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CYYACHMM TA OABHIA PENbE® FrEOAPXEOJIONYHOI NAM'ATKU MEXXUPIY

(MpedcmaeneHo 4neHoMm pedakyiliHoi koneaii 0-pom 2eon. Hayk K.M. BoHdap)

B c Ty n. KomnnekcHi 2eoapxeonoziyHi docnidxeHHs1 noceneHb doicmopu4Hoi ma icmopuYHoi TI00UHU KJTHOYaroMb aHai3 ycix
KOMIoHeHmie 0aeéHb020 NMPupodHo20 cepedosuwia, 8 MomMy yucri penbegy ma penbegpomeipHux npoyecie. [i[pome HedocmamHsi
yeaza do ¢hikcauyii yux eaxxsiueux xapakmepucmuk, a makox 0oeiflbHe aUKOpUCMaHHs1 2e0MOP¢Hos102iYHUX MepMiHie ycknadHrMb
ix nodanbwy inmepnpemauyiro. Memoro docnidxeHHs1 € peei3isi icHyro4UXx 2eomMopghosio2iYHUX onucie ma nasneo2eoMopghosIo2iyHUX
PeKoHcmpyKuili slokanimemy 2eoapxeosio2iyHoi nam'smku Mexupiy, ymoyHeHHs1 ma Oemani3ayisi if no3uyii y cyyacHili ma daeHit
cmpykmypi pesibegpy 3eMHOI Mo8epXHi.

M e T o A u. focnidxeHHs1 Npoe8oOusIOCs 3 BUKOPUCMAaHHSIM KapmozpaghiyHo20 Mmemody ma dewugbpyeaHHs Mamepiaslie aepokoc-
MiYyHOT 3tiomku. Takox npoeedeHo rpyHmMoeHul 6ibniozpaghiyHull aHaniz Haykosux ny6ikayil, npucess4eHuUx naneozeozpagidyHumM pe-
KOHCMPYKUissM mepumopii 00CliOKeHHS1.

Pe3ynbTaTtu. BuseneHo po36ixHocmi y eausHa4eHHi mo4YyHoi 2eomopghosio2iyHOI npue’sisku yiei nam’amku, po3anasgHymo oduc-
KyciliHi numaHHs1 ujo00 pi3Hux nioxodie ujo0o Hymepauii Had3anasHUXx mepac, rnoe'si3aHi 3 aUKOPUCMaHHSAM Pi3HUX cXeM cmpamuapa-
bl emeepmuHHux eidknadie YkpaiHu npu damyeaHHi antoeiro, a makox i3 duckyciliHicmio numaHHs1 w000 kpumepiie Hymepayii mepac.
B pe3ynbmami aHanizy KOCMi4YHUX 3HIMKie 3eMHOI NoeepxHi, 2ircomempu4yHOi ma 2eomMopghos102i4HOI cxeM, iHWUX 2e0/1020-2e0MOpPgho-
J102i4HUX Mamepiasie ymoYyHeHOo cy4yacHy 2eoMopghosio2idHy cumyauiro ma ocobsiueocmi GaeHb020 penbeghy mepumopii, sU3Ha4eHo
poJib MopghocmpyKmypHoi no3uyii, cnekmp ma AuHamiky npouyecie MopghoslimozeHesy.

BucHoBku. [lposedeHi docnidxeHHs1 06rpyHmMosyromb demepMiHyroYy posb pesibeghy y eubopi ma opzaHizauyii 6e3neyHo20
JXummeegozo npocmopy AaeHbOi JIHOOUHU. Y po3e’si3aHHi NumaHHs1 Npue‘a3ku 2eoapxeosto2idHoi nam'asmku Mexupiy do mepacoeoz2o
pieHs1 MPOMNoHyeMbCs1 HyMepau,ito mepac eusHa4yamu 3a MOpghosI02i4HOH O3HaKOH, YHUKHY8WU MaKUuM YUHOM Pi3HUX IMPaKmoeokK 8iKy
KopesisimHux eidknadis i, 8ionoeioHo, po36ixHocmell y HoMepax mepac.

Bb6ayaembcsi MOXJIUBiCIMb 8UKOpPUCMaHHSA 2e0MopPgoIT02i4HOI iHghopMayii docnidKeHOT Ni3HbOMNaneonimu4Hoi CMosiHKU SIK MOWYKo-
8020 Kpumepito po3mileHHs1 iHWuUX nocesieHb 0agHbOI IIOOUHU 8 NMO0i6HUX hi3uKo-2eoepaghidyHUX ma 2e0/1020-CMPYKMYPHUX YMOBaX.

Knrw4yoBi cnoBa: 2eoapxeosozisi, Mexxupiy, penbegh, naneopenbegh, mepaca.

BcTtyn

ManeoeKkonoriyHW akLEHT y Cy4acHUX reoapxeornoriyHmx
OoCNioKeHHsIX nepeabavyae PeKOHCTPYKLH0 KOHKPETHOro ce-
penosuLLa, B AKOMY MPOXOAUNA XUTTEAIAMBHICT KOHKPETHOI
icTopnyHoi rpynu niogen. Lle, 3 ogHoro 6oky, Aae 3amory Bu-
3HaYUTV BNMB 3MiH MPUPOAHUX YMOB Ha PO3BUTOK MaTepia-
NBHUX KyNbTyp, @ 3 iHLWOro — BCTAHOBUTU 3BOPOTHUIA BMNWB
cycninbcTBa Ha ctaH goBkinnga (FepacumeHko Ta iH., 2022).
BuBueHHs1 B3aeMo3B'a3kiB "npupoga — noguHa — rocrnogapc-
TBO" 3AINCHIOETBCA HE Ha OCHOBI €KCTPanonsLii Ta LWNPOKNX
y3ararnbHeHb, a Ha piBHi OKpeMux MikpoperioHiB abo ekonori-
YHUX Hiw. [oNoBHe 3aBOaHHA TakuMx OOCiAXeHb 3'acyBaTw,
"LWO Le 3a cepenoBuLLE, SKi MOrO KOHKPETHI 0bcsirv i reorpa-
ivHMI 3MICT, Ta Sk came (Yepe3 ski MexaHiaMu) BOHO BNv-
Bario Ha paHHbonepBicHy KynbTypy" (CMnHTMHA, 2001, c. 38).
Omxe pe3ynbTaToM reocapXxeonoriYHnx AOCHiAKeHb Nam'aToK
0aBHbOI KynbTypy MOBMHHA OyTW BIiAMNOBiAb Ha 3anuTaHHS:
YoMy cepef, YCbOro NPUPOAHOro Pi3HOMAaHITTS GiNIsIHOK 3eM-
HOI MOBEPXHi KOHKpPEeTHa rpyna nrogen obpana Ans CBOro npo-
XMBaHHA came Lo OiNsHKy.

Cepep ycix KOMMOHEHTIB NaHawadTy penbed Handac-
Tille BMCTYNae ik BU3HAYanbHWN YMHHUK BUBOPY Micus po-
3TallyBaHHA Ta cnocoby BrawwTyBaHHSA NOCeNeHHs A4aBHbOI
NoANHW, TpUBANOCTi MOro (PyHKUIOHYBaHHA Ta W BpeLuTi

CTYNneHsi nofanbLlioro 36epexeHHs Y BWKOMHOMY CTaHi
(BopTHuKk, KoBToHIOK, & Moropineuyk, 2019). Xapaktep pe-
nbedy Ta MOro 3B'A30K 3 reorioriyHo OyaoBO noyacTy
MOXe norerwyBaTtu AOCTyn A0 KaM'sHOro matepiany, skui
CnyryBaB 3a CVPOBWHY AN BUFOTOBIIEHHS Pi3HWX 3HApsadb
npaui (bopTHUK, Moropinbyuyk, & KoBToHiok, 2020). BuB4eHHs1
cyyacHol reoMopdonoriyHol cuTyauii MicLeBocTi, Ae po3Mi-
LLyBanucs XuTna, Me3o- Ta MIKpodopM MOXOBAHOTO perb-
ey UMX OiNSAHOK pasoM i3 xapaKkTepucTukamu MigCTUMbHUX,
BMiCHUX NopiA Ta nopia, Wo NepeKkpnBatoTb KyrnbTYPHWIA Lwap,
Ma€e BENUKe 3HAYeHHSI ANs PO3YyMiHHS OAaBHIX MPUPOOHUX
ymoB. 3 ornsagy Ha Te, Lo nig Yac apxeororiyHmnx pobiT yacTto
3 HEAOCTaTHBLOK AETANbHICTIO 34INCHI0ETLCA ikcauist 0co6-
NMBOCTEN Cy4acHOro penbedy, B TOMY Y4CHi AOBIifbHE BU-
KOPUCTaAHHA TreoMOpPMONOriYHNX TepMIiHiB, 3'ABNATLCS
Pi3Hi TPaKTyBaHHS L€l BaXXNMBOI XapakTepUCTUKN recapxe-
onoriyHMx nam'aTok. Lie x ctocyeTbes i naneoreomopono-
riYHMX Ta NaneoaMHaMiYHNX PEKOHCTPYKLIA NOBEPXHI, ska €
apeHo OCBOEHHS i MEPBICHOK MOANHOI0.

Mexupiubka CTOsIHKa MUCIUBLIB Ha MaMOHTIB — odHa 3
HavKkpalle QJOCMiAKEeHMX naMm'aToK Mi3HboNnaneoniTMYHoI
nobu i HambinbWw HapiiHO npopgaTtoBaHa B Ycin CxigHin
€sponi (HyxHun, & LWnanoscbkuin, 2009). 3a noHapg, niBsi-
KOBY iCTOpil0 BMBYEHHA TyT Oynu npoBefdeHi YMCneHHI

© BopTHuk Ceprin, Moropinbyyk Hatanisi, KoBToHiok Onbra, 2024
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cneuianizoBaHi poboTW: reonoriyHi, reomoponoriyHi, Mik-
pocTpaturpadiyHi, naneomarHiTHi, naniHomnoriyHi, naneo-
300J10TYHi, A@HTPAKOMOriYHi, ManakonoriyHi, pagioreoxpo-
HOMOriYHi, BioreoximiyHi Ta iH.

Mema daHoi cmammi — NpoBecTW peBi3ilo iCHYUMX
reoMopdornoriyHMX OnuncieB Ta NaneoreoMopgonoriYHmx pe-
KOHCTPYKUIi nokaniTeTy Uuiel reoapxeonoriyHol nam'siTku,
YTOUHUTM Ta AeTanisyBaTn no3uuito Mexmpilubkoi CTOSIHKM
Ta ii OKOMWUb Yy CyyacHi Ta OaBHI CTPYKTypi penbedy
3€eMHOI NMOBEPXHi. Y 3B'A3Ky 3i CTBOPEHHSAM YHichikoBaHOI
0a3n gaHux no BCiX reocapxeonoriyHmx ob'ektax Teputopii
YKpainu, sike 6yno 3anovyaTkoBaHe y pamkax BUKOHAHHSI Ha-
YKOBO-AOCHiAHOI Temu reorpadivyHoro dakynbtety KuiBcb-
KOro HaujioHanbHOro yHisepcuteTy imeHi Tapaca LlesyeHka

Puc. 1. Orn;moéa KapTa TepuTopii po:;,'ramyBaHHn Me)Kpil.u,

Paselib

"PeKOHCTPYKLiS MPUPOAHMX YMOB apearniB NPOXMBaHHS Nto-
OVIHW Ha TepuTopii YKpaiHu B OICTOPUYHWIA Ta iCTOPUYHMI Yac"
(2019-2021), icHye noTpeba y BU3HaYeHHi EAVHOTO Migxoay Ao
aHanisy reomopdonori4Hoi Ta naneoreomMoponoriyHol cuTy-
auii umx o6'exTiB (Bortnyk et al., 2019).

MeTtoam

JocnigxeHHs npoBOAMIIOCA 3 BMKOPUCTaHHSIM KapTor-
padiyHoro metody Ta gelwmndpyBaHHA maTepianis aepoko-
CMiYHOT 3OMKM.

Pe3ynbTaTtun

Mexupiubka reoapxeosoriyHa nam'stka po3ralloBaHa Ha
HeBenukoMy Muci Mix p. Poccto Ta ii niBoto nputokoto p. Po-
caBo0 Ha BigcTaHi 6nm13bko 3 KM Ha niBAeHHUI 3axia Bia nis-
AEeHHOro 3amukaHHsA KaHiBcbkux gucnokadin (puc. 1, 2).

eXupitibka chtha
YCAWBLIB HalMaMOKTIB

= JlyKal
posiiexagis Google

p

Puc. 2. KocMiuHe 306paxeHHsA é v;'ropi'l' p03

ISSN 1728-3817

fyras = 4
CraHicnaBsunubKaiy,
CraHicnasumk

awyBaHHA MexupiLlbKol reoapxeonoriyHoi nam'aTku (httpsl/eah.google.com/web)
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MepLmnii [OCTaTHLO I'PYHTOBHUI ONUC penbedy AiNsaHKN
PO3MiLLLeHHS Ni3HbONANEeoNiTMYHOI CTOSAHKKM Mexupiv HaBe-
aeHun y pobotax |. Migonnivyka (Mugonnuyko, 1969,1976):
CTOSIHKa po3TalloBaHa Ha "TUNOBOMY MEeXUpiddi, y caMomy
KyTKYy MiX piykamu Poccio Ta PocaBoto, Wo Bnagae TyT y
Pocb. MpoTsixkHicTb Poci Big Mexupiva, To6To Big BnagiHHA
B Hei Pocasu, go [Hinpa, ycboro 12 km, i 3annasu Poci Ta
Pocasu y c. Mexupiu 6e3 6yab-aknx ocobnmemx o3Hak y pe-
needi nepexoasaTs y 3annasy [Hinpa". ABTop 3a3Havae, Lo
3 yaciB NPOXMBaHHSA MWUCMMBLIB HAa MaMOHTIB Ha TUX Tepe-
Hax penbed MicLLeBOCTi MPaKkTUYHO He 3MiIHUBCS.

3aceneHHs uUiei AinsgHku naneonituyHoto noguHoto |. Mi-
AOMMiYKo NpUB'A3Y€e A0 Yacy BUHWKHEHHS BignoBigHWUX Npu-
POAHUX YMOB, TOMOBHOK 3 SIKMX € MOHWXEHHSI MiCLEBOro
6a3swncy epoasii, B pe3ynbTaTi Yoro noyana opmyBaTmcs cy-
YyacHa 3annasa Poci Ta Pocasu, a nonepegHs nepewna y
CTaH NepLUoi Hag3annasHoi TepacK. Big piBHS A0OMNiBKM XUTN
[0 cyyacHoi 3annasu piukn PocaBu amnnityaa no Beptykani
csrae 6nmsbko 9 M. Ockinbku B reonioriyHOMy po3pisi Tepacu
anioBianbHi  BigKknagu nepelapoByoTbCA 3 AertoBianb-
HUMMK, OYEeBMOHO, NMpoLec nepexody 3annaBHOi Tepacu y
HaasannasHy OyB gocuTb TpuBanum. MoxnuvBo, LIO B OK-
pemi poku Boan PocaBu 3a BMCOKMX MaBOAKIB 3anuBanu
iHodi i Hag3annaeHy Tepacy, 3yMOBIIOKYM BigknagaHHsA Ha
Hi antoBil0, X04a OCHOBHUI Mpouec ceaumeHTalii HocuB
BXe [erntoBianbHUI XapakTep.

3aceneHHs TepacoBOi NOBEPXHI NMOAMHOK BiAbynocs ni-
Cnsi NPUMNMHEHHS Nepioay BUCOKMX MaBOAKiB, KONWU mpolec
ceauMeHTaLlii 3MIHUBCA HaKOMUYEHHSAM JIeCOBOI TOBLL, O
MiCTUTb B OKpeMMX MicLax TOHKi (0,5 cM noTyxHicTio) npo-
LUapKK aentoBianbHOro nicky. Ha MOMeHT NosiBu TyT NOAUHM
Ha antoBii BXe BCTUrna Hakonuuntucs 1-1,5-meTpoBa To-
Bwa necy (Muaonnunyko, 1976).

[inaHka nepLuoi HagsannaeHoi Tepacy p. Pocasa, Ha skin
OCenunMcst MUCIUBLI Ha MaMOHTIB (3ayBaXKMMO, LLIO B MOHOT-
pagii (Mupgonnuuko, 1969) BOHa BU3HAYAETBCA SK roroue-
HOBa), onMcaHa $K [Ba MWCOBUX BUCTYMU MK OaBHIMU
6ankamn. Ha MiBaeHHomy Mexupiubkomy Muci, obmexeHomy
MiBHiuHOO Ta MNiBAEHHOK Gankamu, po3TaLloBYBaNMCS XUTna.
Ha MMiBHi4HOMY, Maiike aHanoriyHoMy 3a nroLleto, OypiHHSM
BMSABMEHO NULLE OKPEMi 3anuLLKW KynbTypHOro wapy (KicTku,
3011y, KpeMiHb). 3 niBHouYi 0buasa Mucy obmexysanvcs 3anna-
Boto Pocasu. 3i cxoay i 3axoay MiBaeHHWMI Mexupiubkuin Muc
obmexyBanu HeBenwki 6anku, Lo BUXOOWNW i Tenep BUXOOATb
y 3annaBy, i B siKUX, O4EBUAHO, OBrO CTOsNIa BECHSIHA Boda
(Muponnuuko, 1976).

Onucyroun NoBEpXHIO AOMIBKM XUTH, sika 3a YaciB yHKL-
OHYBaHHS1 NMOCENEHHS NO-CyTi i Oyna AaBHLOK EKCNIOHOBAHOK
nosepxHeto [liBaeHHoro Mexupiupkoro mMucy, TO6TO AaBHIM
pensedom, |. Migonnivko BiaMiYae NPUYpPOYEHICTb XUTN A0
nefb NpUNIgHATUX OINSHOK LET NOBEpXHi. 3aranbHuiA i ronoe-
HUIA yxun ii ByB CnpsiMOBaHWUIA y CXiBHOMY — MIBHIYHO-CXiOHOMY
HanpsiMKy o gonuHu Poci. Jobpe BUpaxeHe 3HWKEHHST MUCY
(3a npubnM3HUMK po3paxyHkamn 5cM Ha 1 M) y BKasaHOMy
HanpsMKy 6yro BMAHO Npu po3Korkax TpeTboro xwuTtna (Mugo-
nnuyko, 1976) Ta Npy po3KonKax rocrnoaapcbkunx ob'ekTiB Ha-
BKoro Hux (Haesaerts et al., 2015).

Y 3axigHin Ta niBHIYHO-3axiAHI YaCTUHI Opyroro xutna
onucaHe Moro YKpIinneHHs CKnageHumun y Tpu psigu Tpyoua-
CTUMM KiCTKaMu, O MOXe CBiAYMTWN NPO CBOro poay iHxe-
HEPHMWIN 3aXMCT MELLKaHLiB CTOSIHKM Bif pO3MMBY AOLLOBUMU
Bopgamu. Came Ha nepeBaXKaHHs NPOTArOM POKY 3axigHWX Ta
NiBHIYHO-3aXxigHMX OOLOBKX BiTPIB Y JAHOMY PErioHi B Yacu
nisHboro naneonity Bkasye |. [igonniyko. Y moHorpadii
(Muponnuyko, 1969) Takox 3BepTaETLCA yBara Ha HepiBHO-
MipHICTb AentoBiloanbHOro 3amMyroBaHHS XUTEn i JOMiHy-
BaHHsi LbOro npouecy 3 60Ky npaBoro Gepera Pocaswu.

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

OTxe, MOXHa 3pobVTU BUCHOBOK MPO HE3HaYHWNA, ane [o-
CTaTHIn Ons AentosianbHOroO 3MUBY, TornorpadivyHum yxun
NoBepXHi Tepacu B HaNpsAMKy Ao 3annaeun Poci Ta y Hanps-
MKy AHMLA AaBHbOi 6anku opgHoyacHo. OCTaHHin, MOX-
NMBO, NOB'A3aHWI 3 iCHYBaHHSAM HE3HAYHOTO MOHWKEHHS Ha
OiNsHUi TUNOBOrO LWBa, A€ MOBEPXHSI Tepacu KOHTAKTye 3
YCTYMNOM KOPIHHOIO CXMMy pPiuKOBOi AOMNUNHM.

MigcymoBytoun aHanis ocobnuBocTen naneopensbedy,
I. Migonniyko BiA3Ha4ae, WO BCi XXMUTNa 3anmarnu NeBHOK Mi-
poto MiaBULLIEHI AINAHKM, Big SKMX NPUHANUMHI B O4HOMY Ha-
NPSMKY MLLIO MOHWXKEHHS. 3@ TaknuM OMMCOM, BPaxoBYHOYM
Te, LLIO XUTNa po3TalloBaHi AOBOMi KOMMNAKTHO (Ha BiACTaHi
10-25 m ogHe Big ogHOro), i Ha Takin HEBEMMKIW NNoLLi Bia-
MiYaloTbCA 3MiHW B yXUINi NOBEPXHi, MOXHa BUAINUTK Taki
reomMopdonorivyHi enemMeHT AaBHbOI TepacoBOi NOBEPXHI:
1) BIGHOCHO MOHWXEHWI TWUIOBUI LUOB, 2) HELUMPOKY, ane
nnacky LeHTpanbHy BoAoAiNbHy YacTuHy lliBgeHHoro Me-
Xupiubkoro mucy, 3) cxunu 6anok, saki oomexysanm lNisaeH-
HUIN MeXxunpilbkuin Muc.

[obpa 36epexeHicTb XWUTM CBIgYUTbL MPO CNPUATNUBI
Ans X KoHcepBaLil yMOBU Ta HU3bKOEHEpPreTUYHi ceanuMeH-
TauinHi obCcTaHOBKM SIK Mg Yac YHKUIOHYBaHHS, Tak i nig
yac nepexoay XWTn y noxosaHu ctaH. LLBnakicTb entoBia-
NBHOTO OCaAKOHAKOMUYEHHHS Ha MoBepxHi Mexumpilbkoro
mMucy ouiHioeTeca B 1,5 Mm Ha pik (Mugonnuuko, 1969). |
X04ya aBTop nepLloi MoHorpadii Npo MexupiubKy CTOsIHKY
3ayBaXye Ha BMCOKi iIMOBIPHOCTI HACTYMHUX AeNntoBianbHNX
PO3MUBIB, LLO NMO3HAYMMOCS Ha XapaKTepi po3TallyBaHHS Ki-
CTOK LLOKOMS XUTM, @ CaMe 3MilLleHHi OKpEMMX BEIUKUX KiC-
TOK Ta 4epeniB MaMOHTIB, $§IKi 4aCTKOBO 3CyHyTi abo
nepeBepHyTi, € NiACTaBU BBaXaTtu, WO XWUTNa MUCMMBLIB
O6ynu posoni repmeTuyHumMK. Mpo Ue cBigYMTb BiACYTHICTb
0O3HaK pPO3MMBY BOrHWLLA, HOPMalibHE PO3TallyBaHHA Mac
BYFiNNs i 30nu, piBHOMIPHi Y BCi CTOPOHM 06pucu wnendis
Bij oManeHHs BOrHeM JOMIBKM BOTHULLA S3MKaMK NonyM's
ToWwo. 3aTyxaHHsA ceaumeHTauii necononibHoro CyrnmHky
I. Migonniyko noB'a3ye, 3 ogHoro 60Ky, i3 3aransHUM Npoue-
COM 3rnaKyBaHHs CxuIy, Wo oTtovye gonuHy Pocasu, a 3
OpYroro — i3 3aniCHEHHSIM MPUNErnux 4o KOPIHHOTO CXuny
YacTuH Tepacu PocaBw, WO nepeTBopunacsa Ha Haa3sanna-
BHY Y nidHboMy naneoniTi (Mugonnuyko, 1969).

Y noganblumnx JOCMimMKEHHsX Mexupiubkoi CTosHKM B i
reoMopOrorivHin NPUB'A3L| YTOYHIOETLCSH HOMEP TEPacoBOro
piBHSA, MiOKPECNOETLCA NPUYpoYeHicTb noro Ao p. Pocb Ta
3'9CoBYIOTbCS AesKi AeTani y BnaluTyBaHHi Moro noBepxHi. Tak,
y pobotax (Tnagkux, 1977; Velichko et al., 1994) Homep Tepacu
Poci, oe posTtalloBaHa CTosiHKa, 3a3Ha4aeTbCA SK ApYri, a i
abcontotHa BucoTa — 98 M Hag piBHem Mopsi. 3rogom, micns
BMSABMEHHS eMOPIOHaNbLHOro MOXOBAHOIO I'PYHTY Ha PiBHI Kyrb-
TYPHOrO LUapy, HOMep Tepacu NepernaaaeTbCs: KynbTypHUA
wap 3andrae B ToBUi Il BUuTauiBCbKO-OY3bKOI TEpacy niBoro
Gepera p.Pocb (pobotn [yGHsika — 3ragka y nyonikauii
(OyoHuk, 2017)). 3ayBaxummo, WO 3a cTpaturpadiyHo cxe-
Moto M. Foxuka — BUTaviBCbKMIA Ta By3bKuiA KniMaTorniTv Bigno-
BijaoTb | HasgannasHi Tepaci (Foxwuk, epacumeHko, &
BopTHuk, 2019), a 3a cy4acHO Cxemoro Kopensuil, LWo 3acTo-
coByBanacsi npy reofnioriYyHOMy 3HiMaHHi YeTBEPTUHHUX BigKkNa-
aiB  (OepxasHa reonoriyvHa kapTa, 2012), signosigalTb
BiMbLUAHCBKOMY CTYMEHIO i Bigknagam Opyrx HagsannaBHUX
Tepac (a?Puvl).

Y ny6nikauisx (Velichko et al., 1994; Kornietz et al.,
2001) reonoriYHUMK JOCNILKEHHAMM OBI'PYHTOBYETBLCS Mic-
Le3HaxomkeHHss Mexupiubkoi nam'atku Ha |l Hag3annasHin
Tepaci, i NiBHIYHIN YacTuHi M gonvHamu pivyok Pocb Ta
Pocaga, a Takoxx HaBOAWUTBLCSA XapaKTepUCTUKa naneoavHa-
Mi4yHOI 06CTaHOBKM Ta OCOOMMBOCTEN CEOUMEHTOreHesy.
3asHavaeTbcA, WO Tepaca npunsrae OO KPYTOro cCxuny
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nnarto, po34rIeHOBAHOMO YMCIEHHUMU sipaMn Ta Gankamu.
Lla yacTuHa nos'da3aHa i3 npontoBianibHUM KOHYCOM BUHOCY
BESIMKOrO ApY, KWW BigKpuBaeTbCca B AoNWHY p. Pock. Big-
MiYa€eTbCA CKNagHICTb YeTBEPTUHHOI cTpaTurpadii uiei mic-
LleBOCTi Yepes iCHyBaHHS pi3HMX 3a CKNagoMm Ta BikoM dhaLin
BigKnagis: AentoBianbHUX, NPOMIOBianNbHUX Ta eonoBuX, a
TaKoX MPUCYTHICTb Ha Mpunernomy Ao Tepacu nnaTo fbo-
OOBMKOBUX Ta BOOHOMNbOOOBMKOBMX BigKNadiB AHINPOBChb-
KOro BiKy MOTyxHicTio go 20 M, wWo 3anaraloTb Ha
naneoreHoBMX NOpoaax.

3a gaHrMu Lnx focnimpKeHb, NecoBO-I'PyHTOBA Cepid TyT
XapaKTepu3yeTbCa AOCUTb OAHOPIAHUM MiHEpanbHUM CcKna-
[OOM, L0 BKa3ye Ha oHe [XXeperno HaAXOMKEHHS YramKo-
BOro marepiany. NpoTsarom ycboro nisHbOro NbOAOBUKIB'A 3
npunernoro nnaTto 4epes 6anku i spu o gonuH Poci i Po-
caBw BiabyBaBCH iHTEHCMBHUI pyx maTtepiany eposinHoi gi-
SANbHOCTI TMM4YacoBMX BoAoTokiB. OgHak, sk Big3HavalTb
aBtopu (Kornietz et al., 2001), cama ginsiHka po3tallyBaHHs
Mexupiubkoro noceneHHs Gyna i3onboBaHOW Big BNNBY
LMX NpoLeCiB, NPO WO CBigYNTb PiIBHOMIPHA TEKCTypa BiakK-
nagis, SKi 3anaratoTb B OCHOBI KynbTypHOro wapy. Yepes uio
cTabinbHicTb, BNacHe, MUCNUBL 1 o6panu came Lo AinsiHKy
NOBEPXHi Tepacu Ansi CBOrO NPOXUBAHHS.

[}
30 -

28
26 1
24 J<s

[inaHka nepekpuTa Bigknagamu, yTBOPEHUMU iHTEHCUB-
HUM eonoBo-AertoBianbHUM HakonuyeHHaM. Mopdockoniy-
HAA aHania 3epeH Keapuy BKadye Ha YTBOPEHHS
nepekpuBarnbHOro wapy B pesynbTaTi OCifaHHs TOHKOOWUC-
nepcHoro MaTepiany B MiNKOBOAHUX Kantoxax. Y niacTunb-
HOMY LUapi cCnocTepiratoTbCa NPOLUapKU FMAWH i MicKiB, Lo
CBiAYMTb NPO IHTEHCUBHE i pi3HOMaHITHE OcagKoHaKomMu-
YEHHS B Yac, sSiKMi nepedyBaB 3aCEreHHI0 AaHoi NOBEPXHI
noanHOK. Ha MOMEHT OCBOEHHS L€l NoBepxHi BOHa Gyna
O0CUTb CTabinbHOW | He nigaaBanacst 3aTOMSEHHIO PiyvKo-
BMMM BoAamu. LIMKMivyHWI TN ceanMeHToreHesy NnpocTexy-
€TbCA Yy OBOX 3rerka rymycoBaHux Llapax "edemepHux”
r'pyHTIB 3 03Hakamu kpiogedpopmaldii (Velichko et al., 1994;
Komar et al., 2003).

Takox Yepes Haa3BMYaHO CKNagHy cTpaTurpadito veT-
BEPTUHHMX BigKNagiB Uiel OiNsHKM Ta iCHYBaHHA KiNbKOX pi-
BHIB HM3bKUX PiYKOBUX Tepac LWoAo reomopdonoriyHoi
nokanisauii MexupiubKoro NocenieHHs1 BXXMBAETLCA TEPMIH
"Hn3bka Tepaca". ToMmy Ha HaBe4eHOMY reosoriYHOMy po3-
pisi (puc. 3), Akuii intocTpye OynoBY YETBEPTUHHMX BigKna-
[iB, He BKasaHi HOMepu TepacoBuX piBHIB. Ha >xanb, Ha
HbOMY TaKOX BiICYTHSI MPOCTOPOBA OpiEHTALisl, L0 TaKoX
YCKIMaAHIOE NOro NpoYUTaHHS.

