum OOMNOMiXHUM 3aco60M yCriwHO20 8UPIiWeHHSs!
O3Ha4YeHux 3ae0aHb € sUKOPUCMaHHS O pmMogomo3HiMkie 3 po3pisHeHHsM 0,2 M Ha 1 niKkcesnb.

BusieneHo, wo idenmudpikayitina 30amuicmb eodHuUx iHOeKcie Ha mecmoeux nosisix 6e3 HasieHOi POCSIUHHOCMIi € HA0MO Hu3bKor. Hamomicmb
eKkpaHoeaHicmb I'/pyHmMo8oi MoeepxHi PoC/IUHHiCMIO 3 diNsitHKkaMu NowkKodXeHux nocisie dozeossie suokpemntosamu M3PP.

OmpumaHa iHghopmauiss Moxxe 6ymu eukopucmara nid 4yac po3pobrieHHs1 MemoOuKu npoeedeHHs] rPyHMO3HaeYyoi 3UOMKU ma niaHyeaHHs 3a-
xodie 3 wupokomacwmabHo20 06cmexXeHHs1 r'pyHmis.

Knw4yoBi cnoBa: mikpozanaduHHi gpopmu penbegpy (M3®P), npocidaHHsi, ducmaHuyiliHe 30HAyeaHHs1 3emni (433), cnekmpanbHi iHdekcu
eezemauyii ma 3e8050eHocmi.

ABTOpM 3aaBNSAIOTb NPO BiACYTHICTb KOHAMIKTY iHTepeciB. CnoHcopy He Gpanu y4acTi B po3pobneHHi oChimKeHHs; y 360pi, aHanisi uu
iHTepnpeTauii AaHWX; Y HanMCaHHI pyKonucy; B pilleHHi Npo nybnikauito pe3ynbTartis.
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OCOBJIMBOCTI XIMIYHOIO CKnAAy NiA3EMHUX BOO
Y TEPUFEHHMX BIAKIAOQAX EOLIEHY TA ANbB-CEHOMAHY B BACEWHI OHINPA

(MpedcmaeneHo 4YneHoM pedakuyiliHoi Konezii 0-pom 2eos. Hayk, npogh. O.€. Kownsikoeum)

B c Ty n. [Hinpoecbko-[oHeubkuli apmesiaHcbKull 6aceliH € Halibinbwum 8 YkpaiHi 3a niowero i pecypcamu 2i0pozeosio2idHUM
pezioHoMm | nopsidky. OCHOBHI NPO2HO3HI pecypcu e (i020 Mexax npuypoyveHi G0 0A0OHOCHO20 20PU30HMY Yy 8iOk1adax eouyeHy ma
8000HOCHO20 KOMIIeKcy y eidknadax anb6-ceHoMaHy. Lji 20pu3oHm i KomMnneKc € OCHOBHUMU — Ha HUX 6azyembcsi UeHmparnizoeaHe
eodonocmayaHHs1 Yinoi HU3KU eeJTUKUX HacesleHUX IMyHKmie, MoMy eUu8YeHHsl IXHb020 XiMiYHO20 cK/lady Mae 8UHSIMKO8e 3HaYeHHS.
YacmuHu 32adaHux 000HOCHUX 20PU30HMY | KOMM/IEKCY, W0 Maromb 808y NMUMHOI IKocmi, ideHmugbikoeaHo sIK 2pynu macusie nidse-
MHux 600 (MI13B) — 06'ekmu MoHimopuHay nid3eMHuUX 800, OJIs1 AKUX MOBUHHi 6ymu eu3Ha4yeHi ekos1o2iyHi yini i pusuku HeAocsiZHeHHs
yux yined. BooHo4yac npupoOdHull sikicHul cknad eodu yux 2pyn MIN13B gio3HayaembCsi 3Ha4HORO MPOCMOPO8O0 HeOOHOPIGHICMI0, W0
HeobxiOHO epaxoeyeamu nid Yac eusHa4YeHHs1 meHOeHuil io2o 3MiH Ma KoHKpemus3ayii ekoroziyHux yinel. Memotro docnidxeHb 6yno
ecmaHoeumu ocobnueocmi npocmopoeozo po3nodiny eod pi3Ho2o xiMmi4Ho20 cknady. 06'ckmom docidxeHb 6yniu 8000HOCHI 20pu-
30HMu y gidknadax eoyeHy ma anb6-ceHoMaHy 8 Mexax [Hinpoecbko-[JoHeybKo20 apmesiaHcbko20 6aceliHy (6aceliH JHinpa), npedme-
mom — ximiyHul ckad eodu 32adaHux 8000HOCHUX 20PU3OHMI8.

M e T o au. [na docsicHeHHs1 nocmaeJsieHux yinel 6ys1o 3i6paHo, y3azanbHeHO ma rnpoaHasizoeaHo O0aHi wodo xiMiyHo20 ckady
8000HOCHO20 20puU30HMYy y eidkiiadax eouyeHy ma 80GOHOCHO20 KOMI/IeKCy y eidknadax asb6-ceHoMmaHy 3 ony6iikoeaHux i gpoHAo8UX
Axepen. IHhopmauiro 6y10 onpayboeaHo i3 3acmocysaHHsIM 2e0iHghopMayiliHux cucmem, cmeopeHo 6a3y 0aHux, w0 0ae 3Mo2y 2eHe-
pyeamu crieyiaslizogaHi Kapmu ma eUKOHyeamu crnifibHull aHasi3 0aHuXx.

Pe3ynbTaTu. JocnidxeHo MiHepanizayito i MakpokoMnoHeHMHuU cknad nid3eMHuUXx 800 y mepuaeHHUX gidkiiadax eoyeHy ma
anb6-ceHomaHy 8 baceliHi [JHinpa, ecmaHoeneHo ocobnugocmi iXHbO20 rMpocmoposo2o po3rnodiny. Ocobnusy ysazy npudineHo
ekcryamauyitiHum dinsiHkam, de po3eidaHo 3anacu o6ox epyn MIM3B. [JlemanbHo cxapakmepu308aHOo sIKiCHUU, y moMYy Yucili MiKpOKOM-
noHeHmMHul, ckiad nidzeMHuUx eo0 y mepu2eHHUX 8idk1adax eoyeHy ma anb6-ceHoMaHy Ha mepumopii M. YepHizoea. BusHa4eHo oco-
6nueocmi ¢hopmyeaHHs1 Ximi4HO20 ckiady nid3eMHUx 800 y mepu2eHHUX 8ioknadax eoyeHy ma anb6-ceHoMaHy.

B 1 c H 0 B k . BcmaHoerneHo, Wo He3gaxaroyu Ha me, ujo obudea MI3B nepebysaroms y 30Hi akmueHO20 800006MiHY, emicm
Makpo- i MikpokoMnoHeHmie y Hux docums cymmeeo 8i0pi3Hsiembcsi. 30kpema, y eodi e MI13B y eidknadax anb6-ceHoMaHy MaKpOKOM-
noHeHmMHul ckiad eodu 6inbw oGHomunHul, a eMicm Makpo- i MiKpOKOMIIOHeHMIie 8UPI3HIEMbCST MEHWUM PO3MaxXOM KOJ/TUBaHb.

Bu3sHayeHi ocobnueocmi npupodHo20 sikicHo20 ckady docnidxeHux MI3B cnid epaxoeyeamu e npoueci npoeedeHHs1 MOHIMopu-
Hay nid3eMHuUx 800, 30KpeMa npu ymoYyHeHHIi eKoslo2iyHuUX yineli ma eusHa4yeHHi nepioGu4YHoOcmi criocmepexeHb 3a SIKiCHUM cmaHoOM

niézemMHux eod.

Knwo4yoBi cnoBa: [Hinposcbko-[JoHeuybkuli apme3siaHCcbKul 6aceliH, Mmacueu nid3eMHuUx 600 y gi0knadax eoyeHy, Macusu
nid3emHux 800 y 8idknadax anb6-ceHoMaHy, siKiCHUL cmaH nio3eMHuUx 800, MiHepani3ayis, 2i0poxiMiyHa 30HasIbHICMb.

Betyn

[HinpoBcbko-[loHeLbknin apTesiaHcbkuin 6aceriH (OOAB) €
HanbinbWNM 3a MoWe i pecypcamm rigporeonoriyHimM
perioHoM | nopaaKy sk B YKpaiHi, Tak i Ha Teputopii 6aceiiHy
OHinpa. BiH 3aimae mavixe Bce niBoGepexcks i YacTUHy
npaBobepexcks 6aceliHy. OCHOBHa YacTUHa SIK MPOrHO3HMX
pecypciB, Tak i 6anaHcoBux ekcnnyaTauiiHux 3anacis nia-
3eMHux Bog OOAB npuvnagae Ha BOAOHOCHI FOPU3OHTU i
KOMMIIEKCU y ManeoreHoBux i kpengosux Bigknagax. Lli ro-
PW3OHT i KOMMMEKC € OCHOBHMMM — Ha Hux 6asyeTtbes
LeHTparnisoBaHe BOAONOCTA4YaHHs Linoi HA3KM BEMWKMX Ha-
CerneHnX NyHKTIB, TOMY BMBYEHHS iXHbOrO XiMiYHOro cknagy
Ma€e BUHATKOBE 3HAYEHHS.

3rigHo 3 MeToanko BM3HAYEHHS MacuBiB MOBEPXHEBMUX
i mig3emMHuMx Bopg, 3aTBepaXeHOol Haka3om MiHictepcTBa
ekonorii Ta npupoaHux pecypcie Ykpainm 14.01.2019 Ne 4
(mani — MeTtoguka), y npoueci nigrotosku [NnaHy ynpas-
NiHHA piykoBUM BaceriHom [Hinpa Ha moro TepuTopii 6yno
BMaiNeHo macueu nig3emunx sog (MM3B) — BogoHoCHI ro-
PW30HTK, KOMMMeKcKn, abo ixXHi YacTWHK, WO BUPI3HATLCS
cninbHUMKU ymoBamu opMyBaHHA Ta MoAibHMMKM Kinbkic-
HUMK | aKicHUMK xapakTepuctukamu. MIM3B € o6'ektamun
OEp>KaBHOrO MOHITOPUHIY NiA3eMHMX BOA, ANst HAX BCTAHOB-
NIOKTLCA €KOMOriyHi Lini, i BOHM BUKOPUCTOBYIOTbCS AMNsi
OUHKM OOCSAMHEHHS UMX Linen.
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Y mexax 6aceriHy [Hinpa 6yno BnsHadeHo 5 rpyn 6e3Hani-
pHMX MIM3B i 21 HanipHux (9 rpyn MIM3B i 12 MM3B) (lMowoBcb-
ki, CaHiHa, & Jlota, 2019). BuaHayeHHss MIM3B 3-nomik
6e3HanipHUX BOOOHOCHMX TOPU3OHTIB OOI'pYHTOBYETLCS iX-
HbOK YpPa3nuBICTIO A0 3abpyaHEHHsT | 3B'A3KOM 3 NMOBEpXHe-
BMMW €KOCUCTEMaMU, a HanipHUX — Nepenycim npuaaTHicTo
NS LeHTpanisoBaHOro BOAOMNOCTa4YaHHs, TOO6TO CyKymnHICTHO Bi-
ANOBIAHWX KiNbKICHWX | AKICHNX XapaKTepUCTUK.

3rigHo 3 meTognyHMMKM Nigxogamun BogHoi pamkoBoi an-
pektuBn €C Ta AOKyMeHTaMu, po3podneHummn ang ii imnne-
MeHTaUii, y TOMy 4nicni i 3aragaHoto Bue Metoaumkoto, ans
BU3HAYEHHA siKicHOro (XimiyHoro) ctanHy MIM3B nepenba-
YEeHO NuLie ABa MOXNMBUX BapiaHTu: "gobpuint" abo "nora-
HU". KputepisMu BU3Ha4YeHHsi sikicHoro ctaHy MI3B e
HOpMaTMBM MiXKHAPOOHMX Ta HauioHanbHWX CTaHAapTiB
(FAK), a Takox reoximiyHi POHN XiMIYHMX eneMeHTIB i cro-
nyk. Po3pobka koHuenTyanbHWX moaenewn AN OuiHKW pu-
3UKy HepocsarHeHHs MIM3B  pgobporo skicHoro craHy
nepenbadae obOB'I3KOBE BCTAHOBIEHHS NMPUPOAHOro ¢o-
HOBOIO BMICTY KOMMOHEHTIB XiMi4YHOrO CKknaay BOAW i npoc-
TOPOBO-4aCOBUX OCOONMBOCTEN NOLUMPEHHS Ta 3MiH BMICTY
XiMiYHMX enemeHTiB i cnonyk. Lle HeobxigHo onsa o6rpyHTo-
BaHOrO MOSICHEHHSI NPUYMH BUSIBNEHOrO MNiABULLEHOTO BMi-
CTY LIMX KOMMOHEHTIB, TXHbOr0 MOXOMKEHHS — MPUPOSHOIO
abo aHTpOMNOreHHoro.

© INMioTa Hatanin, CaxiHa IpuHa, 2024
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B 1 CH U K KuiBcbkoro HauioHanbHoro yHisepcurerty imeHi Tapaca LleBueHka

Y UubOMY KOHTEKCTi Crifi 3ayBaXKuTK, WO B YKpaiHi pecy-
pcu niasemMHnx Boa oopMytTbCH Y CKNaaHuUX i HeoaHopia-
HUX MPUPOAHMX YMOBaXx, WO Hepiako npu3BoaUTL A0
nepeBULLIEHHS BMICTY HU3KM efieMeHTIiB i CNonyK y nigsem-
HuX Bogax. Lle moBHOW Mipowo cTocyeTbcsl i OBOX rpyn
MIM3B, ski MaloTb HanBaXkNMBiLLe 3HAa4YEeHHS A1 BOAONOCTa-
YaHHs1 HaceneHHs y H6acenHi [IHinpa — HanMbinbLW nowmnpe-
HUX | BaraTux Ha pecypcm nia3emMHux BoAd HanipHux MIMaB —
y TEpuUreHHux Bigknagax eoueHy Ta  anbb-ceHomaHy
(puc. 1, 2). Ui rpynu MM3B 3armatots nnowi 110 300,0 i
106 800,0 KM? BiANOBIOHO | CRYTYIOTh OCHOBHUM [PKEPEriom
LleHTparniaoBaHOro BogonoCTa4YaHHs HU3KM BENMKUX Hace-
NEeHUX NYHKTIB. BOHN MICTATL NUTHI BOAM BUCOKOT SIKOCTI, ne-
pefyciMm BOAOHOCHMI KOMMMEKC B anbb-ceHOMaHCbKMX
BigKknagax, sikM:M, 3a ouiHKaMu BiKy BOAMW, € pe3epByapoM,
3aMoOBHEHVMM MPICHOK BOAOK B A0IHAYCTpianbHy ernoxy
(Axoenes, 2012, 2015).

Memoro docnidxeHb € BCTaHOBINEHHS 0COGNMBOCTEN
NPOCTOPOBOrO PO3MOAISTy BOA Pi3HOMO XiMiYHOro cknagy.
O6'exTom gocnigeHb 6ynn BOAOHOCHI rOPM30OHTY Y BiaKna-
Jax eoueHy Ta anbb-ceHoMaHy B Mexax [HinpoBCbKO-
[oHeubkoro aprtesiaHcbkoro 6aceiHy, npegMeTom — XiMiy-
HWUIA cKNag BOAW 3rajaHuX BOOOHOCHUX FOPU3OHTIB.

MeTtoau

[nsa gocarHeHHs nocTaeneHux Linern 6yno 3ibpaHo, y3a-
ranibHeHO Ta NpoaHasni3oBaHoO AaHi Woao XiMiYHOro ckragy
BOAOHOCHOTO FOPU3OHTY Yy BiAKNagax eoueHy Ta BOLOHOC-
HOro KOMMMEKCy Y Bigknagax anbb-ceHomaHy 3 onybnikoBa-
HUX i oHaoBuX axepen. IHopmauio 6yno onpauboBaHO
i3 3acTocyBaHHAM reoiHOpPMaLUINHMX CUCTEM, WO Aae
3MOry reHepyBaTu cnewianiaoBaHi KapTu Ta BUKOHyBaT Cri-
NbHUIA aHani3 gaHux.

Pesynbtatu

pyna MI3B y mepuz2eHHuUx eidknadax eoueHy
noB'sa3aHa 3 Bigknagamu Oy4daubkoi CBiTM, nogekyau Ao ii
CKNnagy BXOAsTb TaKOX BiAKNaAM KaHIBCbKOI Ta KMIBCbKOT
CBIiT. Y nokpiBni 3ansrae perioHanbHUN BOLOTPUB — eoLie-
HOBI Mepreni i rmuHuW, ski 3axuwatote MIM3B Big 3abpya-
HEHHS, @ B MicLsaX iXHbOrO PO3MUBY — OMIroOUEHOBI Ta
YeTBEPTUHHI Bigknagu. MNiagcTenseTbca nepeBaxHO Mepre-
NbHO-KPEVAAHMMMN MOPOAaMUN BEPXHBLOI Kpenau.

BopgoBMmicHMMM € nepeBaXxxHO cepeaHbO3EPHUCTI NiCKM 3
npoLlapkamMu niCKOBUKIB, aneBponiTiB i MUH. MMOTyXHICTb
3MiHeTbes Big 5-10 go 80—100 M. MNnbuHa 3ansaraHHsA Bo-
JoBMicHUX nopig — Big 12,5-62,0 m Ha okonuusax 6acenHy
0o 156-331 M y oro ueHTpanbeHin YacTuHi. BennunHa Ha-
nopy 3miHoeTbea Big 5-15 go 135-333 m. PiBHi nig3emHux
BOJ, BCTaAHOBMNIOWOTLCA Ha rMMbuHI Big 1-12 oo 56 m i Gi-
nblue, B OKPEMUX CBEPAMOBMHAX BULLE Bif, NOBEPXHI 3eMni.
[Neb6itn cBepanoBuH 3MiHOTLCA Big 86 0o 2160 m%/a (Han-
yacriwe 172,8-259,2 m3/a). XXuBneHHs iHDinbTpaujnHe, Bi-
O0yBaeTbCA Ha MiBHIYHO-CXiOHIM Ta niBOEHHO-3aXigHIN
okonuusx OOAB, oe BogoBMicHI nopoan matoTb Hernmnboke
3ansiraHHs i NnepekpuTi BOAOMNPOHMKHUMM NiLLaHUMK Bigkna-
Aamun. PossaHTaxytoTbest MIM3B y ponuHi [Hinpa, B Micusax
BiCYTHOCTi BOOOTPUBKMX BiAKNaAIB y NOKPIBAi. Y MiCUSAX K-
BMEHHS i PO3BaHTaXXEHHS CNOCTepiralnTbCA 3HAYHI CE30HHiI
KOMMBaHHS piBHA Nia3emHux Bog — 0o 0,5-0,9 m, y 3aHype-
Hi/ YaCTMHI KONMBaHHA MEHLL BUPaXeEHi.

MiHepanisauis Bog nepesaxHo a0 1,0 r/om3, xiMiyHum
cknag rigpokapboHaTHUIA KanbUieBUA, KanbLieBO-MarHie-
BWUW, KanbLieBO-HaTPIiEBUN, MogeKkyan XNOPUAHWMA KarnbLii-
€BO-HaTpIiEBUN.

Mpyna MMM3B € ekcnnyaTyeTbca BENUKUMU | cepefHiMu
BOZOCMNOXUBA4YaMU, BUKOPUCTOBYETLCSA Ans LieHTpanisosa-
HOro BogonocTayaHHsa mict YepHirosa, MNpunyk, TpocTaHus,
JlebepuHa, Jly6eH, lMupsituHa Ta iH. Y parioHi Kuesa
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BHacCnigoK NepeToky Yepes3 BOAOPO3AINbHUIA LWap y Npoueci
iHTEHCUBHOI ekcnnyaTauii BOOOHOCHMX Bigknagie anb6-
CEHOMaHy BEPXHbOI-HWXKHBOI Kpernan B eOLeHOBOMY ropu-
30HTI ¥ 80-X pp. MUHYNOro CTOPIYYsa CrocTepiranocs 3Hu-
XKEHHS piBHA 40 2,7-15 M, HMHI Yepe3 3HaYyHe 3MEHLUEHHS
BMOOOYTKY piBEHb BiAHOBMBCS.

Fpyna MII3B y mepuzeHHUx eidknadax aJsb6-
CEeHOMaHy — ChiNbHWUN BOOOHOCHWI KOMMIEKC YyTBOPUBCS
Yyepes BiACYTHICTb BUTPMMaHOro BOAOTPMBY MiX anbbeb-
KUMKW | ceHoMaHCbkuMKM Bigknagamu. 'pyna MIM3B y Ttepu-
reHHUX Bigknagax anbb-CeHOMaHy MolIMpeHa B Mexax
Bcboro [AB, 3a BMHATKOM OKpeMux Mol (ZinsHka Mix
MepesicnaBom i Yepkacamu, OcTepcbko-30M0TOHICbKe Mia-
HATTS, CKNEeNiHHA CONMSAHOKYMOMNbHUX CTPYKTYP). Y Mexax ri-
AporeornoriyHoi obnacti YkpaiHcbkoro wuTa Bogo3baraveHi
BigKknagn anbb-ceHoMmaHy 3anoBHIOTb OKpeMi 3arnnbneHi
naneoornuHu y KpuctaniyHoMmy oyHAaMeHTi.

BogoBMicHUMUK € nickn OpiOHO- | TOHKO3EPHUCTI, FMNHK-
CTi, MICKOBUKM 3 NpoLUapkamu rmuH (BepXHSA YacTuHa TOBLL)
Ta nickn pi3HO3epHUCTI, Big cepefHbO- A0 KPYMHO3epHUC-
TUX, 3 NiH3aMU1 MICKOBUKIB i CTSXKIHHAMM KPEMEHIB Y HUKHIN
yacTuHi ToBui. MNepekpuBalOTbCA BOAOTPUMBKUMWU Mepre-
NbHO-KPEVAOBUMK BigKNagamu BEPXHbOI Kpenau, a B Mic-
LAX IXHBOrO pO3MMBY — NANeoreHOBNUMN Ta YETBEPTUHHUMU
Bigknagamu. MigcTensanTbca HMWKHbOKPENOOBMMM, HOPCh-
KMMW, apXen-npoTepo3oiCbKUMIN Nnopogamu.

MoTyxHicTb — Big 7-50 go 75-100 M. MMuburHa 3ansraHHA
3MiHeTbCA Big 25-50 oo 100-150 M, y HaMGInNbL 3aHypeHin
yactuHi JOAB o noHag 1000 m. [ebith ceBepafioBUH CTaHOB-
nsATh Bif 95,0-950,4 no 2592-4078 m%/n. Boay HanipHi, Bucota
Hanopy 3miHoeTbes Big 10-30 go 70-100 M, csraloum y
LeHTpanbHin YactuHi JOAB 500600 m i GinbLue. PiBHi nigzem-
HUX BOA BCTAHOBMIOKOTBCA MNEPEBAXHO Ha MMMOWHax Big
15-20 m. MiHepanisauis Bogu nepesakHo Bia 0,3 ao 0,7 r/am®,
piako oo 4 r/om3 i BULLLE, XiMIYHWIA ckiag, rigpokapboHaTHUI Ka-
NbLj€BO-MarHieBUin, KanbLieBO-HaTpiEBUI, TigpokapboHaTHO-
cynbdaTHUN HaTPIEBUN, Y 30HI BMAMUBY COMSIHOKYNOMbHUX
CTPYKTYpP XNOPUAHWUIA HaTPIEBUIA.

Ha GinbLuii YacTUHI CBOro NOLUMPEHHSI BOAOHOCHMWI KOM-
nnekc 3axuLeHunin Big 3abpyaHEHHS NOTY>XHOK MOHOIMITHOK
TOBLUEK Meprenis i Kpenan BEPXHbLOI Kpewnan i ToMy € He-
ypasnueum 0 3abpyaHEHHS.

Min3emHi BogM KOMMMeKCy NpakTUYHO MOBCHOOHO B Me-
»Kax CBOro MOLUMPEHHS € OCHOBHUM )KEPETOM LIeHTpani3o-
BaHOro BOAOMOCTa4aHHs, y T. Y. MicT [lonTasu, YepHirosa
Ta iH. Y panoHi M. lNontaBn BHaAcCRigoK [OBroTpmBanol
eKkcnnyaTtauii yTBopunacs genpecinHa ninka i3 3HWKeHHAM
piBHs B LleHTpi Ao 30 M. [1ns ueHTpanisoBaHoro Bogo3abes-
neyeHHs y M. Knuesi nigsemHi Boayn BUKOPMCTOBYIOTLCH pa-
30M i3 HOPCbKUMKU BOOOHOCHMMMK Bigknagamu, 3 SKMMU 3
SAKUMMW YTBOPKOE €4MHMI BOAOHOCHUA KOMMJSIEKC. YHacNiAoK
iHTEHCUBHOI ekcnnyaTauii CeHOMaH-KenoBENCLKOro BOAO-
HocHoro komnnekcy y 70-80 pp. MUHYNoOro ctopivyys TyT Ta-
KOX YTBOPWUNOCS Kifnlbka AenpecinHnX Nilok AiameTpoM Big
3-5 no 10—15 KM i3 3HWXKEHHAM PIBHA NiA3€MHUX BOA Y LiEH-
Tpi go 10—20 m. MicnsA 3HWKeHHA obcAriB BUOOOYTKY PiBHI
BiZHOBJIIOKOTbLCS.

3Baxatoun Ha 3Ha4vHi poamipu rpyn MIM3B y TepureHHmx
Bigknagax eoueHy i anbb-ceHomaHy, cknagHi ymosu ¢op-
MyBaHHS pecypciB nig3eMHUX BoOf i BiAMIHHOCTI niTtonoriy-
HOro ckragy BOAOBMICHMX nopig, NpUPOOHUA  XiMiYHUIA
cknag nig3emHux sog MIM3B cyTTEBO Pi3HUTLCA B Pi3HUX Ya-
CTMHax iXHbOro nowmpeHHs. Lle cnig BpaxosyBaTtu y npo-
ueci OuiHKM gKicHOro CcTaHy nig3emHux Bod. [nga
JocnigXeHHs1 0cobnMBOCTEN po3noiny nia3eMHuUX Bog pis-
HOi MiHepanisauii Ta xiMmiyHoro cknagy 6yno npoaHaniso-
BaHo AaHi [lepxxaBHoro 6anaHcy 3anaciB KOPUCHUX KonanuH
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Ykpainum (Mig3emHi nuTHi | TexHivHi Bogn) (OepxasHuin ba-
naHc..., 2017, 2021) cTocoBHO NOYaTKOBOI MiHepani3adii Ta
MaKpOKOMMOHEHTHOrO cknagy Bog AocnigkysaHux MI13B,
BWAOAHI rigporeonoriyHi KapTv Ta oHO0BI MaTepianu.

I'pyna MI13B y eidknadax eoyeHy. Ha npaBoGepexoki
Ta Ha niBHoui niBobepexoka (Kuiscbka, YepHiriscbka obna-
cti) Bogn MI3B y TepureHHMX Bigknagax eoueHy rigpokap-
OoHaTHi  kanbuieBi, KkanbLieBo-MarHiesi, MiHepanisauis
nepesaxHo B Mexax 0,2-0,5 r/am®. Y niBaeHHo-cxigHOMY
HanNpPAMKY MiHepani3auis NoCTynoBO 3poCTae, a B XiMiYHOMY
cknagi 36inbLIyeTbCsl YacTka XNopUAIB i HaTpito. MNpakTu4Ho
Ha BCin TepuTopii MNonTaBLWMHM XiMiYHWIA CKNag Bog B eoLe-
HOBUX Bigknagax rigpokapboHaTHO-xnopuaHun abo xnopu-
AHo-rigpokapboHaTHWUIn  HaTpieBui, MiHepanisauis 0,6—
1,5 r/gm3, y Mexax BnnuBy COMsIHOKYMOMbHUX CTPYKTYP (30-
kpema M. PomHu Cymcbkoi obn., c.lcavkum [lMonTaBcbKoi
06n.) — go 2,8-5,0 r/amd. [Ins eoLeHoBOro BO4OHOCHOIO ro-
PU30HTY Ha TepuTopii NonTaBLUMHN XapakTepHa HasiBHICTb
nigBuLeHoro BmicTy drtopy — 3-5 mr/am®, nogekyam Ao
9 mr/am?, 3yMOBMNEHOro NPUCYTHICTIO hoCcdopUTIB y BOOOB-
MicHMX nopogax (XosuHckuii Ta iH., 2001).

YMoBHI No3HaUeHHA
Ximiunui cinag sogw 3a anioHamu
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[iAPOKAPBOHO-XNDPUARYE

Ha niBgeHb Big XapkoBa 3adhikCcoBaHi XnopuaHo-Tigpo-
kapGoHaTHI HaTpieBi Boam 3 MiHepanisauieto o 2,0 r/om3. Y
niBAEHHO-CXIifHIi YacTuHi 6acenHy Ha mexi 3 [loHbacom no-
lWmMpeHi  cynbdaTHo-TigpokapOboHaTHi, riapokapboHaTHo-
cynbdaTHi MarHieBo-kanbLUieBi Boau 3 MiHepanisauieto
2-3r/gm3 i Ginblue, B AKX 36iNblUeHHs BMICTY cynbgaris
BiOyBa€eTLCA 3a paxyHOK BUIYroBYBaHHS NepPMCbKUX Nopia,
AKi TYT 3anaraloTb Ha HE3HaYHIA rMNBKWHI.

Y ponuni AHinpa (Big Kpemenuyka fo MNaenorpagy) no-
LMpeHi Boan 3 MiHepanisauieto Big 2,6 go 3—4, iHoai oo 5—
15 r/am3, xNopuaHOro HaTpieBoro cknaay. B umx xe paiio-
Hax i B HWXHIn Teuii p. Camapa i Opinb MiHepanisauisi Bog
nigsuwyeTbes Big 2 go 7-8 riom®, nogekyan oo 10 r/amd i
Ginblue. 3a xiMiYHUM ckNagoM Le XJopuaHi HaTpiesi Boau,
NOXOXKEHHS AKX TaKOX HaniMOBIpHiLLe NoB'sidaHe 3 NiaTo-
KOM BMCOKOMiHepanizosaHux (4o 60 r/am3) HanipHWx Bog
naneosot0 N0 TEKTOHIYHMX NOPYLUEHHSIX.