Section of plateau

0

b

e __%1:_‘—

Excavation

Puc. 3. FeonoriyHuit po3pi3 ginAHkK niBoro 6epera pivku Pocb,
Oe po3stawoBaHa Mexupiubka naneonituyHa crosiHka (Kornietz et al., 2001):
1 — cy4acHWI I'PYHT; 2 — NeCOBUIA CYTTIMHOK 3 MPOLLAapKaMu r'yMyCOBaHOIO CYTTNHKY; 3 — FyMyCOBUIA FOPU3OHT ME3WNHCBKOTO I'PYHTOBOTO
KOMMnekcy; 4 — nicok; 5 — wapysaTi CYrMUHKK i Cynickn; 6 — MOpeHa AHINPOBCLKOro 3refeHiHHs; 7 — meprenb; 8 — apTedaktn

MpoBeaeHi y 1992—-1996 pp. Makpo- Ta MikpocTpaTurpa-
ivHi gocnigxenHs (Soffer et al., 1997) nossonunu aprymeH-
TyBaTW TrinoTedy nNpo MEepioaUYHICTb iCHYBaHHSI XXUTN
Mexupiubkoro noceneHHs Ha nosepxHi || HagsannasHoI Te-
pacu Ha 3nuTTi Poci Ta Pocasu, a Takox Npo HEOAHOYaCHWI
i KOPOTKOTPMBANUI xapakTep ix dyHKUiOHYBaHHs. LlikaBo,
WO Yy umx nybnikauisx NpoLiapku CTepPUnbLHOro (3a TEpMIHO-
rorieto apxeornoris) Micky, ski 40 LbOro iHTepnpeTyBanucs
0. BennykoM sik cprtoBiarnbHi, NOB'A3yH0Tb 3 aHTPOMOrEHHO
NPUPOAOI0 — MiCAsi KOXHOIO MOBEPHEHHS Ha AiNAHKY MUCU-
BUi oumLanu Ta ctabinidysanu ii NoBepxHto, nocmnaro4m ni-
CkoM, B1Uao6yTnm nobnmay.

BiaToai sik reorpadpiyHa Ta reomopdonoriyHa npuB'a3ku
MexunpiubKoi CTOsIHKM 3akpinunacs iHpopmalis npo posTa-
LWyBaHHS il Ha "HW3bKIN Tepaci Npu Buxogi 6anku B 4ONWNHY
Benukoi pivkn" (LUngnosebkuin, 2005; 2020) ta npuypoye-
HicTb 0o "piBHs || Hag3annaeHoi Tepacu Poci, ycknagHeHoi
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KOHYCOM BMHOCY BEFMKOrO AaBHLOrO Spy B AONUHY PiYKy,
Lo Mae BUCOTY (piBeHb) 10—12 M Hag cyyacHo 3annaBoto
(HyxHun, & Wnanoscbkun, 2009; HyxHui, LLnanoscbkuia,
& MeaH, 2013). Ane Taka nokauis NoceneHHs 3aBxan BMMa-
rae YyTOUHEeHHs!, OcKinbku 6e3 0oOaTKOBUX PO3'ACHEHb MOXe
cKrnacTucsa xnbHe ysIBMEeHHs Npo Te, L0 NOCENeHHs po3Ta-
LwoByBanocs y rmpni 6ankm abo Ha Ti KOHyCi BUHOCY, LLO €
Maiike HEMOXITMBUM 3 OFNSIAY Ha BUCOKY OMHAMIYHICTb LiMX
AiNSHOK Yepe3 akTUBHI akyMynATMBHI NporntoBianbHi Npo-
Lecw, siki He Mornu cnpusTi 6e3nevyHomy i 3axuiieHomy dy-
HKUiOHYBaHHIO noceneHHs. MoBa 1ige npo OaBHO, BXe
crabinizoBaHy, NMOBEPXHIO, sika B YaCOBUN iHTepBarn OCBO-
€HHS NI0OMHOI0 BXE He 3a3HaBarna NoTYXHUX NporitoBianb-
HUX aKyMyrnsLin.

BignoBigHoO 40 reonoriyHol KapTy YETBEPTUHHUX BigKna-
aiB (OepxaBHa reonoriyHa kapta, 2012) Ta reomopdonori-
YHOI cxemu, WO T1i CynpoBOAXYeE, Micue po3TallyBaHHS
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MexunpiubKoi CTOSHKM MUCIMBLIB HA MaMOHTIB — Lie AinsHka
[OYyXe By3bKOi CMyrv TepacoBOro piBHs, obMexeHa i3 3axogy
TUMOBVM LLIBOM HEPO34SIEHOBAHOI YETBEPTOI-TPETHOI YEPKACLKO-
Tpy6i3bkoi Ha3annaBsHoI Tepacy. AntoBil L€l Tepacy NoxoBa-
HWA nig cybaepanbHUMK Bigknagamu i BianoBigae kKavpalb-
KOMY | TACMUHCLKOMY KnimMaToniTam cepeaHboro HeonnencTo-
LeHy Ta npunyLbkoMmy Ta YyOanWcbKoMy KrimaTonitam Bepx-
HLOroO HeornnencToueHy (a*3Pi.i Er-tb).

3aBasky AOCHIAXEHHAM KOMMINEKCHOI yKpaiHO-chpaHLy-
3bKOI ekcneauii 3a nporpamoto "The end of the Mammoth
Steppe: men / environmental interaction at Late
Pleninglacial in Eastern Europe" cnineHo 3 HauioHansHUm
npupoaHu4um myseem (Mapwk), ski NPOBOAMNMNCA Ha CTOSAHLI
3 2006 p., oTpuMaHi HOBi AaHi WoAo MikpocTpaTurpadii
MangaH4ymka po3miweHHs MexunpiubKoi CTOSIHKM, Lo Aano
3MOry no-HOBOMY NpOiHTepnpeTyBaTu Bigknagu MigcTunb-
HOro, BMICHOrO Ta NepeKkpMBaroyoro KynbTYPHUI Liap ropu-
30HTIB, Ta pEeKOoHCTpyloBaTn ocobnmeocTi naneocepe-
JoBuLa ocagkoHakonnyeHHs (Haesaerts et al., 2015). Le
[03Bonsie rMunbLue 3po3yMiTh Ti TPUPOSHI Npouecw, siki CTBO-
ptoBanu Ta TpaHcopmMyBanu penbed L€l OinsgHKM NpoTs-
rom octaHHix 15 000 pokis.

AsTopn (Haesaerts et al., 2015) HaBogATb 3BedeHy
cTpaTurpadiyHy KOMOHKY Bigknagis, Ae BUAINEHO LWiCTb ro-
pu3oHTIB (3HU3Yy — BBEpX A, B, C, D, E, F) 3 BigMiHHUMU ce-
OUMeHTauiHMMmn - ymoBamu. ToBla UuUa MigcTenseTbes
nepeLllapoByBaHHAM MiCKIB Ta CYrNUHKIB, WO Bignosigae
cybakaBanbHo-cybaepanbHOMy  (antoBianbHoO-gentoBianb-
HOMY) nepiofly iCHyBaHHS NOBEPXHI Tepacu Lie 3a0Bro A0
NnoceneHHs Ha Hii nioguHn. MopnsoHTn A, B Ta C maixke oa-
HOTUMHI | NpeAcTaBneHi NecoBUMU €0NOBUMY BigKNagamu.
Y BepxHix YacTMHax BOHU 3rierka 36arayeHi opraHiuyHoo pe-
YOBWHOIO | MICTATb YMCNEHHi kapboHaTM30BaHi KOpeHeBi Bia-
outkn. Lle cBiguntb npo ¢asum TumyacoBoi cTabinisauii
NOBEPXHi POCIANHHICTIO, @ BiACYTHICTb O3HAK PyXoMOro Boa-
HOro cepefoBMLLa — NPO rapHy APeHOBaHICTb TepuTopii. MNo-
XO[KEHHS npowapkiB 6inoro nicky y ropusoHTi B,
3ragyBaHoro Bxe y pobori (Soffer et al., 1997) npoiHTepn-
peToBaHi ik 3MVB OYETBEPTUHHUX MNICKiB 3 HABKOMULLHIX Te-
putopii. A NpoLlapku XOBTyBaToro nicky — Ak pesynbTat
nepeHeceHHs antoBianbHUX Bigknaais i3 3annaeu Poci. bi-
MoZAanbHUIN rpaHynoMeTPUYHNIA cknag ropnsoHTy D (niwaHi
NiH3W y CyrMMHKax), OYeBMOHO, BKA3ye Ha BiTPOBY aKTUB-
HiCTb, WO NoeaHyBanacs 3 gentoBianbHUM 3MUMBOM. Y ropi-
LUHIN YaCTWHI O3HaKN KOPEHEBUX CUCTEM POCIIMH BKa3ylTb
Ha KOpOTKy chasy cTabinizauii naHawadTy, konw i Bigbynocs
nepLLe 3aceneHHsi NOBEPXHi Tepacy NoanHo. Mopu3oHT E,
3 SIKMM MOB'sI3aHE OCHOBHE PO3TallyBaHHS apXeOosorivyHNX

apTedakTiB, Hece 03Hakn OBOX a3 cTabinidauii noBepxHi
nig po3pigkeHUM TpaB'sHUM NMOKPUMBOM, SKi NepepuBanmncs
€0ITOBMM JIECOHAKOMNYeHHsIM. TyT eMOpioHarnbHi ryMycCHi
rOPU30HTY YEPrylTbCsa 3 flecamu, B SIKMX CMOCTEpIratoTbes
03HaKV TePMOKapCTOBMX NPOLLECIB Ta KpioreHHnx aedopma-
Lin nopia. MNepekpuTuii Lien ropm3oHT cepieto nap (aybneTis)
Ce30HHMX NpoLUapKiB 3aranbHO NOTYXHicTio 0,28 M. KoxHa
napa ckrnagaeTbCs i3 CBITNOro TOHKOro fecy, WO Hakonm4y-
BaBCH BITKY, TA TEMHILLOrO CYrnMHKY 3 Taroro CHiroBoro no-
KpuBy, TOOTO Mae HiBanbHO-e0NoOBE  MOXOOXKEHHS.
MigpaxoBaHo, Lo WBMAKICTL HAKOMUYEHHS Liel navku nopig,
carana 70 cm Ha 100 pokiB (Haesaerts et al., 2015). Buwe
3ansrae ToBLLA OHOPIAHMX CYNICKiB TAKOX €0JI0BOr0 MoXo-
OXKEHHS, Lo 3Ha4YHO 3MiHEeHa Mepexxeto GioTypbalin Ta Kpo-
ToBMHamu. OTXe, LS ainsiHka Tepacu p. Pock Gyna y cBin
Yac apeHo PO3BUTKY Pi3HMX Mpouecis, Wo cdopmyBanu
CKMafHWM i reHeTUYHO Pi3HOPiIagHMI KOMNNEKE Biaknaais. Ba-
PTO 3a3HA4YMTK, WO BIACYTHICTb Y PO3pIi3i KPYNHUX ynamkiB
MicLeBUX SOYeTBEPTMHHUX Nopid, SKi BnacTuei auiam kKo-
HYCIiB BUHOCY, BKa3ye Ha Te, LWo Ao, nig 4ac Ta nicnsa gyHk-
LliOHYBaHHS MOCENEHHS] MUCIUBLLIB Ha MaMOHTIB aKTUBHMUX
NpontoBianbHUX akyMynATUBHUX MPOLECIB, MPUHAWMHI B Mi-
CUi po3TaLlyBaHHSI XWUTH, He Byro.

OT1xe, NnpoaHanisoBaHi Hamu nybnikauii No Mexwupiubkin
reocapxeoriorivyHin nam'atui 3acBigyunun iCHyBaHHS Pi3HMX
TpakTyBaHb reoMopdOroriyHOT NPMB'A3KK Micus i posTally-
BaHHSA (Tabn. 1). Lle nosicHeTbLCA Sk CyTO reoMopdonoriy-
HAMW  MpUYMHaMKW, TaKk | BUKOPUCTAHHAM  Pi3HMX
cTpaTurpadivyHMX CXem YeTBEPTUHHMX Bigknagis YKpaiHu
npv AaTyBaHHi antoBilo Ta NepekpuBatoymx Moro Bigknaais.

3 nornsgy penbedy, Taki NPo6nemMn 4YacTo BUHWKAIOTb
Yepes po3BixHICTb Y HyMepallii Tepac ik MopdonoriyHo Bu-
paXeHoro y cy4acHomy penbedi enemeHTa piykoBoi O0-
NHM Ta HOMepa Tepacu 3a BiKoM Ta Oy0BOI0 antoBianbHOI
TOBLLI, WO ii cknagae. ToOTo nepLua Big 3annasun MOpgono-
riYHO BMpaxeHa Tepaca Hacnpagsgi 3a BiKOM artoBito MOXxe
OyTu i opyroto, i TpeTLO. Y BU3HA4YEHHI HOMepa TepacoBOro
piBHS, Ae po3TalloByBanacs Mexupilubka CTOsIHKa, CUTya-
Lisi ycKnagHeTbes We 1 TUM, Wwo ue — Micue 3nuTTa Poci
Ta PocaBu, i 0O AKOT 3 HUX HanexuTb U AingHka Tepacw,
BU3HAYUTUN BaXKO. [10 TOro X He cnig BUKIIOYATU MOXITNBO-
cTi TpaHcdopMauii (abo 1 B3arani 3HULLEHHS) NEBHUX ene-
MEHTIB penbedy 3annaBHOrO KOMMMEKCY LUX PiYKOBMX
OONVH Yepe3 MeniopaTuBHI 3axoau, Wo bynu 3gincHeHi TyT
Ha noyatky XX ctonitta. Tomy y nybnikauisx, npucBaYeHmx
Mexupiubkinn reoapxeonorivHii nam'aTui, 3ycTpiyaemMo pisHi
BapiaHTU Takoi NPUB'A3KN.

Ta6bnuysa 1
OCHOBHi kpuTepii Ta BapiaHTU BU3Ha4YeHHS HOMepy TepacoBOro piBHA,
Ha siIkoMy po3TalioBaHa MexupilbKa CTOSIHKa MUCIUBLIB HA MAMOHTIB
Homep Ta Ha3Ba TepacH Dxepeno, y AIKOMY 3rafyeTbcs Homep .KpuTepiﬁ
Ta Bik Tepacu BUAINEHHA Tepacu
MopdonoriyHuin

| Hag3annaBHa Tepaca

I. Migonniyko, (Muaonnuyko, 1969, 1976)

[eonorivyHni

Il Hapg3annaBsHa Tepaca

e M. Magpkux (Mnapkux, 1977)

¢ O. Benuuko (Velichko et al., 1994)

¢ O. Cobpep, O. Benuuko, H. KopHieub, 0. MpibueHko (Soffer et al., 1997)
o M. Komap, H. KopHieupb, [1. HyxHui, C. Mean [. HyxHui (Komar et al., 2003;
HyxxHuia, & Lngnoscekun, 2009; HyxHui, LUnanoscbkuit, & MeaH, 2013)

?

[eonoriyHni,
eonoriyHni
[eonoriynnin

Tpy6i3bka Hag3annaBHa Tepaca

o [1. Ezeprtc, C1. MeaH, [. HyxHuit (Haesaerts et al., 2015) eonoriyHuni
Il Hag3annaBHa Tepaca > . .
BUTauiBCHKO-6Y3bka B. Aybrsk (?) (Ayanmk, 2017) leonoriyHuit
Heposunerosara IV-Iil uepkaceko- [epxaBHa reonorivyHa kapta 1:200000 (2012) eonoriyHni

Hu3bka Tepaca

H. KopHieub, O. Benuuko, K. NpibyeHko, E. KypeHkoBa,
E. HoseHko, M. Komap (Korniets et al., 2001)

[eonorivynnin
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MposicHNTM cutyadito i3 cydacHum nokaniretom Mexupi-
LbKOi Mam'aTkvi gonomMararTb nobyaoBaHi Hamu rincomeT-
puvyHa kapTa (puc. 4) Ta reomopdornoriyHa cxema (puc. 5)
uiel TepuTopii. Ha Hawy aymky, 3giicHioBaT reomopdorio-
riYHy NpWB'A3KY po3TallyBaHHS reoapXeonoriYyHNX nam'aTok
JouinbHO came 3a MOpPONOriYHUM MPUHLMMOM, OCKINbKM

HOMep Tepacu 3a KOPENATHUMM Bigknagamun Ta BiKOM arnto-
BianbHOI TOBLLi HE Aa€ ysiIBNEHHs npo ii nosuuito y 6yaosi
pi4koBOi AonuHuW. Bik antoBilo, B TOMy YMCni i NOXOBaHOrO,
BaXNMBO BpaxoByBaTyW Mig Yac cTpaTurpadiyHol NpuB'a3ku

Ta gaTtyBaHHA KyJNbTYpPHOro Lwwapy.

Puc. 4. TincomeTpryHa cxema MexupiLbKkoro Mucy Ta npunernoi TepuTopii (macwrtab 1:25000 3meHLWweHUR):
1 — micue posTalyBaHHA MeXupiLbKoi reoapxeosoriyHoi nam'aTku; 2 — rigpomepexa; 3 — AiNSHKN BTOPUHHUX ePOo3iiHNX BpisiB

Bes o Lﬁﬂ\;—lwn ,12 EB

Puc. 5. TeomopdonoriyHa cxema Mexupiubkoro mucy Ta npunernoi repuropii (Macwrta6b 1:25000 3MeHLIeHUN):
1 — noBepxHS NNATonoAiIGHOT PiBHWHM, 2 — epo3iiHi ocTaHLj, 3 — CXMNOBi NOBEPXHi, 4 — Momnogi (ronoLeHoBI) eposiltHi Bpian,
5 — paBHi (NneicToueHoBi) 6anku Ta spu, 6 — noBepxHsi | Hag3annaeHoi Tepacu, 7 — 3annaea, 8 — 6piBka | Hag3annaeHoi Tepacw,
9 — Tunoswui wos | Hag3annasHoi Tepacy, 10 — KOHYCK BUHOCY ApiB Ta Mexi NpornioBianbHOi ncesgoTepacu, 11 — 3cysw,
12 — piukM Ta MeniopaTMBHI kaHanu, 13 — MicLe po3TallyBaHHA MeXupiLbKoi reoapxeonoriyHoi nam'saTkun

ISSN 1728-3817
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£k BUAHO 3 HaBeAEHUX KapT, Lie EAVHUIA Ha Ui TepuTopii
HEeBENUKNA (pparmMeHT, o4yeBMaHo, cninbHoro Ans Poci Ta
PocaBu TepacoBoro piBHs 3 riNCOMETPUYHUMMU BigMiTKaMu
100-110 M, SkuMiA KOHTaKTye ©Ge3nocepeHbO i3 3annaBoto
LLMX PiYOK. Y NiBAEHHO-3aXxigHi NOro YacTUHI 3a XapakTepom
PUCYHKY FrOpu3oHTanen AewndpyeTbecs KOpoTka, ane Liu-
poka 6arnka, B SKill i po3TalloByBanacsi CTosiHka MUCIMBLIB
Ha mamoHTiB (abc. BucoTta 98 M H.p.M.). BeanocepeaHbo Ha
MiCLIeBOCTi MOPPONOriYyHO 3rnagxeHi pucu penbedy Ta 3a-
OynoBa Uiei TepuTopii He 4aTb 3MOTU MPOCTEXUTU i KOH-
Typw, ane BoHa Jobpe ineHTMdikyeTbcsa Ha kapTax. YiTkiwe
y penbedi Ta Ha kapTi dikcyeTbcs ycTyn uiei Tepacu (8o
10 m) Ta i 6pieka (izorinca 100 m).

3BepTae Ha cebe yBary HasiBHICTb Y npu3annasHii Yac-
TUHI Tepacu BY3bKOi CMyru, sika OBMEXYeTbCS i30rincoto
85 M Ta OOOaTKOBOK TFOPU3OHTAMIO Yy MiBHIYHIN YaCTUHI
MUCY, | PO3LUMPIOETBCA B MiCUSX BNagiHHA ApiB Ta 6anok
(amB. puc. 4). Lli po3impeHHs € kKOHycamMmun BUHOCY sIpiB, SKi,
3MMBaKYNCh, YTBOPKOKOTL NPONOBianbHy nceegoTepacy. Ha
OOHOMY 3 HWX HUWHi po3MillieHa Jopora 3 MOCTOM 4epes
p. Pocb, skun 3'eaHye niBobepexHy YacTuHy c. Mexupid 3
noro "ocTpiBHOK" AinsiHKoO. Y rupni AaBHLOI Ganku, ae po-
3MiLLyBanacst CTosiHka MUCIUBLLB Ha MaMOHTIB, TaKOX Cro-
cTepiraeTbCs NoAibHMIN KOHYC BWHOCY i, CKopille 3a Bce,
came 11oro BepLumHa byna obpaHa 3a Micue nocerneHHs. Lie
NiATBEPAXYIOTb | reonoriyHi Ta MikpocTpatTurpadiyHi AaHi
nonepeaHix gocnigxeHb (Velichko et al., 1994; Soffer et al.,
1997; Komar et al., 2003; Haesaerts et al., 2015). Monorun
CXWn KOHycy 3abe3neyyBaB 3py4HUI CMYCK y 3arnaBy pivku,
OCKINbKW Ha npunernux AingHkax notpibHo Gyno gonatu
10-12-meTpoBUI 3HAYHO KpyTiWwMA yctyn Tepacu. Mox-
NMBO, paHille Liel KOHyC BMHOCY MaB binbluy nnolly, ane
nig yac 6yaiBHMLTBA 3ragaHnx MeniopaTMBHUX kaHanis bys
YaCTKOBO 3pYyWHOBaHWMN.

Ak yxe 3a3Hayanocs, B micui 3nutta Poci Ta Pocasu, a
ocobnueo, B 3annasi Poci HMx4Ye Bif Lboro micus i Ao Bna-
AiHHA Y p. [HiNpo, BHAcnigoK 3MiHW TApPOSoriYHOro pexumy
uux pivok BigOynucb umucneHHi nepebynoBu pycna i 3a-
nnaewu. Lle 6yno nos'sA3aHo sk i3 NpUpogHMMK NpoLecamm
(MOTYXHUMW ceneBMMM NOTOKaMU, ki HOPMYBarnm KOHYCK
BMHOCY ApiB NiBAEHHOI YacTUHN KaHiBCbKUX rip, | TMM cCaMum
BMKNWKanNv ropusoHTanbHi gedopmadii pycna Poci, nepemi-
LLYIOYM OTO Ha NiBAEHb), TaK i 3 @aHTPOMOreHHUM YMHHUKOM
(nepeq MepLuoto CBITOBOK BiMHOW TYT Oynu 34ilNCHEHI mac-
WTabHi rigpoTexHivHi 3axoam 3 ocyLUeHHs 3annasu Poci).

OTxe, y HanpsAMKy Big 3annaeu Poci Ta PocaBu go Bo-
A04iNbHOro NNaTo BiAMiYaemMo Taki MopdonoriyHi enemMeHTn
(amBs. puc. 5): 1) cnabko BUpaxeHy npontoBianeHy NceBao-
Tepacy, sika MacKkye TUITOBMI LIOB 3annaeu i HaknageHa Ha
Hei; 2) dpparmeHT | HagsannasBHoi Tepacu. BukopucTaHHs
MOpdOnoriYyHOro KpUTepito nig vyac onmcy reomopdornoriy-
HOT 06CTaHOBKM re0apXxeosioriYyHMX nam'aTok, y TOMy Ynchi i
BM3HAYEHHs1 HOMEpY Hag3annaBHWX Tepac, AacTb 3MOryTb
YHUKHYTU HEBU3HAYEHOCTI | cnpuaTMe (oopMyBaHHI0 OOHO-
TUNHOT 6a3n AaHuX Npu PEeKOHCTPYKLUisX naneoreorpadiy-
HUX YMOB MPOXMBaAHHSA OaBHbLOI MNoauHKU. Bik antoBianbHOT
TOBLUi Ta, BiANOBIAHO, reonoriYHMi Bik Tepacu BapTo BKasy-
BaTW OKPEMO.

Ak nokasye aHani3 KapT, y Ni3HbOMY MAENCTOLEHI Ha Aai-
NAHUI MexXxupiubkoro MMcy Manu micue iHTEHCUMBHI npouecu
BOAHOI €posii, CBiAYEHHAM SIKUX € LUMPOKi BankoBi 4ONUHN.
B ocTaHHix HWHI cnocTepiraloTbca BTOPUHHI Bpi3n 3aBrnmo-
WwKn 9—-13 M, NOB'A3aHi 3 HOBITHLOK EPO3INHOK aKTUBHICTIO
ApiB Ha TNi ckNagHo AMdepeHLIoBaHMX Cy4aCcHUX TEKTOHI-
YHUX NigHATTIB. Ha ogHMX ginsHkax ui monogdi apu dikcytoTb
NnposiBU perpecuBHOI eposii, Ha ApYrMx — YCKMNagHIoTb
CXUNK AaBHiX Ganok, Ha TpeTiX — NOrnNuobNITE iX AHMLWA.

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

Takni BTOPUHHWI 5P YTBOPUBCS BHAcCMiAOK perpecuBHOl
eposii i B 6anuj, e po3TaloBaHUin MagaH4mK naneonitmy-
HOI CTOSIHKM (AMB. puc. 5). XapakTep po3TallyBaHHS Ta KOH-
dirypauia saragaHux eposiiHux ¢opMm CBiAYNTb NPO MOXNUBI
nepexasaTu pycen TMMYacoBMX BOAOTOKIB, SKi Mpu3Beny Ao
iHTEHCMBHOIO PO34SIEHYBaHHS MEPBUHHOMO MraTo, i30ro-
BaHHS NOro NpMBOAOAINBHMX YAaCTUH Ta YTBOPEHHS eposin-
HUX OCTaHLUiB.

Omxe, xapaktep penbedy mexupivds Poci Ta Pocasm ui-
TKO BKa3ye Ha AOCUTb 3HAYHY aKTMBHICTb €pO3iiHNX MpoLie-
ciB, 9K Ha Cy4acHOMy eTari, TaK i y HeaBHbOMY MUHYTIOMY.
Lle, o4eBMaHO, MOSICHIOETLCSA HE NULLE ri4pPOMEeTEopPONoriv-
HUMUW MpUYMHaMK, ane n ocobnmMBoOCTAMU MOPAOCTPYKTYp-
HOT No3uLii L€l AINSHKN Ta peXXMMOM HOBITHBOTO | Cy4acHOro
TekToreHesy (Bortnyk, Kovtoniuk, & Pohorilchuk, 2019). YHi-
KarnbHIiCTb LibOro perioHy 3yMoBneHa HasiBHICTIO TYT 3HAaYHWX
3a ob'emoM i nnowleo AMcnokalin Me3030M-KanHO30MCh-
KOro 0CafoBOro 4oxna, o BupaxeHi y penbedi KaHiBCcb-
KMMu ropamm Ta MowHoripcbkuM kpsxem. PosTtawioBaHa
MK HUMKM gonuHa Poci Ta Pocaeu y micui cBoro 3nutTs i
dopmytoTb "Mexnpiubknin MUc" — cknagHUn MOpaOCTPYKTY-
pHWUIA By3on. 3a3Hauumo, WO MOpPGOCTPYKTYpHa Mo3aika
AaHoi TepuTopii BU3HAYaETLCA CKMagHUM NOEQHAHHAM pis-
HOPAaHroBMX MiHIMHNX Ta NNOLWOBUX MOPAOCTPYKTYP, AKi pi-
3HOK MIpOK MpPOSABASIOTLCS HE TiNbkM B OCOBNMBOCTAX
penbedy 3eMHOI MOBEPXHi, ane  y NpocTopoBux ocobnu-
BOCTSX PO3MOAINYy YMCNEHHNX MOKA3HMWKIB i XapaKTepuUCTUK
npupogHoro cepegosuwia. Llen MopdoCTpyKTypHUA BY30S1
€ pe3ynbTaTtom TpuBarnoi Ta cknagHoi nepebynoBM akTUB-
HUX TEKTOHIYHUX YMHHVKIB, LLLO KOHTPONOBanu nepeobir ek3o-
reHHUX penbedOTBIPHNX NPOLECIB HA 3EMHI NMOBEPXHi i
CYKYMHO 3 KNiMaTU4HUMK 0COBNMBOCTAMU TEPUTOPIT BU3Ha-
Yanu ii naHawadTHY CTPYKTYpY, SKy AN cBOiX notpeb Bu-
KOpucTOoBYyBana nepsicHa nognHa. MoxHa npunyctuty, Wo
noaibHi reomopdonoriyHi YMOBM € TUMOBUMM 41151 NOAIOHOro
poAY CTOSIHOK i MOXYTb CIyryBaTV KpUTEpIEM AN iX NMOLUYKY.

[unckycis i BUCHOBKMU

OcTaHHiIMM pokamu Mig, Yac NpPOBELEHHSI apXeOororivHMX
pjocnigkeHb Bce Binblue yBary NpuainseTscs naneoreorpadi-
YHOMY aHanisdy, y sIkoMy BaxnuMBe Micle 3anmMatloTb [ochi-
OXEHHS OaBHbOTO Ta Cy4acHOro penbedy — 5K OgHOro 3
NPOBIAHNX YAHHMKIB, LLIO BMNMBAB Ha BUOIP ABHLOKO NIOANHO
CBOro Micusi npoxmBaHHs. Cneundika eHo- Ta ek3oaMHaMiv-
HOI aKTMBHOCTI TepeHy MeXunpuubkoi Mi3HLONaneoniTMYHol
CTOSIHKM MUCIUBLIIB HAa MaMOHTIB BU3Hauuna onTumarbsHy reo-
MOPAOMOriYHy CUTyaLito, sika CNpUYuHMNA nokarnisadito came
B LIbOMY MICLLi aKTUBHOI AisNbHOCTI AaBHbLOI NoAnHK. Penbed
CTaB rofloBHO0 NepeyMOBO PO3MILLEHHST CTOSIHKW: TPMKYTHA
dopma MexumpiubKkoro MUCy Ta MOro OTOYEHHST 3 ABOX OOkiB
piykamun CTBOpOBana 3py4Hi yMOBM K LLOAO OpraHisawi roc-
nogapoBaHHs, Tak i wogo 6e3neku (3 Lporo Mucy gobpe npo-
rnaganacs TepuTopis MPaKTUYHO B YCi CTOPOHU i 3axucTy
notpebyBana nuvile niBAeHHO-3axigHa YacTuHa). 3pydHicTb
0N NPOXMBaHHA TepuTopii, Ha K po3TalioBaHa Mexupi-
LibKa CTOSIHKA, He O3Hayae BiACYTHICTb Ha Hili reoaMHaMIYHUX
NPOLECIB, sIKi MOrMN 6 CNPUYNHUTU TPYAHOLLi ANS NPOXUBaHHS
cninsHoT. OgHaK NpoBEAEHNIN aHani3 yKasye, Lo CNekTp i av-
HaMika eK30reHHMX NPOLECIB € JOCUTb PI3HOMAHITHUMU SK ANist
TaKol HeBENUKOI AiNAHKK: Le OiAnbHICTb TUMYacoBUX MiHIMHUX
i MMOLLOBMX BOAHWX NOTOKIB, PiYOK Ta e0rioBMX NpoLiecis. Y Ton
)K€ Yac Ha camMoOMy TEPEHI CTOSIHKM He cnocTepiranach 3HayHa
aKTUBHICTb HEGE3MeYHNX reoMopPdPOIOriYHNX NMPOLIECIB.