OTmxe, xiMiyHuI cknag Boan MIM3B B eoLeHoBMX Bigkna-
aax opMyeTbCsl B pe3ynbTaTi BMIMBY TOPU3OHTANbHOI,
BepTUKanbHOI rigpoxXiMiYHOT 30HaNbLHOCTI Ta CONAHOKYMNOMb-
HUX CTPYKTYp (puc. 1).

Puc. 1. MpupoaHui ximiuHuin cknap nig3emMHmx sBoa MIM3B y Bigknaaax eoueHy B mexax 6aceinHy [iHinpa

Ipyna MI3B y eidknadax anb6-ceHomaHy. XiMi4HWIA
cknag nia3emHux Bog rpyny MIM3B y Bigknapax anbb-ceHoMaHy
3aKOHOMIPHO 3MIHIOETLCS Bif MIBHIYHO-CXiAHOI OO niBOEHHO-
3axigHoi YacTuH 6aceliHy 3 rigpokapOGoHaTHWX KanbLieBO-MarHi-
€BUX Bofg 3 MiHeparizauieto 0,3-0,4 r/am® 4o XnopuaHux HaTpie-
BUX 3 MiHepanisauieto o 2,8-3,7 r/am® i GinbLue.

MiBaeHHiwe niHii MpebiHku—Jy6H—Mupropoa—OniwHs
NoLMpeHi XNopuaHi HaTpieBi BoAW 3 MiHepanisauieto
4-10 r/am3, y paioHi Mupropoga — 2,6-3,7 r/gm®. Y paioHi
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OuvkaHbkn, MonTaBkn Ta PelueTuniBku BUOINAOTLCS XNOpK-
OHo-rigpokapboHaTHI  HaTpieBi BoaAn 3 MiHepanisauieto
0,5-1,0 r/gm3. Y cxigHinn yacTuHi GaceiiHy nolumpeHi nepe-
BaykHO npicHi Boau 3 MiHepanisauieto 0,5-1,0 r/am® rigpoka-
p6oHaTHO-cynbgaTHOro, rinpokapOoHaTHO-XNIOPUAHOIo
HaTpieBOro ckragy.

Y panoHi M. XapkoBa MiHepanisauia Bog csarae
0,6-1,3 r/gm3, TYT y MakpOKOMMOHEHTHOMY CKrafi nepesa-
XalTb rigpokapboHaTHi, noaekyan cynbdaTHi i xnopuaHi
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ioHn. Ha niBaeHHomy cxopi 6aceliHy nepeBaxatoTb Cynbga-
THO-TigpokapboHaTHI HaTpieBo-KanbLieBi BoAN 3 MiHepani-
sauieto go 0,7 r/om®, nogekyam  cynbdaTHO-XMOPUAHI
HaTpieBi i XMopuaHi MarHieBo-HaTpieBi 3 MiHepanisauieto
1,6-2,2 rigm®.

YMOBHI NO3HAYEHHRA

Xiniunnii ck1an 8oau 33 aHioHanm

FiapokapGoHaTHui |:| P R——
Xnopunro-rigpokapBoxaTHui
FiapokapBoRo-LnopunHHit

XIWIMHHA THI BOAW Y BORONYHKTEX
() MapoxapBorarimi (D Cynemaro-xnopnanmi
“: XNOpHAHO-TiAPOKAPEOHATHMI . Xnopugsuit
(P riapokapsorc-xnopugHiR

Minepanizauia sogn, riky6.am

| w5

|Hwi 3HaRM

[} Bogonywkt. Liuchpw - ikepaniaauis soan & rikyB.am
Tpanuyi:
AINAHOK 3 pisHIM XIMIGHIM CKNAOM NIASEMHIK BOA

LiNAHOK 3 PisHOK MiKepanizauiero niasemumx soa

MopiBHAHO 3 €0LEHOBMM MAaKPOKOMMOHEHTHUA cKnaja
BOAW anb6-CEHOMaHCLKOro KOMMeKcy BinbLu PiBHOMIPHUIA.
Ha O6inbwii 4yactvHi TepuTopii nepeBaxawTb BoAN 3
miHepanisauieto o 1,0 r/am3, ximiuHuii cknag rigpokap6o-
HaTHUI | rigpokapbOHATHO-XMOPUAHUIA, 3-MOMiIXK KaTioHIB
0OHOOCIOHO AOMiIHYE HaTpil (puc. 2).

Puc. 2. MpupopHui ximiyHun cknag nigseMHux sog MIM3B y Bigknagax anb6-ceHomaHy B Mexax 6aceiHy [Hinpa

AHani3 daHux no dinsiHkax, e po3eidaHi 3anacu 600
o6ox epyn MI3B. Ha Hu3ui ekcnnyaTtauifiHux AinNsHOK
(OepxaBHui 6anaHc..., 2017, 2021) icHytoTb Bogo3abopw,
obnawToBaHi Ha obuasi gocnigxkysaHi rpynn MM3B. Oawi
CTOCOBHO [esIkuxX AinsiHoK HaBegeHo B Tabn. 1. 3ictas-
JNIEHHS AaHUX Woao MiHepanisauii Ta XimiyHoro cknagy Boau
Yy Mexax Takux AinsHOK Aano 3Mory BCTaHOBUTU Take.

MokpiBNS BOOOHOCHOrO KOMMMEKCY Yy Bigknagax anbb-
ceHoMaHy Yy pi3Hux vactuHax OOAB dikcyetbea Ha 100—
800 m rnunbLue 3a NOKPIBMHO BOAOHOCHOTO FOPU3OHTY Y BigK-
napax eoueHy, npoTe o6uasi gocnigxysaHi rpynu MIM3B Ha-
nexatb [0 30HM aKTMBHOrO BOAOOOMiHY. IxHi BOAM
nepeBaXHO NpiCHi, BogHOYAC cepeHi 3HaYeHHs NOYaTKOBOI
MiHepanisauii npakTU4YHO OL4HAKOBI, BUHSITKOM € BOA03abip
Ha MonTaBwyHi, Ae BUcoka miHepanisauisa (go 2,0 r/am3) y
BoAi anbb-ceHOMaHCbKUX BidknagiB €, o4eBUOHO, Hacnig-
KOM BMIIMBY COMSAHOKYMNOSbHOT TEKTOHIKM Y Mexax Bianosia-
HOro iHTepBany rnmMbuH. Bnnaeknin XimivHuii cknag Boa 06ox
pocnigxysaHux rpyn MI3B, BpaxoBylouM HasiBHICTb MixX
HUMUW perioHanbHOro BOAOTPUBY — MOHOSITHOI MeprenbHoi
TOBLLIi BEPXHbOI KpPenam, NOSICHIETLCA OAHAKOBUM iHPINbT-
POreHHUM MOXOAXKEHHSAM, CMiNbHUMMN 06NacTIMU XXUBMNEHHS
i CXOXICTIO BOOOBMICHMX nopia.

BopgHouac Ha TepuTopisix YepHiriBcbkoi Ta CymcbKoi 00-
nacten, y mexax kpamnosux 4dactuH OOAB, BigMiHHiCTIO
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XiMiYHOrO cknagy BoawW y Bifknazax eoueHy € Ginblie pos-
MaiTTs XiMiYHOro cknagy i 6inbLimin po3max Bapiauii MiHima-
NbHOI i MakcMManbHOI MiHepani3auii NopiBHAHO 3 BOAOH
KOMMMeKcy anb6-CeHOMaHCbKMX BigknadiB. XiMiyHWIA cknag
BOAMN anbb-ceHoMaHy BUpI3HSAE Binbll BUTPUMAHUIA BMICT
MaKPOKOMMOHEHTIB, ACKPaBO BYPaXeHe NepeBaxaHHs B Ka-
TIOHHOMY CKnagi HaTpito i B GiNbLIOCTI BUNAAKiB — MeHLUI Bi-
AMIHHOCTI MK MiHIMyMOM i MakcumMyMoM MiHepanisadif, Lwo,
0o4eBWaHO, Bigobpaxkae GinbLu ycTaneHi i ogHOpIgHI yMOBHK
opMyBaHHsi. Ha TepuTopii MonTtaBcbkoi obnacrTi, B Mexax
ocboBoi YacTuHu AAB i cyTTeBOro BNnMBY CONMAHOKYMOSb-
HOI TEKTOHIKWM, MaKpOKOMMOHEHTHUI cknag i MiHepanisauis
060x MIM3B nNpakTU4YHO iAEHTWYHI.

Hanbinbw getanbHO XimiyHWIiA cknag Boa MIM3B y Bigk-
nagax eoueHny Ta anbb-ceHomaHy 6yno BMBYEHO Ha Tepu-
Topii M. YepHiroBa (JlbicaHbii, 1996), ne ui Boau
BMKOPWCTOBYIOTbCA ANA  LieHTpanisoBaHoOro BOAOMOCTa-
YaHHs (Tabn. 2, 3).

TyT BOAM BOOOHOCHONO FOPU3OHTY Gy4daLibKoi CBiTU €o-
ueHy £2bé nipicHi (MiHepanisauia 0,43-0,68 r/am3), cnabko
nyxHi (pH 7,5-8,3), rigpokapboHaTHi MarHieBO-kanbLji€Bi.
$opmyna conboBOro cknagy Lnx Bo4 Mae BUMSA,

HCO3 89 SO, 6Cl15

0,55 ca57Mg31(Na+K)12
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Ta6bnuys 1
MiHepani3auis Ta xiMiyHMI cknag niA3eMHUX BOO BOAOHOCHUX FOPU3OHTIB
B €OL,eHOBMX Ta aNib6-CeHOMaHCbKMX BigKiagax y Mexax cnifibHUX ekcnnyaTtauiiHUX AinsiHok
Po.goeuu.te, Bogorockuit BopoBMmicHi FnMnbuHa, Mo4yaTtkoBa MiHepani3auis, XimiyHun
AlnAHKa, FOPU3OHT, nopoau nokpiBnNA — nigowsa, M iHTepsan, riam® cknapg
HaceslieHUM NyHKT reon. iHAeKc ’ !
YepHiriBcbka 0611.
CnasyTuupke, P, Micok ap/3 71-155 0,28-0,43 THMK
Heparunupbka, -
C. Heﬂ'qumqi K1+K25 Micok ,Elp/3 175-250 0,32—0,43 THMK
YepHiricbke, P, Micok p/3 102-270 0,23-0,49 THMK
BobposuLbka, -
M. Yeptiria Ki+Kzs Micok p/3 648-720 0,23-0,39 g
Hepririscbke, B, Micok p/3 78-260 0,24-0,54 MK
AniBLUMHCBLKA, -
M. Yepiria Ki+Kss Micok p/3 612-715 0,31-0,48 "MKH
LLopceke, Pybe Micok p/3 54-71 0,14-0,24 M
Lnmenbcbka, -
M. CHOB Ki+Kss Micok p/3 361-419 0,29-0,3 Nz
CyMmcbKka o6n.
OxTtupceke, Pobe Micok p/3 66-85 0,51-0,86 X MHK
4. OxTupcbka, -
M. OXTUpKa Ki+Kzs MickoBuk 727-886 0,58-0,79 '
KoHoTonckke, Py(kn+bc) Micok op/3 49-115 0,4-0,7 MK
0. KoHoToncbka,
M. KoHoTon Ki+Kszs Micok p/3 489-645 0,5-0,6 '
Tokapiscbke, P, (kn+bc) Micok p/3 54-68 0,48-0,65 rH
TokapiBcbka,
c. Tokapi Ki+Kzs lMicok 3 rmuHoto 629-750 0,42-0,61 (3|
NeGeauHceke, P,(kn+bc) Micok 3 rA1Ho 34-120 0,53-0,7 Cr HK
4. llebeamnHcebka, -
M. Ne6eaunH Ki+Kzs Micok p/3 712-875 0,5-0,6 g
MonTtaBcbka 061.
Capceke, P,(kn+bc) Micok ap/3 198-217 0,6-1,0 XH
Capcbka, :
M. MFagsau Ki+Kszs Micok ap-c/3 1017-1097 0,6-1,0 XH
Mapsueke, P,(kn+bc) Micok ap/3 170-201 0,75-0,85 XrH
lapsubka, A
M. Fagsau Ki+Kzs Micok p/3 0,44-0,56 XrH
Craciscbke, P,(kn+bc) Micok ap/3 193-220 0,72-0,82 XTI H
CraciBcbka,
¢c. CTaci Ki+Kszs Micok pp/3 758-905 0,62-0,74 XrH
SiHbKiBCBKE, P,(kn+bc) Micok ap/3 140-163 0,35-0,51 rH
3iHbKiBCbKa,
M. 3iHbKiB Ki+Kzs Micok 3 rnuHoto 936-1067 0,36-0,54 MH
Kapniscbke, P,(kn+bc) Micok T-op/3 131-167 1,38-1,39 FCXH
LieHTpanbHa, -
M. Kapniska Ki+Kzs lMicok kBapLl. 562—-702 1,9-2,0 XH
KoTenesceke, Py(kn+bc) Micok 172-200 0,42-0,64 XrH
KoTtenescbka, -
cmT KoTenbea Ki+Kzs MMicok 3 rnunHoto 993-1192 0,54-0,67 XIrH
XapkiBcbka o6n.
KpacHorpaacbke Micok
BepecrTiBcbka, P,(kn+bc) KBapLOBO- 93-150 0,56-1,2 'XH
M. KpacHorpag rnayKoHITOBUWA
Ki+Kss Micok 497-580 1,09-1,67 X H
3 NiCKOBUKOM

Taki Bogy BNacTmBi BEPXHiM YaCcTnHam apTesiaHCbkux 6a-
CelrHiB B yMOBaX ryMigHOro KnimaTty 3a HasiBHOCTi Y BOAOBMIC-
HWUX BigKNagax NpoayKTiB BUBITPOBAHHSA anitoMOCUIKaTIB.

Ynpogoex CrocTepexxHoro nepiogy sapiauii BMiCTY Makpo-
KOMMOHEHTIB Bynu He3HauHi. Y conboBoMY cknagi 6yyaLbkoro
FOPU30HTY Pi3KO AOMiHYIOTb rigpokapboHaTK KanbLito i MarHito
— [0 88 % 3aranbHOi cymun comnen, Ana HUX XapakTepHui nig-
BULLIEHWIA BMICT Kanito — a0 15—16 mr/om? | BUCOKWI BMICT Kpe-
MHeKMCNoTM — 1o 55-62 mr/am3, wo nepesuiye FOK.

IHkONM y Bogax Oy4yaubKoro ropu3oHTy, Y LEeHTpanbHin i
CXifHi YacTuHax YepHiroea (€noBlwmHa (HacoOCHa CTaHLUis
(H.c.). Ne 1) i BobpoBuusa (H.c. Ne 3) dikcyBaBcsa nmiaBuLLe-
HUIA BMICT HiTpatisB — g0 2,4 mr/am® npu  poHOBOMY
0,2 mr/gm3.
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Y ©yvaubkoMy BOAOHOCHOMY FOPWU3OHTI MOPIBHAHO 3
KpengoBMM crnocTepiraoTbes GinbLu BigyYyTHIi CE30HHI Bapia-
Lii 32 paxyHOK 3MiH BMICTy kapOoHaTy KarnbLito.

BoOoHOCHWI  rOpU3OHT — anbb-CeHOMaHChbKMX  Biaknagis
Ki1+Kzs 3ansirae nig MOTY)KHOK BOOOTPUBKOK MeprenbHo-
KpenasiHOK TOBLLEK MovnHaroun 3 rmmnbuH 550-650 m. Boan
LIbOro ropu3oHTY npicHi (MiHepanizauis 0,42—0,58 r/om3), nyxHi
(pH 8,0-8,7), rinpokapboHaTHi HaTpieBI | KanbLieBO-HATPIEBI.

Y conboBOMY cknafi BOAOHOCHOIO KOMMMEeKcy arnb6-
CEeHOMaHCbKUX BifkragiB nepeBaxae coga — go 61 % cymu
conen, y cepeaHsomy 50 %, BignosigHo, BALWLMIA pH, Wo Ha-
BiTb Ha OKpemnx Bofo3abopax (H.c. Ne 3 i 4) npussoamTe 8o
3pyLLEeHHs kapboHaTHOI piBHOBaru i nosiei y BoAi kapboHar-
ioHy (12—18 mr/gm3).
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dopmyna conboBOro cknaay Bof BOAOHOCHOMO KOMMJe-
KCy anbb-ceHoMaHCbKMUX BigKNadiB Mae BUMNSAA
HCO5; 85 Cl9 S0, 6
Mo,51 N
a61Ca247Mg12K3
Mig yac ekonoro-reoximMiyHMX AocnigpKeHb Teputopii
M. YepHiroBa y 90-x pp. MMUHyrnoro ctopiyus 6yno gocutb

AeTanbHO BMBYEHO MIKPOKOMMOHEHTHUI CKNad Nig3eMHMX
BoA. IHTepBanu i cepefHii piBeHb BMICTY MiKDOKOMIMOHEHTIB
Yy BOOOHOCHOMY ropu30HTi ByyallbKoT CBiTU eoLieHy Ta BOJO-
HOCHOrO KOMMJIEKCY CEHOMaH-HWKHBbOKPENA0BMX Biaknagis
HaBeaeHo B Tabn. 3.

Ta6bnuuys 2
YcepeaHeHU MaKPOKOMMOHEHTHUM cKnaj NiA3eMHUX BoJ BOAOHOCHUX FOPU3OHTIB M. YepHirosa
BoaoHoCHUI Mixepanisauis XopcT-
rOpU30HT wram® | pH | Ca?* | Mg* | Na* | K* | NHs;f | NOs | NO,; | CI' | SO,* |HCO; | SiO, KicT
(komnnekc)
raK 1000 200 0,5 50 0,1 250 | 250 10 7,0
®dizionoriyHa 200-500 25— | 10- 2— 2—
NOBHOL|iHHICTb 75 50 20 20
Paobe 550 8,1 74 24 9 15 0,1 1,0 | 0,01 10 19 360 37 5,67
Kas-K1 510 8,3 29 9 85 7 0,1 1,0 | 0,01 21 17 323 16 2,19
Ta6bnuys 3
BmicT MeTaniB y nig3eMHux Bogax BOAOHOCHUX FOPU30OHTIB M. YepHiroBa
BopoHocHumn IHTepBan BmicTy/cepeaHii BMicT
Ne FOPU3OHT Fe Mn Pb Cu Zn Ni Co Cd
H.C. (koMnnekc) mr/gm® mr/gm® Mmkr/gm® MKr/gm® Mkr/gm® mkr/gm® mkr/igm® mkr/gm®
raK 0,2 0,05 10 1000 1000 20 100 1,0
1 PabC 0,34-3.74 0,07-0,20 5-238 4-98 10-425 5-47 5-15 0,5-1.0
0,45 0,14 12 25 43 12 10 1,0
Kzs-Ki 0,21-0.79 0,02-0.19 10-105 5-37 10-133 5-34 5-13 0,5-1,0
0,39 0,04 10 25 34 12 10 1,0
2 Pabe 0,1-0,63 0,11-0.15 5-15 5-50 10-46 5-43 5-13 0,5-1.0
0,33 0,13 7, 18 22 12 7 0,5
Kzs-Ki 0,16-0,43 0,01-0,07 5-12 5-34 10-48 5-58 10 0.5-1.0
0,25 0,016 7 13 10 12 10 0,5
3 Pabe 0,16-0,45 0,05-0,14 5-50 9-39 10-107 5-36 10 0.5-1.0
0,20 0,09 30 27 21 20 10 0,5
4 Pabe 0.13-0,50 0,08-0.19 5-30 5-35 10-43 5-49 10 0,5-0.9
0,34 0,15 12 13 16 22 10 0,5
Kzs-Ki 0,1-0,24 0,01-0,03 5-10 5-21 10-72 5-32 10 0,5-0.8
0,17 0,02 7 12 12 20 10 0,5

3 HaBeOeHUX JaHuX BUNNMBAE, WO ANs Nig3eMHUX Bof,
y Bigknagax Oy4aubKoi CBiTM €OLeHy XxapaKTepHWUiA NoHag-
HOpMOBWIA BMIcT 3aniza (nonag 0,2 mr/am®) — Big 0,1 go
3,74, y cepegHbomy 0,35 mr/om® i mapraHuio (noHag
0,05 mr/gm3) — Big 0,05 0o 0,2, y cepenHbomy 0,135 mr/omd.
Y nig3eMHux Bogax anbb-ceHOMaHCbKUX BigknagiB 3aniso
TaKOX NepeBuLLlYE HOPMATUBHMIA BMICT, XO4a BiH | MEHLUWNA,
HiX y Oydaubkomy ropusoHTi — Big 0,1 go 0,79, cepegHin
0,25 mr/gm3. BmicT mapraHuio y Bodi anb6-CeHOMaHChKOro
KOMMJIEKCY TaKOX iHKONN NepeBuLlye HOPMATUBHUNA, KOMK-
Batoumncek Big 0,01 mo 0,19, cepeanin 0,027 mr/am3. Kpim
TOro, y BoAi Oy4albkoro BOLOHOCHOrO rOPU3OHTY BiA3Ha-
YeHe NoBCIoAHE HE3HAYHE NePEBULLEHHS HOPMATMBY BMICTY
cBUHUIO, y cepedHbomy 0,011 mr/am3, y Toii Yac sk y BoAj
anbb-CeHOMaHCbKOro BO[AOHOCHOTO KOMIMIEKCY CcepeaHil
BMICT cBUHLO cTaHosmB 0,008 mr/am3. Crig 3a3HaunTK, WO
NiABMLLEHUI BMICT 3ani3a i MapraHulo € XapakTepHo pu-
coto niaseMHux Bog uiel yactnHu OOAB, sk rpyHTOBUX BOA,
TakK i rMnboknx 6e3kMCHeBMX HanipHNUX BOAOHOCHUX roOpu3o-
HTiB. Taki npupoaHi ocobnmBOCTI XiMiYHOrO ckragy BOAM
o6ox pocnigxyBaHux MIM3B 3ymoBniooTb NoTpedy 3giic-
HEeHHS BOA4ONIArOTOBKN ANs JOBEAEHHS i 4O HOPMATUBHOIO
BMIiCTy MeTaniB nepej nogaBaHHAM HaceneHHo. BogHodvac
3a BMICTOM KarbL,ito, MarHito, HaTpito, Kanito Ta NOKasHUKOM
XKOPCTKOCTiI BOAM BignoBigaloTb BUMOram 4o di3ionoridHoi
NOBHOUHHOCTI (8oa. 4 o [epxaBHWX CaHITapHWUX HOPMI i
npasun "TirieHiYHi BUMOrM OO0 BOAM MUTHOI, NPU3HaYeHol
ansa cnoxusaHHsa noguHoto" (OCanliH 2.2.4-171-10)).
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3aranom BMICT HM3KM MiKPOKOMMOHEHTIB-KOMIMIEKCO-
yTBOpIOBaYiB — 3anisa, MapraHut, CBUHLIO, Mifi, LUMHKY Y
Boai MIM3B B eoueHoOBMX Bigknagax € BULLUM, HiX Yy BOAi
anbb-ceHoMaHCbKkuX Bigknagis. LLlogo BMICTy Hikento, koba-
NbTY Ta KagMito, BiH TakMX 3aKOHOMIPHOCTEN He BUABHISIE, €
OLHAKOBO HU3bkMM Yy BoAi 060x MI13B. Y ToW xe 4ac geski
KaTiOHOreHHi enemeHTn (b6apin, NiTiin) i aHiOHOreHHi (BaHa-
4in, MmonibaeH) y BULLMX KOHLIEHTpALUisSX CnocTepiralnTbes y
Bodi MMN3B y anbb-ceHOMaHChKMX Bigknagax.

Cnig 3ayBaxuTn, WO SK AN MaKpPOKOMMOHEHTIB, TaK i
Ans GinbWOCTI AOCNIMKEHUX MIKPOKOMMOHEHTIB XapakTep-
Boai MIM3B B eoueHoBMX Bigknagax nopisHaHo 3 MIM3B y
anbb-ceHoMaHCbkUX Bigknagax, Wwo Bigobpaxae 6inbL
ycTaneHi ymoBu hopMyBaHHsi peCypciB OCTaHHbLOTO.

[unckycis i BUCHOBKMU

XimiyHmin ctad MIM3B B eoLeHOBUX | anbb-CEHOMaHCbKUX
Bigknagax hopmyeTbCs Nig BNIVBOM HU3KM NPUPOAHUX YWH-
HuKiB. [MepebyBatoun B 30HI aKTUBHOrO BO4OOOMIiHY, Aocni-
oxeHi rpynn MIM3B 3a3HaloTb  BNAMBY  NPUPOAHOI
reorpadivyHoi 30HanbHOCTI, WO BigobpaxaeTbcsa y 306inb-
LLeHHi MiHepani3auil Ta 3MiHi aHiOHHOro cknagy 3 rigpokap-
OoHaTHOro Ha CTpoKaTuK, 3 MepeBa)kaHHsAM Xxropugis 3
NiBHIYHOrO 3axoAy Ha MiBAEHHWUI CXiA.

3ictaBneHHs ximiyHoro cknagy soau rpyn MI13B B eove-
HOBUX i anbb-CeHOMaHCbKMX Bigknagax y Mexax ekcnnya-
TauilHWX [AinsHOK, Ae po3BigaHi 3anacu obox MI13B,
CBiAYMTb NPO OfHaKOBe iH(INbTPOreHHe MOXOMKEHHS, Chi-
NbHi 06GnacTi XMBMEHHS i CXOXICTb Cknagy BOAOBMICHUX
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nopig. BogHoyac yxe B Ui rigpoANHaMIYHIN 30HI NoYnHae
crnocTepiraTuca i BepTuKanbHa rigpoxiMiyHa 30HanbHiCTb,
sIKa NPOSIBNSAETLCA Y 3MiHi KaTiIOHHOTO cknagy (nepeBaXkaHHs
ioHy HaTpito) i 3aranom BinbL 0gHOPIAHOMY MakpOKOMMO-
HEHTHOMY CKrafi, a TakoX y MeHLIOMY po3maxy Bapiauii
BMICTY PO34YMHEHUX COMEMN.

Ha Bogo3abopax M. YepHiroea Big3Ha4aloTbCsl NEBHi 3a-
KOHOMIPHOCTI y pOo3noAini MiKpOKOMMOHEHTIB, a caMe BULLUIA
BMICT enemeHTiB-koMnnekcoyTeoptoBayis y Boai MIM3B y
BijKNagax eoleHy NOopiBHSHO 3 BOAOK 3 anb0-CeHOMaHChb-
Knx Bigknagis. BogHouac y BoAi ocTaHHiX Big3HavalTbcH
NiABULLEHI KOHLEHTpaLii KaTiOHOreHHMX Ta aHiOHOreHHUX
eneMeHTiB. Po3max Bapiauii 6inbLIocTi AocnimKkeHnX Mikpo-
KOMMOHEHTIB, SK i Y BUNaaKy 3 MakpOKOMMOHEHTaMM, TaKoX
GinbLuni y Boai BepxHboro MIM3B B eoueHoBMX Bigknagax.

3a BMicTOM BinbLIOCTi KOMNOHEHTIB AOCHioXKeHi Boau Bi-
anosigatoTe Hopmatuesam [CanlliH 2.2.4-171-10, oaHak va-
CTe nepeBuLlEHHA HopMaTMBIB 3a BMICTOM 3anisa,
MapraHuto, a nogekyam cBuHuULo, Topy, MiHepanisadii Ta iH-
LLIMX KOMMOHEHTIB BUMarae TepMiHOBOro BiAHOBNEHHSI MOHi-
TOPWHIOBUX CMOCTEPEXKEHD.

BcraHoBneHi ocobnuBocTi  hopMyBaHHS  XiMiYHOIO
cknagy Bog 6yayTb BUKOPUCTaHI y NpoLeci MOHITOPUHTY nig-
3eMHMX BOA | AO3BONSATbL BU3HAYUTY NEPIOAUYHICTL CnocTe-
pexeHb, a TaKOX YTOYHWUTU eKOMOTiYHi Lini A4ns AochigKeHnX
rpyn MI13B.

BHecok aBTopiB: Hatanis JltoTa — koHUenTyanisadisi, MeTofo-
norisl, HanucaHHs (opuriHanbHa YepHeTka); IpuHa CaHiHa — Baniga-
Lisi 4aHUX, METOAOMOris, HaNUcaHHs (Nepernsag i peaaryBaHHs).
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PECULIARITIES OF GROUNDWATER CHEMICAL COMPOSITION
IN EOCENE AND ALBIAN-CENOMANIAN TERRIGENOUS SEDIMENTS IN THE DNIPRO BASIN

Background. The Dniprovsko-Donetskyi Artesian Basin is the largest hydrogeological region of the first order in Ukraine in both area and
resources. The main forecasted resources within its boundaries are confined to the Eocene aquifer and the Alb-Cenomanian aquifer complex. These
aquifer and complex are the principal ones - they are the basis for centralized water supply of a number of large settlements, so studying their
chemical composition is of exceptional importance. The parts of the mentioned aquifer and complex that contain drinking water are identified as
groundwater bodies (GWBs) — groundwater monitoring objects for which environmental objectives and risks of failure to achieve these objectives
should be determined. At the same time, the natural water quality composition of these groundwater bodies groups is characterized by significant
spatial heterogeneity, which should be taken into account when determining trends in its changes and specifying environmental objectives. The aim
of the study was to establish the peculiarities of the spatial distribution of water with different chemical composition. The object of the study was
aquifers in Eocene and Alb-Cenomanian sediments within the Dniprovsko-Donetsky artesian basin (Dnipro River Basin), and the subject was the
chemical composition of water in these aquifers.

Methods. Toachieve these purposes, data on the chemical composition of the aquifer in the Eocene sediments and the aquifer complex in
the Alb-Cenomanian sediments were collected, summarized and analyzed from published and fund sources. The information was processed using
geographic information systems, and a database was created to generate specialized maps and perform joint data analysis.