[NCKYCIMHICTb NUTaHHA NPUB'A3KM CTOSIHKWM OO Tepaco-
BOrO PiBHS NOB'si3aHa 3 pPisHUMU NigxogamMu 40 BUHAYEHHS
Tepac — reomopdornoriYH1M Ta reonoriyHum. MNMponoHyeTbeA
HymepalLiito Tepac BM3Ha4aTu 3a MOpdOmMOoriYyHO O3HAKOH,
OCKiNbKW 3aCTOCYBaHHS re0NorivyHMX KpUTepiiB NpmM3BoanTb
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[0 Pi3HOro TpakTyBaHHs BiKy Bigknagis i, BignosigHo, po3bi-
XHOCTen y HoMmepax Tepac. Kpim Toro, nocTinHe BOOCKOHa-
TNEeHHA MeTOoAVK AaTyBaHHSA Bigknagie y ManbyTHbOMY MOXe
CMNPUYNHUTY NOrNMUBNEHHST AUCKYCINHOCTI Uiel npobnemu.

BHecok aBTopiB: Ceprii BopTHVMK — KOHLenTyanisawis, Hanwu-
caHHs (nepernsg i pegaryBaHHs); Hartanis Moropinbyyk — dopmarnb-
HWI aHani3, HanucaHHs (opuriHanbHa YepHeTka); Onbra KoBTOHIOK —
MEeTOAO0NOris.
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PRESENT AND ANCIENT LANDFORMS OF THE MEZHYRYCH GEOARCHEOLOGICAL SITE

Background. Comprehensive geoarchaeological studies of prehistoric and historic human settlements involve analyzing all components
of the ancient natural environment, including topography and landforming processes. However, insufficient attention to documenting these crucial
characteristics, as well as arbitrary use of geomorphological terms, complicates their further interpretation. The research aims to revise existing
geomorphological descriptions and paleogeomorphological reconstructions of the Mezhyrich geoarchaeological site, refining and detailing its
position within the modern and ancient land surface structure.

Methods. The research was conducted using cartographic methods and decoding materials from aerial photography. Additionally, a
thorough bibliographic analysis of scientific publications related to paleogeographical reconstructions of the study area was carried out.

Results. Discrepancies have been identified in precisely determining the geomorphological context of this site. The study delves into
contentious issues surrounding various approaches to numbering the floodplain terraces. These debates stem from the use of different stratigraphic
schemes for Ukraine's Quaternary deposits when dating alluvium. Additionally, the debate extends to criteria for terrace numbering. Through the
analysis of satellite imagery, hypsometric and geomorphological diagrams, and other geological-geomorphological materials, the contemporary
geomorphological situation has been refined, and the peculiarities of the ancient terrain have been unearthed. The role of morphostructural position,
the spectrum of processes, and the dynamics of morpholithogenesis have been pinpointed.

Conclusions. The conducted research substantiates the pivotal role of terrain in the selection and organization of safe living spaces for ancient
humans. To address the issue of linking the Mezhyrich geoarchaeological site to the terrace level, the proposal is to number the terraces based on
morphological features, thereby avoiding divergent interpretations of the ages of correlated deposits and discrepancies in terrace designations.

Furthermore, there is potential for utilizing the geomorphological information from the investigated Late Paleolithic settlement as a search
criterion for locating other ancient human settlements under similar physiogeographic and geological-structural conditions.

Keywords: geoarchaeology, Mezhyrich, landforms, paleo landforms, terraces.
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BU3HAYEHHSA E®EKTUBHOI MOPUCTOCTI NOPIA-KONEKTOPIB
3A JAHUMM CTPYKTYPM iX NYCTOTHOIO NPOCTOPY
Y BIBEMCBKUX | TYPHEUCbKUX BIAKNAOAX BEPE3IBCbKOIrO POOOBULIA

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

B c Ty n. lpu docnidxeHHi podoguw documb 8a)KJIUEO MPOCMEXUMU 3aKOHOMipPHOCMIi e HympiwHboI 6ydoeu nopid-konekmopie
3 ixHiMu ¢hizuyHUMU enacmueocmsmu. lTpoeedeHuli aHani3 2eoghizudHux docnidxeHb ceepdnoeuHu Ne 203 bepesiecbko2o podosuwya
AHinpoeckbko-foHeybkoi 3anaduHu HeobxiGHUl Onsi OyiHKU nepcrekmueHocmi ckiladHonobydoeaHux nopio-Kosiekmopis.

MeToau. Memoduka eus4eHHs1 cCmpyKmypu MyCMOMHO20 MPoCMopy ckradHonobydoeaHux Mopid-Kosiekmopie ekyroYana
Kinbka emarnie: 30ilicHeHHs1 iHmepnpemauii daHux 2eoghizuyHux AoclidxeHb ceepO/Io8UH; 8U3HaYEHHS] MapaMempie No4Yamxkoeoi Mame-
MamuyHoi Moderni nopodu-Kosiekmopa, npoeedeHHs iHeepcii aHux akycmuy4Hux AocnidxeHb y Kpusy po3nodiny nycmom pi3Hux ¢op-
Mmamie; oyiHro8aHHs1 muriie nopid-Kosiekmopie 3 NodanbWuUM 8u3Ha4eHHSIM IXHbOI eghekmueHOI nopucmocmi.

Pe3ynbTaTun. HaocHogi aHux weudkocmi no3006xHix, mornepeyHuUx xeusib ma 2ycmuHu rnsacmis, 6yno eudineHo mpu okpemi
2pynu nopio: MickosUK ywinbHeHuUl, 8arHUCMUU MICKOBUK, 8arHsIK. [ns1 KoxHoi 3 6 aubipok 6y/10 ompumMaHO NoYamkoee HabsIUuXeHHSI:
Habip ¢gpopmamie nycmom ma ixXHO KOHUeHmpauiro 8 nnacmax eubipku. Aemopu 6e3nocepedHbL0 Ha OCHO8I aHari3y pe3ysibmyrYux
OaHux eusieusu, w0 HalionmuMasbHiluuMu ghopmamamu nycmom docridxyeaHux iHmepearnie €: Ansi MixsepHosux nycmom— 0,0,7 +0,9; onsi
nepexidHux nycmom i MikpompiuwjuH niimoso2iyHo20 ywiinbHeHHs1 — 0,05 + 0,077; dnsA mikpompiwiuH — 0,007 + 0,0019; Onst kagepH — 4 + 8.
3a pesynbmamamu docnidxeHb 51 nporsiacmka ecmaHoesIeHo, WO rnepega)ka/lsHUMU MuraMu KoJsleKmopie i3 ceMu ecmaHoesIeHUX €
2paHynsipHO-KaeepHO3HUl (39,2 % nponnacmkie) ma mpiujUHHO-Ka8epPHO3HO-2paHynIsIpHUl (29,5 % nponnacmekis), npu4omMy ocmasHil
mun € domMiHaHMHUM 01151 ywinbHeHUX nopid-KosleKmopie, Konu eioMiyacmbcsi 3HUXEHHS 3a2allbHOI mopucmocmi, i ii 3Ha4eHHs1 cmae
HWX4e 2paHUYHO20 3Ha4YeHHs y Mexax podosuuja.

BucHoBKU. Po3paxoeaHi 3Ha4yeHHs1 hopmamie nycmom enepuwe 051 aHo20 podosuuia 6ys10 eUKOPUCMAHO OISl KiNlbKiCHOT
OUiHKU eghekmueHOi Nopucmocmi Ha OCHo8i ompumaHux GaHUX ma MoKa3HUKie MUIMoMO20 eJIEKMPUYHO20 OIMopPy Ha Pi3HUX 2iTuUbUHax
docnidxeHb. Byno eubpaHe pesynbmyrode HabnuwxeHHs a = 0,6996, sike 0ano 3Mo2y 3MeHWuUMU MoxubkKy e obyucneHHi koegiyienma
OduHami4HoT i, 8idnoeidHo, eghekmueHOi Mopucmocmi nnacmis-konekmopie. OmpumaHi pesysibmamu noka3asnu, ujo 3arnporoHo8aHi Mme-
moduku nompibHi 0551 po3yMiHHSI Ma KinbKicHOT oyiHKU 8 HympiwHBLOi cmpykmypu ma ghinbmpauitiHo-eMHiCHUX erracmueocmeti nopio-

Koslekmopie oco6s1ueo e pasi 06MexeHo020 KOMIIeKCY Kapomaxy i HeAocmamHb020 8id60py KepHY.

Knwo4yoBi cnoBa: cmpykmypa mycmomHo20 rpocmopy, echekmueHa nopucmicms, 2eoghizudHi 0ocidxeHHs1 ceepOsio8UH,

nopodu-kosiekmopu.

Betyn

MocmaHoeka npo6bnemu. HeBnuHHe 3poCTaHHs no-
NUTY Ha BYrMNEBOAHI NpM3BOAUTbL OO TOro, Wo BUAOOYTOK
HadTV 11 rady gefani vyacTille noB's3yoTb i3 cknagHonoby-
OOBaHUMW Ta HU3bKOMOPUCTMMU Kornektopamu. Tomy vy
TenepiLLHi Yac AOCUTb BaXMMBO NPOCTEXUTU 3aKOHOMIPHO-
CTi BHYTpiWHbLOI Oy40BM NOpiA-KONeKTopiB 3 iXHiMK disuny-
HUMK  BMAcTUBOCTSAMM,  BU3HAYEHVMW 332  OaHUMU
reoisanyHMX MeToaiB CBEPAMNOBUH.

MuTaHHA TPILLMHYBATOCTI, KABEPHO3HOCTI, €CheKTUBHOI No-
PUCTOCTI Ta KiflbKiCHOI OLLIHKM CTPYKTYpW MYCTOTHOIO NPOCTOPY
nopiga HadTorazoBMX KOMMIIEKCIB Mae BUNTU Ha HOBUI PiBEHb
OOCTNiMKEHHS, LLO AaCTb 3MOry NpuainuTy GinbLue yBary eMHi-
CHVM BNacTMBOCTSAM CKIagHoMoOy0BaHUX KOMNEKTOPIB HadhTU
Ta rasy, ki BUB4aTu TpaguUinHMMun reodisniHuMmn MeTogamm
[0CUTb Baxkko. ToMy NOTPiGHi BinbLu yHIBepcanbHi Ta cy4yacHi
MEeToAM OLHKM SIKOCTi NNacTiB-koneKTopiB. Baxxnneo He Tinbku
OLHUTW HadTOra3oHaCKYEHICTb, ane M BU3HAYUTU NPOMYCKHY
30aTHICTb NYCTOTHOrO NPOCTOPY MOPOAM, OCKIMbKM caMe Lij Xa-
PaKTEPUCTVKM MOXYTb €(DEKTVBHO OXapaKTepu3yBaTy BigHOB-
NoBaHi 3anacy HadT Ta rasy.

AHaniz ocmaHhHix docnioxeHb i ny6nikayid. Ons
Toro wob noeHicTio gocnigutu ynoBy cknagHonobynosa-
HWUX KONMEeKTopiB, HEOOXiaHI cnelianbHi METOOUKM Ta Pi3HO-
MaHiTHi nporpamHi 3acobu.
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BuginaioTe ABa OCHOBHI Nigxo4u OO MPaKTUYHOIO BU-
BYEHHS CTPYKTYpM MyCTOTHOrO MPOCTOPY NOpiA: 3a A0NOMO-
rol AaHnx neTpoduisvyHUX JochnifKeHb 3paskiB KepHa Ta
MeTogiB reodisanyHux gocnigxeHb ceepanosuH (FAC).

"eodpisanyHi MmeToam gocnigkeHb CBEpAnOBUH BUKOHY-
I0Tb Ha BCiX eTanax icHyBaHHs1 cBepA1oBuH. [Npouec BM3Ha-
YeHHs1 PiNbTpauiNHO-EMHICHUX napameTpiB € [0CUTb
cknagHum. Ocobnueuin iHTepec CTaHOBUTbL MOPUCTICTb NO-
pig, 3okpema ii Buam i Tunu. MeodisnyHi npunagm 3abesne-
YylOTb BUMIPIOBaAHHA MapamMmeTpiB, sKi AdalTb 3Mory
BUKOHaTWU MaTeMaTUYHUIA PO3paxyHOK KoedilieHTiB nopuc-
TOCTi pi3HMX TUMIB, a caMe, BiOKPUTOI, 3aranbHoi, eheKkTns-
HOI, AOWMHAMIYHOI, TPIWWHHOI, KaBEPHO3HOI, rpaHynsapHoI,
NITONOrivyHOI, BTOPUHHOI TOLLO.

TpilwmHyBaTICTb Y KONEKTOPI AyXe BaXKo AocniauTu ye-
pe3 HeOAHOPIAHMI po3nodin TPiWuH, Manuii ob'em Buny-
YeHHs nig 4Yac Biabopy kepHy. Tomy noTpibHO siKkoMora
Oinblue BMKOPUCTOBYBaTW AaHi KapoTaxy, OCKINbKM BOHW
MOXYTb OXOMMBaTK 3HAYHWI iHTEepBan gocnigxeHHs. Tpa-
andinHnvn metogamum B IAC € ouiHka NpupoaHOi TPiLLMHY-
BaToOl 3 €MMNIPUYHOrO PIiBHAHHS 3 BMKOPUCTAHHAM AaHUX
enekTpuyHoro kapotaxy (Serra, 1984, Tiab, & Donaldson,
2004) a6o ii po3paxyHok y nabopaTopii Ha OCHOBI aHanisy
neTpodi3nyHNX 3anexHocTen "kepH-kepH", "KepH-reodi-
suka" (Tiab, & Donaldson, 2004). Baxnuee micue Aans

© €meub Bnagucnas, BespoaHa lpuHa, 2024
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OL}iHKM HasAABHOCTI TPILWMHYBATOCTi Ma€ akyCTUYHWIA KapoTax
— 30e6inblworo nig 4ac 1Moro iHTepnpeTauii Ha No300BXHIX
XBUNAX BiOMIYAETbCS 3HAYHE 3aTyXaHHsA aMnniTyd i 3poc-
TaHHS iHTepBanbHOro 4Yacy npobiry Ha TpiluHyBaTHX OinsH-
kax. MeTtoan ckaHyBaHHsi cToBOYpy cBepanosuHu (FMI —
eneKkTpuyHe ckaHyBaHHs, DSI — akycTUYHMIA cKaHyBanbHUI
kapoTax, UBI — ynbTpa3BykoBe akyCTW4YHE 30HAYBaHHS,
FWSL — noBHOKapTWHHWIA aKyCTU4YHWIA KapoTax) AalrTb
3MOry BUSABUTM 30HU OPOBnEeHHs, TPiLMHYBaTOCTi i BU3Ha-
YATU TPIWMHHY MOPUCTICTb, MapameTpu TpiwuH (KyT na-
OiHHS, WINbHICTb TPILMH, a3UMYT NadiHHs, po3KpuTTS) (Son,
Quy, & Nhan, 2006), ogHak LA anapaTypa He 3aBXau [0-
CTynHa Mpu NpoBefEHHI kapoTaxHux pobiT. Kpim Toro, 3a
[0MOMOrol Ha3BaHUX BULLE METOAIB OLHUTU TUMW i KinbkKi-
CHi XapaKTepPUCTUKM iHLLIMX NYCTOT € AOBOMi CKNagHUM, a Mo-
XMNMBO, HaBITb HEBUPILLYBAHUM 3aBAAHHSM.

EdekTBHa NopuCTiCTb XxapakTepuaye 4acTuHy ob'emy,
sIKa 3anHATa pyxoMum roigom 3a MOBHOTO HACUYEHHS My-
CTOTHOTO MPOCTOPY UUM roigom. TpaHCNOpTyBaHHS BYr-
NEeBOAHIB 34iNCHIOETLCA FOSIOBHUM YMHOM Yepes 3B'A3aHi
abo cnonyueHi nyctotu. [Ins nopig 3 Mix3epHOBUMK MO-
pamu 3i cnabkoto LemMeHTaLlieto 3aranbHa NopucTicTb Npuo-
NM3HO JOPiBHIOE eddeKTUBHIN nopucTocTi. MpoTe ans GinbLu
3LEeMeHTOBaHUX Nopig i Aesknx kapboHaTiB MOXYTb BUHMK-
HYTW 3Ha4Hi po36iXKHOCTI Mi>k 3HAYEeHHAMU 3aranbHoI nopu-
ctocti Ta edekTuBHOi  nopuctocti. [lyctotn, LWo
3'€QHYIOTBCS | CNpUsOTb NPOBEAEHHIO  ENEKTPUYHOro
CTPYMY 4M pyXxy pianHu abo rasy 4yepes ripcbKy nopoay, no-
BMHHi O6yTun B3aemonos'asaHi (Collett, & Katsube, 1973). Ko-
edilieHT edeKTUBHOI NOPUCTOCTI BU3HAYAETLCS 3a3BuYai
y koMbGiHaLjii HEMTPOHHOrO Ta LUiNbHICHOrO MeToziB, BUKO-
pucToBytoum piBHSHHSA LntomGepke (Schlumberger, 1998)
nicna BBeOEHHSA NONpaBkX 3a BMICT rMuH y nopogi. binbL
TOYHUM METOAOM AN BU3HAYEHHS e(PEKTUBHOI NMOPUCTOCTI
i BOgHOYac Ginbl JOPOroBapTiCHUM € MeToA SaepHo-mar-
HITHOrO KapoTaXy, OCHOBaHUIA Ha peecTpauii epeKTiB Biflb-
HOT NpeLecii saep BOLHIO.

OujiHMBLUKM KiNbKICHO edeKTMBHY MOPUCTICTb Ta BU3Ha-
YMBLLW TUMN KONEKTOPY, MOXHA NErko i 3 BUCOKUM CTyNneHeMm
OOCTOBIpHOCTI  nNepenbadnTu KONMEKTOPCbKMI MNoTeHLian
TOrO YM iHLIOTO iHTepBarny.

lMycToTHMI NPOCTip NOPOAU BiAirpae BaXxnvey porb npu
BTOPUHHOMY pO3KpUTTI nnacTiB. Y poborTi (Brie et al., 1985)
Oyno 3anponoHoBaHoO Miaxig 4ns OuiHKM BTOPUHHOI Nopuc-
TOCTi y kapOoHaTHMX BigKknagax 3 BAKOPUCTAHHAM aKyCTuu-
HUX LUBUOKOCTEWN i eNeKTPOnpOoBigHOCTI.

Y po6otax I".T. Mpogansogu, C.A. Buxsu, |.M. Be3poa-
Hoi (MpoparBoga Ta iH., 2011, BespogHa Ta iH., 2007) 3a-
NPOMNOHOBAHO MoAenb ckrnagHonobyaoBaHOro KonekTopa,
YNCMNOBUI METOA PO3PaxyHKiB €(EKTUBHUX MPYXHUX CTa-
NNX Ta eNneKTPUYHOI NPOBIAHOCTI NOPIA-KONEKTOpPIB 3i Cnek-
TPOM XaOTMYHO OPIEHTOBaHUX MYCTOT Pi3HMX dhopmaTiB.
Takox 6araTo Ans BUBYEHHS CKNnaaHonobyaoBaHMX Konek-
Topie 3a gaHumun IOC 3pobunun A.H. baciH, B.1HO. BeHagenb-
wtenH, K.P.[HOesic, O.M. KapneHko, B.M. KypraHcbkun,
B.A. Hoeropogosa, B.I. MeTepcinbe Ta iH.

dopmynroeaHHs yineld cmammi. MeTolo OaHoi po-
6otu € iHTepnpetauia ganmx OC ceepanosmHu Ne 203
BepesiBcbkoro pogosuwa [HinpoBcbko-[oHeUbKoi 3ana-
OWHK; BUAINEHHSA MOPiA-KONEKTOpIiB Y Bi3eNCbKMX | TYpHEN-
CbKMX BigKknagax; OOCNIMKEHHA CTPYKTYpU MNYyCTOTHOro
NpoCTOpYy BUAINEHMX CKnagHonobynoBaHNX Nopig-KonekTo-
pis B iHTepBani 5800-6110 M 3 noganbLUO OLIHKOK iX
e(PEeKTUBHOT MOPUCTOCTI.

leonoeziuyHi ocobnueocmi o6'ckma OOCiOXeHHS.
Mopoaun BuBYeHoro po3spisy ceepanosuHn Ne 203 Bepesis-
CbKOro HaTora3okoHAEHCaTHOro poAoBULLa HanexaTb A0
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TYPHEWCBLKOTO i Bi3eNCbKOro Apycis kapboHy, BOHW NpeacTa-
BNeEHi B ropusoHTax T-1 1a B-26—-B-24 yepryBaHHsiM BanHs-
KiB, apriniti, nickoBukiB, meprenis. HadTorasoHocHiCTb
nopig nos'aA3aHa 3 NiCKoBMKamMu Ta BanHsKaMu.

Metoan

OuiHka cmpykmypu nycmomHo20 ripocmopy. Me-
TOOWKA BUBYEHHSI CTPYKTYPU MYCTOTHOrO MPOCTOPY CKnaj-
HonoOyaoBaHMX NOPIA-KONEKTOPIB BKMOYana Kinbka etanis:
30iNCHEHHS iHTepnpeTauii AaHuX reodisanyHMX AOCNioKEHb
CBEPAOBWH; BU3HAYEHHS NapaMeTpiB NoYaTkoBOi MaTtema-
TUYHOI MoZeni NMopoau-KorneKkTopa, NPoBeAeHHs iHBepcil
OaHUX aKyCTUYHUX OOCNigKEeHb Y KpUBY pO3nofiny nycroTt
pi3HMX chopmarTiB; OLiHIOBAHHSA TWNIB Nopig-konektopis (Bu-
XBa, & be3pogHa, 2016).

BynoBa nopoan matemMaTu4HO YSIBNSIETLCA Y BUMMsA
XKOPCTKOI MaTpuLli 3i CNEKTPOM MyCTOT, LLO anpoKCUMYOTbCS
cchepoinamu obepTaHHs 3 pisHUMM opmaTamMn o = %
Ae a Ta ¢ — KopoTKa 1 AoBra HanisBici cdepoiga.

Mpu BMGOPiI MOYATKOBOrO HAGNMXKEHHST MaTeMaTUYHOI
Mozeni nnacrta-konektopa (rpynu nnacTiB) MOXyTb OyTu
BUKOPUCTaHI Taki AaHi:

e anpiopHa iHopmaLuis
XapakTepy;

e ctaHgapTHi metoam OC Ta meToam ix 06pobKy;

e pesynbTaTv NETPOdI3NYHNX JOCTIiAXKEHD;

e pe3ynbTaT MaTeMaTUYHOro MOAENOBAHHA NOPIA;

e pesynbTaTh BUBYEHHSA KEpHY Mg eneKkTpoHHMM abo
nonspusaudiviium  mikpockonom (Buwxkea, bespogHa, &
TkauyeHko, 2019).

Micna ctangapTHOi iHTepnpeTadii gaHux FOC Ha nep-
oMy eTani dopmytoTbca BUBIPKM NnacTiB 3 NogibHUM
NiTonoriYHMm  cknagom, isuyHMMM BNACTUBOCTAMM | 3
OOHOTUMHOK CTPYKTYPOH MYCTOTHOro mpoctopy. B Takux
nnacTtax HasiBHi KOpensauivHi 3anexHocTi Tuny:

ATP = f(Kl'I)!

AT = f(Ky), p= f(Kp), (1)
ae ATp i AT, — iHTepBanbHUIM Yac NOLIMPEHHS MOB3A0BXHIX
i nonepeyHux xsunb, K, — koedilieHT BiAKPUTOI MOPUCTOCTI,
p — rycTuHa nopig.

[ns cTBOpeHHs MmaTeMaTuM4HOI MoAeni BUbipk/ nnacTiB
BM3HaAYaloTbCS: NapamMeTpyu NyCTOTHUX HaroBHIOBaYiB, Na-
pameTpu mMaTpuLi nopoau-konekTopa i CTpykTypa ii nycrto-
THOrO NPOCTOPY.

MoyaTkoBMM HabnVXKeHHsAM Ana napameTpiB maTpuui no-
pia NpUIAHATO edbekTUBHI NPYHI Mogyni (Moaynb 06'eMHOro
ctuckaHhs (K), mogynb 3cyBy (G) Ta ryctuHa (p) ckenety no-
poawm-KorekTopa), Lo BU3Ha4aloTbCs 3a hopMynamm

KM = Pum (V;)ZM - %VSZM)| GM = pMVSZM' (2)
be p, — ryctuHa ckenety Bubipku nopig, Vpwm, Vsm — wuBMA-
KOCTi NOB3[I0BXXHbOT Ta MONEPEYHOT XBUIb CKENeTy BUBIpKU
nopiz nnacrTi., L0 po3paxoBaHi 3 AaHUX aKyCTUYHOro Kapo-
Taxy abo oTpumaHi 3a neTpoisnYHNMK AaHUMMU.

MoyaTkoBE HAbMMXKEHHS napameTpiB maTpuui AN OK-
pemMux BMBIpOK Nopia po3paxoByeTbCSA 3a JOMOMOro Kpoc-
nnotiB (1) wnsxoMm ekcTpanonsauii dgyHKuin B obnactb
HYNbOBOI NOPUCTOCTI.

[ns BU3Ha4YeHHs No4yaTKoBOro HabnwxeHHs 4ns napa-
MEeTpiB MYCTOTHMX HamNoBHIOBaYiB (LWBMAKOCTI MNPY>XKHUX
XBWMb Ta rNyCTUHM ONi0igy UM rasy) BUKOPUCTOBYIOTb anpio-
pHy (cpoHOoBy, NpomucnoBy) iHopMaLito WoAo napameT-
piB nnactoBux dniais (tabn. 1).

BnsHayeHHs1 noyaTkoBOro HabNKEHHSA CTPYKTYpU Mnyc-
TOTHOrO MPOCTOPY N-TUX MNACTiB € MOLIYKOM rrnobanbHuX
eKkcTpemymMmiB PyHKLUIiT cknagHoro Tvny (Xv) 3a 3akpinneHmmu
napameTtpammu opmaTiB nycToT dn | NPoBOAUTLCSA

reonoro-reodisnyHoro
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B 1 CH U K KuiBcbkoro HauioHanbHoro yHisepcurerty imeHi Tapaca LleBueHka

MeToAOoM nepebopy 3HavYeHb KOHLEHTpaLii neBHMX hopma-
TiB NycTOT Cn(0n) 3 KPOKOM Apn, OBUMCIIEHNX ONSA KOXKHOrO
dopmaTy 3 yMOBM:

X, + 1(C, + Aan, a,) — X,(Cp, o) = ke, (3)
Oe € — eKCnepumeHTanbHa TOYHICTb BU3HAYEHHS BXIOHMX
napameTpiB; kK — KoeqillieHT, L0 3anexuTb Big HeobxigHoi
TOYHOCTi OTPMMaHHS HabNXKEHHS.

Bnbip no4aTkoBOro HabnmKkeHHs CTPYKTYpW MyCTOTHOTO
npoctopy (hopmMaTi NycToT i iX KOHUEHTpauia ans BuGipku
nnacTiB) MOXe NpoBOAUTUCA METOOAOM HaWMEHLUMX KBaf-
paTtiB npu nepeTuHi obnacTi NowwykoBUX napameTpiB no
BEKTOpY 3a @ikcoBaHMX 3Ha4yeHb chopmartiB nycToT a. Lle
3abe3neyye ekcrnpecHe 3HaXOMKEHHS TOYKU 3 MiHIMarbHUM
3HAYEHHSIM PIBHS BiAXWUMEHHS 3HAYEHHS Bi NONepeaHbOro.

Ta6bnuysa 1
Mpy>XHi Ta ryCTUHHI NapamMeTpPX NYCTOTHMX HaNnoBHIOBaYiB
Tuvn NnycTOTHOro HanoBHIOBayva LLIBMAKiCTb NPYXHUX XBUNb, M/C MycTuHa dnioigy um rasy, ricm®
Bopa 1470-1880 1,0-1,1
Hadra 1035-1370 0,82-0,92
a3 500 0,02-0,0001

3HaiiieHe novaTkoBe HabBMNVKEHHS BMKOPUCTOBYETLCS
npv iHBepcii akyCTUYHUX AaHUX 3a OOMOMOrok nporpamu
"Karat" 3 BUKOpUCTaHHSM AaHUX aKyCTUYHOrO KapoTaxy Ta
KoedilieHTa MopUCTOCTi, BU3HAYEHOrO 3a METOAMKaMMU, Lo
BUKITIOYAKOTb MaTepianu akyCTuyHNX metoAis. 3agada 380-
OVTbCS [0 BUBHAYEHHS KOHLEHTpaLii mycToT Cn(a) okpemmx
dopmaris a 4n1a KOXXHOI BUDpaHOoi To4ku Yn nnacta (Buxea,
& bespogHa, 2016).

OpepxaHi B pesynbTarti po3paxyHkiB Habopu cbopmartis nyc-
TOT Pi3HMX TUNIB BiANOBIAATb OKPEMMM TUNAM NOPUCTOCTI, Ha
OCHOBi LbOrO pO3paxoByOTbCA KoedilieHTU: MiK3epHOBOI
(Kws), nepexigHoi (Knp), TPILLMHHOI (Krp), KaBEPHO3HOI (Kke) Ta
BTOPUHHOI (Ker= Knp+ Kmp+ Kie) MopucTOCTi Ta, BIigMoOBiAHO,
BCTaHOBIIOETLCS TUM nopoau-konektopa (bespogHa, 2007).

Bu3Ha4yeHHs1 egheKmueHOi nmopucmocmi 3 epaxy-
8aHHSIM CMPYKmMypu fnycmomHoz2o npocmopy. Mar-
pvUs MOPOAM € HEMPOBIOHOK, TOMY KapoTaX MMTOMOrO
€IeKTPMYHOro ornopy B OCHOBHOMY BifoGpaxae iHpopma-
Lil0 NPO enekTponpoBigHICTb rtoigy BcepeanHi cnony4ve-
HWUX nycToT nnacrta. poTe BapTO TakoX BpaxoByBaTu 1
iHWi cpakTopu (MiHEpanbHUIN ckNag Ta iH.), AKi BNnMBalTb
Ha eneKkTponpoBIAHICTb ripcbkoi nopoan. Ha npaktuui ene-
KTPOMPOBIAHICTb MaTPULIi MOPOAMN € KOHCTaHTO abo dyHkK-
uieto BogoHacuyeHocTti (Worthington, 2004).