Results. Inthe article the mineralization and macrocomponent composition of groundwater in the terrigenous sediments of the Eocene and
Albian-Cenomanian of the Dnipro basin are investigated and the peculiarities of their spatial distribution are established. Particular attention is paid
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to the areas where the exploitation reserves of both groundwater aquifers are explored. The qualitative, including microcomponent, composition of
groundwater in terrigenous sediments of the Eocene and Albian-Cenomanian in Chernigiv City was characterized in detail. Peculiarities of formation
of the chemical composition of groundwater in terrigenous sediments of the Eocene and Albian-Cenomanian were established.

Conclusions. It has been established that despite the fact that both GWBs are located in the zone of active water exchange, the content
of macro- and microcomponents in them is quite different. In particular, in the water in the Alb-Cenomanian sediments, the macrocomponent
composition of water is more homogeneous, and the content of macro- and microcomponents is characterized by a smaller range of variation.

The identified peculiarities of the natural quality composition of the studied GWBs should be taken into account in the process of groundwater
monitoring, in particular, when specifying environmental objectives and determining the frequency of groundwater quality state observations.

Keywords: Dniprovsko-Donetsky artesian basin, groundwater bodies in Eocene sediments, groundwater bodies in Albian-Cenomanian
sediments, groundwater quality state, mineralization, hydrochemical zoning.

ABTOpM 3aABNSIOTb NPO BiACYTHICTb KOHMIKTY iHTepeciB. CnoHcopy He 6panu yyacTi B po3pobneHHi JoCHimMKeHHs; y 360pi, aHanisi uu
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A PERMANENT MATHEMATICAL MODEL OF FILTRATION AND MIGRATION CONDITIONS
BETWEEN THE PRIPYAT AND UZH RIVERS OF THE CHORNOBYL EXCLUSION ZONE

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

Background. Overthe past 810 years, the radio-hydroecological and hydrogeological conditions of the Chornobyl Exclusion
Zone have changed significantly. Under the influence of the decommissioning of the water-containing cooler, the levels, speed and
direction of movement of groundwater have changed on a regional scale. New radiation-hazardous objects were created: Storage of spent
nuclear fuel (SSNF-2) and Centralized storage of spent nuclear fuel (CSSNF). The impact of climate change on the regime of water bodies
has also increased. To study the impact of radiation-hazardous objects on the water environment of the exclusion zone, to forecast
changes in hydrogeological conditions under the influence of climate change and man-made loads, it is necessary to create an updated
model of filtration and migration conditions with the possibility of its further adjustment and improvement.

Methods. In creating and developing a constant mathematical model based on the finite difference method, the geological and
hydrogeological conditions of the research area were considered. Spatial constructions were also carried out to visualize the geological
structure using GIS technologies. The filtering scheme was drawn up for computational operations. The QGis program was used to
construct the surfaces of geological horizons, and the Visual MODFLOW program was used to develop the filtration model.

Results. A model of filtration and migration conditions of the Pripyat-Uzh interfluve of the Chornobyl Exclusion Zone was
constructed. The distribution of groundwater levels and heads in the Buchach aquifer was obtained. Forecasts of the paths, directions
and time limits of the spread of pollutants with underground water from radiation-hazardous objects have been made. We carried out
forecasts of the impact of changes in the boundary conditions of the aquifer on the hydrodynamic parameters of groundwater to justify
project decisions on improving the network of observation wells and determining the conditions of flooding of the Chornobyl nuclear
power plant site. Forecasts of the impact of global warming on the underground water regime have been carried out.

Conclusions. The forecast field of pressure distribution demonstrates the possibility of improving the radiological state of
groundwater as a result of: increasing the thickness of the aeration zone and its sorption capacity and accelerating self-purification due
to the growth of underground flow gradients. It is important that the unloading of polluted groundwater will not take place in the Pripyat
River, but in the isolated residual lakes of the former cooling pond. It will take about 20 years for groundwater to reach the lakes from the

Chornobyl nuclear power plant site.

Keywords: gedfiltration model, finite-difference method, numerical modeling, groundwater level, filtration coefficient, Chornobyl

Exclusion Zone

Background

Many radiation-hazardous facilities were designed, built,
and operated in the Chornobyl Exclusion Zone. To study the
impact of these objects on the environment, forecasting
changes in hydrogeological conditions under the influence
of climate change and man-made loads, it is necessary to
create a permanent model of filtration and migration
conditions between the Pripyat-Uzh rivers of Chornobyl
Exclusion Zone.

At the end of the 90-s of the last century and the beginning
of the 2000-s, the main attention was paid to modeling the
migration of strontium-90 into groundwater and Pripyat River
from local radioactive waste disposal facilities, which are
considered the most dangerous ones (Smith, & Gaganis,
1998). Another popular object of modeling was the area
around the cooling pond of the Chornobyl Nuclear Power
Plant (ChNPP), which was planned to be drained. Therefore,
many predictive models of the distribution of groundwater
pressures were performed for various scenarios of water

removal. In the first case, detailed models were created, and
parameterized according to research results. One of the most
famous models was created for the training ground near the
burial in trench No. 22-T of the "Red Forest" Point of
temporary localization of radioactive waste (PTLRW) (Bugai,
Dzhepo, & Skalskyy, 1998, Bugai et al., 2001, 2012, 2018,
Shabalin, 2023). In the second case, a model of the Uzh-
Pripyat interriver and a more detailed local model around the
cooling pond, including the section between it and the Pripyat
River, were created (Bugai et al., 2018, 2019). However, after
the descent of the cooling pond of the ChNPP and the effects
of global warming on GWT in 2014-2019, hydrogeological
models for this area were not created.

Modern information technologies for modeling
hydrogeological objects allow to fully automate the entire
modeling process, namely, from the creation of the model to
the presentation of the results of the forecast of natural and
anthropogenic processes (Bukaty, 2008; Sato, 2022).
Currently, there are a large number of modeling systems
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that allow building two- or three-dimensional models of
geofiltration  processes: Visual Modflow, PMWIN,
FREEWAT, Feflow, AquaveoGMS and others (Groundwater
Modelling Syst., 2000; Harbaugh, 2005; The Official
U.S.G.S MODFLOW, 2012). The scope of geofiltration
calculations is extremely wide — the assessment of
groundwater reserves, their balance characteristics,
protection of areas from flooding, determination of water
inflows, groundwater velocity, head gradients, distribution of
groundwater pollution, forecasting the impact on the
hydrogeological status and more.

At present, numerical simulation of geofiltration is mainly
used (Shestopalov et al., 2001; Bugai et al., 2018, 2019). It
provides a grid breakdown of the filtration area and is based

a oh a oh
e (O +@(Kw5

where: Kx, Kyy and Kzz — values of the filtration coefficient
along the coordinate axes x, y, z (L /); h is the head (L); W
is the volumetric flow per unit volume representing water
sources and/or effluents, with W<0.0 for leakage from the
groundwater system and W> 0.0 for the flow into the system
(1 /t); Ssis the specific capacity of the porous medium
(1/1)tis the time (f).

Equation (1) describes non-steady-state filtration in
heterogeneous and anisotropic media. Assumptions and
simplifications are made for specific natural conditions that
do not contradict the given equation.

The particle tracking algorithm used in the model, which we
built using the MODPATH module, can be implemented for
both stationary and transient flow fields. For simplicity, the
algorithm is first described for a stationary flow and then
extended to transient flow systems. The partial equation
describing the conservation of mass in a stationary three-
dimensional system of groundwater flows can be expressed as:

% (nv,) + ;—y(nvy) + aa—z(nvz) =W, (2)
where v,,v,and v, are the main components of the mean
linear vector of groundwater velocity; n — porosity; W is the
volume of water generated or consumed by internal sources
and effluents per unit volume of aquifer (Pollock, 2012).

The finite-difference approximation of equation (2) can
be considered as the equation of mass balance for a cell of
a finite size grid with a volumetric aquifer, considering water
coming in and out of the cell and for water produced or
consumed inside the grid cell.

Methods

Natural and man-made conditions on the territory
of 20 km of the Exclusion Zone.

Studies of the engineering-geological and geological-
hydrogeological conditions of the area around the Chornobyl
NPP have been conducted since 1973. The depth of the
research is due to the complexity of the construction
structures that were designed in the territory adjacent to the
Chornobyl NPP. The results of this work are numerous
reports, maps, geological sections of drilled wells. After the
1986 accident, radio-hydroecological monitoring of
radioactive contamination of surface and underground waters
is carried out on the territory of the Chornobyl Exclusion Zone.
Since 1996, the Institute of NPP Safety Problems of the
National Academy of Sciences of Ukraine has been
conducting radio-hydroecological monitoring, hydrogeological
observations, and field experiments at the Chornobyl NPP
industrial site and around the "Shelter" — Object.

These experiments are taking place in the local and
10-kilometer zone today. Thus, the entire long-accumulated
geodatabase is in the reports, maps, sections, and data of

ISSN 1728-3817

on the finite-difference method of solving differential
equations. In this case, partial derivatives are replaced by
finite increments, and the differential equation itself is
reduced to a system of algebraic equations. These
equations include such basic hydrodynamic parameters as
heads and filtration coefficients, several equations are equal
to the number of blocks of grid breakdown. Thus, numerical
simulation is to solve the filtration equations on a computer,
and the boundary conditions and structure of the filtration
field must be determined.

For the joint description of headless and head filtration,
the well-known differential equation in partial derivatives is
used (The Official U.S.G.S MODFLOW, 2012):

)+i(1<z 2 -w=s2 )

2z \"'?Z 3z s at’

hydrogeological, hydrogeochemical, and radiochemical
regime observations, which are concentrated in electronic
resources. It is being successfully used to create a
hydrogeological model in 20 km of the Exclusion Zone. Data
from 340 exploration and observation wells drilled were used
during the entire period of research in the area to construct
the roof surfaces, the soles of the Kyiv marl and the soles of
the aquifer of the Buchak horizon. For example, in work (Sato,
2022), 12 wells with a depth of 35 m, three wells at 10 m and
two at 4 m were used for hydrogeological modeling.

The model area was selected between the rivers Pripyat
and Uzh (fig. 1).

These rivers and the cooling pond, lake Azbuchyn,
Semikhody, and Prlpyatsky Zaton are defined in the model
as boundary conditions of the first order. Apart from Pripyat
and Uzh, rivers such as Sakhan, llya, Maryanivka, and
Hlynytsia have a natural load on the territory. Converted into
drainage canals in the floodplain of the Uzh and Sakhan
rivers, as objects of man-caused load, belong to the
boundary conditions of the third order. Small rivers and
canals are set in the filtration model considering the water
level, actual size and conductivity of their bottom sediments.

The Chornobyl nuclear power plant, the objects which were
built after the accident, water management facilities: wells of the
Pripyat water intake, groundwater drainage, cooling pond with
drainage channels, household filtration fields ChNPP effluents
are included in the objects of man-caused load. New man-
made conditions that emerged after the 1986 Chornobyl
accident include radionuclide contamination of the earth's
surface, temporary localization of radioactive waste, and long-
term radioactive waste disposal site "Pidlisny". In 1986, to
prevent the spread of radionuclides with groundwater, a "wall in
the ground" was created to the east of the Chornobyl nuclear
power plant. The wall in the vertical plane covers the aquifer at
its full thickness to a depth of 3540 meters to the water-
resistant layer representing the Kyiv formation marl. The wall is
0.6 m wide and filled with clay material (Comprehensive
Assessment, 2020).

The boundaries separating the fluvioglacial from alluvial
deposits were obtained from a digital terrain model (DEM)
raster map from a satellte of the Japan Aerospace
Exploration Agency (JAXA) with a resolution of 40 m.

Relief marks in the floodplains of the Pripyat, Uzh, and
Sakhan rivers, and on the first floodplain terrace and in the
floodplain range from 100 to 116 m (Baltic altitude system),
relief marks on fluvioglacial sediments reach values of
162 m. According to research (Panasiuk, 2014), the filtration
coefficient on alluvial deposits is 30 m/day, and on
fluvioglacial deposits — 12 m/day. The filtration model
consists of three layers of geological sediments (fig. 2).
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Fig. 2. Scheme of a three-dimensional filtering model

There are two aquifers — the upper headless Quaternary
sediment and the lower head Buchak horizon with a filtration
coefficient of 8 m/day, separated by a weakly permeable
(k = 0.0003 m/day) layer of Kyiv marl. However, in the area
of the settlements of Stara Krasnytsia and Buryakivka, the
layer of marl clays is blurred and, in this area, two aquifers
are interconnected (Scheme of water protection measures,
1993). In lithological terms, the first aquifer consists mainly
of sand. Sandstones and loams are found in the form of
lenses of small areas and power, which do not impede the
movement of groundwater on a regional basis. Accordingly,
the first aquifer behaves as a single groundwater reservoir.
For the second aquifer in the model, the groundwater head
was introduced as the boundary conditions of the first order
in the form of isopies with a step of 5 m.

The horizontal surfaces of the model area were divided
by a grid into rows and columns, vertically — by the thickness
of the geological layers. The calculation of groundwater
movement in the model has been performed separately for
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each unit. This principle of replacing a continuous domain
with a discrete one is the basis for the numerical solution of
differential filtration equations.

The "wall in the ground" is made of clay and considered
in the model by changing the filtration coefficient in the cells
of the calculation grid through which it passes.

The calculation of the infiltration recharge of the
pressureless aquifer was performed based on the results of
observations of the groundwater regime in the Chornobyl
region. Infiltration data are obtained by simulation in the filter
fields — according to water supply data.

The conformity of the filtration model was achieved by
solving the problem, which reproduces the existing
hydrogeological conditions in the study area. In the process
of analysis of the obtained solution, the filtration coefficient,
conductivity of bottom sediments of small rivers, and
infiltration recharge were adjusted. As a result, the
correlation coefficient between the data obtained in
observation wells and those calculated using a
mathematical geofiltration model is 0.85 (fig. 3).
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Fig. 3. Correlation of RGV data from observation wells and calculated using the model
Results Sakhan rivers, the groundwater flow rate is much higher,

Distribution of heads and levels of groundwater,
hydroisogypsum and the direction of vectors of the velocity
of groundwater flow, was obtained by calculation on the
model shown in figure 4.

Figure 4 clearly shows that in the area with the highest
groundwater levels on fluvioglacial sediments, the
groundwater flow velocity is the lowest (due to a smaller flow
gradient). Naturally, in the alluvial deposits of the floodplains
of the Pripyat, Uzh and Sakhan rivers, the groundwater flow
rate is much higher, especially in the area of residual lakes
in the area of the former cooling pond. Naturally, in the
alluvial deposits of the floodplains of the Pripyat, Uzh and

Fig. 4. Water table-contour map
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especially in the area of residual lakes in the area of the
former cooling pond.