Y nnacTi 6e3 NPOHUKHEHHSI dOroigy BUKOHYHOTLCS TaKi
rPaHnYHi yMOBU:

® €MeKTPONpPOBIAHICTb, WO BM3HAYeHa 3a JaHVMK Kapo-
Taxy (Ct) € (oHOBOW enekTponpoBiaHicTo (Cbg), AKLIO Mo-
TOYHa nopucTicTb gopisHtoe 0;

® BUMipSHa €NeKTPOMpPOBIAHICTb € €NeKTPONPOBIAHICTIO
nyctoTHux dntoigis (Cr), SKWO NOTOYHA NOPUCTICTb AOPiB-
Hioe 1.

Ha ocHOBI BnacTMBOCTEN NiHIMHOT cynepno3uuii enekT-
POMpPOBIOHOCTI, AMHaMiYHa MNOPUCTICTb (@) BCTAHOBMHO-

€TbCA SIK KoeiljieHT:
Ce _Cbg

or= o )
ae Ct, Cr i Cbg — €neKTponpoBIigHICTb 3a JaHUMKN KapoTaxy,
€neKTPOnpPOoBIAHICTb NYCTOTHUX PiaAuH i poHOBa enekTpor-
POBIOHICTb BiANOBIOHO.

He Bci BOgoHacu4eHi NycToTHI MpocTopu 3'€OQHaHi Mix
coboto, To6TO KoedilieHT MOPUCTOCTI BOAOHACUMYEHOI MOo-
poau (®w) He 3aBXOu MPUPIBHIOETLCH 3HAYEHHI0 Koediuie-
HTa AMHaMIYHOI MOPMUCTOCTi (Pf), TOMY NpW CRiBiICHYBaHHI
BYrNeBOAHIB i BOOW eNeKTPOonpoBigHICTb NyCTOTHMX rtoi-
[iB 3anexuTb BiA KifbKOCTi NNacToBoi BoAW Ta po3mipy npo-
CTOpY, A€ BiNbHO NPOTIKae enekTpUYHUA CTPYM.

Yepes Te WO BYrNeBOAHI HE € NPOBIAHNKaMW €NeKTpnY-
HOro CTPYMY, MOXHa HaBeCTU PIBHAHHS

Ce = Sw Cw =/ Cw, (5)

ae Swf — HacuyeHicTb nnactoBoi Boan; Cw — enekTpuyHa
NPOBIAHICTb MNMacToBOI BOAMW; ¢ — KOeiLieHT 3aranbHoi Mno-
PWUCTOCTI, BU3HAYEHWIN 38 JAHUMU KapOTaxy.
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3 piBHsiHb (4) i (5) BinoMO, LLO SKLLO NYCTOTHWUIA NPOCTip
He € NPOBIAHWKOM €MEKTPUYHOro CTPYMY, TO KoediLllieHT aun-
HaMiyHoi nopucTocTi (¢r) AopisHoe 0, KoedilieHT 3aranbHoi
nopucTocTi (¢) AOPIBHIOE KOEILIEHTY CTaTUYHOT MOPUCTOCTI
(ps) i enekTponpoBIAHICTL 3a JAHUMU eNneKTPOoKapoTaxy €
(POHOBOIO €NEKTPONPOBIAHICTIO. A SKLLO KoedilieHT AnHaMi-
YHOT NOPUCTOCTI (Pr) PiBHMIM 1 | KOEILIEHT CTaTUYHOI Nopu-
ctocTi (@s) popiBHoe 0, TO BWMMIpsiHa MpPOBIOHICTL €
NPOBIgHICTIO NNacToOBOI BOAW.

[nsa Toro wob Biapi3HMTU ANHAMIYHY NOPUCTICTb Bif 3a-
ranbHOi Ta 3MEHLWNTM MOXMOKY B 0BYMCrEeHHi koedilieHTa
OMHaMIYHOT NOPUCTOCTI 3a igeanbHUX YMOB PIBHAHHS (5) Mo-
XXHa NpeacTaBUTH SK

P _

o
ae a — popmart nycroT.
Taknm YMHOM, KoeiLlieHT AMHaMiYHOT MOPUCTOCTI BUpa-
YKaeTbcs AK

Ce _Cbg
Cf—Cbg ’

(6)

_ (Ci—Cpg)a
Pr= oo, (7)

Mig yac BypiHHSA GypoBuUiA PO3YMH MPOHMKAE B MOPUCTI
nnacTtu i CNpuYnHSE 3MiHy NMUTOMOIO €NEKTPUYHOIO Onopy
nnacta, LWo BiaOyBaeTbCA 4epe3 Pi3HULK MK NMUTOMUM
onopom inbTpaTty 6ypoBOro po3ynHy Ta MMTOMUM OMOPOM
nnacTtoBoi Boau. [10 YTBOPEHHSI FMMHUCTOI KipKM Ha Len
edeKkT NPOHUKHEHHA MOXYTb BMAMBaTW Kiflbka hakTopis:
NOPUCTICTb, MPOHUKHICTb, Pi3HNLS TUCKY MiXX BypoBMM po3-
YMHOM i MracTom, BNacTMBOCTI BypoBOro posumHy Ta 4vac
OypiHHs. Tig Yac NPOHWKHEHHsT inbTpaTy GypoBOro pos-
YUHY BiNbHWUIA NYCTOTHUI NPOCTiP KONeKTopa NOoCTynoBo 3a-
MiLLy€eTbCA inbTpaTtoM GYpOBOro po3ynHy.

KoeilieHT eheKTMBHOI MOPUCTOCTiI B TaKOMy BUNaLKy
MOXe OyTU BM3HAYEHWI LUMSIXOM OBYMCNEHHS Pi3HULI MK
06'eMOM NPOBIAHOrO MNYCTOTHOrO MPOCTOPY MPOMUTOI 30HM
Ta nnacrta B novaTkoBmx ymoBax opmMyBaHHS (Shen, Wu,

& Wang, 2017)

Peffective = Pfxo — Pru (8)
0€ Qeffective — KOEMDILIEHT €PEKTUBHOT MOPUCTOCTI; gy, — KO-
ediuieHT AnHamiYHOI MOPWUCTOCTI nracta NPOMMUTOI 30HW;
@f — KoedilieHT AMHaMiYHOI NOPUCTOCTI NnacTa B noyaTko-
BMX yMOBax (pOpMyBaHHS.

PesynbtaTtun

Micnsa crangapTHOT 06pobkn MaTepianie OC BuaineHo
51 nponnacTok, ki MOXHa BBaXaTu MOPOAAMMW-KONEKTO-
pamu. 3a kapoTaxHumu i neTpodisnyHumn (ob'emHa ryc-
TVHA) AaHMMK Oyno BM3HAYEHO napameTpu MiHeparbHOro
ckenety nopig (iHTepBanbHWi Yac Npobiry NOB3O0BXHLOI
XBWMi Ta ryCTUHa ckeneTty nopia), po3paxoBaHi NpyxHi Mo-
Ayni 06'eMHOro CTUCKy Ta 3CyBY ANs CKENETY MoAeni KoXXHoT
3 3 rpyn nnacTiB, L0 BUAINEHO 3a NiTONOrYHUMK O3HaKamu.

3a [gonomoroto NpeAcTaBneHol BULLE METOAMKM Ha eTani
CTaTUCTUYHOTO aHanidy AaHuX AN BU3HAYeHHs napameTpis
ckeneTty BubipkM nopig nobyaoBaHO KOpensuiriHi 3anexHOCTi
mnyV, = f(K,) Tac = f(K,). 3a nitonoriyH1mu o3Hakamm Ta
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XapakTepoM OTPUMAaHMX KOPENSALIHUX 3anexHOCTeN nnactu
nopig Oynu noAineHi Ha WicTb BUBIPOK, L0 3HAYHO MiABULLMITO
3HayeHHs koedilieHTiB kopensuii Mixk 6arateMa napameTpamu
(Yemets, & Bezrodna, 2023). 3 nobygoBaHMx KOpensiuiiHux

. 5600

E
LB 5400
g
23 5200
x 00
SEs
3 & - 5000 = -4586,4x + 5773,8
39 R =0,84

g 4800

g

4600
0 0,05

3anMexHOCTeN LUMNSAXOM eKCTpanonsuii Kpusmnx B obnacTb Hy-
NbOBOI NOPUCTOCTI BU3HAYEHO napameTpu matpuui BubIpok
nopia (npvknagm Ha puc. 1-3).

0,1
Kn, y.o.
Puc. 1. Mpuknag BM3Ha4YeHHs1 LUBMAKOCTi NOB3A0BXHbLOI XBUJi CKeNneTy NiCKOBUKY YLifIbHEHOro

3a 3aneXHiCcTI0 NOB340BXHbOI LWBUAKOCTI Bia KoedilieHTa nopucTocTi

0,15 0,2

3500

£ o® g

S 3400 ‘
oo [ J
5= 3300 oo ©
230 °

=

E 3 - 3200 = .2030,7x + 3631,7 H
38 R = 0,766

E 3100 ®

[ =

3000
0 0,05 0,1 0,15 0,2
Kn, y.o.

Puc. 2. NMpuknag BM3HaYeHHS WBMAKOCTI NONepeyYHOol XBUIi CKeneTy NiCKOBUKY YLLiNIbHEHOro
3a 3anexHicTio nonepe4YHoI WBUAKOCTI BiA KoedilieHTa nopuctocTi

2,55
. 25
=
o 245
™
g 24 y =-2,0603x + 2,6653
S R =0,96
'g 2,35 ®
- 23
0 0,02 004 006 0,08 0,1 012 014 0,16 0,18
Kn, y.o.

Puc. 3. Mpuknag BM3HaYeHHs ryCTUHU CKeneTy NiCKOBUKY YLUiNbHEHOro 3a 3anexHicTio ryCTMHMU Bifg koedilieHTa nopucTocTi

BukopucTaBwy OTpUMaHi 3HAYeHHs, aBTOpM PO3paxy-
BanuM MpyXHi Mogyni ckeneTy BMOIpoK nnacTiB-nopig
(Tabn. 2). BapTo BiA3HaunTK, WO 3HAYEHHS NMPYXXHUX MOAY-
niB y Mexax BMBipoK NiCKOBUKY YLLiNTbHEHOrO Ta BanHsKy 40-
cuTb Onu3bki, WO cBigYMTL Npo iX NoAibGHy CTpPyKTypy

MiHepanbHOro ckeneTy Ta NiTONOrYHWIA cknag nopig. Y Ton
e yac ns Tpbox BUOIPOK BaNMHNUCTOrO NiCKOBUKY 3HAYEHHS!
NPYXHUX MOAyniB AOBOSi Pi3HATLCS, LLO MOXe ByTu 3ymMOB-
NeHO MiHepanoriYHMMn Ta NiTONOrMYHUMM BiAMIHHOCTAMU
BCepeaVHi BUGIpKM i HEOQHOPIAHMM CKNagoM LIEMEHTY.

Tabnuuysa 2
MNoyaTkoBe HaGNMXKEHHA NapaMeTpiB MaTpULi AocniaXyBaHMX BMGIpOK nopia
. MapameTpu maTtpuui
Bubipka K, Ma G, Ma p, KIIM®
MicKOBUK YLLiNTbHEHUN 41,98 35,15 2665
40,20 43,68 2688
BanHucTuin nickoBuk 40,20 43,70 2688
62,56 49,50 2751
Banksik 63,00 29,41 2740
62,08 30,23 2720

Ha ocHOBi po3paxyHkiB OTpMMaHO noyaTtkoBe Habnu-
XeHHs ansa cdopmaTiB NycToT (a) AOCHifXYBaHUX iHTepBa-
niB, Ang wectn BUBipok nopig BOHO cKnano:

e 118 Mix3epHoBux nycTtot — 0,6995-0,9;
® ANdA nepexigHnX nycToT i MIKPOTPILWMH NiTOMAOr4YHOro
yuwlinbHeHHa — 0,05-0,078;

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

e Ansa MikpoTpiwmH — 0,007-0,0019;

e ANH KaBepH — 4-8.

3a pesynbTatamy iHBEpCii aKyCTUYHUX [aHuX Ans
51 nponnacTtka po3paxoBaHO 3HAYEHHS O Ta iXHiX KOHLEeH-
Tpauin Cn(a) (Tabn. 3), a Takox KinbKiCHO OLHEHO BHECOK
Pi3HMX TWNIB MOPUCTOCTI (rpaHynsipHOI, TPILLMHHOI Ta BTO-
PWHHOI) y 3aranbHy (puc. 4).
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Ha puc. 4 npoinocTpoBaHo, WO rpaHynsapHa Ta kasep-
HO3Ha MOPWCTOCTI € NepeBaxanbHMK TUNamun Ansg nopig B
iHTepBani rmunbuH 5892,0-6106,0 m. 3okpema, 3a po3pi3om
cepefHe 3HA4YeHHs KoedilieHTa rpaHynsipHOi MOPUCTOCTI

craHoBuno 1,84 %, kaBepHo3HOi — 2,81 %, TpilWMHHOI —
0,13 %, nepexigHoi — 2,17 %. 306inbLeHHs mMmbuHM Npus-
BOAWUTb A0 3POCTAHHS TPILLMHHOI MOPUCTOCTI i3 3MEHLLEH-
HAM rpaHynspHOi Ta KaBEPHOS3HOI.

Tabnuys 3
Pe3ynbTatn 064ncneHunx popmariB nycToT (a) gocnigKyBaHUX BUGIpoK nopig
Bubipka ®Popmar nycToT, a
MicKOBYK yLLiNbHEHWUI 0,9 8,0000 0,0663 -
0,6996 4,0000 0,0604 0,006
BanHucTum nickoBuk 0,6996 4,0000 0,598 0,0079
0,6994 4,0000 0,0837 0,00287
BanHsik 0,6997 4,0000 0,07857 0,00374
0,6996 4,0000 0,07348 0,00315
10,00 KN orpaH, % ~ = Kn Tpiw, % - =——Knkas, % 2,00
8,00 1,50
B
2 6,00 5
] 100 &
4,00 c
050 =
o |11 (TTTTTTT AT |
0,00 I I I I I I 0,00
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Puc. 4. Pe3ynbTaTtu OUiHKM CTPYKTYPU NYCTOTHOro npocTopy nnacTtiB ceBepanoBuHu Ne 203 BepesiBcbkoro HIKP

3a pesynbtatamu 06pobku aavmx FOC Ta kinbkicHoi
OUiHKM TUNiB MOPUCTOCTI aBTOPU BCTAHOBUMN, LLO Y PO3Pisi
B Nnnacrax Bi3elCbKuX i TYypHENCbKNX Bigknaais B iHTepBani
rnnbuH 5800-6110 m ceepanosunHu Ne 203 BepesiBcbkoro
pogosuila [HinpoBcbko-[loHELbKOiT 3anagnHn nepesaxa-
NBHUMKU TUMAMKN KOMNEKTOPIB € rpaHynapHO-kaBepPHO3HUIA

3 33

w s 01O N 00O

2
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]
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4

(39,2 % nponnacTkiB) Ta TPILMHHO-KABEPHO3HO-TpaHyns-
pHun (23,5 % nponmnacTkiB) (puc. 5), NpM4OMy OCTaHHIN
TN € OOMIHAHTHUM ANS yWinbHEHUX MNopia-KONekTopis,
KON BiA3HAYaETLCHA 3HMXKEHHS 3ararnbHOoi NopuUCTocCTi Ta il
3HAYEHHSI CTae HWXYUM Big rpaHnyHoro (Hmxkde 6,0 %)
y Mexax pogosuLia.
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Puc. 5. Tunu nopia konekropiB nnactiB ceepanoBuHn Ne 203 Bepesiscbkoro HIKP:
1 — rpaHynsipHO-KaBEPHO3HWI; 2 — KaBEPHO3HO-TPaHYNSAPHWUI; 3 — TPILLMHHO-TPAHYNSAPHO-KaBEPHO3HUIA;

4 — rpaHynNsipHO-KaBEPHO3HO-TPILUNHUI; 5 — rpaHyNAPHO-TPILLMHHO-KABEPHO3HUIN; 6 — KaBEPHO3HO-IPaHyNsiPHO-TPILLMHWUI;

7 — TPiLLMHHO-KaBEPHO3HO-rPaHyNSAPHUIA; 8 — KaBEPHO3HO-TPILLMHHO-TPaHYNAPHNUIA

Koedgpiyienm eghekmueHoi mopucmocmi aBTopu BuU-
3HAYUMKM LWINSIXOM OB6YMCNEHHS Pi3HULI MiXK MPOBIAHUM nyc-
TOTHMM MPOCTOPOM MPOMWTOI 30HM MracTa Ta nnacta B
noyaTKoBMX ymoBax hopMyBaHHS. BoHa konuBaeTbCs B Me-
*ax Big 1 % Yy HM3bKONPOHMKHIN YacTuHi o 9,5 % B 30Hi 3
BMCOKMM CTYMEeHEeM MpPOHWKHEHHS OypoBoro po3uuHy. Ha
puc. 6 nokasaHo pe3ynbTylouy KpuUBY edeKTUBHOI nopuc-
TOCTi NracTa 3 KaBepHO3HO-TPaHYNAPHUM TUMOM KONeKTopa
B iHTepBani 5890-5895 m.

KoeilieHT AnMHaMivyHOi nopucTocTi nnacra npomMuTol
30HM Ta KoedqiuieHT AMHaMiYyHOi MOpPWUCTOCTi nnacrta B

ISSN 1728-3817

noyaTKoBMX yMoBax (popMyBaHHS Gynun obpaxoBaHi Ha oc-
HOBI piBHSIHb (4) — (7), NpU4oMy Mo4vaTkoBe HaGNMKEHHS
dopmaTty nyctoT a = 0,6996 6yno obpaHe ansa Toro, wob
3MEHLUMTU NOXMOKY B OBYMCrEHHI KoedilieHTa AMHaMIYHOI
NOPWCTOCTI NracTa-konekTopa B iHTepeani 5890-5895 m.
Ha puc. 7 nokasaHO 3anexHiCTb MiXX AUHaAMIYHOW No-
PUCTICTIO NPOMUTOIT 30HU Ta €PEKTUBHOIO NOPUCTICTIO NNna-
CTa-KonekTtopa B iHTepBani 5890-5895m gn4
ceepanosuHn Ne 203 Bepesiscbkoro HI'KP. Bucokun cty-
niHb kopensuii (R =0,94) cBigunTb Npo Te, WO EMHICHI
BNACTMBOCTI MPOMWUTOI 30HM Mnacta € [OBOMi LiHHUM
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Axepernom iHopmadii AN ouiHKM edpeKTUBHOI MOPUCTOCTI
KonekTopiB HadTV 14 rasy, ocobnmMBO TOAi, KON KEPHOBUIA
mMaTepian BIiOCYTHIN, a KOMMMeKC MeTo4iB reodisnyHnx

BOAOHACKMUEHICTL

rnnbuna
(m)

JocnigpkeHb CBEpANOBUH  (SAEPHO-MArHiTHUN,  LUINbHICHUA
Ta HEVTPOHHUI KapOoTaXk) — OOMEXKEHWIA.

Hadrorasoracus

1:500

2000 | 0
PHIE

[ 5890

[ 5900

[ 5910

[ 5920

[ 5930

[ 5940

] T

2000 m3/m3 0.3

i = ] T
Puc. 6. NMpuknap pe3ynbTatiB BU3Ha4eHHA1 echeKTMBHOI NOPUCTOCTi Nnacra-Konekropa

B iHTepBani 5890-5895 m ansa cesepanoBuHu Ne 203 BepesiBcbkoro HIKP:
PHIE — koediuieHT edhekTnBHOT nopuctocTi; R_XO — nuTtomuii enekTpuyHuin onip NpoMMTOl 30HM NNacTa;
R_T — nuToMuiA eneKkTpr4HMiA onip nnacTa B NovaTkoBKx ymMoBax opmMyBaHHsi; PHIT_XO — koedilieHT gnHamiyHOi nopuctocTi nnacta
npomuTtoi 3oHK; PHIT_T — koediuieHT AMHaMi4YHOi NOPUCTOCTi Nnacra B No4aTKOBUX yMOBax (OOPMyBaHHS
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Puc. 7. MNopiBHAHHA 3Ha4YeHb AMHAMiYHOI NOPUCTOCTI MPOMUTOI 30HU Ta ePeKTMBHOI NOPUCTOCTI NNacTa-KonekTopa
B iHTepBani 5890-5895 m ansa ceBepanoBuHu Ne 203 BepesiBcbkoro HIKP

Ouckycia i BUCHOBKMK

Y paHii poboTi ons Bi3eNCbKUX i TYpPHEWCLKUX Biaknais
Bepesiscbkoro pogosuila Brieplle 6yno BU3HAYEHO CTPYK-
TYpY NyCTOTHOro NpocTopy Ha ocHoBi gaHnx FAC 3a opuriHa-
JNIbHOK MEeTOAMKOI, sika po3pobreHa Ha kadeapi reodisnkm
HHI "IHcTuTyT reonorii" KHY imeni Tapaca LleyeHka. [ns
KiNbKICHOT OLIIHKM CTPYKTYpW MyCTOTHOro npoctopy 6ynu Bu-
KOPUCTaHI faHi LWBNOKOCTEN NO3A0BXHIX, NONEPEeYHNX XBUITb
Ta ryctuHu nnacTtis. byno BuaineHo Tpu okpemi rpynu nopia;
NICKOBUK  YLLINbHEHUN, BanHUCTUIN MICKOBUK, BanHsK, ANnd
AKMX OoTpumaHo Habip dhopmaTiB nyctoT Ans BuGIpok
nopig Ta iXHI KOHLEHTPAaLilo MyCTOT KOXHOro TMny ANs npo-
nnacrtkiB. Ha ocHoBi aHanidy pesynbTyloumx gaHux Oyno
BCTa@HOBIEHO, O HawonTumanbeHilMmMn dopmMaTamum nyc-
TOT AJocnigKyBaHUX iHTepBaniB €: ONd  MDK3epHOBUX
nyctot — 0,6995-0,9; ansa nepexigHMx NycToT i MiKpOTPILLMH
niTonoriyHoro yuwineHeHHs — 0,0598-0,0837; aonsa mikpo-
TpiwmH — 0,0028-0,0079; ans kaBepH — 4-8. MNopibHa cTpyk-
Typa nNycTOTHOro NPOCTOpPY nopia y Mexax Bubipok nicko-
BUKY  YLINMbHEHOrO Ta BamnHAKy NigTBEpPAXYETbCS
ONM3bKUMKM 3HAYEHHS MpPYXHUX mopyniB. HeogHopigHwin
cKknag uemMeHTy, MiHeparnoriyHi Ta NiTonoriyHi BigMIHHOCTI
BCEpeaVHi BUBIpKM BamMHUCTOrO MICKOBUKY CNPUYUHUITMU

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

PO36iXKHOCTI MpK NigpaxyHKy NPY>XHUX MoayniB. 3a pe3yrib-
TaTamu JocnigaxeHb 51 nponnacTtka BCTaHOBMNEHO, LU0 Me-
peBaxanbHUMU TUNaMK KOMEKTOPIB i3 CEMU BCTaHOBMEHUX
€ rpaHynsipHo-kaBepHo3Hui (39,2 %) Ta TpilnHHO-KaBep-
HO3HO-rpaHynApHun (29,5 %).

Po3paxoBaHi 3HauyeHHs1 chopmaTtiB MycTOT BrepLue Ans
AaHoro pogosua 6yno BUKOPUCTAHO ANS KifbKiCHOT OLLiHKM
edeKTMBHOI NOPUCTOCTi Ha OCHOBI OTPUMAHUX AaHWX i MOKa-
3HWKIB MUTOMOrO €MEKTPUYHOrO OMOPY Ha Pi3HMX rMBbMHax
pocnigpkeHb. BpaxoByroun Te, WO Y po3pisi y nnacTax Bisen-
CbKMX | TypHeWCbKMX Bigknagis B iHTepBani rmmnbuH 5800—
6110 m cBepgnosmHm Ne 203 bBepesiBcbkoro poaosuia
[OHinpoBcbko-[oHeLbKoT 3anaguHn ogHUM i3 nepeBaXanb-
HWUX TUMIB KOJNIEKTOPIB € rpaHynsipHO-KaBEPHO3HWI, Oyno Bu-
OpaHe noyaTkoBe HabBNMXeHHA dopmaTty nycToT a =
0,6996, ske gano 3mory 3MeHLIUTM NOXMBKY B OBYUCTIEHHI
KoeqiLieHTiB AMHaMIYHOI, a BigNoBiaHO, i ebeKTMBHOI Nopu-
CTOCTi NnacTiB-KONEKTOpIB.

OTpumaHi pe3ynbTaTti nokasanu, Lo 3anpornoHOBaHi Me-
TOOMKN € HEOBXIAHMMN AN PO3YMIHHSA Ta KiNbKICHOT OLHKK
BHYTPILUHLOI CTPYKTYpY Ta (PinbTpauifnHO-EMHICHUX BNacTu-
BOCTel Nopig-konekTopis 0cobnmeo B pasi 06MeXeHOro Kom-
NNeKcy KapoTaxy i HeQOCTaTHLOrO BiAOOPY KEPHY.
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BHecok aBTOpiB: Brnagucnae €meub — MeTOAOMOris, Baniga-
Lis 4aHuX, HanMcaHHA (opuriHanbHa YepHeTka); IpuHa bespogHa —
KOHLlenTyanisauis, cdopmanbHuin aHania, HanucaHHs (nepernsag
i peaaryBaHHs).
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Interpretation

DETERMINATION OF THE EFFECTIVE POROSITY OF ROCK RESERVOIRS BASED
ON THE VOID SPACE STRUCTURE IN THE VISEVIAN AND TURNAISIAN FORMATIONS
OF THE BEREZIVSKE FIELD OF THE DNIPRO-DONETSK DEPRESSION

Background. Currently, itis quite important to track the patterns of the internal structure of reservoirs with their physical properties. The
analysis of well-logging data in the well 203 of the Berezivske field of the Dnipro-Donetsk depression is necessary to assess the prospectivity of
complexly structured reservoirs.

Methods. The methodology for studying the void space structure in complexly structured reservoirs involved several stages: interpretation
of well logging data; determination of parameters for the initial mathematical model of the reservoir; inversion of data from acoustic surveys into a
curve of the distribution of different void formats; evaluation of reservoir rock types with determination of their effective porosity.

Results. Based on the data of compressional and shear wave velocities, as well as density, three distinct rock groups were identified:
compacted sandstone, calcareous sandstone and limestone. The initial approximation was obtained for each rock sample, including the set of void
formats and their concentration within the reservoir layers. Direct analysis of the resulting data by the authors revealed that the most optimal void
formats for the investigated intervals are: for intergranular voids — 0.07 to 0.9; for transitional voids and microcracks — 0.05 to 0.077; for microcracks
—0.007 to 0.0019; for caverns — 4 to 8. Based on the research results, it has been established that granular-cavernous porosity (39,2 %) and fractured-
cavernous-granular porosity (29,5 %) are prevailing types of reservoirs.

Conclusions. The calculated values of the void formats were used for these formations to quantitatively assess effective porosity based
on the obtained data and specific electrical resistivity values at different depths of investigation. The resulting approximation of a = 0.6996 was
selected, which reduced the error in calculating the effective porosity of reservoir rocks. The obtained results have demonstrated that the proposed
methodologies are essential for understanding and quantitatively assessing the void space structure and filtration-capacitive properties of reservoir
rocks, particularly when we are facing with a limited well logging data and restrictive core sampling.

Keywords: void space structure, effective porosity, well-logging data, reservoir rocks.
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MOBYAOBA TA NEPLUI PE3YNbTATU IHTEPMPETALLl
TPUBUMIPHOI MOAENI WINbHOCTI MAHTII NiA YKPAIHCbKUM WWUTOM

(MpedcmaeneHo 4YneHoM pedakuyiliHoi Koneail 0-pomM 2eos. Hayk, Ooy. O.B. LLlabamyporo)

B cTyn. Modeni eaycmuHu maHmii € KIIro408UMU iHCMPYMeHmMamu Osisi PO3yMiHHSA ¢hyHOaMeHmarsibHUX 2e0J102i4HUX i ghiudHuUX
npouecis, siki siobysarombcsi ecepeduHi 3emni. Bazamo napamempis, siki auKOpUCMOBYOMbLCS 8 MOOEJIAX 2YyCMUHU MaHmii, 3anuwa-
rombcsi HeAocmamHbOo 3PO3yMiNluMu ma HeguzHavYeHumMu. Ceped iHwux o HUX Hanexamb OaHi Npo ckiad ma peosioziro MaHMIi, sIKi
MOXymb 3Ha4HO eapitoeamucsi. 3HayHUl ensue Ha KiHyeeutl pe3ynbmam Mae crocié cmeopeHHs1 Moderiell WinbHocmi (2ycmuHu).

Me T o au. ModentogaHHs 3a A0roMO20H0 0GHOBUMIPHUX Modeneli cripouwlye npouyec o64ucIeHHsl, HamoMicmb y3a2aslbHIOE PO3-
nodin 2ycmuHu MaHmil, NpPuUnyckaro4u, wo 8iH € 0OHOPIGHUM Yy 20pPU30HMaNIbLHOMY HanpsiMKy. Lje o6mexeHHs1 He do38o0J1sie 8paxosy-
eamu JslameparsbHi eapiayii 2ycmuHu MaHmii, siki MOXXymb 6ymu eaxnueumu Ha pezioHasibHOMYy pieHi. TpueumipHi modeni € 6inbw
Cck/1aGHUMU | suMaz2aromb 8eJ1UKOI Kinlbkocmi 0aHux, siki 30e6inbwozo "saxko"” docmynHi. Kpim mozo, mpueumipHe Modesito8aHHSs eu-
Mazae eeJsluKko20 06'eMy 064ucIro8aIbLHUX Pecypcie, moMy iX eUKOPUCMaHHS MoXe 6ymu o6MexeHuUM.

Pe3ynbTaTtu. Y ybomy docnidxeHHi npedcmaenieHO Kea3impueuMipHy MoOesib 2yCmuHU MaHmii nid YKpaiHCbKUM wumom,
ompumaHy Ha 0CHogi Habopy 0OHOBUMIPHUX KpPUBUX 2yCMUHU, NMpu po3paxyHKax sikux 6ysiu eHeceHi NnosliHoMiasbHi nornpaeku 3a HeoOo-
HOPIiOHicmb, siki KoOMneHcyromb Hedosliku o6paxyHKy oOHOoMipHUX Modesnel. Lis mpusumipHa Mmodesib ompumMaHa 8 pe3ysibmami nepepa-
XYHKYy OOHOBUMIPHUX Kpusux weudKocmi, odepxxaHux celicMomomozpagidHum memodom no P-xeunsix, po3paxoeaHum Onsi
21 maHmitiHo2o doMeHy & Oiana3oHi 2n1ubuH eid 50 do 2600 km. poyec nepemeopeHHs1 Kpuaux weudkocmi P-xeuns y Modesib 2ycmuHu
BKJ/II0YAE Maki emanu: eusHa4yeHHs1 celicMiYHUX MeX y MaHmIl sk MOoYOoK rnepe2uHy nepuwoi noxioHoi kpueux weudkocmi P-xeunb onsi
KOXXHO20 MaHMIliHo20 OOMeHY; CM8OPEeHHs1 CUHMemu4Hoi Modesti MaHmii S-xeunb nio YKpaiHCbKUM WjumomM WiIsiXoM nepepaxyHKy Kpu-
eux weudkocmi P-xeuns; supiweHHs1 pieHsiHHs1 AGaMca—YinbsiMcoOHa 3 eUKOpUCcmMaHHsIM celicMidHux weudkocmel (P,S) Ans KoxHo20
domMeHy 3 nodasnbWoro MoJliHoMiasIbHOI KopeKuyicro Or1s1 epaxyeaHHs1 2emepo2eHHocmi; eubip emanoHHoi Mmodesii MaHmii, sika 6yna 6
OCHOE0I0 07151 nepepaxyHKy WeUGKICHUX Kpueux y 2ycmuHy, 4epe3 ropieHsiHHS 2pasimauyiliHo2o nomeHyiany Ha noeepxHi 3emni ma
po3paxoeaHux eid icHyro4ux peghepeHmHux modesneli maHmii (PREM, PREMA, PREMC, IASP91 AK135). 5SIk emanoHHy 6ysno eubpaHo
modenb AK135 3a peaysibmamamu nopieHsiHHs1 064Uc/IeHO020 ma criocmepeXeHo20 2paesimauiliHo20 momeHruyiay 8 yeHmparbHit mo4yyi
YkpaiHcbko20 wjuma.

BucHoBKM. Y ybomy docnideHHi akyeHmyembcsi yeaza Ha 3aK/Il0OYHUX emarnax KOHCmpYr8aHHs1 MoOesli 2ycmuHu MaHmii,
epaxosyroqu: 36anaHcyeaHHs1 Macu 8epXHbLOI Ma HUXXHbLOI MaHMIT OJ1s KOXXHO20 OOMEeHY MPU 8U3Ha4Y€HHI 2yCMUHU 3 8UKOPUCMaHHAM
pieHsiHHA Adamca-YinbsiMcoHa ma eeedeHHs MosliHoMianbHUX Kopekyili éidHOCHO emasioHHoi modeni AK135; po3paxyHok 2ycmuH Ons
KoxKHO20 3 21 MaHmIliHo2o doMeHy ma ix mpueumipHa iHmezpauyis. OmpumaHa Modesib 2ycmuHuU MaHmii YkpaiHcbko2o wjuma dobpe
y3200)Kyembcsi 3 N0GizIoM MaHMIii HA MPU OCHOBHI wapu: slimocghepy, 8epxXHIO MaHMIit0 Ma HWXHI MaHmiro. KoxeH 3i cmpykmypHux
wapie mMae ceitll gizyanbHull namepH 2emepo2eHHoCcMi 2yCMuHu.

Knrw4yoBi cnoBa: 2ycmuHa, MaHmisi, YkpaiHCbKul wum.

Betyn

Haykoea Hoeu3Ha. Ha ocHoBi TpaHcdopmalLii ogHOBK-
MipHMX celcmMoTomorpadiuHmx mogenen ans 21 OoMeHy
MaHTil YKpaiHCbKOro wuta LWNSAXOM 3aCTOCYyBaHHSA MOiHO-
MianbHUX NonpaBok Ans obpaHoi Sk onTMManbHOI pedepe-
HTHOT Mogeni AK135 (Pigulevskiy, & Shumlianska, 2022),
Oynu oTpuMaHi KpuBi po3noAiny LWinbHOCTi (rycTuHU) ons
21 pomeHy maHTii. Ha ix ocHoBi 6yno nobyaosaHo 3D-mogens,
sika gana 3mory 3pobuTu nepLuy PeKoOHCTPYKLiO ryCTUHHOI
OynoBu MaHTIi nig YkpaiHcbkuM wmtom (Big 50 go 2600 km).
PesynbTaTu nokasyoTb, WO MaHTIg Nig WMTOM Mae Bapia-
TUBHY LWINbHICTb Ta wWapyBaTy CTPYKTYpY i3 3MiHHUMUK no
rmMubuHi Ta natepani aHomanissMuM, Mopdonoris sIkux Mae
KOpEensiLito 3 TEKTOHIYHUMU OAMHMLAMK (MacwTaby mera-
OnoKy LWnTa, LOBHMMMW 30HAMM).

3 KiHUSA MUHYOrO CTONITTA HAYKOBI AOCMIOKEHHA MaHTIl
3HAYHO MOKpALLMMM Halle PO3YMiHHS BHYTPILLIHBOI CTPYK-
Typn 3emni. CyyacHi mogeni r'pyHTYOTbLCA Ha CENCMIYHNX
TOoMOrpadiyHMX AaHuX, SKi BUKOPUCTOBYIOTLCS ANs CTBO-
peHHs rnobanbHUX KapT ceicmidHoi Tomorpadii. Lli kapTtn
BifoOpaXaloTb CENCMiYHY reTeporeHHicTb y MaHTii 3emri Ha
pisHmx rmmnbuHax (Ritsema et al., 2011).

BogHouac nutaHHs nobynosu 3[-mipHoi mogeni MaHTil
O0Ci 3anMWaeTbCs akTyanbHUM. TakoX 3anuIIaeTbCcs HEeBU-
3HAYEHICTb LWOAO MWUTaHHA, YN MOXHA BMKOPMCTOBYBATU
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€4VHY OHOBUMIPHY eTanoHHy moaernb 3emni Ans pekoHc-
TPYKUii CTPYKTYpVM MaHTii Mig KOHTUHEHTaMW, OKeaHaMMu,
nnaTopmMamMu Ta iHLWUMW FreOTEKTOHIYHUMW CTPYKTypamu.
Aky mogenb cnig BubpaTn ANnst pekoHCTPYKLUIil pisHUX perio-
HiB, Hanpuknag MaHTii nig YkpaiHCbKUM LWUTOM?

eoisankaM Takox AOBOAUTLCS BUPILLYBATW MUTaHHS,
noe'asaHi 3 kynactictio 3emni (CtapocteHko, & MaHyksH,
1983). Lle Bkntovae Bnbip nocepenHbOi CTPYKTYpM Ta BU3Ha-
YeHHs piBHA geTtanisadii mogeni (Mirynescbkun, & CBUCTYH,
2014), BpaxyBaHHs wBuakicHoi anisoTponii (Kern, & Tubia,
1993), BUKOPUCTaHHSA 3aranbHUX i NOCHIAOBHUX AaHMX P- Ta
S-xBunb (LymnsiHebka, y6oBeHko, & MMirynescbkuii, 2021)
Ta nepepaxyHoK CEMCMOSONYHNX AaHWUX Y MOAENb NYCTUHM
3emni (Mooney, & Kaban, 2010).

Lli nuTaHHs, siKi CTOCYOTbCHA IYCTUHW MaHTIl, aKTUBHO BU-
BYaIOTbCS, 30Kpema MpOBOAWUTLCH aKTUBHE AOCHiIAXKEHHS
CTPYKTYPW MaHTii nig YKpaiHCbKUM LLUTOM.

3aranom BMAINAITLCA ABa HanpsMK PO3B'A3aHHSA Npo-
©Onem BU3HaAYeHHS TyCTMHU MaHTii. Mepwuii — ue moaento-
BaHHA pPO3MNOAIMY TryCTUHW Ha MubWHY, OTpUMaHy Ha
reonorivHin nosepxHi (Toncton Ta iH., 2003) 3 BUKOpPUCTaH-
HsIM pi3HUX ysiBNeHb (rinoTe3) npo 6yaosy 3emni sk NnaHeTy
abo oTpMMaHux 3a cercMivHMmMu gaHumm (Ringwood, 1975;
Mpo moxnuBeicTb ..., 1993), Ta 3iCTaBNEeHHA OTPUMaHUX
pesynbTaTiB 3 rpasiTauiiium nonem abo rpasiTauiiHO

© WymnsaHcbka Iioamuna, Mirynescbkun Metpo, 2024
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eHeprieto (Marchenko, 1999), abo momeHTOM iHepuii (Yyii-
koBa, & Makcumosa, 2010). Mpu uboMy pyHKLii po3noginy
3aalTbCs y BUMMAAI BXiAHUX AaHWX, HAanpvknag, Ha OCHOBI
nuwe pagianeHOro noginy ryctuHn y Burnagi ii Henepeps-
HMUX Ta KyCKOBO-HenepepBHWX Mmogenen: JlexaHgpa-
ITannaca, Powa, Bynnappaa i Maycca (Marchenko, 2000).

Opyrun Hanpsm — Le MoAerntoBaHHsS ryCTUHW MaHTii, BU-
XOAAYM 3 pe3ynbTaTiB AOCHiAKEHb 3aNeXHOCTi TUCKY, Cenc-
MiYHMX LUBMOKOCTEN, TYCTMHW B nabopaTopHUX YMOBax
(Bonaposwuy, 1977; CemeHoB, 1978, 1983), y pe3ynbTari sikux
Oyno OTpUMaHO MiHiliHy 3aneXHiCTb LUBWMAKOCTI Bi N'YCTUHW:

V =a+ bo,
Ae G — ryCTuHa, a i b — koediLlieHTH, WO CTaHOBNATL (DYHK-
LliOHanbHi 3aneXHOCTi Bi aTOMHOI Barn pe4oBUHW.

Onsa weuakocTern 06'€EMHUX XBUIb €KCrepuMeHTarnbHi
CMiBBiQHOLLEHHS 3 TYCTUHOIO aHamnoriyHi:

V, = ap + by, Vi = a5 + bso.

Lli emnipuyHi 3anexHocTi cTtanu OcHOBOW baraTbox
OOCHNIAXEHb T'YCTUHU, He TiNbKW AN 3€eMHOI KOpW, a Takox
i Ana maHTil.

OpHvM 3 nepLunx ouiHKy KoedilieHTiB a Ta b B kopens-
LiMHIA 3aneXHOoCTi LWBMAKOCTI BiA LWiNbHOCTI ANs 3eMHOI
KOpU Ta BEpXHbOi MaHTii YKpaiHCbKOro LWuTa BUKOHAaB
C.C. Kpacosckuin (1981). KombiHoBaHy rpagieHTHO-Lwapy-
BaTy MoAenb cepefosuila Ans niBAEHHO-CXiOHOT YacTUHM
YL 6yno cTBOpPEHO BUXOAAYM 3i HAsIBHMX AaHMX MPO 36inb-
LUEHHS LUBUAKOCTI NMPY>KHMUX XBWIb 3aneXHO Bif NiOBULLEHHS
OCHOBHOCTI Ta CTyneHs metamopaiamy nopig (Mirynescbkun,
& CBuctyH, 2014).

Takox pi3Hi koediuieHTn a i b 6ynu Bu3Ha4eHHi Ans
pisHux "nosepxis" mogeni nitocdpepun LleHTpanbHoi i Cxiag-
Hoi €Bponn B Mexax CxigHoesponencbkoi nnaTdopmMm
(Connory6, YekyHos, & Mapeubkun, 1989).

Mopni6Hy ineonorito 6yno BUKOPUCTAHO AN 3HAXOOKEHHSA
noniHoMianbHWX MOMPaBOK B iHTEpBanax rnvbuH, Bu3Have-
HMX MO CENCMOMOTIYHMX MexXaXx, Lo € AoAaTkamu 40 ryCTUHU
MaHTii, OTPUMaHOI Npu po3B'sA3aHHi PiBHAHHA Agamca—Yinb-
AMCOHa, a came (LUymnsaHcbka, & Mirynescbkuii, 2022):

O (Vp,Vs)= cA-wtkK,

0e ocaw — TyCTMHa, 3HangeHa 3a piBHAHHAM Agamca—
YinbsiMcoHa; k — noniHoMianbHa nonpaeka, k =a + b(z),
Ae a ta b — koediuieHTV NiHIMHOT YHKUIT, Sika € pisHuLeto
ABOX MOMIHOMIB — MK NOMIHOMOM, LLO OMUCYE po3nogin ry-
CTUHM 3 MNOMHOIO, OTPMMaHMM 3a PO3B'A3KOM PIBHAHHA
Apamca-YinesiMcoHa, sike NpM3BOAUTb 40 OAHOPIAHOIO po-
3MoAiny ryCTuHm, ik Hacnigok HaknageHux obMexeHb Ha pi-
BHsIHHA (3axapoB Ta iH., 2016), Ta NoOMiHOMOM, WO onucye
po3noain ryCTMHU B MaHTil, BiANOBiAHO A0 OAHIET 3 pedepe-
HTHUX mogenew MaHTii (PREM, PREMA, PREMC, IASP91
AK135) B KOXXHOMY iHTEpPBani rMuBUHW, LLIO 3HAXOAUTLCS MixX
CENCMIYHUMU MeXamW, 3HaNOEHUMU 3a TOYKaMU NeperuHy
nepLUoi MOXiAHOI KPUBOI LWBMAKOCTI Vp(z) (Shumlianska,
Dubovenko, & Pigulevskiy, 2020); z — rmubuHa, km.

Y UubOMYy OOCHIAXKEHHI PO3rMsHYTO Taki NUTaHHNA: 30a-
NaHCyBaHHA OTPMMaHOi MoAeri 3 MacamMun BEPXHbOI Ta HUX-
HbOI MaHTil BignoBigHO Ao eTanoHHoi mogeni AK135.
MonepeaHi pesynbTaTu reonoro-TekToHIYHOI iHTepnpeTauii
OTpUMaHOI MOAEri NYCTUHU BEPXHBOT i HUXKHBOT MaHTIl.

Bigomo, Lo HanTiCHILLWIA 3B'A30K 3 PEYOBUHHUM CKIagoM
3emni mae ryctuHa. ToMy nuUTaHHs, NoB'a3aHi 3 nepepaxyH-
KOM OaHuX CercmiyHoi Tomorpadii B Mogeni ryCTvH1 Bepx-
HbOI | HWKHBOI MaHTIi (YceHko, 2014) € BaXXIMBUM KPOKOM
ONsi NoAanbLIOro MoAeNtoBaHHS BHYTPILLHBOT OyaoBu 3emni.

Mema. TepepaxyHOK CUHTETWYHOI P- i S-uBuAkicHoi
TPMBUMIPHOI Mogeni MaHTii nig YKpaiHCbKUM LLMTOM Y 3Ha-
YEHHS] TYCTMHWM  LUMSIXOM BHECEHHS  MOSiHOMIaNbHUX
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nonpaBoK Ha HEOAHOPIAHICTb A0 OAHOBUMIPHUX KPUBMX
rYCTUHW, OTPUMaHUX MNpU PO3B'A3aHHiI PIBHAHHA Apjamca—
YinbamcoHa. 36anaHcyBaHHA OTpMMaHOi MOAerni 3 Macamu
BEPXHbOI Ta HMKHBbOT MaHTIl Ha OCHOBI BUOpaHOI Sk eTanoH-
Hoi mopeni AK135. Bisyanisauis oTpumaHux 3HayeHb ryc-
TUHU Yy BepTUKanbHi Ta ropu3oHTanbHi po3pi3n MaHTii nig
YKpaiHCbKMM LLUTOM.

BuxidHi daHi. MNpobnemun Ta po3B'si30K NOCTaBMNEHOI 3a-
Aadi BUnnmBeaTb 30e6inbLloro 3 BUXigaHnx gaHux. Hawi Bxi-
OHi OaHi — ue cencmoTomorpacpiyHa P-LuBuaKicHa Moaenb
AN MaHTii nig YkpaiHcbkum wmTtom (WymnsaHcebka, Tpunine-
cbkun, & LiBeTkoBa, 2014), nobynoBaHa 3 ypaxyBaHHSIM
3Ha4YeHb NOTYXXHOCTi 3€MHOT KOpY LWKUTa Ta LWBUAKOCTI CEnc-
MiYHMX KONMMBaHb, OTpUMaHux 3a aaHummn MC3 (Connoryo,
1982; Tpuninbckmn Ta iH., 1988, 2004). Lo mopenb cTBO-
PEHO 3 BUKOPUCTAHHAM KIHEMaTU4HOrO METody Ha OCHOBI
pPO3B'A3aHHA CENCMIYHOrO 3aBOAHHS LUNSAXOM PO3KNafaHHs
dyHKUii noBinbHOCTI B psg Tennopa (Geyko, 2004). Poss's-
3aHHs 3agadi cercMiyHOi Tomorpadii, ogepxaHe 3a 4ono-
MOrOI0 LIbOr0 METOAY, € TOYHOK HWXHBOK FpaHHIO0 LIOAO
PO3B'A3aHHA KMaCMYHUM MEeToAOoM niHeapu3auii i MIiCTUTb
MeHLLe oOMexeHb Ha yHKLito wBmuakocTi. MeToa He 3ane-
XWTb Bif, BMOOPY NOYaTKOBOro HabnmxeHHs (04HOMIpHOI pe-
depeHTHOI mopeni), KopekTHuA 3a TuxoHoBuMm. Cama
Mogernb € HabopoM OAHOBUMIPHUX KPUBWUX Vp(Z), SKi XapakTe-
pY3yloTb NEBHWIN 06CAr reodisnyHOro cepefoBuLLa, JOMEHY,
PO3Mip SIKOro 3anexuTb Bif BikHa BUOIPKM NepLUMX YaciB npu-
xopy P-thasu cericmiyHOi XBUMi y doopmaTi cepeaHbOi TOUKM.
IHBepcia rogorpada Aae pillleHHS Vp(z) SIK rMagkoi, cnagHoi
dyHKUiT, NPU LbOMY BBaXAETbCH, LU0 BCepeauHi XBunesody
(AKLLO BiH €) (OYHKLSA LUBUAKOCTI NOCTINHA | pO3paxoByeThLCS,
BMXOAS4M i3 3HAYEHb LUBUAKOCTI HA BEPXHIN Ta HWKHIA Mexi
XBUneBoay. Take ysaBneHHs yHKUii LWBMAKOCTI Vp(Z), SK rmag-
KOi i cnagHoi, Hece iHopMaLLito MPO CENCMIYHI rpaHnLi B Hes-
BHOMY BUrMs4i. TOMy CEMCMIiYHI rpaHuLi MOXIIMBO BU3HAYUTU
3a nepermHamy nepLuoi noxiaHoi vp(z) (Pigulevskiy et al.,
2019; Dubovenko et al., 2021).

["onoBHa nepeLukoga Ans BUKOPUCTAHHS SaHOI WBWUAKI-
CHOI MoAeni MaHTii 4N nepepaxyHKy B ryCTUHY i, OAHaKOBO,
iHLLI dpisnuHi napameTpu, Taki 9K TemnepaTtypa, B'A3KiCTb Ta iH.
— Ue HasBHIiCTb LWBWOKOCTEN nule NO3O0BXHIX XBWUMb.
MeTopn nepepaxyHky P-LuBuakicHOT Moaeni gani B S-wsna-
KicHy 3anponoHoBaHo (LlymnsaHckasa n gp., 2021). Mpu Bu-
KOPUCTaHHi cepeHboapudMeTU4YHOro 3Ha4YeHHs Vp/vs Big
n'aTu pedepeHTHNUX CENCMOSOriYHNX Moaenewn, BuxigHa
CUHTETMYHA S-BMAKICHA Mogenb Mae NPURHATHI Bigxu-
NEeHHS, SIKi MOXHa MOPIBHATU 3 pO34iNbHOI0 34aTHICTIO Me-
Togoy iX OTpUMaHHs, a caMe KiHeMaTW4HOro MeToay
TennopoBoro HabnvXeHHs Npu pPO3B'A3aHHI CENCMIYHOI
3agadi. Ak NokasyTb pe3ynbTaT¥ BU3HAYEHHS MOXMOOK
LIBUAKOCTEN, NpY NOXMOKax BU3HAYEHHS YSIBHOI LUBMAKOCTI
MakcumanbHoi rmubuHn 3aHypeHHs pedhparoBaHoro npo-
MeHs = 6; 7; 8 kKM, 064YnCNEeHi NOXNMOKN LLUBUOKOCTEN MaloTb
TOW caMuUi NOPSJOK, WO i BiAXUNEHHS (Vs-Vs1) ANst OQHOMi-
pHUX pecbepeHTHUX Mogernen (Vs — 3Ha4eHHs LUBUAKOCTI 3a
niTepatypHuMn mxepenamu anst pedepeHTHUX Moaenemn
MaHTIl, Vs71 — 3HAYEHHS LBWAKOCTI LUNAXOM nepepaxyHKy
LUMX Mogenewn) i 3Ha4Ho MeHLe noxmbku +0,1 km/c, sika ao-
CAraeTbCA iHWMMN CENCMIYHMMK MeTodamn. TOBTO CuHTe-
TWYHa S-wBuMAkKicHa MoAenb, OTpMMaHa B pesynbTari
nepepaxyHky P-LuBuakicHOI mogeni, Mae BNacTMBICTb CniB-
PO3MipHOCTi 3 BUXigHOK MOAENNIo, Lo AaE nepesaru B To-
YHOCTi y nofanblioMy CriflbHOMY BWKOPWUCTaHHI [BOX
KoniHeapHux Mogernen (P, S) Ta noganbLlUnX NepeTBOpeH-
HAX Yy NeTpoi3anyHi (i3nKo-NiTONOriYHI) Mogeni MaHTii.
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Memoduka no6ydoeu odHoMipHOIi Modesi 2ycmuHu
mMaHmii

MeToamka nepepaxyHKy CKragaeTbCs 3 KinbKoX eTanis:

® BU3HAYEHHHA CEMCMIYHMX rpaHnLpb No nepernHax P-usm-
OKICHUX KpuBKX cericmoTomorpadivHoi mogeni (Pigulevskiy
et al., 2019; Shumlianska, Dubovenko, & Pigulevskiy, 2020);

® pO3paxyHOK CUHTETUYHOI S-LBMAKICHOI Moaeni, Lwns-
XOM nepepaxyHKky P-uBukicHOI mogeni, sika Mae Bnactu-
BiCTb CMiBPO3MIpHOCTi  (MPOMOPUIAHOCTI) 3  BUXIAHO
MoZenn, Wo [ae nepesBarn B TOYHOCTI Yy MOAANbLIOMY
CYMiCHOMY BUKOPWUCTaHHI ABOX KoniHeapHux moaenen (P, S)
npy nepeTBOPEHHi Ha nNeTporycTUHHI  moAdeni MaHTii
(lWymnsHebka, Oyb6oseHko, & MMirynescbkui, 2021);

® pO3paxyHOK OAHOBUMIPHUX KPUBUX I'YCTUHW LUMSIXOM
pO3B'A3aHHA piBHAHHA Agamca-YinbsiMcOHa, Ae BXigHi
JaHi € 3HayeHHsa P- Ta S-wBMAKOCTEN AN KOXHOro

AOMeHy MaHTii nig YkpaiHcbkum wutom (LlymnsaHcbka,
& lMirynescbknin, 2022);

e TpaHcdopMaLii OTPUMaHUX KPUBUX FYCTUHW, SKi € of-
HOMIPHUMMW, OOHOPIOHMMY MOAENSAMU Pi3HUX JOMEHIB MaHTIl
3 BUKOPUCTaHHAM MOiHOMianbHUX MONPaBoK BiANOBIAHO 40
0o0paHoi AK onTUManbHOI (eTanoHHOI) Ana YKpaiHCbKOro
wuta pedepeHTHoi Mogeni AK135 (Pigulevskiy, &
Shumlianska, 2022).

PiBHsHHSA Agamca—YinbsamMcoHa B1uMarae nepLioro Kpoky
iTepauii i3 3agaHnum napameTpom LWinsHocTi 00. MNMoyaTkoBy
WinbHicTb 6yno B3aTO 3 NnitepatypHux axepen (Kurlov et al.,

2011; Svistun, & Pigulevskiy, 2021; Asapos Ta iH.,2006;
AHundepos Ta iH., 2008; 2009) Ha piBHi 50 km (Tabn. 1).

MpoiwoBLLKM BCi ONMcaHi eTanu, MoXHa nepentn 6eanoce-
PEeAHbO A0 3aBAAHHSA PO3paxyHKy TPUBUMIPHOI MOAENi Linb-
HOCTi MaHTii Nig YKpaiHCbKUM LUMTOM, ane Tinbky nicns etany

36anaHcyBaHHA OTpUMaHOi Mofeni 3 Macamu BEpXHbOi Ta

HWKHbLOI MaHTIl BignoBigHO 40 eTanoHHoi mogeni AK135.

Ta6bnuuys 1

3Ha4YeHHs WiNLHOCTI Gy, r/cM®, NOYaTKOBI 3HaYeHHSA PiBHAHHA Agamca-YinbamcoHa

Latitude Longitude 6o, g/lcm® Ha 50 km
27 49 3,36
28,25 50 3,323
28,25 51 3,323
28,25 51,25 3,32
28,25 49 3,32
28,25 50,5 3,324
29,25 48,5 3,319
29,25 49,5 3,324
30,5 49 3,265
31,5 48,5 3,24
31,5 49,5 3,185
32,5 49 3,16
32,5 48 3,326
33,5 48,5 3,343
33,5 49 3,384
34,5 49 3,263
35,5 47,75 3,355
36,5 47,75 3,343
37,5 47,75 3,3
38,5 47,75 3,42

36anaHcyeaHHsi mac. Po3paxoBaHi 3HauYeHHsi ryCTUHU

Oynu nepepaxoBaHi B Macy BEPXHbOI Ta HMXKHBOI MaHTil Ta ne-

peBipeHi Ha BiAMOBIAHICTL 4O Mac eTanoHHoi mogeni AK135.

Takum YHOM, OTpUMaHa rycTHa 3a piBHsAHHAM Agamca—Yinb-
SIMCOHa NpW BBEAEHHI NoniHoMianeHUX nonpasok byna 36ana-

HCOBaHa BifNoOBIOHO eTanoHHoI pedepeHTHOI moaeni AK135.
MonpaBkn BHOCUNCH SIK cepefHe apumMeTYHE OKpemo Anst
BEPXHbLOI Ta HWKHBLOI MaHTii. PopMyna Anst po3paxyHKy mMacu
— cuctema piBHsiHb (JlitHaposwud, 2007):

G p(rym(r)Ar

p(r—Ar) =p() —2p =p(r) + o
m@ — Ar) = m@r) — Am = m(r) — 4np(r)riAr

-100
-600
- -1100
-1600
-2100
-2600

km

Depth

45

3,5 ,
Density, o, g/cm3

4

MonpaBkn po3paxoByBanuch AN KOXHOro AoMeHy. Ha
puc. 1 nokasaHo, siKk 3MiHIETLCS KpUBa IYCTUHWU. PO3paxo-
BaHa 3a piBHAHHAM Agamca—YinamcoHa (YepBoHa niHis), ni-
cns BBEAEHHS NoniHOMianbHMX NONpaBok (Cipa MiHis), nicns
BBEEHHsI MONpaBoK Ha Macy (CUHS NiHis) Ha npuknaai oo-
MEHy BEepXHbOi MaHTii 3 KoopaAuHaTamu  LeHTpa
31.5E;48.5N. Mu 3mornu 36epertu inameigyanbHi ocobnu-
BOCTi MOYaATKOBMX KpMBUX P-LUBMAOKOCTI, 30epiratoum 6anaHc
mac BignoBiaHo 0o etanoHHoi moaeni AK135.

—e— Density according to the
Adams-Williamson equation

Polymial Heterogeneity
Corrected Density

—— Polynomial Heterogeneity
Corrected Density mass-

5,5 balanced

Puc. 1. Mpuknan BBeAeHHs NONPaBKX HAa Macy AN KPUBOI ryCTUHU AOMEHY MaHTil
3 KoopAauHaTamMu LeHTpanbHoi Touku 31.5E; 48.5N.
YepBoHa NiHis — KpMBa rycTuHU, po3paxoBaHa 3a piBHAHHAM AfaMca—YinsMcoHa;
cipa niHis — nicnsa BBeAeHHSA NoniHOMianbHWUX NONPAaBOK; CUHS MiHiS — NiCNs BBEAEHHSI NONPaBoK Ha Macy
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noniHomianbHMX NonpaBoK (MonpaBka Ha HEOAHOPIAHICTL),
3 ypaxyBaHHSAM MOMpaBoK Ha Macy.

BepTukanbHi po3pis3n ryctmHu B3goBX npodinie AA1,
BB1, CC1, DD1, EE1 nokasaHo Ha puc. 3.

Pesynbtatun

KiHueBuiA pesynbTaT nepepaxyHky siBnse cobot Habip
OLHOBUMIPHUX KPUBWUX TYCTMHU Ans 21 AOMeHy MaHTil
(puc. 2) nig YU, B iHTepBani 50—2600 kM, OTpMMaHuX nicnsi

po3B'A3aHHA piBHSAHHA Agamca—YinbsiMcoHa, BHECEHHS
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Puc. 2. PostawyBaHHsA npodinis AA1, BB1, CC1, DD1, EE1. Cipi kBagpaTtn — AoMeHu Nig YKpPaiHCbKUM LLUTOM.
YepBoHi NiHii — TEKTOHIYHMI noain YkpaiHcbkoro wmTa (Kpyrnos Ta iH., 2007).
Merabnoku: 1 — BonuHCbkuit; 2 — [IHICTPOBCbKO-By3bkui; 3 — POCMHCBKO-TiKULbKUIA; 4 — [HrynbCKuii;
5 — CepeHbONpUOHINPOBCLKMIA; 6 — MNpra3oBCbKUA.

LLoBHi 30HK: 11 — HemupiBcbko-KouepiBcbka; 21 — FonoBaHiBCbKa;

; 31 — Inryneubko-KpuBopisbka; 41 — OpixiBcbko-IaBnorpagcbka
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Puc. 3. BepTukanbHi po3pi3u rycCTMHM MaHTii nig

Ak nokasaHO Ha BepTUKanbHWX po3pi3ax TryCTUHU
(puc. 3), HaMBINbLWKWIA rPadieHT HapOLLYBaHHA T'YCTMHM Bia-
3HavaeTbca B iHTepBani 250 + 50 kv, Wo Bignosigae ropu-
30HTaM, 4Ki po3sTawoBaHi MK nigowBow niTocdepn i
MOKPIBNe HWKHBbOT MaHTii. Lie gae amory npunyctutu, LWo
3MiHM TYCTUMHW BiAMNOBIgalOTb 3MiHAM NITONOMYHOro cknagy
Ta PT-ymoB, L0 3HaxXoAsiTbCA B LbOMY FOPU3OHTI.