According to the calculations of MODPATH / MOD-
PATH3DU, using equation (2) simulated the flow path and
time of a conservative migrant passage or a conservative
component of a pollutant during its convective transfer with
groundwater from radiation-hazardous objects: PTLRW,
Radioactive waste disposal site "Buryakivka", Central
storage of spent nuclear fuel and NBK-OU Complex (fig. 5).
Tracking pathways are used to predict the location of
groundwater flow and the duration of their achievement if
they start from a known place at a certain time.
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Fig. 5. View of the flow paths of groundwater particles in 2-dimensional (a) and 3-dimensional (b) images

Figure 5a shows the vector of the direction of movement
of groundwater particles. The markers on the lines
correspond to 10 years. In the Chornobyl area, groundwater
is discharged into the residual lakes in the area of the former
cooling pond in 10-20 years from the points planned by us.
In the area of the Central storage of spent nuclear fuel and
the Radioactive waste disposal site (RWDS) "Buryakivka"
(Shabalin, 2023), groundwater moves in opposite directions
and reaches the floodplains of the Sakhan and Uzh rivers in
400-450 years, respectively. Under natural conditions, as
mentioned above, CSF and RWDS "Buryakivka" are located
in the area where the layer Kyiv marl blurred. Figure 5 b in
the three-dimensional image shows the trajectory of the
movement of particles from the groundwater of the territories
of the Central storage of spent nuclear fuel and the RWDS
"Buryakivka" in 70-90 years reaches the Buchak aquifer.
From the territory of the Chornobyl NPP, the groundwater of
the Quaternary aquifer is not filtered through the Kyiv marl
layer but is discharged into the nearest water body.

This geofiltration model was used to perform work on
"Scientific and engineering support of drilling and installation
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of observation wells of radio-hydro ecological monitoring",
which was used to investigate how the level of groundwater
will change with the destruction of the "wall in the ground" and
under conditions when the water in the cooling pond dries to
103.5. This had to be done to check whether the new wells
would fail if the hydrogeological conditions changed.

Figure 6 shows four variants of simulated groundwater
levels at the Chornobyl industrial site under different
hydrogeological conditions. The first figure (a) shows the
groundwater level model, which had been built according to
data as of 04.10.2017. The marks of the water surface in the
cooling pond were 105.7 m. The filtration coefficient of the
wall in the ground is 1E-05 m/day.

The groundwater level in the area where the new wells
were drilled under current hydrogeological conditions
according to the model is approximately 108.8 m. According
to the model, the groundwater level in the territory where
new wells were drilled under current hydrogeological
conditions is approximately 108.8 m. In a modeled variant
without the wall, it will decrease to the level of 107.5 m,
which is 1.3 m lower (fig. 6b). When draining the cooling
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pond to the level of 103.5 m with a "wall in the ground"
(fig. 6¢), the calculated groundwater level in the model will
be approximately 108.25 m — a decrease of only 0.5 m. In
the conditions of the destroyed wall and the drained cooling
pond to 103.5 m, the groundwater level will decrease to
106 m, which is 2.8 m lower than the groundwater level in
the current state. The changes associated with the last two
options lead to an improvement in the radiological state of
groundwater due to an increase in the thickness of the
aeration zone and its sorption capacity, and an acceleration
of self-cleaning due to an increase of the flow gradient. At
the same time, the unloading of contaminated groundwater
will not take place in the Pripyat River, but in the isolated
residual lakes of the former cooling pond.

The work on "Scientific and engineering support of
drilling and installation of observation wells of radio-hydro-
ecological monitoring" also included drilling and equipment
of shallow wells for the study of the upper layer of the
aquifer. According to the simulation results, the range of filter
installation marks is determined and it is 104—106 m.

Impact of global climate warming. The impact of
global warming was modeled by a decrease in the aquifer
infiltration recharge.

According to the Chornobyl meteorological station data,
a decrease in the amount of precipitation per year is
observed (fig. 7).

7,

Fig. 6. The result of modeling the groundwater level in the area of the Chornobyl industrial site with changes in hydrogeological
conditions, namely with the "wall in the ground” and the level of the cooling pond as of 04.10.2017 - 105.7 m (a);
and without a wall (b); levels of groundwater with a "wall in the ground" and drainage of the cooling pond to the mark of 103.5 (c);
without a wall and when draining the cooling pond to the mark of 103.5 (d)
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The precipitation nature has also changed — long-term
precipitation during the growing season has changed to short-
term showers that do not have time to moisten the aeration
zone and reach the aquifer. The increase in temperature
(Martazinova et al., 2022) has a very significant effect on aquifer
nutrition along with the decrease in the amount of precipitation.

Average seasonal and average annual values of air
temperature increased almost constantly with intensity from

4
.:s )"5':0 // \

Therefore, with average multi-year values of infiltration
recharge, the maximum absolute mark (Baltic system of
elevations) of the groundwater level on the territory of the
Centralized Storage of Spent Nuclear Fuel is 122.5 m, and
on the ChNPP industrial site — 108.5-109.5 m. When the
infiltration recharge is reduced to 25-30 %, the groundwater
level on the territory of the Centralized storage of spent
nuclear fuel will decrease by 1.5-2 m, and on the site of the
ChNPP, the groundwater level will reduce by 0.5 m. The
results of modeling changes in radio-hydroecological
conditions under the influence of global warming should be
taken into account when planning the construction of a
network of observation wells in radiation-hazardous objects
of the Exclusion Zone.

The hydrogeological model made it possible to expand
the possibilities of hydrogeological modeling and brought us
as close as possible to the creation of perhaps the first
hybrid hydrogeological-climatic model in Ukraine. The
evolution of the model can be seen in the simulation of the
hydrogeological situation based on pre-calculated climate
scenarios with its filling with quantitative values of indicators
reflecting modern climate changes (solar albedo, maximum
and minimum daily air temperature, wind direction and
speed and associated evaporation from the soil surface,
etc.). Based on the presented hydrogeological model, a
permanent migration model of convective transfer and
hydrodynamic dispersion will be created, which will provide
real information about the rates and directions of the spread
of radionuclides in the underground environment after the
descent of the cooling pond, and will also allow obtaining
forecasts of changes in the radiohydrogeological situation
under the influence of construction, operation or removal
from the operation of radiation-hazardous objects against
the background of the influence of climate change.
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0.3 (until 2011) to 0.45-0.6°C/10 years (Osadchyi,
Shevchenko, & Krasovs'ka, 2021). It leads to intensive
evaporation of groundwater, shallowing of small rivers and
the occurrence of fire-hazardous situations with a decrease
in the amount of precipitation and its nature.

An example of a modelled situation of a reduction in the
groundwater level due to global warming is shown in figure 8.

Legend

O -industrial site
of the Chomobyl NPP
§ - Centralized storage
of spent nuclear fuel
hydroisogypsum
drainage channels

S L ASSSITRAN
Fig. 8. Comparison of predicted groundwater levels at multi-year average values of the amount of infiltration nutrition
of the Quaternary aquifer (a) and when it is reduced to 25-30 % (b)

Discussion and conclusions

For the first time, a continuously operating
hydrogeological model with high spatial discreteness has
been built for the Uzh-Prypyatinterriver thanks to the use of
data from 340 exploration and observation wells, which takes
into account the fundamental change in the hydrogeological
situation (levels, flows and directions of flows) after the
descent of the Chornobyl NPP cooling pond. For the first time,
the boundary separating fluvioglacial and alluvial deposits is
displayed with high accuracy in the model, the boundaries of
the hydrogeological "window" between the first and second
aquifers, as well as of the "wall in the ground" that remained
after the liquidation works in 1986; the distribution of
groundwater heads on the Chornobyl nuclear power plant
site, the hydrodynamic interaction between aquifers located
above each other according to the data of bush wells drilled
in 2019-2020 were taken into account. In addition to the data
obtained by drilling wells, for the first time when creating the
model, the results of deciphering the digital model map were
used for relief from a satellite image. Thanks to forecast
constructions that take into account the most likely scenario
of climatic changes with a decrease in infiltration nutrition, the
magnitude of the reduction of GWT by area was calculated.

The main scientific result is the heads distribution field
obtained according to the third, most probable option
(leaving the wall in the ground with a gradual decrease of
the GWT due to a decrease in the level in the cooling pond
to the mark of 103.5 m), which will ensure an improvement
in the radiological state of groundwater due to an increase
in the thickness of the zone aeration and its sorbent capacity
and acceleration of self-cleaning due to the growth of flow
gradients. At the same time, the unloading of contaminated
groundwater will not take place in the Pripyat River, but in
the isolated residual lakes of the former cooling pond. It will
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take up to 20 years for groundwater to reach the lakes from
ChNPP industrial site. The time of migration of conservative
tracers from other most dangerous areas of radioactive
waste localization was also established.

Thus, for the first time, after the lowering of the cooling
pond, the actual distribution of groundwater pressures was
obtained, zones of vulnerability to radioactive contamination
of groundwater and underground waters of the second
aquifer from the surface in the sediments of the Buchak
series were identified, and the geological-hydrogeological
basis for the creation of a permanent migration of
radionuclides model was laid.

Authors’ contribution: Mykola Panasiuk — conceptualization,
data provision, correction and improvement of the model, writing;
Natalia Sosonna — hydrogeological simulation, data validation,
formal analysis, preparation of illustrations, translation; Igor
Kovalenko — hydrogeological simulation, writing (original draft),
design of figures; Mykhailo Buzynnyi — radiological data, translation;
Oleksii Shevchenko — review of publications, selection of scientific
novelty, conclusions, revision and editing.
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'IHcTUTYT Npo6nem 6e3nekn aToMHux enekTpocTaHuiin HAH Ykpaiuu, YopHo6unb, YkpaiHa
2[1Y "IHcTMTYT rpomaacbKoro 3aopos's O. M. Mapsiesa HauioHanbHoOi akagemii MeAUYHUX HayK YKpaiHu"
3YkpaiHcbKuii rigpomeTeoponoriuHmii iHcTuTyT (YkpIMI) ACHC Ykpainu Ta HAH Ykpaiuu, Kvis, Ykpaina

NOCTINHA MATEMATUYHA MOAEIb ¢IJ1bTPAL|,II7IHI_/_IX | MIFPALIMHUX YMOB MEXWUPIYYS
NPUN'ATb - YK HOPHOBUIIbCbKOI 30HU BIAYYXEHHA

B cTyn. 3aocmaHHi 8-10 pokie 3Ha4HO 3MiHUnucs padio2idpoekosno2iyHi ma 2idpozeonoziyHi ymoeu YopHobuUbCbKOT 30HU 8id4YyeHHs . [1id
ansiueom sueedeHHs1 eodoliMuwya oxosro0)yeayda 3 eKkcrilyamayii 8 Macwmabax pez2ioHy 3MiHUnucs pieHi, wieudkicmb ma HanpPsIMKU pyxy nid3eMHuUx
800. 3a yel Yac 6ynu cmeopeHi Hoei padiayiliHo Hebe3neyHi 06'ekmu: cxosuuwja eidnpayboeaHo20 10epHo20 nanuea (CBSII-2 ma LICBSIM). Takox
nocunuecs enue 3MiHuU KiiMamy Ha pexum 800HUX 06'ckmis. O4yesudHoO, wjo Onsi suUBYeHHs ennuesy padiayiliHo Hebe3neyHux o6'ekmie Ha 800He
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cepedosuuye 30HU 8i0YYXXEeHHSI, IPO2HO3y8aHHs1 3MiH 2i0po2eos1o2iYHUX yMOo8 id enueoM 3MiH KliMamy ma mexHO2eHHUX HagaHMa)keHb HeoObXi-
OHO cmeopumu oHoeJieHy Modesib hinbmpayiliHo-mizpayiliHux yMoe 3 MoxJiugicmio ii Nodasibwo20 Kopu2yeaHHs1 Mma 6 00CKOHasIEHHS.

MeToawn. Y npoyeci cmeopeHHsi i po3pobku nocmiliHo dito4yoi Mamemamu4Hoi Mmodesi Ha 6a3i Memody CKiHYeHUX pi3HUYb po3ansidanucs
2eoso2iyHi ma 2idpozeonoziyHi ymoeu palioHy dociodxeHb, nposodusiuck 3 eukopucmaHHaM INIC-mexHonozili npocmopoei no6ydoeu dns eizyani-
3auyii eeonozi4Hoi 6ydoeu, cknadeHo inbmpauiliHy cxemy 0nsi o64ucntoeanbHuUx onepayil. [ns nobydoeu noeepxoHb 2€0s102i4HUX 20PU3OHMI8
sukopucmoesyseanachk npozpama QGis, dns po3pobku ginsmpauiiiHoi Modeni — npoepama Visual MODFLOW.

Pe3ynbTaTtu. lo6ydoeaHo modenb hinbmpayiliHux ma mizpayiliHux ymoe mexupiqysi lpun'sasms — Y YopHo6unbCcbKoi 30HU 8i04Y)KeHHSI.
OmpumaHo po3nodin pieHie rpyHmoeux eod ma Hanopie y 6y4yaybKoMy 0G0OHOCHOMY 20pU30HMI. BukoHaHO NPo2HO3U winsixie, HanpsiIMKie ma 4a-
coeux Mex nowupeHHs1 3abpyoHroeayie 3 niozeMHUMu eodamu 8id padiayiliHo-He6e3ne4yHuUx 06'ckmie, a MaKoOX MPO2HO3U 8Mnsuy 3MiH 2paHUYHUX
yMo8 8000HOCHO20 20PU30HMY Ha 2i0poOUHaMi4YHi napamMempu rpyHmosux eod Os1s1 06rpyHmMyeaHHs1 MPOEKMHUX piwleHb i3 800CKOHaNIeHHs1 Mepexi
crocmepexxHux ceepOs108UH Ma 8U3Ha4YeHHs1 yMoe nidmonneHHs npommatidaH4yuka YAEC. 3dilicHeHo npo2Ho3u ennuey 25106a1bHO20 NomenniHHA
Ha peXxum nidzeMHux eo0.

BucHoBEkuU. llpoezHo3He nosie po3nodiny Hanopie deMoOHCMpye MOX/ugicmb NMokpauw,eHHs1 padiosoz2iyHo20 cmaHy rpyHmosux eod eHacili-
0OK: 36inbweHHs1 MoeWUHU 30HU aepauii ma if copbyiliHoi eMHOCMI, MPUCKOPEHHSI CaMOOYUW,eHHS1 3a805IKU 3pOCmaHHIo0 2padieHmie nid3eMHO20 no-
moky. Baxnueo, ujo po3eaHmaxeHHs1 3abpydHeHuUx nidzeMHux 6ol eid6yeamumemsbcsi He e pi4uky [pun'amb, a e i3osboeaHi 3anuwkoei o3epa
KO/TUWHBLO20 CMaeka-oxos1o0xyeaya. [jnss mozo wjo6 nidzemHi eodu nompannsinu o o3ep 3 npommatidaH4yuka YAEC, 3Hadobumscs 6nu3bko 20 pokie.

KnwuyoBi cnoBa: 2eogpinompayiliHa Mmodenb, cKiH4eHHO-pi3HUUesuli Memod, YucesibHe MOOesI08aHHS, pieeHb I'PyHMosux 600, koegi-
yieHm ¢pinbmpauii, YopHobunbCcbKa 30Ha 8iGYYyXeHHSI.