PosrnsHemMo xapaktep ryCTMHHUX HEOOHOPIgHOCTEW NO
natepani. 3a pesynbTaTtamMyv pPO3paxyHKiB rOPWU3OHTamnbHi

YL, r/cm®. PosTawyBaHHs npodinis aue. puc. 2

25 km, ane ans ctatTi 6yno BubpaHo aeski 3 HUX (puc. 4).
PesynbTaTtn Ginbl NOrnmMbneHoi TEKTOHIYHOI iHTepnpeTauii
OTPUMaHMX AaHUX NPO PO3NoAin ryCTUHU MaHTii B iHTepBani
50-2600 km nig YL nepenbavaeTtbes onybnikysaty y noga-
nblwmnx poboTax. TyT MU BiA3HAYMMO FMLLIE OCHOBHI pUCU.
HesBaxatoum Ha NpsiMy 3anexHiCTb Y PO3B'si3aHHI PIBHAHHS
Apgamca—-YinbsiMmcoHa Big MOYaTKOBO 3afdaHUX 3Ha4yeHb
LWiNbHOCTI NepLuol iTepadii, Ham Bganocs 3bepertn reomeT-
Pit0 NEPBUHHNX KPMBUX LUBUAKOCTI Mif Yac HACTYNHWX nepe-

nepepisn nopaxosaHi Big 50 go 2600 km 3 iHTepBanom

ISSN 1728-3817
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nepepaxyHky P-LUBUAKICHOI MOAeni B rycTuUHY. FAKWO B Ui-
NOMY 3YNUHUTUCA Ha 3aranbHin XxapakTepucTuui aHomanin
ryCTWHW, BUAHO, L0 iX pO3Mogin 3a CTPYKTYPHUM MriaHoM
npoxoanTb nig MonosaHiBcbkoto, OpixiBcbko-MaBnorpaach-
KO LLOBHUMWU 30HamMmu, KipoBorpagCbkuM MaHTiiHUM pO3-
NOMOM i BUAINSE MaHTIto Nif, LeHTpanbHO YaCcTUHOLO LWnTa
B OKpeMy 30HY (puc. 4).

3aranom 3ayBaxvmo, LLO MOYUHAKYU 3 TMUOUHU 75 KM
aHomanii ryCTMHM NoKasylTb 3Ha4Hy BapiabenbHiCTb y reo-
MeTpii, Wo Bigobpaxkae HeoaHOPIOHICTb reonoriyHoro cepe-
JoBvwa nig pPisHUMKM  TEKTOHIYHUMK  ognHuuamum - YL
AHomanii Ha 75-200 km (puc. 4) BignosigaloTb 3aranbHOMy
reocTpyktypHoMy nnaHy YL, wo "pospusaeTbca” BENUKOK
cyOmMepuaioHanbHOK 30HOK Y MOro LIEHTParnbHill YacTuHi 3
nepenagom ryctuiu Big 3,2 o 3,6 r/cms. [1o ueHTpanbHol
YaCTUHW L€l  30HWM MPUYPOYEHWUI  TpaHCPEerioHanbHUA

N Depth 75 km
52.00

50.00

48.00

30.00 32.00 34.00 36.00 38.00 E

N Depth 200 km
52.00

50.00

48.00

30.00 32.00 34.00 36.00 38.00 E

N Depth 500 km
52.00

50.00

48.00

38.00 E

30.00 32.00 3400  36.00
Puc. 4. Flopn3oHTanbHi 3pian ryctuHn manTii nig YL, r/cm®. YMOBHI No3HavyeHHsi AuB. puc. 2

3aranbHYMKU pycamu Merabrokis i LUIOBHUX 30H, NO3HaYe-
HUX Ha puC. 4, € NPUCYTHICTb XapakTepHuX hopMaLin, SKUX
Hemae (abo X pO3BUTOK OOMEXEHUI) Y CYyMKHUX Merabno-
Kax. KoxeH i3 merabnokis iHaMBigyanbHWM 3a CBOEKO BHYTPI-
WHbOW  OydoBOK Ta  CKNagoM  CTPYKTYPHO-PEYOBMX
KOMMIEKCIB, ane Ans BCix merabnokis, 3a BUHsATkoM OBpyLib-
KOI 3anagvHu Ha niBHiYHOMY 3axoai YL, tunosoto € "rnu-
OMHHA" cknagyacTicTb. Yci Merabnoku BKoYatoTb apXenchbki
CTPYKTYPHO-PEYOBi KOMMMEKCK, SKi BiNbLUOK Y/ MEHLLOK Mi-
pOto 3a3Hanun NepeTBOpeHHs y NpoTepo3oi. BogHouvac Ha cxia
Bia KpuBopi3bko-KpemeHuyLbKoro posnomy Yy ckragi kopu
MerabrokiB nepeBaxae apxencbka MaTpuus, a Ha 3axig Big

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

TEKTOHIYHMI WwoB (KipoBorpagacbknii MaHTIMHWIA  PO3MOM),
Ak Jobpe kopentoe Ha 3pisax 150-200 km 3 rmmbuHamm ni-
aowBu nitocdepun, BUAINEHOI 3a TEMNOBMMM aHoManisiMm
(FiHToB, & Mawwkesn4, 2010), a TaKOX 3 MUOUHHUMU HEOOHO-
PigHOCTAMW MaHTii, BU4INEeHMMM 32 AaHUMK KOMMNeKey isun-
YHMX MONIB Ta CEMCMIYHNX OOChiMKeHb, NpoBeaeHux Ha YL
(Bavnicaposuy Ta iH., 2005). Ha npoTssi ycix iHTepanis rnu-
OVH 30Ha npeacTaBneHa nopogamMy 3 MEHLLOK LUMbHICTHO
LLOAO TUX, LLIO MEXYyHTb 3 Hek i3 3axody i cxoay. Ha 3pisi
50 kM posyuinbHeHi nopogun (3,20-3,30 r/cm3) noLumpio-
IOTbCA Y NIBHIYHOMY HanpsMKy, WO Bignosigae 3aranbHOMY
nnaHy NpocTsraHHs IHrynbcbkoro merabnoky. OgHak, noym-
HaruM 3 rmMubrHM 75 KM | 4O HM3IB BEpXHLOI MaHTii (3pi3
500 kM), criocTepiraeTbCsl 3BOPOTHa KapTuHa, Ae 30Ha 3 Mno-
HIDKEHOIO NYCTUHOK Ma€ NiBAEHHWUIA HAaNPSIMOK NMPOCTSAraHHs.

N Depth 800 km
52.00

50.00

48.00

30.00 32.00 34.00 36.00 38.00 E

N Depth 1500 km
52.00

50.00

48.00

30.00 32.00 34.00 36.00 3800 E

N Depth 2500 km
52.00

50.00

48.00

30.00 32.00 34.00 36.00

38.00 E

HbOrO — MPOTepOo30Kicbka. 3aranom merabnokm MoxHa po3gi-
NMTK Ha ABi rpyny, NPUONMU3HO PiBHI 3a@ MOLLE0 NOLUMPEHHS:
rpaHiT-3eneHokam'aHi Ta rpaHiTorHerncosi. MNepLui cknagatoTb
BCIO CXigHy TpeTuHy wwuTta (CepegHbONpuaHINPOBCLKUIA Ta
MpunasoBCbkUn Merabnoku); Ha 3axofi 4o Uiel rpynu AocuTb
YMOBHO BigHeceHo nuwe binouepkiBcbko-CepeaHboby3bkui
Merabnok, y Mexax iKoro, 3a HaluMMmn po3paxyHKamu, Linb-
HicTb nitocdhepm Ha 0,1-0,15 r/cm3 HbKYa, HiX Nig nepLnMmn
ABOMa, LLIO MOXe BKa3yBaTW Ha Te, L0 apXeWCbKi CTPYKTYPHO-
peyoBi koMMnekcy, BiporigHo, B Nnitocdepi GinbLuo Mipoto
3a3Hanm nepeTBOPEHHSs y NPOTEPO30i, YMM NOro (PIKCYHOTh 3a
AaHuMK BypiHHSA.
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3a pesynbTatamMu KOMMMEKCHUX reodianyHmx Aocni-
OKeHb 0yno nokasaHo pi3Hy 6ygoBy nitocdepu 3 rmmbnHow
(Connory6, YekyHoB, & Mapeupbkuin, 1989). Y nitocdepi YL
Oyno BMAiINEHO 3aranom Kinbka CTPYKTYPHMX MNIaHis, eLue-
NOHOBaHMX 3a rmubuHol. BoHn cdhopmyBanucsa B pisHUN
yac, y pi3HUX reogMHamiYHUX yMOBaXx i 4acTo He Y3rompKy-
H0TbCS Mi>k CO60t0. Y cTpyKTYpi noBepxHi Moxoposuynya (M)
aocutb 0obpe BiAOUTI LWOBHI 30HM LWMTA, Y SKUX KOopa NoTo-
BweHa Ao 50-60 kM, ane npu LUbOMY CEpefHS NOTYXHICTb
Kopu Merabnokis 6nmabka o 40 km. Jlnwe mixx BonuHo-Mo-
Ainbcbkum Ta Binouepkiscbko-CepeaHboby3bknm merabno-
KaMu CyTypHa 30Ha He BigobpaxeHa y nosepxHi M.
MoxnuBo, ue pesynbTaT GinbLUOi TOBLUMHN KOPU MiBHIYHO-
3axigHoi yacTtuHn YL (3axigHiwe IHrynbcekoro merabnoky)
B3arani. TyT cepefHs MOTYXHICTb KOpU Habnuxaetbcst A0
45 km, a B Mexax [lonicbkoro ByMKaHO-MNYTOHIYHOIO Ta
Bysbko-loainbcbkoro rpaHynitoBoro nosicy gocsrae 50—
60 KM, WO € TUMNOBOK ANS CYTYPHUX 30H CXiOHOT YacTuHM
Y. 36inblUeHHs1 TOBLUMHM KOPW Y LLOBHUX 30Hax Ta Moni-
CbKOMY MOSICi 3240BINbHO NOSICHIETLCA KoMi3iiHuMu obcTa-
BMHaMW, siKi CynpOBOKYBanucsa YacTKOBUM MiACyBOM KOpU
CYMIXKHUX MIKPOKOHTUHEHTIB Ta NigBULLEHHSM iX LUifbHOCTI
Nno KOni3iHMX LBax.

Hwxue Big po3rnsHyTOro nitoccepHoro wapy po3raLlo-
BaHa OCHOBHa YacTVHa BEPXHbOI MaHTii, 3pian Ha rnnbuHi 500
Ta 600 kM. Ha umx rmmbuHax cybmepuaioHanbHa avdepeHLi-
auia YL ctae MeHL KOHTPACTHOM, L0 MOXe ByTu NoB'si3aHO
3 PT-ymoBamu, Ski HIBEMOOTH LLUNBbHICHI naTepanbHi ocobnu-
BOCTi. [lepexoasym B HKHIO MaHTito, NOYMHAOYN 3 FMMOUH
800 KM i HKYe, CTPYKTYPHUI MriaH aHOManin ryCTUHU 3MiH0e
CBOE NPOCTAraHHA Ha MiBHIYHO-3aXigHe Yy 3axigHin YacTuHi
wmTa, abo BiACyTHe — y cxigHin (puc. 4).

Lunckycis i BUCHOBKM

Y cratTi npegcraeneHo 3D-moaenb LWiNbHOCTI MaHTii nig,
YLL. Mogenb rycTuHm 6ynn oTprMaHn LUMISIXOM NepepaxyHKy
P-LuBMAKiCHOT CeMCMiYHOI ToMorpadiivHOi Moaeni maHTii. Lsna-
KicHa Mogenb nNpeacTasneHa Habopom 3 21 ogHOBUMIPHOIT Kpn-
BOI WBuaKocTi. KoxHa P-kpyBa WBWMAKOCTI Mae iHAMBIiAyanbHi
ocobnmBocCTi, 36epiratoyun B LINOMy LLapyBaTy CTPYKTYpY.

Bcboro B MaHTii BUaineHo Tpu wapu — nitocdepa, Bep-
XHS1 | HWXKHSI MaHTIl, KOXKEH 3 sIKMX iCTOTHO BiOpi3HAETLCA 3a
po3noainom wwinbHocTi. AHani3 3D-moaeni WinbHOCTi MaHTii
nig YKpaiHCbKMM LUMTOM MOKa3ye KOpensuilo aHomarnin
LWiNbHOCTI 3 MUOMHHUMKN HEOOHOPIAHOCTSIMU MaHTIi, BUSB-
NeHnMK 3a pe3ynbTaTamMu KOMMIEKCHOrO aHani3y NoTeHLin-
HUX Pi3NYHMX NoniB, MUBUHHMX CEeNCMIYHUX AOoCNioKEeHb Ta
TENnmoBoro NOTOKY.

eonoro-TekToHiYHa GygoBa YkpaiHCbKOro LuTta Bigo-
OpaxeHa B aHoOManiax LWinbHOCTI nitocepn. Merabnoku
LLMTa MatTb HUXKYY rYCTUHY NiITOCEPU, HiX LLOBHI 30HMU, LLIO
iX po3ainsatoTb. [NpoCTeXyTLCA NOBTOPHOBAHOCTI NaTtepHy
aHoManin NiaB1LLEeHOoro TENSIOBOro NOTOKY Ta aHoMarsii Hu-
3bKOI LLiINbHOCTI, Lo Bigo6paxae BNAvMB TeMnepaTypu Ha ry-
CTUHY TipCbKMNX Mopig, NpMHariMHI B niTocdepi. 3B'A30K Mix
TEKTOHIYHOK CTPYKTYPOK 3eMHOi Kopu Ta aHomanismu
WinbHOCTI niTocdepu NpoCTeXyeTbCA A0 rMubuHn 200—
250 KM, a noTiM BOHW 3HMKaKTb Ha rmubuHi = 500 kM, ae-
MOHCTPYHOUM BNAMB nitocdepn Sk GinbLl XONogHOro wapy
Ha BNacTMBOCTI MPCbKMX NOpig BEPXHLOro Wwapy MaHTii. Ha
umx rmmnbuHax cybmepupioHanbHa AudpepeHuiaudia wuta
CTa€e MeHLL KOHTpacTHO. BogHouac y HWXHIA MaHTiT CTpyK-
TYPHUI NNaH aHoMarni ryCTMHU 3MiHIOE CBOE NPOCTSraHHs
Ha niBHiYHO-3axigHe y 3axigHin yactuHi YL, i He npocTexy-
€TbCS — Y CXiOHIN, WO MOXxe ByTu NOB'A3aHO 3 BUCOKMMM 3Ha-
YEHHsIMW TemMnepaTypu Ta TUCKY.

MigcymoBytoun, cnig 3a3HadmTy, WO nepLli pesynbtaTu
nobyaosu (kBasi) TPUBUMIPHOI LLiNBbHICHOI MoAeni MaHTii nig

ISSN 1728-3817

YKpaiHCbKMM LUMTOM MOKa3ylTb AOUINbHICTE Ta Heobxia-
HICTb MPOAOBXEHHS LMX OOCHiAXEHb AN OTPUMAaHHS KOM-
nnekcHoi  mogeni i OygoBM Ta  neTpoduisnMyHMX
ocobnuBocTen, WO BMMUBaOTb Ha (POPMyBaHHA 3E€MHOI
KOPM Ta KOPUCHWNX KONarnmuH.
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CONSTRUCTION AND FIRST INTERPRETATION RESULTS
OF THE THREE-DIMENSIONAL MANTLE DENSITY MODEL UNDER THE UKRAINIAN SHIELD

Background. Mantle density models are key tools for understanding fundamental geological and physical processes occurring within the
Earth. Many parameters used in mantle density models remain poorly understood and undefined. Among others, these include data on the composi-
tion and rheology of the mantle, which can vary significantly.

Methods. The method of creating density models (density) significantly influences the final result. Modeling with one-dimensional models
simplifies the calculation process but generalizes the distribution of mantle density, assuming it is homogeneous in the horizontal direction. This
limitation does not allow for the consideration of lateral variations in mantle density, which can be important at the regional level. In this study, we
present a quasi-three-dimensional model of mantle density beneath the Ukrainian Shield, obtained on the basis of a set of one-dimensional density
curves. Polynomial corrections for heterogeneity were applied during the calculations, compensating for the shortcomings of one-dimensional mod-
els. This three-dimensional model was derived by recalculating one-dimensional velocity curves obtained by seismic tomography for 21 mantle do-
mains in the depth range of 50 to 2600 km. The process of transforming P-wave velocity curves into a density model includes the following steps:
determining seismic boundaries in the mantle as points of inflection of the first derivative of P-wave velocity curves for each mantle domain; creating
a synthetic S-wave mantle model beneath the Ukrainian Shield by recalculating P-wave velocity curves; solving the Adams-Williamson equation using
seismic velocities (P, S) for each domain with subsequent polynomial correction to account for heterogeneity; selecting a reference mantle model
that would serve as the basis for converting velocity curves into density through the comparison of gravitational potential on the Earth's surface and
calculated values from existing reference mantle models (PREM, PREMA, PREMC, IASP91 AK135). The AK135 model was chosen as the reference
model based on the comparison of calculated and observed gravitational potential at the central point of the Ukrainian Shield. This study focuses on
the final stages of constructing the mantle density model, taking into account mass balancing of the upper and lower mantle for each domain when
determining density using the Adams-Williamson equation and introducing polynomial corrections relative to the AK135 reference model; calculating
densities for each of the 21 mantle domains and their three-dimensional integration.

Results. Inthis study, we present a quasi-three-dimensional model of mantle density beneath the Ukrainian Shield, obtained on the basis of
a set of one-dimensional density curves, with polynomial corrections for inhomogeneity incorporated into the calculations, compensating for the
shortcomings of one-dimensional model calculations. This three-dimensional model was obtained by recalculating one-dimensional velocity curves
obtained by the seismic tomography method for P-waves, calculated for 21 mantle domains in the depth range from 50 to 2600 km.

Conclusions. This study focuses on the final stages of constructing the mantle density model, considering balancing the mass of the
upper and lower mantle for each domain in determining density using the Adams-Williamson equation and introducing polynomial corrections relative
to the AK135 reference model; calculating densities for each of the 21 mantle domains and their three-dimensional integration. The obtained mantle
density model of the Ukrainian Shield is well aligned with the division of the mantle into three main layers: lithosphere, upper mantle, and lower
mantle. Each of the structural layers has its own visual pattern of density heterogeneity.

Keywords: density, mantle, Ukrainian shield.
ABTOpM 3asBNSIIOTb NPO BiACYTHICTb KOHMNIKTY iHTepeciB. CnoHcopy He Gpanu yyacTi B po3pobneHHi AocnigkeHHs; y 36opi, aHanisi un
iHTepnpeTauii AaHWX; Y HanMCaHHI pyKonucy; B pilleHHi Npo nybnikauito pe3ynbTaris.
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'KniBcbknii HauioHanbHUI yHiBepcuTeT iMeHi Tapaca LlesueHka, Kuig, YkpaiHa
2HHL, "IHncTUTYT rpyHTO3HaBCTBA Ta arpoximii imeHi O.H. Cokonoscbkoro", Xapkis, YkpaiHa

3lHcTuTyT reodpizukm im. C.1. Cy660TtiHa HAH Ykpaitu, Kuie, Ykpaina

YAOCKOHANEHA METOAUKA OETAJIbHOI MAFHITHOI 3UOMKM
ANA BUPIWEHHA 3ABOAHb HA®TOIMA30BOI FrEONOrii

(MpedcmaeneHo 4YneHoM pedakuyiliHoi Koneaii 0-poM 2eosl. Hayk, cm. docnidHukom O.l. MeHbwosum)

BcTyn. Ha cb0200Hi 3ayikaeneHicmb y eue4eHHi I0KaslbHO20 aHOMaslbHO20 Ma2HIMHO20 nosisi Onsi eupiweHHs1 3a80aHb
Haghmoza3080i 2eos1o02ii 3pocmae, a Moxsiueocmi obs1ad@HaHHsI 0aromb 3MO2Y 3Ha4YHO 36inbLWumu weudkicmb, MoYyHicmb i dema-
nbHicmb po6im. BidnoeidHo do ybo20 Habyeae akmyanbHocmi po3pobka i sunpobyeaHHsi 00CKOHaIeHoi Memoduku demasbHoOi
Maz2HImHoi 3UoMKu 8 pYci.

Me 1o av. [gna dinaHok 3i cnabkoz2padicHMHUM Ma2HimHUM rosieM 3arporioHO8aHo MPoeedeHHs1 OUYiHKU MOYHOCcMi 3UOMKU Me-
modom 3icmaesieHHs1 Kapm, OmpuMaHuUX 3a I08MOPHUMU 3UOMKamu OinsiHKU.

PesynbTaTu. 3dilicHeHO Ha3eMHy 3(IOMKy Ma2HImHO20 1oss & pyci GiNAHOK 3a2allbHO MIouiero 6:1u3bko 20 Km? y 3iHbKIeCH-
KoMy patioHi lTonimaeckkoi o6nacmi. MixnpogbinsHa eidcmaHbs cmaHoeuna 61u3bko 50 Mempie, idcmaHb MiXX MOYKaMu CrIOCMepPeXeHb
no npoginto 6nusbko 1 Mempa. Taka cimka cnocmepexeHb A038071s1€ OMPUMamMu Kapmu, siki 3Ha4HO eiOpi3HsirombCs 8i0 kapm, ompu-
MaHux 3a 38uyaliHOIO 2yCIMUHOI0 criocmepexeHb. Takox 3aedsku yili Memoduyi MoXHa eudinsmu siokanbHi aHomasii ma pobumu eu-
CHOBKU PO IMOHKY CMpYKmypy Ma2HimHo20 noJisi.

BudineHo ocHoeHi 06'ekmu, wjo ymeoproroms aHomastii ma npedcmaesJsieHo ix 2eonoziyHy xapakmepucmuky. Ha uili ocHoei po3no-
4amo cknadaHHsi Kamasio2y aHoMarili MazHIimHO20 rosisi Haghmoaa308uUX PezioHis.

BuncHoBKM. 3anpornoHosaHO NMOsSICHEHHS1 MEKMOHIYHUX i 2e0XiMi4YHUX YUHHUKI8 YmeOpPeHHSI JIOKallbHUX aHoMarlili Ma2HimHo20
nons docnidxeHux dinsiHoK. BudineHo mpu munu aHomanit, nos'si3aHi 3 spamu. fJloGamHri aHomanii Had sspamu ma aHomarnii muny "cxo-
OuHkKa", Ha Hawy GYMKY, 3yMOoeJIeHi MeKmMOoHIYHUMU pyXxaMmu, a 8id'eMHi aHomarlii — noeepxHeeuUM 3HOCOM I'PYHINOB020 MOKpuegy. 3HaKo-
3MiHHI nonsi, cnocmepexeHi Ha docnidxeHux OinsiHKax, Noe'sizaHi 3 o3asli3HeHHsIM ocadoeux rnopio.

Knw4yoBi cnoBa: MazHimomempuyHa 3lioMKa, MazHimHa aHoMarnisi, '/pyHmoeuti NoKpue, MazHimHa cnpuliHamnugicmes.

BcTtyn

3aranbHoONpuHATa METOAMKa MarHiToMeTpPUYHUX PooiT,
CMPSIMOBaHWNX Ha BUSBIEHHS CTPYKTYp Yy 3B'A3Ky 3 Mokna-
Aamu BYrmeBOAHiB, ckrnaganacs y 80-x pokax XX cT. yepes
notpeby BMKOHaHHSA Benukux ob'emiB reodianyHmx pooiT,
nepeBaXHO reonoriyHMx 3romMok MacwTaby 1:200 000 Ta
1:50 000. MeToauka nepenbavana poboTu 3a ciTkoro 200—
500 M MiX npocdhinamMM Ta BiACTaHHO MK nikeTamn 50—
100 m. Taka mepexa crnocTepexeHb Oyna 3yMoBrieHa, 30K-
pemMa, MOXIMBOCTSIMUW anapaTtypu (TOYHICTb Bianiky byna 2—
10 HTR, a TOYHICTb 3MOMKM Yy HaWKpawmx Bunagkax 5—
10 HTn). BogHo4ac Ha GinbLIOCTi 4iNSHOK AocniaXeHb none
3MIHIOETBCA AyXe NoBinbHO — 5—10 HTN Ha BiACTaHi y COTHI
MeTpiB, i obpaHa Mepexa Bignosigana Takii TOYHOCTI.

IHWKM cbakTopom Byna LWBMAKICTL B3STTS BiAniky, WO cTa-
HoBuna 2-10c, i npu ubomy noTpibHa Gyna 3ynuHka Ha
nikeTi Ta NnonepeaHsa TeodoniTHa po3buBka Mepexi cnocTe-
pexeHb. KpiMm Toro, Beaxanocs, Lo aHomanii, nos'sa3aHi 3
noknagamu ByrneBoAHiB, MatoTb i pO3Mipu, 3iCTaBHi i3 LMMu
noknagamMmu, i BignoBioHi rMMOWHW 3anAraHHA MarHiTHUX
06'ekTiB. BCi gpibHiwi aHOManii Ta yTBOptoBaHa HUMM CTpy-
KTypa nons BBaXanucs He iHPOpMaTUBHUMUK AN MOLUYKIB
HadTV i rasy. BigobpaxeHHsaM LibOro nigxony cTano BUCHO-
BNtoBaHHsA "aHomanis Tuny noknag" (besyknagHos, &
Magpuues, 1997; JleBawuos Ta iH., 2011).

3 YyacoMm cTano SAcHO, Wo cama no cobi BennymHa aHo-
Manii He moxe Byt kputepieMm HaaBHOCTI noknagy (JlykuH,
2004). AHomanii MOXyTb He 36iraTncsa 3 MexxaMmu poAoBMULL,
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MOXYTb OyTV gogaTHUMW, Big'€MHUMK abo 3HaKO3MIHHUMU
(BepeskuH, Jlowakos, & Hukonaes, 1982; Opniok, 1998).
HannowwupeHiwmnin Ha CbOrogHi nornsg — MoLMPEHHS No
rpaHMuax pogoBua Ginbll rpadieHTHUX MarHiTHUX noni.,
NnoB'sA3aHMX 3 po3noMamMun — 3oHamu QinbTpauii ByrneBoAHIB,
po3TalloBaHUMK MO rpaHuLsx cTpykTyp. OTxe BinbLue yBaru
npuainsieTeCs NoKansHMM aHOMarisiv 3 po3MipaMm B AECSTKM
i nepwi coTHi meTpiB. BogHoyac y mexax aHomarnin po3wi-
pamMu B Kinbka KifloMeTpiB MOXyTb OyTW MPUCYTHI NnokarnbHi
aHomarbHi 30HM B 5—10 pasiB BALWOI IHTEHCUBHOCTI. AKLLO Mi-
keT, npunyctmo, 100-MeTpoBOI CiTKM CnocTepexeHb BMNaa-
KOBO MOTpansisie B Taky BUCOKOAHOMArbHY JTOKarnbHY OiNsHKY,
Le 6yae iCTOTHO CNOTBOPHOBATH KOHTYPY aHoManin GinbLuoro
PO3Mipy, OCKifNbKW 3 TAKOK PO3pPiAXEHO CIiTKOI Nporpamu iH-
TepnonsAuii NOWMPSATL NoKanbHi BUCOKOAHOMAarbHi 3Ha4YEeHHSs!
nons Ha MixnpodinebHy BiacTaHb. Lle moxe npu3sectn go
iCTOTHOrO CNOTBOPEHHSA MarHiTHO| KapTu.

CborogHi cknanacs cutyauisi, Konv 3aLikaBneHiCTb Y BU-
BYEHHI NTOKaNbHOro aHOMarnbHOro MarHiTHOro nons 3pocna,
a MOXIUBOCTI 06nagHaHHA 4aloTb 3MOry 3Ha4HO 36inbLUnTH
LWBKUAOKICTb, TOYHICTb i AeTanbHicTb pobiT. BignosigHo oo
LbOro MeTot poboTn € po3pobka i BUNpobyBaHHS BOOCKO-
HaneHoi MeToAuKM AeTanbHOI MarHiTHOT 3OMKU B PYCi.

MeTtoau

Po6oTn npoBogunnucs Ha Teputopii 3iHKIBCbKOro panioHy
MonTaBcbkoi obnacTi. BukopuctoByBanmcs LiesieBi MarHiTo-
meTpu NMKM 1. BumiptoBaHHS OpieHTOBaHUX 3pas3kiB BUKOHY-
BanMcs Ha anapatypi naneomarHiTHoi  nabopatopii
IHcTuTyTy reodpisukm im. C. . Cy660TiHa HAH Ykpainu. Mpwu-
poAHa 3anuwkoBa HamarHiveHicTb (M3H) BumiptoBanacst Ha
cniHmarnitomeTpi JR6 (BpHo, Yexis). MNapameTp MarHitHoi
cnpunHaTnueocTi (MC) — Ha kannameTpi MFK1. O6pobka
MaTepianis, No0yaoBa MarHiTHUX Mogenewn i po3paxyHoK Ha-
npsmkis BekTopi MN3H BukoHaHi 3a 4onNoMoroto nporpam
Surfer, Potent Ta Remasoft 3.0.

Onuc memoduku 3iioMku. [NpoBoamnacb 3iioMka B
pyci, 3 yactototo 1-10 BMMIpIB B CekyHAy, i MPUB'A3KOI0 3a
GPS. Taka meToauKa Lie He BBilLINa B HOPMaTUBHI po3po-
OKkn mMeTofiB MarHiTomeTpii, ToMy aBTopyu Gynu BUMYLLEHI
cami 06paTy HanbinbL 06'eKTUBHUIA CNOCIO BU3HA4YeHHS TO-
YHOCTi 3MOMKM, CiTKM CnocTepexeHb i ocobnmeocTen obpo-
OKku pesynbTarTiB.

Mpodini npoxogunucsa yepes 20-50 m i3 Kpokom Grm-
3bko 1 M no npocpinto (BMMiptoBaHHs 1 3amip B cekyHay). Bi-
OOMO, L0 Yy BENMUYMHY BUMIPSIHOTO MOMs LA€ CBili BHECOK
I'PYHTOBUI MOKPUB, SIKUM MOCTIMHO hOpMYy€e aHoManii Benu-
YMHOK B NepLUi HAHOTeCnM 3 po3Mipamu B nepLli MeTpw.
o6 YyHUKHYTM BMMMBY LIMX NPUNOBEPXHEBUX HEOOHOPIOHO-
CTei 3a3Bnyar NPOMNOHYTb POGUTM BMMIPU MONSA Ha BUCOTI
2 M Hag nosepxHel rpyHTy. OgHak marHiTHi BNacTMBOCTI
I'PYHTOBOIO MOKPUBY MOXYTb BYTW KOPUCHI MpW MOLUYKY BYT-
neeogHiB (MeHbLuoB, 2021), TOMy MV MPOBOAMIM 3AOMKY Ha
BUCOTi 1 M, a BMMMB I'PYHTOBOrO NOKPUBY ANSA BUAINEHHA
6inbw rMMBNHHUX A)Xepen aHomanin HisenoBaBcs BiANOBIA-
HUM OCepefHEHHSIM 3Ha4YeHb Mo Npodinto.

PesynbtaTtun

To4Hicmb Ma2HImMHOI 3tioMKu. FK Mipa SKOCTi BUMIpIO-
BaHb BMKOPMCTOBYBanacs T. 3B. iHTEPNomnsuiiHa TOYHICTb,
noAaibHo Jo Toro, sik Le pobutbcs B rpaBipo3Bigui. Y gaHoMy
BMMNagKy Lie MPYNyCTUMO, OCKINIbKU Haz MOTY>XHMMU TOBLLAMM
0CcagoBUX NOpIA BiACYTHI Piski 3MiHW MarHiTHUX BI1aCTUBOCTEN
MiX nikeTamu, ki 3aBaxkaloTb BUKOPUCTOBYBATU TakUi Niaxia
npu 3nMoMLi, HaNpWKNag, Haz KpucTaniyHMMmM NopoaamMu.

OujHKy iHTepnonALiHOT TOYHOCTI 3OMKM MU MPOBOAVNN
Ha gocnigHin ginaHui poamipamy 100x200 m ABoma meTogamu.
Mepwwuin — nobyposa KapTu; MOBTOPHI BUMIPM B TOYKaX MiX
npoinsamMun; po3paxyHoK cepeaHbOoKBaApaTUYHOI MOXMOKM
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MiXX BUMIpSIHUM Monem i iHTepnonsoBaHuMm. Lle 3BnyanHuni
CMoCi0 po3paxyHKy iHTepnonsaUinHOT TOYHOCTI, BiH Npointo-
CTPOBaHUM Ha puc. 1, Ae 3 iHTEepPNoNbOBaHWNX 3HAYeHb Ka-
pTM 3a cuHiMu npodinamn (puc. 1,8) po3paxoByBanacbh
cepenHs kBagpaTuyHa noxmnbka (d) BigHOCHO cnocTepexe-
HUX 3HayeHb 3a YepBOHUMYK npoddinsmu. MNoxmnbka & cTa-
HoBuna 1,2HTN, WO B pasn nepesBuLlyE TOYHICTb
CTaHOapTHOI 3OMKMU.

Opyrun cnocib po3paxyHKy — 3iCTaBneHHs OBOX (CUHIX i
YEpPBOHNX) KapT Yy BUMNAAKOBUX TOYkax (puc. 1,r) 3 ogHako-
BUMM KoopAMHaTamMu. TOYHICTb Npu Lbomy carana 0,3 HTh.
3a 3BuyariHoro crnocoby po3paxyHky Ha & MatoTb BNAVB 3ra-
AaHi BuLLe NOBepxHeBi HEOOHOPIAHOCTI IPYHTY, MiKpope-
nbed, MarHiTHe CMITTS.

Ha Haw nornsia, HesBaxaroum Ha Te, Lo B ApYroMy cro-
cobi po3paxyHKy MU 3iCTaBNSIEMO ABi BXe MPOIHTEpPNoNbo-
BaHi kKapTu, Len cnocib OUiHKM TOYHOCTI KpaLLMiA, OCKIfNTbKM B
HbOMY 3iCTaBMAOTLCS HE OKPEMi TOUKU CMOCTEPEXEHD, a Ai-
naHku. Kpim TOro, cnocib nopiBHAHHS ABOX KapT Aa€ 3Mory
YHUKHYTWU BMAMBY MOXMOOK, MOB'A3aHNX 3 HEOOHOPIOHICTIO
nons r'pyHTOBOro NokpvBy. TOMY LibOMY METOAY NOPIBHSIHHS
[OBOX KapT cnig HagaTtu nepesary.

IHgpopmamueHicmb Ma2HIMHOI 3UOMKU pPi3HOI Winb-
Hocmi. Ha puc. 2 HaBegeHO Npuknagn MarHiTHMX 3MWOMOK
AinaHkn nnoweto 1,5 kM? 3a Pi3HOT LWINbHOCTI cniocTepe-
XeHb, SKi MOKa3ylTb, WO NPOMINbHI 3MOMKN 3 BiACTaHHIO
M npoginamm 50 M i kpokom no npodpinto 1 M garoTb 3mMory
BioOpasnTK BCi NpunoBepxHi reonorivHi npouecu. Mopie-
HSHO 3 reoMOopdOSIOTiYHUMUN CMOCTEPEXEHHSIMM, SKi TaKOX
JalTb iHdopMaLlito Npo MPUNOBEPXHEBI reonorivyHi npo-
Liecu, MarHiTHa kapTa Mae BaxnvBy nepesary, Haaaruu iH-
dopMauito NPo PEYOBUHHWIA cknag Ha rMubuHI i 1horo
nepeTBOPEHHS B Pi3HWX reoMopdOrnoriyHMX CTPYKTypax.
Tak, pntoigHWn pexmm, NnpMBHECEHHSA ab0 BUHECEHHS peYo-
BVHU I'DYHTOBMMM BOAAMM, OKMCHO-BIOHOBMIOBAmNbHI YMOBU
3MiHIOIOTb MiHEpParnbHUIA CKag, a OTKe W MarHiTHe none.

Hwx4ye HaBeOEeHO OCHOBHI TUMM CMOCTEPEXEHUX HaMU
aHoManin Ta iX MOXIMBa reosoriyHa iHTepnpeTauis.

HannowwmpeHilummmn nokansHUMM aHoManistMu MarHiTHoOro
nons € Ti, WO NoB'sa3aHi 3 spamu. BoHw x € i HanbinbLu pisHo-
MaHiTHUMU. Mu BUAINunKM Tpu TMNK Taknx aHomanivi (puc. 3):
1) fopartHi; 2) Big'emHi; 3) aHomanii Tuny "cxoauHka".

LodamHi aHomanii (puc. 3,a). BoHu BignoigaTb nepe-
Ba)KHO Manum NpPsSMONIHINHUM sipaM, iHKOSK neaBe NOMiTHI
B posopaHoMy noni. Mun He 3ycTpivyanu BoOOTOKIB Yy TaKux
Apax. 3a pesynbraTamMmyv MOAEMOBAHHA [Xepero aHoMarnii
carae mMubuH y gecatkn MeTpiB. Baxko npunyctuTy iHwwi,
KpPiM TEKTOHIYHMX, YNHHUKM YTBOPEHHSA Takoi aHomanii, aco-
LiinoBaHOI 3 HaCTINbKM He3Ha4yHo dopmoto pensedy. Tomy
BBa)XXaEMO Taki Apu ApibHUMK po3nomamm, B SKMX YTBOPHO-
Banucs MarHiTHi MmiHepanu.

Bid'emHi aHomanii (puc. 3,6). My 3HaMLLINM NOKM LWLO OAMH
Takuin §p, BiH XapakTepuayeTbCca OOBMMMM, BiANOTMMW CXM-
namu, BUKPUBIEHICTIO OCi, NOAINOM Ha pyKaBu Ta HasiBHICTIO
Cy4acHOro ce3oHHoro BooToky. Binbip npob rpyHTy i3 cee-
pPONOBUH 3aBrMUOLLKM A0 1 M NoKasaB 3MEHLUEHHST MarHiT-
HOI CMIPUAHATAMBOCTI 3 IMUBMHOIO Y KOXHI CBEPAMNOBWHI, a
TakoX MK CBepanoBuHamu, po3ralioBaHumMm B 6optax spy
i cBepanoBuHamm B Tanbsery. Lle cBigumMTb Npo BUHOC rpy-
HTOBOIO NOKPUBY, KWK i hOpPMYE Big'€MHY aHOManito. Takun
AIp HE € PO3/IOMOM.

Axomanis "cxoduHka" (puc. 3,B). Ham Bigomi aBa Takmnx
Apw, ki Oynu gocnigxeHi Ha BigcTaHi 10 KM — Big, iX noyaTky
(nepb nomiTHI B opaHLUi), 4o BnagiHHA B p. [pyHb. Lle cepe-
OHi 3a po3Mipamu sipy 3 KOMULLHIMW BOAOTOKaMM i CTaBkamu.
BogHouac "cxoaunHka" B MarHiTHOMy nori cnocTepiraeTbes 3
ogHoro 6opTy no BCii OOBXWHI Apy, 36inbliyloumch 3a
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amnniTyaol B HanpsMmKy rupna. MoxHa npunycTtuTi, Lo
acumeTpilo y BMacTMBOCTAX (Y T. Y. MarHiTHMX) Npa.oro i ni-
Boro GopTiB 3yMOBMIOE MOHOKMIHANbHE 3ansraHHs nopia.
[onaTkoBMM apryMeHTOM Ha KOPUCTb CTPYKTYPHOrO Xapak-
Tepy aHomarnii Tuny "cxogmHka" € Te, Wo Ui ABi 6anku napa-
nenbHi 3 BiACTaHHIO MiXX HUMKM 1 kM, | B 060X niBuin 6opT
Ginbl mMarHiTHMI. 3aranom aHomanii Big sipiB He nepesep-
LWYOTb B panoHi pobiT BennyunHm 10—20 HTN.

IHWKM TMNOM NokanbHMX (4ECATKM Ta NepLli COTHI MeT-
piB) aHomanin € crnabki (3—5 HTn) niHinHi goaaTHi abo Big'-
€MHi aHomanii, siki He BUpaxeHi B penbedi. Hanpuknag,
Taka CTpykTypa 300paxeHa Ha puc. 4 i popmye agopmaTHy
aHomanito (npaBwuii KyT 3Bepxy) B 3—4 HTH.

OKpeMMM TUMOM FOKarnbHUX aHoManii € i3omMempuyHi
3HaKO3MIHHI OiNSHKN NONs, He BUpaxeHi B penbedi. BoHn mo-
XyTb CAraT BifHOCHO BENWKUX 3Ha4eHb: Big +20 o -20 HTn.
Taky AinsHKy 300paxkeHo Ha puc. 5. Mu cnocrtepiranm ii

29444

nobnuay Bia kap'epy no BuaobyTKy nicky (puc. 5,a), Ae posk-
pWTi HeoreHoBi Bigknagw (o3anisHeHi crabko3ueMeHTOBaHi
NiCKOBUKN Ta rNvHK). MoXnuBo, Ui AiNSHKU O3amni3HEeHHSs i
CAPUYMHAIOTE Take 3HaKO3MiHHE KOHTpacTHe none. MNpodinb,
NpoviAeHUA HaMK Ha i ainaHui (puc. 5,6), oae amory 3po-
©6UTN BUCHOBOK NPO Pi3KUiA XxapakTep 3MiHW Nons Big CroKii-
Horo [0 aHomanbHoro. Oa3sanisHeHHs MPUNOBEPXHEBUX
rOpU30HTIB BigOYyBa€ETLCS NICNs OCaAKOHAKOMUYEHHS!, @ TOMY
NOBMHHO ByTW NOB'A3aHe 3 reoxiMiYHMMK NpoLecamu.

Ockinbku Big'eMHi YacTMHM aHOManin Ha puc. 5 xapa-
KTEpPU3YIOTbCA BUCOKMMW TrpafjieHTamu, BOHU MOXYTb
OyTn cnpuymHeHi obepHeHo HamarHideHicTio nopig. Bu-
MiplOBaHHSA MarHiTHMX BNacTUBOCTEN OpPiEHTOBaHWMX 3pa-
3KiB 03ani3HeHoro MiCKOBMKY 3 LIbOro Kap'epy nokasano
3Ha4yHe PO3XOAXEHHS 3 HanpPsiMKOM Cy4YacHOI HaMarHiye-
HOCTi. YacTKOBO HaMmarHiYeHiCTb TyT MOXe BBaxaTuCb
obepHeHoto (Tabn. 1).

v

Puc. 1. Po60Tu 3 BU3Ha4eHHSA TOYHOCTi 3MOMKM (nepepi3 i3oniHin — 5 HTN):
a — TpeK 3oMKU 3 BUAineHnmMu "cuHimun” Ta "yepBoHumun” npocinsamu; 6 — kapTta nons 3a "4epBoHMMKU" NpodiNsamMu;
B — KapTa nons 3a "CuHIMK" Npodinamu; r — HaknageHi KapTu Ta BUNaAKoOBi TOYKM AN PO3PaxyHKy TOYHOCTI MK KapTamu
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Puc. 2. 3ictaBneHHs iHhopMaTUBHOCTI MarHiTHMX KapT Pi3HOI WiNbHOCTI cnocTepexeHb
ANsi BEPXHbOI YacTUHU po3pi3y (MepeTuH izoniHin — 1 HTN):

a — ciTka cnoctepexeHb 100%50 m; 6 — ciTka cnoctepexeHb 50x25 M; B — Tpek npoginis. Mix npodinsmu 50—-70 M, Kpok no npodinto 1 m.
MepBuHHI AaHi; r — onpauboBaHa kapTa 3a NpodinbHOI 3oMKot. 3eneHi MiHii — cTapuui (Mabxe He BUPaXeHi B penbedi),
YepBOHE KOJIO — CTape MOCEeNEHHS, YePBOHA CYLIiNbHA MiHis — CXWM, CUHI NiHiT — Mani po3opaHi sipwu,

YepBOHa NyHKTUPHA MiHis — aHoManii He3'scoBaHOT NPMPOAU
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Puc. 3. Pi3Hi TMNX MarHiTHMX aHomanin spiB (nepeTuH isoniHin 1 HTN):
a — kapTa npodinis 3 goAaTHOK aHOMarnier (YepBOHI Mapkepu) Hag APOM Ta MoAernb Tina 3a oAHUM i3 rpadikis;
6 — BiA'eMHa aHOManis B3AOBX Apy Ta rpadik 3a npodinem yxpect spy. CBepAnoBUHU AN BUMiPIOBAHHA MarHiTHAX BacTUBOCTEW;
B — MarHiTHa "cxoguHka" Hag ApoM Ta OAMH i3 NpodiniB yxpecT sapy

Puc. 4. [linsiHka MarHiTHOro nons: AoAaTtHi (4epBOHi) NiHiNHI aHomanii — po3opaHi Apu (nepeTuH isoniHin — 0,5 HTN)
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Puc. 5. 3Hako3MiHHe norne 3a NMIOWWHHOK 3UOMKOHO Ta 3a iHTepnpeTaliiHuM npodinem:
a — [finsiHKa 3HaKo3MiHHOro nons (NepeTuH i3oniHi 1 HTN); 6 — NiHia npodinto (YepBoHa NiHist) Ta MarHiTHe none 3a npodinem (6ina niHis)

Ta6bnuys 1
MarHiTHi BnacTMBOCTi 03ani3HeHMX NiCKOBUKIB
3pasok @, 10° oa. CU M3H (In), 10°°A/m Q D° 1°
1 33,7 303,8 0,2 215 35
2 75,8 780,2 0,2 261 -3
3 104,6 226,2 0,04 193 -43

lMpumimku.ee — marHiTHa cnpunHaTAuBicTb; M3H (In) — npupodHa 3anuLwiKkoBa HamarHiveHicTb; Q — daktop Kewircbeprepa; D — kyT

CXWUNEHHS; | — HaxuneHHs.

BinbLui 3a posmipamun aHomanii Hamun NOBHICTIO He Bynu
3aKkapToBaHi came Yepes CBOI po3Mipu (Bif KifbKoX Kinome-
TpiB Ao AecaATkiB). OgHaK BMSABMNEHi 4OCUTb BUPA3Hi NiHilHi
30HM 3MiHV 3Ha4YeHb nons B 1-3 HTN 3a po3mipamu BigMNOBI-
0alTb MeXi Benukux aHomanin. 3a mopdpororieto nons
BOHMW HaragyTb aHoManii Tuny "cxogunHka", ane 3 MeHLO
iHTEHCUBHICTIO | rpagieHTamu. Takuii xapaktep 3MiHU nons B
HadpTorazoBmx perioHax Bxe Big3Hadaeca (Donovan,
Forgey, & Roberts, 1979), i Ha uin ocHoBi 6yno 3pobneHo
BMCHOBOK MPO HEBENWKY rMUOUHY 3ansaraHHs gKepen mMarHi-
THUX aHomanin. ICHye BipOriaHICTb, O BOHM € YacTUHamu
aHomanin y OecsiTkM KinoMeTpiB, SKi MPOCTEXYHTbCA Npu
aepomarHiTHi 3/ioMUi, ane npuv aepomarHiTHOMYy KapTy-
BaHHi X MeXi 3rnagxytoTbcs i Yepes BUCOTY NOMbOTY, i Ye-
pe3 po3pigKeHy CiTKy CnocTepexeHb, i Yepe3 ocepeaHeHHs
npu o6pobui.

Okpemum pxxepenom iHdopmalii € TOHKa MarHiTHa CTpy-
KTypa norns, noe's3aHa 3 MarHeTM3mMoM r'pyHTOBOIO NMOKPUBY,
BNMMB SKOrO Ha pe3ynbTaTu BMMIpIB BXe 3ralyBaBCs BULLE.
Tak, r'pyHTOBMIA NOKPMB (DOPMYE 3HAKO3MIHHE nore 3 aHoma-
NissMW pO3MipOM B OAMH — Kiflbka METPIB Ta iIHTEHCUBHOCTSAMU
[0 NnepLumx HaHoTecn. 3BMYaiHO, MarHeTU3m I'pyHTOBOIO MNo-
KpMBY, KpiM BCbOrO iHWOro, Hece B cobi iHdopmauito npo
GinbLL rMMOUHHI yTBOpPEHHS. Ane TyT NoTpibHi Macosi 3amipu
3a OOHAKOBUX METOANYHMX HaNalTyBaHb.
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Ounckycis i BUCHOBKM

1. OnpauboBaHa MeToAMKa LIBMAKOI AeTanbHOI MarHiT-
HOi 3MIOMKM B pYCi i3 cepeaHbol WBMAKICTI0O 3—4 KM 3a ro-
AvHy. ObpaHa Hamy onTumarbHa MiXnNpodinbHa BigcTaHb
npu ubomy cdarana 50 m, kpok — 6nusbko 1 M. JaHa meTo-
AvKa gae 3aMory BuainuTi aHomanii Big nepLuix MeTpis Ta 3
iHTEHCUBHOCTSAMMW B NepLUi HAHOTECTN.

2. 3anponoHOBaHO BUKOPUCTaHHSA iHTEPNONSALINHOI TOY-
HOCTi SIK FOMIOBHOro napameTpa [AJf1s1 OLiHKMA SIKOCTi 3MOMKM
Ha OinsiHKax 3 BENMKMM LLIApoM ocagoBux nopig. BogHovac
3iCTaBnATLCS OBi KapTW OfHIel TepuTopii, NobyaoBaHi Ha
iHTEPMONMbOBAHNX 3HAYEHHSIX, | B TOYKaX 3 OAHAKOBMMM KO-
opavHaTamu obpaxoByeTbCs Noxubka.

3. BnepLue BMAineHo Tmnu nokanbHUX MarHiTHMX aHoma-
nin Hag ocagoBMMK Nopogamu 3 NPUB'A3KOK A0 iX reonori-
YHoi npupoan. o Hux yBiAWNK: goaaTHi NiHiHI aHomanii
Hag sipamu; Big'eMHi aHomanii Hag Apamu; aHomanii Tuny
"cxoamHka" Hag Apamu; 3HaKo3MiHHI aHoMarnii, He BUpaXeHi
B penbedi.

4. [lo nepeniky TUMiB aHoMarni Noku Lo He yBIiALWNY Be-
nvKi 3a po3Mipamun aHomanii, TOMy Lo Yepe3 0OMEXEHICTb
OiNsiHKM po6iT XXo4Ha 3 HMX He 3akapToBaHa HamMu B MOB-
HOMy 006cs3i. TakoX MOKWU Lo MU He Jofanu o nepeniky
cnabko BupaxeHi B 3HaYeHHSX Nons NiHiliHi Ta i3oMeTpuyHi
aHomanii  HeBigoOMOI Mpupoaw, iHKOMM acouiioBaHi 3
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Big'eMHMMK abo HaBnakn gopgatHumn dopMamu penbedy.
Lli nuTaHHs € B nnaHax noganbLlunx AOCHiaKeHb.

5. MarHiTHe KapTyBaHHA BEMNVKUX MIIOLL 3 BiACTAHHIO MiX
npodinamM1 B METPU Ta NepLLi AeCSATKN MeTpiB 403BoNsE Oyay-
BaTW KapTu 3 NepeTUHOM i3oniHin 0,51 HTn Ta BUAINUTA OK-
pPeEMO TOHKY CTPYKTYpY MarHiTHOro nons (nokanbHi aHomanii) i
CTPYKTYpM BinbLU BUCOKUX NopsakiB. 3omkn 3 BiactaHHio 100
i BinbLue MeTpiB MK NPOdINAMM | KDOKOM B AECATKM METPIB Aa-
I0Tb 3MiLLIaHY, @ OTXKe i CIOTBOPEHY KapTUHY.

6. MarHiTHa kapTa TakoX Hagae iHbopmaLlito PO PpeYoBUH-
HWIA cKnag, Ha rMUOVHI | MOro NepeTBOPEHHST B PI3HNX reOMop-
donoriyHMx CTpyKTypax, i $Ki € NpoJOBXEHHAM OinbLu
rMUOWMHHKX, NOB'A3aHKX 3 BYINEBOAHAMU NpoLeciB. 3 umx no-
3uULi AeTanbHe MarHiTHe KapTyBaHHSI BaXKKO NepeoLiHUTL.

BHecok aBTopiB: Ceprii BuxBa — koHuenTyanisauis, Hanu-
caHHs (nepernsag i pegaryBanHs); Ceprin [onos — koHuenTyanisa-
Liis, MeToaonorisl, HanMcaHHs (opuriHanbHa YepHeTka, nepernsag i
peparyBaHHs), Banigauis gaHux; Kcenis BoHpap — HanucaHHs
(nepernsg i pegaryBaHHs); AHTOH |BkO — nonboBi poboTtu, o6pobka
AaHux, nobygosa kapT; PycnaH XoMeHKo — nporpaMyBaHHs Ta po3-
paxyHku; KOnis AHapiliuyk — HanucaHHs (nepernsg i pegaryBaHHs),
nepsvHHa obpobka matepianis; borgaH Kpyrnos — kiHueBa 06pobka
maTepianis, nobyaosa kapT; OnekcaHap Kpyrrmoe — nonbosi po6otu,
nabopaTopHi JoCnimKeHHs!, NepBMHHa oOpobka Matepianis; €BreH
MonsyeHko — nabopaTopHi AOCHMKEHHS, NepBUHHA 0O6pobka AaHKX.

Mopasku, pxepena cdiHaHcyBaHHA. [locnigxeHHs 6ynu npose-
[eHi 3aBasiku rpaHTy, HagaHomy TOB "Hapgpa HOsiBcbka" 3a nporpa-
MOH CMOHCOPCBKOT OMOMOTY YHIBEPCUTETaAM Ha HayKOBi pO3pPOGKHY.
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IMPROVED METHODOLOGY OF DETAILED MAGNETOMETRIC SURVEY
TO SOLVE THE PROBLEMS OF OIL AND GAS GEOLOGY

Background. Nowadays, interest in studying the local anomalous magnetic field to solve the problems of oil and gas geology is growing,
and the capabilities of the equipment can significantly increase the speed, accuracy and detail of work. Accordingly, the development and testing of
an improved method of detailed magnetic recording in motion becomes relevant.

Methods. Forareas with low gradient magnetic field, we assessed the accuracy of the survey by comparing the maps obtained from repeated

surveys of the site.
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Results. The survey of the magnetic field was conducted in the movement. The total surveyed area was about 20 square kilometers in the
Zinkovsky district of the Poltava region. The inter-profile distance was about 50 meters, the distance between the points of observation on the profile
was about 1 meter. This grid of observations allows us to get maps that differ significantly from the maps obtained by the usual density of observa-
tions. This technique also allows identifying local anomalies, and drawing conclusions about the fine structure of the magnetic field.

The main objects that form anomalies and their geological characteristics are identified. On this basis, interpreted magnetic field anomalies in oil
and gas regions were catalogued.

Conclusions. We have proposed explanation of tectonic and geochemical factors, which form local anomalies of the magnetic field of the
studied areas. Three types of anomalies associated with ravines are distinguished. Positive anomalies over ravines and step-type anomalies, in our
opinion, are associated with tectonic movements, and negative anomalies are due to slope wash processes. Alternating magnetic fields in the studied
areas may be due to ferruginized deposits.

Keywords: magnetometric survey, magnetic anomaly, soil cover, magnetic susceptibility.

ABTOpM 3asBNAIOTb NPO BiACYTHICTb KOHMIKTY iHTepeciB. CnoHcopu He Bpanu yyacTi B po3pobneHHi JocniaXeHHs; y 36opi, aHanisi um
iHTepnpeTaLii AaHKX; y HANUCaHHI pyKonucy; B pilleHHi Npo nybnikaito pesynbTaris.
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NEURON NETWORK TECHNOLOGIES APPLICATION IN LITHOLOGICAL-FACIAL
DECOMPOSITION OF THE DEVONIAN AND CARBONIFEROUS SEDIMENTS ACCORDING
TO GEOLOGICAL-GEOPHYSICAL DATA
(NORTHWESTERN PART OF THE DNIEPER-DONETS DEPRESSION)

(MpedcmaeneHo 4YneHoM pedakyiliHoi Konezil 0-pomM 2eos. Hayk, Ooy. O.B. LLlabamyporo)

Background. The growth of hydrocarbon reserves in the old oil and gas producing regions can be realized to a large extent due
to the reinterpretation of geological and geophysical data on the old fund of wells (both within existing deposits and on areas that, under
certain circumstances, were at one time assessed as unpromising). At this stage of geological exploration work, considerable work is
being done to reinterprete the data of geophysical studies in the missed intervals of wells of the old fund, including exploratory wells.
Similar works are carried out on deep horizons (Devonian), as well as on Mesozoic deposits, which in the last century were not of primary
importance in terms of prospects in many areas. The available geological and geophysical material indicates significant difficulties in the
correct identification of layers within the specified strata.

Methods. The results of geophysical, petrographic and petrophysical studies on the deposits are analyzed. The methods of
statistical analysis were applied in order to establish the possibility of using pattern recognition methods for lithological-facies dissection
of well sections based on well-logging data.

Results. Thanks to the use of neural network technology, the reliability of the traditional geological interpretation of the well-
logging data was verified. The reliability of establishing the lithological-facies affiliation of individual layers in Upper Devonian, Lower, and
Middle Carboniferous well sections has been increased by using an ensemble of calculated neural networks. An original approach to the
implementation of neural network technology in the interpretation of geological and geophysical data is proposed.

Conclusions. The article examines the geophysical characteristics of potentially promising horizons that were previously
overlooked. The problems to be solved are indicated, as well as ways to increase the reliability of the geological interpretation of well-
logging data in layers of different ages. In particular, the possibility and expediency of using machine learning based on neural network

technologies is considered.

Keywords: horizon, reservoir, lithology, Devonian, neural networks, well logging.

Background

Many years of communication with specialists in the
area of well-logging data interpretation, as well as own
experience, lead to the understanding that the geological
conclusions based on the materials of well logging are
always probabilistic and quite subjective in nature. These
well-known and obvious things, which are described in
textbooks, and taught in universities to students, are
realized only over the years. Even the -calculated
parameters, which are determined from the well logging
data and are the basis for various methods of estimating
oil and gas reserves, are the result of modeling the
geological environment (reservoir rocks) based on our
experiments (in a laboratory environment) with rocks in
conditions that have never been identical to the natural
occurrence of rock layers. We have to come to terms with
this and adapt the geological interpretation of well-
logging materials to the results of industrial development
of oil and gas fields, formations, or deposits. That is, it is
trivial to the maximum possible coincidence of estimates
of productive (or non-productive) objects by geologists,
geophysicists and developers. The same applies to the
most simple (not at first glance) task, such as lithological

decomposition of the formations by the well-logging data.
The difficulties here are as follows:

e when the number of lithological types of rocks
increases, the efficiency of their separation according to
various geophysical parameters decreases (significant
overlap of distributions of parameter values for lithotypes
close in terms of lithological characteristics);

e lack of representative core collections for individual
lithological types for every stratigraphic unit;

e a limited set of well-logging methods regarding the
number of informative parameters that are measured in wells;

o difficulties (including the presence of subjectivism) of
tying individual core samples to well sections and
geophysical curves;

e atypical behavior of the logging curves opposite the
layers that are uniquely identified by core data in terms of
their lithological affiliation.

The listed difficulties are typical when studying the
deposits of the Kinashivska structure (the extreme
northwestern part of the northern border zone of the Dnieper-
Donets depression), which was chosen to perform the
reinterpretation of the well-logging data material in old
exploration wells. It was precisely on this geophysical material
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from a specific area that promising approaches to increase
the effectiveness of geological interpretation were tested.

Analysis of recent research and publications.
Previous years, increased attention had been paid to
deposits, which for certain reasons were considered
secondary in relation to their prospects for the discovery of
new deposits. Undoubtedly, for tens of years, the main
production of hydrocarbons and the growth of oil and gas
reserves in the Dnieper-Donets basin (DDB) took place at
the expense of productive carbon horizons. Devonian
deposits, due to their local distribution in the DDB, and in
many areas even at great depths, were a rather difficult
target for exploratory drilling. Thus, in the articles (Bagrii
et al., 2023; Lukin, 1997, 2006, 2008; Stryzhak, Polishchuk,
& Korzhnev, 2013), the variety of litholo-facies types of rocks
capable of retaining hydrocarbons in Devonian formations is
described in sufficient detail. At the same time, in the wells
of the old fund, which revealed Devonian deposits during
exploratory drilling, quite often negative conclusions were
obtained regarding the presence of productive deposits with
conditional hydrocarbon rates. There are quite a lot of
reasons for such results both at the stages of conclusions
based on the results of geophysical investigations in wells
and during well tests. Moreover, in addition to the objective
factors of the geological nature, there are also complications
related to the low efficiency of interpretation of well-logging
data in the study of Devonian deposits. Features of the
opening of Devonian sediments during well drilling, testing
technologies in the past also led to the omission of
productive layers/objects in well sections. The review of
geological materials, industrial tests and geophysical data
obtained in different years in exploratory wells is one of the
directions of work of production and research institutions
aimed at identifying new promising oil and gas objects in
Devon. Recommendations for similar works can be found in
publications (Bagrii et al., 2023; Karpenko, Mykhailov, &
Karpenko, 2015; Lukin, 1997, 2008; Stryzhak, Polishchuk,
& Korzhnev, 2013; Vakarchuk, 2016).

Isolation of previously unsolved parts of the general
problem. This article deals with issues related to increasing
the efficiency of geological and geophysical research in
wells. Moreover, due to the limited volume of the publication,
only one of the aspects of solving such a problem is
considered. Namely, increasing the efficiency of lithologic-
facies decomposition of Devonian sediments and other
younger sediments that are promising for oil and gas. The
problematic issues related to this task are discussed below.