ABTOpM 3aABNSIOTb NPO BiACYTHICTb KOHGMIKTY iHTepeciB. CnoHcopy He 6panu yyacTi B po3pobneHHi JoCHimMKeHHs; y 360pi, aHanisi uu
iHTepnpeTauii AaHWX; Y HanMCaHHI pyKonucy; B pilleHHi Npo nybnikauito pe3ynbTaris.
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STUDY ON EXOGENOUS PROCESSES ALONG THE WESTERN COAST
OF THE CRIMEAN PENINSULA USING DEEP LEARNING METHODS

(MpedcmaesneHo 4neHoM pedakyiliHoi Kosneaii 0-poM 2eos. Hayk, npog. C.A. Buxeoro)

Background. Monitoring changes in coastline contours is an actual topic in the field of environmental, geological and
information research. However, tasks of this kind are complex and require using modern methods of data processing and analysis,
including Earth remote sensing data. One of the modern approaches to solving this class of problems is using machine learning methods,
which is the focus of the research in this article. The object of the authors' research is the western coast of the Crimean Peninsula, the
study of which by traditional methods has become impossible due to the temporary occupation of the Crimean Peninsula since 2014. In
the last decade, the Crimean coastline could have undergone significant changes as a result of anthropogenic activities (including those
related to military operations) and landslide-abrasive processes. In this study, the authors limit the study to changes in the coastline of
the western part of the Crimean Peninsula over the last decade.

Methods. Authors used CNN models (U-Net model) to effectively recognize the coastline and its boundaries in satellite images
without the need for manual vectorization.

Results. The research involved developing Python code to automatically generate reports including network accuracy (0.95) and
loss function (0.19), facilitating the evaluation of different approaches and methods. Additionally, the study created scripts for using the
trained network in the task of semantic segmentation and translating the result of the segmentation model into a vectorized result of the
coastline contours of the Crimean Peninsula, which was represented as a probability raster.

Conclusions. The use of this approach is useful for monitoring changes in the coastline of rivers, seas and lakes

throughout Ukraine.

Keywords: Coastline, Convolutional Neural Network, U-Net model, Crimean Peninsula.

Background

Due to the temporary occupation of the Crimean
Peninsula since 2014, traditional instrumental studies for
monitoring changes in its coastline have become impossible
to carry out. In the last decade, the Crimean coastlines could
have gone through significant changes as a result of
anthropogenic activity and landslide-abrasive processes.
Traditional coastline mapping methods are relatively
expensive, time-consuming, require manpower, and contain
a lot of uncertainties due to the unique geometric and
spectral structures of coasts (Ge, Sun, & Liu, 2014). It's
important to mention that past instrumental studies were
limited in scope, and carried out to a minimal extent due to
cost constraints. The historical data collected is also
discontinuous, with observation points placed unevenly
along the coast and not covering the entire coastline.

This has prompted the need to find alternative methods
of monitoring these changes. Remote sensing data and
satellite images have become a valuable resource in this
regard, as they offer a more comprehensive view of the
coastal region. However, interpreting the vast amounts of
data gathered from remote sensing can be challenging. This
is where machine learning techniques and convolutional
neural networks (CNNs) come in handy, as they can analyze
this data more effectively and efficiently, making it possible
to monitor changes in the coastline. The aim of this study is
to use machine learning algorithms to monitor changes in

the coastline of the western part of the Crimean Peninsula
over the past decade. The algorithms will not only help
measure the intensity of erosion and accumulation
processes but also make quantitative evaluations of the
areas that have increased or decreased along the coast.

The use of machine learning algorithms to monitor
changes in the coastline contours of the western part of the
Crimean Peninsula is a challenging task that requires
expertise in many areas, including geology and machine
learning. The availability of satellite imagery from the last
10 years provides the opportunity to assess the impact of
changes on the study area. This information is critical for
managing coastal resources, protecting the coastal
environment, and planning for sustainable coastal
development. The use of machine learning methods will
enable automated recognition of the coastline and its
boundaries on satellite images, without the need for manual
vectorization. The development of such an approach would
definitely be useful for use in the future to monitor changes
in coastlines along rivers, seas, and around lakes
throughout the territory of Ukraine.

Historically, monitoring the changes in the coastline of
the Crimean Peninsula was performed through limited field
surveys using traditional instruments. However, the cost of
these surveys meant that the data collected was irregular
and incomplete, with observation points located unevenly
along the coast, resulting in gaps in coverage of the entire
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coastline (Cherkez et al., 2012). In Kotolupova's study from
2014, the author looked at the effects of human activity and
erosion from landslides on the changes in the Crimean
coastline. The work highlights the fast-paced and
understudied nature of erosion and destruction in the coastal
zone and emphasizes the importance of systematic
examination and management. The coast was divided into
zones based on geomorphology and morphodynamics,
revealing areas with a tendency towards erosion from
landslides (Kotolupova, 2014). Thereby, the range of
techniques for monitoring environmental changes has greatly
increased, with a focus on using GIS/DSS technologies
(Lialko et al., 2006; Bairak, & Mukha, 2010). The study
explored the challenges in implementing monitoring methods
in a GIS environment and proposed a method for identifying
areas of shoreline erosion and evaluating the severity of
erosion processes (Krasovskyi, & Petrosov, 2003).

Studies of changes in the coastline are presented in
works (Starodubtsev, 2019; Tomchenko, Mazurkiewicz, &
Malets, 2017), in these works Landsat 4, 5 and 8 satellite
images were taken as a basis. The primary methodology
used in these studies is manual vectorization of the coastline

The northwestern section (l) extends from Perekop to
Bakalska spit, composed of easily erodible clayey
formations and forest-like marl with steep cliffs in the
northwest part of Crimea and accumulative forms such as
sandy dunes. This coast is characterized by the presence of
migratory deposits and the most unstable coastal line for
Crimea. According to previous research, the rate of change

a

Fig. 1. Sections of the western coastline of Crimea

boundaries, which is a labor-intensive process. The study of
natural-anthropogenic transformations of the lake was
conducted based on the use of Sentinel-1 (SAR) and
Sentinel-2 satellite data, but the mapping of changes was
still performed manually, making it an inefficient method if it
is to be used as a universal tool for large areas (Martyniuk,
& Tomchenko, 2021).

Investigation of the geological structure of the western
coast of the Crimean Peninsula and underwater slopes of
the Black Sea was also carried out as part of the study. The
geological and engineering characteristics of the area are
established based on the presence of different types of
rocks with distinct geological and genetic origins (Boiko, &
Koshliakov, 2015).

In order to better understand the potential for the
development of abrasion and accumulation processes, a
literature analysis was conducted on geological studies of
the coastline of the western part of Crimea.

Based on the collected information, it was decided to
divide the western coast into 5 sections that have similar
geological structures and climatic factors which in turn
determine their development in the future (fig. 1).

Map Legend

[1 Ukraine administrative boundary
= Western Crimea coastline sections

of accumulative formations can reach several hundred
meters per year, while the retreat of the coast can be up to
several meters per year. (Horiachkyn, & lvanov, 2010). The
active process of coastal abrasion can be seen in the Bakal
spit, based on a comparison of satellite images with a
difference of 10 years (fig. 2).

b

Fig. 2. Coastline changes on the example of the Bakal spit:
a — for 2008; b — for 2018 (Google Earth service, 2023)
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The coast of the Tarkhankut Peninsula (Il) section extends
from the Bakalska spit to Lake Donuzlav to the southwest.
The cross-sections are represented by abrasive-
accumulative shorelines with sandy loess deposits and
sedimentary rocks-limestones. The main part of the cliff
consists mostly of limestones, while the rest are clay cliffs with
a height of up to 50 meters. Accumulative deposits are formed
due to bottom abrasion. The beaches along the cliff are mostly
narrow and consist of unsorted and unquenched material-
limestone gravel, and sand with traces of shells. According to
researchers (Horiachkyn, & Ivanov, 2010), a high rate of
abrasion is observed on the clay cliff, which is about
1.0 m/year, while the rest of the cliff, which is composed of
limestone sediments, has a low rate of abrasion.

The Western Crimea section (Ill) extends from the mouth
of the Donuzlav to Yevpatoriya. The coast of this section is
formed due to the accumulation of shore and sea floor
abrasion products, and in some places, clay strata emerge
on the sea floor. A strip of beach runs along the entire coast,
gradually turning into sandy dunes, and sometimes into salt
marshes. According to the research on this coastal area, it
was shown that 75 % of the coast length is relatively stable,
9 % is increasing in the area, and 16 % is decreasing
(Horiachkyn, & lvanov, 2010). This is due to the fact that
areas with retreating coasts are exposed to the sea, and the
increase is on the advancing coast, so it was concluded that
this is a natural process of shore leveling. The average rate
of shore retreat is about 1 m/year (Horiachkyn, & lvanov,
2010). The cause of beach shrinkage is related to natural
activities (rising sea level, repeated cycles of storm winds
from the south and south-west directions), as well as
anthropocentric impact. Human activity has a significant
impact, including constant sand extraction for construction
purposes, the construction of coastal protection structures,
and the discharge of pollutants into the sea.

The Yevpatoria section — Cape Lukull section (IV) has
the same characteristics as the previously described one,
specifically an accumulative coast formed by the
accumulation of deposits as a result of coastal erosion.

Beginning from the village of Mykolayivka to the Lukull
Cape, the height of the beach starts to increase. The coastal
line is represented by even abrasion-collapse and abrasion-
shift coasts with cliffs made of clayey sediments of the
Quaternary period, represented by clays. Clay cliffs are
easily subject to erosion, the speed of retreat of the clay cliff
ranges from 0.1 to 1 m/year (Horiachkyn, & Ivanov, 2010).

The Cape Lukull-Sevastopol section (V) is represented by
abrasion-slide and abrasion-collapse coasts, the cliff of which
is composed of clay deposits from Quaternary siltstones and
Neogene chalk formations. The coastal strip along the cliff is
not wide and consists of sand and poorly sorted, weakly
consolidated chalk. The rate of abrasion in this area varies
from 0.1 to 1 m/year (Horiachkyn, & Ivanov, 2010).

The analysis of satellite images in the area of the
Nimetska Balka revealed the marble and sand mining
(fig. 3). The mining operations are carried out in the coastal
zone, minerals are extracted in 4 horizons, the height of the
ledges is about 5-6 meters, and the area of the deposit is
about 8.17 hectares. The extraction activities began after the
occupation of Crimea by the Russian Federation in August
2017. The development of the quarry leads to the
degradation of the coastline near the town of Kacha. Also,
according to the satellite imagery, the mining regulations
that would have prevented the degradation of the coastal
zone were not adhered to.

Based on the research conducted using satellite images, it
can be concluded that the coastline of the western coast of
Crimea has undergone significant changes since 2014. Among
the main factors that have influenced its transformation are
detrimental anthropogenic activities and poor monitoring to
prevent negative processes in areas with potential risks. The
methodology proposed in this paper is able to detect the
difference in coastline changes over the past 10 years based
on machine learning methods and historical satellite images.
This, in turn, will provide information on its borders in the past
and obtain the actual ones. A preliminary analysis based on
satellite imagery determined that such research would be
appropriate and useful.

Methods

The complex, multifaceted nature of coastal zone
dynamics, combined with the recent increase in Big Data
pertaining to coastal risk, has prompted studies investigating
whether ML tools can improve our understanding of
coastline position and coastal population dynamics
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Fig. 3. Satellite imagery of the quarry near the Nimetska Balka (Google Earth service, 2023)

(Goldstein, Coco, & Plant, 2019). Shoreline detection is an
example of an application of image-based edge- detection
and is an established research area in computer vision
(Arbelaez, Fowlkes, & Martin, 2007). Although computer
vision research is effectively used to identify everyday
objects, remote sensing images contain more spectral
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bands, more noise, and a higher density of edges than
natural images (Liu, & Jezek, 2004; Liu et al., 2019). The
multidimensional nature of remote sensing imagery has
generated interest in using ML tools to automatically identify
coastlines from imagery.

Most ML-based automated shoreline detection like
Support Vector Machines (SVM) and Random Forest (RF)
methods are based on extracting waterlines from remote
sensing imagery. SVMs yield promising results for feature
classification and detection of remote sensing images even
when trained on a small training dataset (Elgohary,
Mubasher, & Salah, 2017) SVM are non-parametric and do
not assume the training dataset is normally distributed. This
is appropriate for satellite images, which typically contain
high levels of noise (Maulik, & Chakroborty, 2017). Random
Forests consist of an ensemble of decision trees that
individually split the dataset multiple times into smaller sub-
classes using threshold values. As a conclusion of
successful results achieved in different problems,
researchers used this method for coastline extraction and
land use classification as well. RF can also perform analysis
with many input predictors. This feature is advantageous
when using multiple remote sensing data sets of various
resolutions in different coastal areas. This algorithm was
applied for extracted coastlines around Terkos Lake and on
the coasts intersecting with the Black Sea by utilizing the
Random Forests classifier over Landsat-8 medium-
resolution satellite images (Bayram et al., 2017). Although
the algorithm solves the problem of obtaining coastline
contours for long areas, the output results contain a lot of
noise, which is a significant disadvantage.

Previous studies have used RF and SVM to classify
remote sensing images into land and water pixels and assign

Hidden

Input Output

the location of the waterline as the boundary between the two
surface cover classes. Coastline extraction based on RF
(Demir et al., 2017) obtained efficient results for both medium
and high-resolution images for shoreline extraction studies.
However, although a continuous waterline was identified, a
large average error (>22 m) due to noise in the input image
was recorded between the manually digitized shoreline and
the RF-derived shoreline. On the other hand, the coastline
was classified using Supported Vector Machines in the latest
studies (Elnabwy et al., 2020). The detected shoreline by the
proposed method was highly correlated with on-the-ground
measurements. Elsewhere, heterogeneity in the spectral
properties of water between images, caused by differences in
atmospheric scattering, solar radiation incidence angle, and
azimuth adversely affected SVM and RF classification
performance (Rogers, 2020).

Such difficulties have led to increased attention to the
use of Convolutional Neural Networks (CNNs) in shoreline
detection (Rogers, 2020). CNNs were applied to remote
sensing images for feature detection, edge extraction, and
pixel-based classification. Convolutional Neural Networks
have larger training requirements than SVMs and RFs, but
their ability to derive semantic information via convolution
provides promise in their being able to detect features in
remote sensing imagery (Kattenborn et al., 2021).

The architecture of a Convolutional Neural Network
(CNN) consists of an input layer, one or more hidden layers,
and an output layer (fig. 4a). Each layer has a different
number of nodes and the synapses between the nodes of
different layers allow information to flow from one layer to
the next (fig. 4b). The activation function, o, enables the
CNN to determine non-linear relationships between input
and output variables (Rogers, 2020).

Activation
function

@ ™

—|
ai = a(wy aj +w, a3)
b

Layer 1 Layer 2

Fig. 4. Main components CNN:
a — The architecture of a very simple CNN contains an input layer (two nodes), a hidden layer (four nodes),
and an output layer (one node); b — Outline of how the values of nodes in one layer are multiplied by their corresponding weight
to derive the value of nodes in the next layer (o — activation functions, a} — data(images), w; — weights) (Rogers, 2020)

During training, the weights between nodes are updated
through feedforward and backpropagation. Input data is
passed through the network, a prediction is made, and the
difference between the prediction and observed output is
used to update the weights through backpropagation. This
cycle is repeated hundreds or thousands of times and is
referred to as one epoch (Xie, & Tu, 2015). The combination
of feedforward-backpropagation and convolution enables
CNNs to detect features of interest in remote sensing
images and to distinguish them from other features with
similar spectral properties. This feature could be especially
important in detecting edges in remote sensing which
contain a high density of edges (Kokkinos, 2016).

CNN techniques have been successfully used to
automatically extract the instantaneous water line from
coastal remote sensing imagery. CNN's high performance is
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due to the use of a sliding kernel, i.e., the simultaneous
consideration of pixel value neighborhoods rather than pixel-
by-pixel classification. This enables CNN to detect scale-
invariant features, whereby features and their edges will be
in the exact location, irrespective of the size of the kernel
convolving over the image. Noise and speckles are only
likely to be considered as potential features when using
smaller kernels and so are discarded when larger kernels
convolve over the image (Liu et al., 2019). Deeper CNNs,
which convolve a wider range of kernel sizes on an image,
outperform shallow CNNs because they can detect features
at different scales (Hasan, Shafri, & Habshi, 2019). Although
CNNs generally outperform SVMs and RFs in edge
detection and classification tasks in remote sensing images,
CNNs require large training datasets and are prone to
overfitting when trained on small datasets (Rogers, 2020).
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This paper aims to develop a reliable, versatile, and
efficient tool for recognizing changes in the coast of Crimea
along the coast, based on machine learning methods. This
tool will be used to monitor coastline changes and provide
valuable information for coastal management and decision-

making processes. The implementation of the goal is
subdivided into 4 stages: data collection, development of
convolutional neural network architecture, semantic
segmentation of the coastline, and evaluation and reporting
of our results (fig. 5).

Steps in the implementation of the methodology for monitoring coastline changes : Detection of th;e

development semantic
of convolutional
neural network

architecture

data collection

segmentation
of the coastline

coastline contours
along the western
coast of the Crimean
peninsula for the last
10 years

evaluation and
reporting of our
results

Fig. 5. Stages of technical implementation of the methodology for monitoring coastline changes

Remote sensing data can play a vital role in mapping the
coastline and identifying changes over time. The use of
satellite imagery provides a broader set of data compared to
other forms of remote sensing data. During developing a
reliable, universal, and effective tool for recognizing changes
in the coastline along the western coast of Crimea, it is
necessary to make an analysis to obtain information about
available algorithms that could perform shoreline contour
recognition (Okhrimchuk, Demidov, & Brudko, 2022).

Monitoring of changes in coastline contours along the
coast of the western part of the Crimean Peninsula based
on the use of machine learning methods is a complex task
that requires a sufficient level of competence in many areas

of research, starting from the geological component and
ending with machine learning methods. Implementation of
such a non-trivial task required open data sources, as well
as technologies available under a free license (Okhrimchuk,
Demidov, & Brudko, 2022).

The data collection stage involves collecting satellite
images of the western coast of the Crimean Peninsula over
the past 10 years. At this stage of data preparation, it is
necessary to develop functionality that will allow the
processing of historical images from such products as
Landsat-8, Sentinel-2, and PlanetScope. The PlanetScope
with a spatial resolution of 3 m can be used as the main
source of remote sensing data (fig. 6).

- -
- iE
— g
Date 08-09-2022
Product Landsat-8
Spatial- 30m
resolution

e 1

19-08-2022 28-07-2022
Sentinel-2 PlanetScope
10m 3m

Fig. 6. Comparison of spatial resolution of RGB channels of different products

The images should have medium or high spatial
resolution images and temporal resolution to ensure
accurate and reliable results. The option of creating a
synthetic georaster that can integrate different products or
their derivatives, as well as follow a specific channel
sequence to more accurately represent the coastal
topography will also be considered. This innovation has the
potential to improve temporal resolution and reduce the
impact of cloud cover in certain scenarios. Once you have a
collection of images, you will need to annotate them to
indicate the location of the coastline. This can be done
manually or with the help of specialized software that can
automatically detect and mark the coastline in the image.
The annotated images should be saved in a format that is
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compatible with the CNN framework you are using. To
increase the size and diversity of the training set, data
augmentation techniques can be applied. These techniques
involve transforming the original images in various ways,
such as rotating, flipping, scaling, and adding noise or
distortions. By creating multiple variations of each image,
the training set can be expanded, providing more data for
CNN to learn from. It is important to note that the training set
should be balanced, meaning it should have an equal
representation of coastline and non-coastline images. This
helps to prevent CNN from being biased towards one class
and achieving a higher accuracy rate for that class. The
quality and diversity of the training set play a critical role in
the performance of CNN.
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The next step is the development of a convolutional neural
network architecture to solve the task of mapping the coastline.

Results

The main aim is to select and develop convolutional
neural network (CNN) architectures capable of performing
semantic segmentation of coastlines on satellite images.
This is a specialized task for convolutional neural networks,
and an adaptive mechanism is needed to extract informative
features from the input data and generate semantically
meaningful results. The semantic segmentation approach
using U-Net is the most suitable mechanism for this task, as
it allows distinguishing the most informative features and

128x128

256x256

generating results that can be interpreted. Thus, the main
task is the selection and development of convolutional
neural architecture networks (further in text "CNN") for the
semantic segmentation of coastlines on satellite images.
Segmentation of satellite images is a separate direction for
convolutional neural networks. Therefore, it is advisable to
involve some adaptive mechanism that can extract the most
informative features from the set of input data and generate
an interpretable semantically meaningful result on their
basis. The most suitable mechanism is the Semantic
Segmentation approach with U-Net (fig. 7) (Okhrimchuk,
Tishaiev, Zatserkovnyi, & 2020).

Fig. 7. Segmentation U-Net architecture. Here, | — the spatial size of the input image patch (Ronneberger et al., 2015)

The next step is to define and possibly create a CNN
architecture for the semantic segmentation of coastlines on
satellite images. Different neural network architectures will be
implemented and tested to determine their effectiveness.
CNNs are well suited for this task as they have proven to be
effective in image classification and semantic segmentation
tasks. An CNN should be designed and optimized for
semantic coastline segmentation taking into account the
specific characteristics of the data and the task. This may
include customizing the network architecture, selecting
appropriate activation functions, and modifying training
parameters. Solving the semantic segmentation problem
requires developing code in Python and supporting the
computing infrastructure using the open-source library for
high-performance computing TensorFlow. The semantic
segmentation approach using U-Net can be successfully
implemented using the TensorFlow library, which provides the
ability to use pre-trained models and their architectures using
special modules. The developed architectures can be used in
full or only in the convolutional part, depending on the specific
requirements of the task. During the contraction, the spatial
information is reduced while feature information is increased.
The expansive pathway combines the feature and spatial
information through a sequence of up-convolutions and
concatenations with high-resolution features from the
contracting path (Okhrimchuk, Tishaiev, Zatserkovnyi, &
2020). Also, in the context of a U-Net model, the backbone
typically denotes the initial layers of a pre-trained
convolutional neural network utilized for feature extraction,
which is then incorporated with the decoder section of the
U-Net to enable image segmentation. The backbone
generates a set of feature maps that form a prediction.
Incorporating a backbone in a U-Net model involves selecting
a pre-trained convolutional neural network such as VGG,
ResNet, or EfficientNet as the backbone, extracting the final
classification layers, and adding them to the decoder portion
of the U-Net. The backbone enables high-level features that
combine with the low-level features of the decoder section to
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produce the final segmentation outcome. The pre-trained
backbone can be fine-tuned using the specific dataset, or
transfer learning can be applied to adapt it to a related task to
enhance the performance of the U-Net model for the particular
segmentation task. The previous study utilized a U-Net
architecture with a ResNet34 backbone to develop a
segmentation model for recognizing the contours of the
coastline of the Crimean Peninsula on satellite images
(Okhrimchuk, Demidov, & Brudko, 2022). The model was
trained until a validation loss of 0.19 and a validation accuracy
of 0.95 were achieved. The study also involved developing
Python code to automatically generate reports that include
information about network accuracy and loss functions, which
facilitated the evaluation of different approaches and
methods. Additionally, the study created scripts for using the
trained network in the task of semantic segmentation and
translating the result of the segmentation model into a
vectorized result of the coastline contours of the Crimean
Peninsula, which was represented as a probability raster
(fig. 8). These findings demonstrate the effectiveness of using
the U-Net architecture with a ResNet34 backbone in
developing segmentation models for recognizing the contours
of coastlines on satellite images.

After the CNN has been trained, the next stage is to use it
for semantic segmentation of the target class, which involves
generating a probability map of the coastline for each image.
Post-processing of the probability raster is then necessary to
remove noise and improve the quality of the result. This may
include thresholding, smoothing, and morphological
operations. Finally, the result should be vectorized to obtain the
contours of the coastline. This will enable the recognition of the
coastline along the western coast of the Crimean Peninsula
over the past decade, providing valuable insights into coastal
erosion and other geological changes in the region. The
process of semantic segmentation and vectorization can be
automated through the use of scripts and specialized software
tools, allowing for the efficient and accurate analysis of large
volumes of satellite imagery.
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Fig. 8. The result of coastline detection using semantic segmentation,

.

which is represented as a probability raster dated as of 01.07.2022

In the evaluation and reporting stage, the accuracy of the
recognized coastline contours will be assessed by comparing
them with actual changes in the coastline. The results will also
be compared with existing methods for monitoring coastline
changes to determine the advantages and disadvantages of
the proposed approach. To prepare a comprehensive report
on the research results and the developed tool, a detailed
description of the methodology, the CNN architecture used,
and the results of the semantic segmentation of the coastline
will be included. Additionally, a discussion of the limitations
and future work to improve the tool's reliability and efficiency
will be provided, along with recommendations for practical use
and further development. By conducting this comprehensive
evaluation and reporting, the proposed approach's efficacy
can be determined and refined for practical applications in
monitoring coastline changes.

Discussion and conclusions

This paper aimed to monitor changes in the coastline of
the western part of the Crimean Peninsula over the past
decade using machine learning algorithms. Traditional
methods of monitoring coastline changes have become
difficult due to the temporary occupation of the peninsula
and the cost constraints of past instrumental studies.
Remote sensing data, specifically satellite imagery, was
used to gather data, which provided a more comprehensive
view of the coastal region. To analyze this data more
effectively and efficiently, machine learning techniques and
convolutional neural networks (CNNs) were used to
recognize changes in the coastline contours on satellite
images. The implementation of this tool involved data
collection, the development of a convolutional neural
network architecture, semantic segmentation of the
coastline, and evaluation and reporting of the results. The
U-Net architecture was selected and developed for the
semantic segmentation of coastlines on satellite images,
which was optimized for semantic coastline segmentation by
customizing the network architecture, selecting appropriate
activation functions, and modifying training parameters. The
TensorFlow library was used to develop code and support
the computing infrastructure, allowing for the successful
implementation of the U-Net architecture. This tool has the
potential to provide valuable information for coastal
management and decision-making processes, and its
development is an important step toward automated
recognition of coastlines without the need for manual
vectorization. The findings of this study will help in managing
coastal resources, protecting the coastal environment, and
planning for sustainable coastal development. The
developed methodology has a potential application for
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monitoring changes in coastlines along rivers, seas, and
around lakes throughout the territory of Ukraine.
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formal analysis; Vladyslav Lukomskyi — formal analysis, writing.
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'KniBcbkuit HauioHanbHWIA yHiIBepcuTeT iMeHi Tapaca LLleByeHka, Kuis, YkpaiHa

BMBYEHHA EK3OMrEHHUX NPOLECIB 3AXIAHOIO Y3BEPEXXKA KPUMCBHKOIO NIBOCTPOBA
I3 BACTOCYBAHHAM METOAIB NMUWBMHHOITO HABYAHHA

B cTyn. MoHimopuHz 3MiHuU KOHmMYypie 6epe2osux JiHili € akmyanbHUM 3a80aHHsIM y 2asly3i eKosI02i4HUX, 2e0/102i4YHUX ma iHhopmayiliHux
docrnidxeHb. OOHaK maki 3ae0aHHs1 € KOMIJIEKCHUMU i 8UMa2aromb 8UKOPUCMaHHSI cy4yacHux Memodie o6pobku ma aHanizy 0aHux, y momy qucii
OaHux ducmaHuyiliHux 30HO0yeaHb 3emsti. OOHUM i3 cy4yacHux nidxodie A5 supiweHHs1 Mako20 Knacy 3ae0aHb € 8UKOPUCMaHHs Memodie MaWUuHHO20
Hag4aHHS1, YoMy U npucesideHi docnidxeHHs y yiti cmammi. O6'ekmom docnidxeHHs1 asmopie € 6epezosa niHis1 83006 y36epexksa 3axiOHOi Yac-
muHu Kpumcbkoz2o nieocmpoea, docnidxeHHs1 sikoi mpaduyiliHuMu Memodamu cmasiu HeMOX/TUBUMU Yyepe3 mumMyacoey okynayiro Kpumcskozo ni-
socmpoea 3 2014 poky. B ocmaHHe decsimunimms 6epezoea niHis Kpumy Mo2na 3a3Hamu 3Ha4yHUX 3MiH y pe3ynibmami aHmpono2eHHol disnbHocmi
(y momy yucni noe'a3aHoi 3 silicckoeumu dissMu) ma 3cyeHo-abpa3ueHux npouyecie. Y ybomy docnidxeHHi asmopu ok5pecnoromb A0C/TiOKEeHHS
3MiH 6epezoeoi niHii 3axioHoi YacmuHu Kpumcbko20 nieocmpoea 3a ocmaHHe decssmunimmsi.

MeToaun. Aemopu eukopucmosyeanu modesii CNN (U-Net model) dns egpekmueHo20 po3nizHaeaHHs1 6epe2080i JiHil ma if Mex Ha cynymHu-
Koeux 3HiMKax 6e3 Heob6xiOHocmi py4Hoi eekmopu3ayil.

PesynbTaTtu. focnioxeHHs eknroyasno po3pobky kody Python dns aemoMamuyHO20 CMEOPEHHs 38imie, W0 ekIro4aromb iHghopmayiro
npo moyHicmb mepexi (0.95) ma ¢yHkyii empam (0.19), wjo noneawuno oyiHKy pisHux nidxodie ma memodie. [Jodamkoeo e xo0i docnidkeHHs1 6yro
CmMeopeHo cyeHapii UKOpUCMaHHs1 Hag4eHOI Mepexi 8 3adayi ceMaHmMuU4YHOi ceameHmauii ma nepeeedeHHs1 pe3ynbmamy modesni ceameHmauii y
eekmopu3oeaHull pe3ynbmam KoHmypie 6epezoeoi niHii KpuMmcbko20 nieocmpoea, sikuii 6ye npedcmaesneHull y suansdi imogipHicHO20 pacmpy.

B 1 c H 0 B k n. BukopucmaHHsi makoz20 ridxody KopucHe 0151 MOHImopuHay 3MiH 6epe2080i JiHii pi4oK, Mopie ma o3ep Ha ecili mepumopii YkpaiHu.

Knw4yoBi cnoBa: 6epezosa fiHiss, 320pmkoea HelipoHHa Mepexa, modenb U-Net, Kpumcbkuii nisocmpis.

ABTOpM 3asBNAIOTb NPO BiACYTHICTb KOHMIKTY iHTepeciB. CnoHcopu He Bpanu yyacTi B po3pobneHHi JocniaXeHHs; y 36opi, aHanisi um
iHTepnpeTauii AaHWX; y HanMcaHHI pykonucy; B pilleHHi npo ny6nikauito pesynbTarTis.
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