Geological and geophysical features of research
objects. Oil and gas-bearing deposits of the sub-salt
Devonian complex are described in detail in the work of
(Lukin, 1997, 2006, 2008) in terms of their lithological-
genetic origin and features of spatial distribution. On the
example of a separate structure within the boundaries of the
Kinashivska structure (DDB) in the section of the Upper
Devonian (Famennian stage, depth interval 1962-2834 m),
lithological types of rocks are found, inherent in significantly
different conditions of sedimentation. Their diversity creates
significant difficulties (as will be shown below) in the
identification of lithotypes based on the data of geophysical
studies (well logging) in well sections. We will present the
individual characteristics of the main lithotypes of the
Famennian layer from the wells of Kinashivska structure
based on the results of well logging taking into account the
macro descriptions of the core.

The powerful chemogenic stratum of the Upper
Devonian age is represented by quite frequent alternation of
salt layers with carbonate, carbonate-clay rocks and

ISSN 1728-3817

effusives. Limestone layers have high resistivity up to
2000 Q*m and porosity of 4-5 %. Reservoirs are not
distinguished among these deposits, according to the well-
logging results.

The sediments of the Famennian stage of the Devonian
are represented mainly by intersalt terrigenous formations.
According to geophysical materials, they are divided into
three strata: clay-carbonate, sandy and sandy-clay.
According to geophysical data, there are no reservoir rocks
in the lower layer.

Powerful terrigenous reservoirs with a porosity of up to
21 % and a resistivity of 0.5-0.7 Q'm are found in the
interval of the sandy stratum. According to all materials and
test data, the considered reservoirs are saturated with water.

In the interval of the upper, sandy-clay stratum, the
section is represented by a thin layering of sandy-clay
reservoirs with argillites. There are also separate thin layers
composed of probably tight sandstones and limestones.

All reservoirs have very low resistivity; their resistivity here
ranges from 5 to 1.6 Q+m. The rocks of this part of the section
are poorly cemented and form caverns during drilling. The
reservoirs here are selected according to the neutron gamma-
ray (NGR) data, the increased readings of which, together
with the decrease in natural gamma radiation (GR) according
to the GHK, indicate a decrease in the clay content of the
rocks. When tested by the equipment on the pipes from the
reservoirs of the specified intervals, small inflows of oil were
obtained. Careful analysis of the geophysical material made it
possible to identify reservoir rocks with a total thickness of
39.2 m in the well interval, the weighted average porosity of
which is about 15.4 %. It should also be noted that the
stratigraphic breakdowns of the section were taken from the
conclusions based on the results of the interpretation of the
well-logging data performed by specialists of the Nizhyn
Expedition of Well Logging (EWL), without author's
corrections (authors of the article).

Since the reservoir rocks in this section of the well are
quite atypical (low-resistivity and rich), the estimation of their
oil saturation coefficient poses certain difficulties.
Calculations using the usual techniques (Vyzhva et al.,
2019, 2021; Rybalka et al., 2016) show that individual
reservoirs have an oil and gas saturation ratio of 50 to 64 %.
These numbers should be considered indicative.

The layer encountered in the roof of the Devonian
terrigenous stratum (4 m thick) should be noted separately.
It has a geophysical characteristic of carbonaceous rocks:
very large resistivity values (up to 8000 Q+m) and interval
time AT; at low (at the level of clays) NGR readings. This
layer and the layers lying above it (according to the data of
the core study — breccia) obviously belong to Devonian
supersalt deposits; they do not have reservoir properties.

According to geophysical materials, all selected
terrigenous and carbonate reservoirs are water-saturated in
carbonate deposits.

Methods

Decomposition of the entire section of the well on
Kinashivska structure was carried out taking into account all
geological and geophysical information. Logging materials
were taken as a basis, as well as a macro description of the
core, petrographic descriptions of cuts and test results. In
addition, the assignment of specific lithological types to
individual strata was based on own experience and the
results of the interpretation of data from the well logging,
performed at the time by geophysicists-interpreters of the
geological department of the Nizhyn EWL. In contrast to the
conclusions made earlier, we carried out lithological
decomposition continuously along the entire wellbore
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(without focusing on promising layers and intervals). To
visualize the petrophysical features of individual lithological
types, parameter histograms were constructed for individual
lithotypes of rocks, taking into account the stratigraphic
affiliation. Separately performed for rocks of the Devonian
(Famennian stage Dsfm), rocks of the Visean-Tournaisian
(C1v-t) of the Lower Carboniferous and rocks of the
Moscovian and Bashkirian stages of the Middle
Carboniferous (Cam-b). As an example, the distribution of
the average values of the exposure dose power of gamma
radiation (GR) by lithotypes and stratigraphic affiliation of
strata is shown in (fig. 1). A wide range of sedimentary rocks
is found in the studied section — from terrigenous (argillites,
siltstones, sandstones, sand breccia), coal layers, salt-
bearing rocks — to carbonates (limestones, marl). Many
transitional forms of lithotypes, which are almost impossible
to uniquely identify on the log charts, are described during
petrographic laboratory studies of the core. For the
convenience and simplification of the construction of the
lithological column based on the well-logging data, the
individual lithological types of rocks named above, which
certainly have individual characteristics in different layers,
have been selected.

Fig. 1 clearly demonstrates the obvious difficulties in
differentiating rocks by natural gamma-activity in the wells of
Kinashivska structure: a) small differences in the average
values of natural GR radioactivity between the main
terrigenous rocks (except breccia) in the deposits of the
Famennian stage of the Devonian; b) similarly, very similar

20

GR, mkR/h

GR characteristics between limestone and marl layers in
Dsfm deposits; c) also close average values of GR between
lithotypes of terrigenous rocks of the Lower Carboniferous,
especially between argillites and siltstones; d)the
differentiation of all observed lithological types significantly
improves in the deposits of the Moscovian and Bashkirian
tiers of the Middle Carboniferous. High values of natural
gamma activity of sandstones, siltstones, especially
Devonian and Lower Carboniferous, testify to the
polymineral composition of the skeleton with a significant
content of potassium feldspars and other minerals with an
increased relative to the background content of radioactive
elements. This composition of terrigenous rocks significantly
affects the reduction of the differentiation of terrigenous
rocks by the value of GR. High values of gamma activity in
the interval of occurrence of probably salt-bearing rocks in
the lower parts of the rocks indicate an increased content of
potassium salt. At the same time, the increased values of
the interval time of the longitudinal wave AT in relation to
salt-bearing rocks are significantly higher than in pure salts,
and the electrical resistivity according to lateral logging data
(LL) is also not characteristic of pure evaporites (significantly
lower). Increased values of NGR readings indicate the effect
of chlorine on secondary gamma activity. The above
features characterize the interval with isolated salt-bearing
(probably) rocks as a layer in which there are sedimentary
rocks with an increased content of evaporites. Such rocks
are named "salt" in the lithological column and in the
drawings in the article (fig. 1).
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Fig. 1. Distribution of the average values of the natural radioactivity (GR)
by lithotypes and stratigraphic affiliation of deposits in the well sections of Kinashivska structure

The above features of the average values distribution of
natural radioactivity in the rocks of the Kinashivska structure
from the Lower Devonian to the Middle Carboniferous
clearly require the involvement of petrographic/geophysical
parameters of a different nature in order to improve the
efficiency of lithological decomposition of well sections.

20

NGR, units

Fig. 2, 3 show the average values distributions of the
intensity of the neutron gamma-log radioactivity NGR and
the interval time of the longitudinal wave AT in the rocks of
the structure. As can be seen, each method separately also
has significant limitations regarding the effectiveness of
such decomposition of the section into individual lithotypes.
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Fig. 2. Distribution of the average values of the intensity of the neutron gamma-log radioactivity NGR
by lithotypes and stratigraphic affiliation of deposits in the well sections of Kinashivska structure

It should be noted that there is a regular decrease in the
average values of NGR in the same lithological types of
terrigenous rocks in the direction from old to younger
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deposits. Two factors are manifested here: an increase in
the content of the clay component in the Carboniferous
sandstones on the one hand (leads to a decrease in NGR
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readings), and an increase in the porosity of the sandstones
of the Moscovian and Bashkirian layers (as it should be —
increased readings of AT on the acoustic logging curves).

Coal layers stand out in contrast: minimal readings on
GR curves (fig. 1), NGR curves (influence of density effect —
low density) (fig. 2), increased values of AT.

In general, it should be noted that only certain types of
rocks stand out quite contrastingly according to the complex
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of geophysical features. These are coal layers, salt-bearing
rocks, pure compacted limestones. Other rocks have close
values, which creates significant problems in the lithological
decomposition of complex section. On the Kinashivska
structure, special difficulties arise during the decomposition
of well sections according to the data of well logging in the
intervals represented by rocks of Devonian age (fig. 4, 5).
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Marl Coal Solt

Fig. 3. Distribution of the average values of the interval time of the longitudinal wave AT
by lithotypes and stratigraphic affiliation of deposits in the well sections of Kinashivska structure
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Fig. 4. Distributions of the characteristic values of the double difference parameters GR and NGR (DGR, DNGR)
within % their standard deviations (+ StDev) relative to the mean values
by lithological types of rocks of the Famennian stage of the Kinashivska structure
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of the interval time of the longitudinal wave AT (DT)

and the electrical resistivity of the gradient-probe (L= 4 m) within * their standard deviations (+ StDev) relative to the mean values
by lithological types of rocks of the Famennian stage of the Kinashivska structure

Fig. 4, 5 show the main statistical characteristics of the
distributions of four geophysical parameters for all selected
lithological types of rocks. It should be noted that these
parameters are the main parameters used in the lithological
decomposition of formations. Their peculiarity is that the factor
of lithology significantly affects the readings of their logging
methods, GR, NGR, sonic log, resistivity. All the parameters,
presented here, have a different physical nature, which helps
to conduct lithological diagnostics of rocks as efficiently as
possible, taking into account different physical properties of
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deposits. It is clearly visible that the crossing of distributions
within even + one standard deviation (StDev) of the values is
quite significant for most of the main lithological groups. This
primarily concerns argillites, siltstones, sandstones and marls.
According to the data of petrographic and petrophysical
studies of the core material, the reservoir properties are
characteristic of sandstones, siltstones and limestones in the
well sections of the Kinashivska structure. Layers of
limestones in well sections have a wide range of variability of
porosity, which is due to different facies conditions of
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carbonate formation. However, the main reservoirs of the oil-
saturated part of the section (according to the test data) are
sandstones and siltstones.

Results

Actually, all the above-mentioned aspects of the use of
these logging methods were lauded as a basis for the
lithological decomposition of the section. In fig. 6, 7 there are
tablets of logging diagrams from sections of one of the wells
of Kinashivska structure with the interpretational results.

As noted, the construction of the lithological column was
initially performed in a classic way — manually, taking into
account all geological, geophysical, and core information (the
left lithological column Lithology (start) in fig. 6, 7) based on the
well-known domestic system GeoPoisk. Different areas of the
section with a mixed lithological composition — terrigenous,

carbonate, coal and salt-bearing rocks — were chosen for the
demonstration. Of course, subjective, sometimes erroneous (or
ambiguous) decisions of the petrophysicist can take place in a
well section that is very difficult to interpret. To check the results
of the interpretation in order to reduce random errors in
individual layers, the procedure of creating "images" or
interpretive models "logging-lithology" using the technology of
artificial neural networks (ANN) was used. In our case, the
popular Statistica-12 program, which has the Automated
Neural Networks module, was used as an auxiliary. This
program was chosen because it uses proven, repeatedly tested
algorithms for creating ANNSs, the description of which is given
in the reference information for this program. The architecture
of MLP — multilayer perceptron neural network was chosen as
the basis for training.
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Fig. 6. Results of the refinement of the qualitative interpretation of the data of a typical well-logging complex for the purpose
of lithological decomposition of the Kinashivska structure well section using neural network technology (Dsfm, C4t, C4v strata)

Multilayer perceptrons (MLP) is perhaps the most
popular network architecture in use today, originally due to
Rumelhart and McClelland (1986) and discussed at length
in most neural network textbooks (Bishop, 1995). Each
neuron performs a weighted sum of its inputs and passes it
through a transfer function f to produce their output. For
each neural layer in an MLP network, there is also a bias
term. A bias is a neuron in which its activation function is
permanently set to 1. Just as like other neurons, a bias
connects to the neurons in the layer above via a weight,
which is often called threshold. The neurons and biases are
arranged in a layered feedforward topology. The network
thus has a simple interpretation as a form of input-output
model, with the weights and thresholds as the free
(adjustable) parameters of the model. Such networks can
model functions of almost arbitrary complexity with the
number of layers and the number of units in each layer
determining the function complexity. Important issues in
Multilayer Perceptrons design include specification of the
number of hidden layers and the number of units in these
layers (Bishop, 1995). Other aspects include the choice of
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activation functions and training methods (Statistica.
Electronic manual).

More detailed information about neural network
modeling algorithms, in particular MLP, can be found in
special literature. We used this technology precisely
because it allows creating complex model relationships
between quantitative and qualitative parameters, and
dependencies can have discontinuous-nonlinear
multivariate relationships. The following parameters were
used as input continuous numerical data: -electrical
resistivity (LL method), GR data, values of the double
difference parameters GR and NGR (DGR, DNGR), interval
time of the longitudinal wave of the sonic method — AT (DT).
The stratigraphic affiliation of the rocks was also used as
input data. The initial information was the result of the
previous manual lithological dissection of the section. After
multiple repetitions of modeling neural networks in the
Statistica program, an ensemble of 3 ANNs of the MLP type
(12-10-8 architecture) was selected with a verification
efficiency of at least 81 % (ANN Ne18 — 87 %; ANN Ne22 —
81 %; ANN Ne84 — 87 %). Fig. 6, 7 show lithological columns
synthesized by corresponding ANNs. The effectiveness of
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the segmentation, i.e. the comparison of the simulated
lithological types of rocks of the ANN with the initial ones

performed by us, is clearly demonstrated in the tab. 1 (one
network, No.84, is chosen as an example).
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Fig. 7. Results of the refinement of the qualitative interpretation of the data of a typical well-logging complex for the purpose
of lithological decomposition of the Kinashivska structure well section using neural network technology (famennian stage D3fm)

Table 1
Table of the efficiency of lithological dissection, implemented by ANN No.84
in comparison with the initial (manual) dissection of the strata (efficiency 87%
Predicted (ANN) Shale Alevrolite Sandstone Breccia Limestone Marl Coal Solt
84.MLP 12-10-8-Alevrolite 4 41 10 0 0 1 0 0
84.MLP 12-10-8-Breccia 0 0 0 7 0 0 0 0
84.MLP 12-10-8-Coal 0 0 1 0 0 0 3 0
84.MLP 12-10-8-Limestone 0 0 0 0 24 1 0 0
84.MLP 12-10-8-Marl 1 0 1 0 3 20 0 0
84 .MLP 12-10-8-Sandstone 0 6 43 0 2 5 0 1
84.MLP 12-10-8-Shale 36 1 1 0 0 0 0 0
84.MLP 12-10-8-Solt 0 0 0 0 0 0 0 3

All implementations of lithological segmentation with the
help of ANN testify to the high efficiency of the technology.
Moreover, in many cases of discrepant results in individual
layers with the initial (manual) dissection performed by a
person, neural networks showed more correct results. That
is, subjective errors in interpretation were eliminated as
much as possible. After analyzing the modeling results,
comparing the initial data regarding the assignment of
lithological affiliation to individual layers (a total of 218 layers
were selected in the section), the final column of the results
of the lithological segmentation of the strata was formed.
The results of ANN modeling were taken into account as
much as possible. Assignment of a specific layer lithotype is
based on the results of the maximum correspondence to the
same results in 4 columns.

Discussion and conclusions

The specific example of lithological dissection of a very
complex (and difficult) strata by geophysical characteristics
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(Upper Devonian, Lower and Middle Carboniferous deposits)
shows that the use of neural network technologies allows
solving several problems. Firstly, the number of errors of the
interpreter when assigning a specific lithological type to
individual layers is significantly reduced — by comparing the
results of one's own manual interpretation with the results
simulated by an ensemble of artificial neural networks in a
specific well. Secondly, there is an opportunity to perform the
task of lithological dissection in other wells of this area as
objectively as possible by using ready-made models of
artificial neural networks (ANN). At the same time, the main
function of the interpreter is the "creative" analysis of the
results of the dissection of the well strata based on ANN. The
approach presented in the article to increase the reliability of
the qualitative interpretation of logging data on the example of
a rather problematic section of Upper Devonian, Lower and
Middle Carboniferous rocks can be enhanced by the
improvement of the ANN model by further training it on an
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array of neural model dissection with an efficiency higher than
the given specific verification threshold.
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IHCTUTYT reoximii, MiHepanorii Ta pyaoyteopeHHs im. M.IN. CemerneHka HAH YkpaiHu, Kuis, YkpaiHa

2HAK "HadpToras Ykpaiuu", Kuis, Ykpaina

3KniBcbKui HauioHanbHWiA yHiBepcuTeT iMeHi Tapaca LLlesueHka, Kuis, YkpaiHa

“TOB "IHcTuTyT reonorii”, Kuie, YkpaiHa

3ACTOCYBAHHA HEMPOHOMEPEXEBUX TEXHONONIA MPU NITONOrO-®ALIANIBHOMY PO3YNEHYBAHHI
BIAKNAQLIB AEBOHY | KAPEOHY 3A FrEOJIOIO-rEO®ISNYHUMN OAHUMW
(MIBHIYHO-3AXIOAHA YACTUHA OHINMPOBCbKO-AOHELLKOI 3ANALNHN)

B cTyn. [llpupicm 3anacie eyaneeodHie y cmapux Hagpmoza3oeudobyeHux pe2ioHax 3Ha4YHOI Miporo Moxxe 6ymu peasizoeaHuli 3a paxyHOK
nepeinmepnpemauii 2eos1020-2eopizuyHux daHUX Ha cmapomy ¢hoHOi ceepdnosuH. SIK y Mexax iCHyro4ux podosuw, mak i Ha niaowax, siki 3a nee-
Humu o6cmaeuHamu 6ynu y ceili Yac ouiHeHi sik HenepcrnekmueHi. Ha daHomy emani 2eono2opo3eidyeanbHux pobim euKkoHyembcsl 3Ha4yHa po6oma
3 nepeinmepnpemauyii daHux 2eogisudHuUX OocnidKeHb y NponyweHuUx iHmepeanax ceeposio8UH cmapo20o ¢hoHAY, y MoMy qucsi — nowykKoeux i
po3eidyeanbHux ceepdnoeuH. [M0di6Hi po6omu eUKOHYOMbLCSI Ha 2/TU6OKi 20pU30OHMU (0E80H), @a MaKoX Ha eiOK1adu Me3030F0, sIKi 8 MUHY/IOMYy
cmonimmi He 6ynu nepwoYyep208uUMU 8 naHi nepcrnekmueHocmi Ha 6azambox nnowax. HasieHuli 2eonoe2o-2eoghizuyHull Mamepian ceid4yums NpPo
3HayHi mpydHowi w000 npaeunbHoOi ideHmudbikayii nnacmie y Mexax ykazaHux cmpamo-Hie.

MeTopawn. lpoaHanizogaHo pe3ynbmamu 2eogi3uyHuUx, nempozpagiyHux i nempoghisuyHux docnidxeHb no eidknadax, wjo eue4vasucs.
3acmocoeaHo Memodu cmamucmu4YHO20 aHaslizy 3 Memor 8CMaHOB8JIEHHSI MOXX/TUBOCMI 8UKOpUCcMaHHsI Memodie po3rni3HasaHHs1 obpa3ie dns
nimonozo-gayianbHo20 po3yvsieHyeaHHs1 Ppo3pisie ceepdoeuH 3a 0aHUMU 2e0qi3UYHUX OOCTiOXKeHb.

Pe3ynbTaTtun. 3asdsku sukopucmaHHIO mexHoso2il HelipOHHUX Mepex nepesipeHo HadiliHicmb mpaduyiliHoi 2eono2iyHoi iHmepnpemauii
OaHux 2eogpizuyHux docnidxeHb ceepdnoeuH. llideuueHo docmoeipHicmb ecmaHo8s1eHHs1 limoJsio20-ghayiasibHOT HasleXXHOCMIi OKpeMux niacmie y
po3pi3zax ceepd/108UH 8€PXHLO20 0€8OHY, HUXHBLO20 | cepedHb020 KapOOHY — WIISIXOM 3acmocy8aHHs1 aHCaMbI10 po3paxo8aHUX HelPOHHUX MEPEX.
3anponoHoeaHo opuziHanbHuUll Nidxio wjodo peanizayii mexHoso2il HelipOHHUX MepeX Npu iHmepnpemauii 2e051020-2e0hi3u4HUX OaHUX.

B 1 c H 0 B k n. Po3ansiHymo 2eohi3uyHi xapaKmepucmuKu MomeHyitiHo nepcrneKmueHux 20pu3oHmis, siki paHiwe nponyckanuck. BkazaHo 3ag0aHHs,
SKi cid eupiwlyeamu, a makox wiisixu nidsuuwjeHHs1 00cmosipHocmi 2eos102i4HOI iHmepnpemauii daHux MPOMuUcI08oi 2eohi3uKu 8 pi3HO8IKosUX Mosuwjax.
3okpema po3aisHymo Moxueicms i 0oyinbHiCMb 8UKOPUCMAaHHSA MaWUHHO20 Hag4aHHs1 Ha OCHOBI HelipOHOMepeXXeaux mexHos1ogil.

Knio4yoBi cnoBa: 2opusoHm, koiekmop, nimosiozisi, 0e8oH, HelipOHHi Mepexi, 2e0qhi3uyHi dociOKeHHs c8epOI08UH.
ABTOpM 3aABNSAIOTb NPO BiACYTHICTb KOHAMIKTY iHTepeciB. CnoHcopy He 6panu yyacTi B po3pobneHHi JOCiMKeHHs; y 360pi, aHanisi un
iHTepnpeTaLii AaHVX; y HanUCaHHi pyKonucy; B pilleHHi Npo nybrnikavito pe3ynbTaris.
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BUCOKOTEXHOJOrIYHI ANIFTOPUTMM BI3YARNI3ALII
CONAHO-KYNOJNIbHOI TEKTOHIKU 3A CEACMIYHUMU OAHUMMU

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

0O6pobka celicMiyHux aHuUX, 8 yMoeax CKI1aGHOI COJISIHO-KyrnosbHOI mekmoHiku [Hinpoeckko-[JoHeybKo20 b6aceliHy, suMazae oco-
6nueoi yeazu o OKOHMYpPEeHHs1 mina cosisiHo20 wmoka. Cmammio npucesi4eHo aHanizy MemoOuYyHUX NPUHYUIie 3acmocyeaHHs 8Uco-
KOomexHoso2idHUX anzopummie 06pob6Ku celicMiyHUX OaHuX, siki cmanu 2asy3eeumMu cmaHdapmamu 8 MpPoeiOHUX cepeiCHUX
2eohi3uyHUX KOMNaHisix, a 8 YKpaiHi minbku noyuHaroms ekntoyamucsi 9o nocsiidoeHocmi npoyedyp o6pobku celicmidHoi iHghopmauil.

HemanbHo onucaHo nepeesazu npe-cmek 25IU6UHHOI Mi2pauyii MOPIeHSIHO 3 4acoBOK Mizpauicro, pe3ysibmamu SIKOi MOXYymb Mic-
mumu "pull up™ ma "push down" egpekmu. Takox euceimseHo pe3ynbmamu Mizpauyii 38opomHozo 4acy (RTM), wjo 3Ha4yHO MoKpawunia
npocmeeHHs1 20pU30HMi8, Ha nNpuknadi mamepianie [Hinpoecbko-[oHeybKoi 3anaduHu, y NPUPO3/IOMHUX Ma MPUWITIOKO8UX 30HaXx.
lpoaHanizoeaHo pe3ynbmamu nosHoxeusboeoi iHeepcii (FWI) dns eisyanisayii consiHo-KyrnonbHOoi meKmoHiku ma ei3yanizayii wmokis.

Po32nsiHymo KoMriiekcHe eUKopucmaHHsi 2nubuHHoi migpayii, RTM ma FWI nid yac o6po6ku macugy celicMiyHUX GaHUX y Mexax
PYMyHcbkoi yacmuHu Kapnam. Pe3ynbmamu intocmpyroms nokpauieHHs1 po30inbHoi 30amHocmi, celicMidHi 20pu3oHmMu cmanu 6inbw
pea2ynsipHumu, 0asiocsi YyHUKHymu repexody 3 ¢ha3u Ha ¢pa3y. Takoxx OKOHMYpPeHOo Npocmopoei Mexi po3siomMie ma cossiHi mina.

HazonoweHo, wjo celicmiyHi 0aHi, siKi MakcuMasibHO 8idobpaxkatomb peasibHe 2eosiozidHe cepedosuuie, MOXymb 6ymu ompumMaHi
minbKu e pe3ysibmami cuHep2i4Ho020 noedHaHHs1 OOCKOHaslUX eapiaHmie cucmem criocmepexeHHsi ma o6pobku, AocmoeipHuUX WeuoKiCHUX
modesieli ma cyyacHux asizopummie micpauyii sik erieMeHmie mexHoJsiozii 3a2asiom. KoMmnneKkcHe 3acmocyeaHHs1 yux mexHos102iti 3eMOoH-
cmpye y3200)KeHi 2eosoziyHi pe3ynbmamu ma cmeoptoe rnepedymMoau Osisi 8Usi8/IeHHs HOBUX PpodosuW, IMa NacmMok ayas1e8o0Hie, W0

npuypoyeHi 3o 30H PO38UMKY COJITHOKYNO/ILHOI MeKmoHiku [Hinpoecbko-LJoHeybKoi 3anaduHu.

Knwo4yoBi cnoBa: celicmiyHa o6pobka, npe-cmek anubuHHa mizpauisi, Miepayiss 3eopomHozo 4Yacy (RTM), noeHoxeunboea

iHeepcis (FWI).

BcTtyn

3 reonoriyHoro nornsay LeHTparnbsHa YactuHa [HinpoBCHKo-
OoHeubkoro 3anaguun (O03) € cknagHow TepuTopieto,
y reonoriyHii 6yaoBi SIKOi 3Ha4Hy porb BigirpaloTb AEBOH-
CbkKi consHi kynonwu Ta gianipu. Lli dopmauii yTBoptoBanucs
eni3oanyHo B Kinbka eTanis, siki Yeprysanucsa 3 nepiogamu
cTabinbHOCTI Ta BMKMNMKaHI TEKTOHIYHMMK pyxamu (Stovba,
& Stephenson, 2012). MigHaTTs coni AedopMyBano wapu
ripcbKunx nopig, TOMy ropu3oHTK Gina ConsHoOro kyrnorna ma-
H0Tb BEMWKWIA KyT NaiHHS, LLO B OKpEMUX BUNAZKax AOCsrae
90 rpagycis. NprconboBi Bigknaan MoXyTb yTBOPIOBaTH Na-
CTKW Ta BignNoOBiAHI YMOBW ANsi HAaKOMWYEHHS BYINEBOOHIB,
TOMY Ba)XITMBO OTpUMAaTK sikomora GinbLu iHhopMaTuBHI 30-
OpakeHHs Tina ConsAHMX LUTOKIB CENCMIYHUMU METOAAMM.

O6pobka cecMiYHUX OaHMX, B yMOBax CKIagHoi co-
NSIHO-KYNONbHOI  TeKTOHikM [HinpoBcbko-[oHeLbkoro 6a-
CelHy, BuUMarae ocobnuBoi yBarM OO OKOHTYpPEHHS Tina
COnSIHOTO LWTOKA. 3 Liet METOI Y BITYM3HSAHY NPakTUKy Gyno
BBEIEHO 3aCTOCYBaHHSI TAKMX BUCOKOTEXHOMOTMYHUX NpoLie-
Ayp, 9K rMMbuHHa mirpawis, mirpawis 3BOpOTHOro Yyacy Ta no-
BHOXBUIbOBA iHBEPCiS, WO Aonomarae BMU3HAYMTU HOBI
NepcrneKkTMBN BUKOPUCTAHHSA CENCMIYHUX AaHUX.

AHaniz ocmaHHix docnidxeHb i nyb6nikauyid. MNpar-
HEHHS1 reodi3uKiB 3MEHLINTU PU3UKKM BypiHHS NpuBEno Ao
noTpebu BOOCKOHANEHHS Bidyanisauii reonoriyHoro cepeno-
BuLa. MNepwmM KpPOKOM CTano BUKOPUCTAHHS anroputmy
rmMnbuHHOT Mirpauii ans gaHux MeKCUKaHCBKOT 3aToKu
(Ratcliff, Gray, & Whitmore, 1991). Byno npotectoBaHo aga
anropuTMu rmmbuHHoI mirpauii. MNepwmin nigxia BUKOPUCTO-
ByBaB TPUBWUMIPHE pilleHHS piBHAHHA ElkoHana. Opyrun
niaxia BUKOPUCTOBYE ANHAMIYHE TpacyBaHHA NPOMEHIB ASis
X BiACTEXeHHS y TPMBUMIPHIN mogeni. Pe3synbtaTn Tecty-
BaHHS Ha CUHTETUYHUX | pearnbHUX CEeNCMIYHUX [aHWX
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nokasanu, Lo BUKOPUCTAHHSI CTPYKTYPHO-TEKTOHIYHOI MO-
Aeni nigByLLye TOYHICTb anropuTmy.

Mpouec ranokiHedy Npu3BoANTb 40 YTBOPEHHS CONAHUX
CTPYKTYp cknagHoi hopmu, Lo cTBOproe npobnemun ans no-
OyaoBKM CeNcMiYHOI LWBMAKICHOT MoAeni Ta, BiANOBIAHO, Ans
anroputMy cerncMivyHoi mirpauii. [inst BUpilLeHHs1 nocTaBne-
Horo 3aBgaHHs 6yno po3pobneHo psig HOBUX anropuTMis Mi-
rpauii (McMechan, 1983; Hale, Hill, & Stefani, 1992; Jones,
2008; Mapmanesckuii, KocTiokesud, & [ybposa, 2013). Op-
Hak, He3Bakatouu Ha Nporpec B anroputMax Mmirpadii, CTBo-
PEHHS peanicCTUYHOI MOoAeni reornoriYHOro cepeaoBuLLa
3anuwaeTbca  akTyanbHow 3apadvero  (Jones, 2008;
McCann, & Viz, 2012) Towo.

[nsi po3B'sidaaHHsA npobnemu noOya0BU 4OCTOBIPHOT LUBUA-
KicHOT Moferni Anst OTPMMaHHSA reoforiYHO-3MICTOBHUX pe3yrib-
TaTiB 0OpPOBOKN CENCMIYHUX OaHWX B OCTaHHE AECATUPIYYS
BUNLLINA HU3Ka cTaTen, ki 4OBOAWNN e(PEKTUBHICTb BUKOPUC-
TaHHs anroputmy FWI onst obnacreii 3i cknagHo TEKTOHIKOH
(Ramos-Martinez et al., 2017; Whitmore et al., 2020).

BiTun3HsAHI HaykoBUI BMBYaNu KOMMIEKCHi nigxoou aons
OTPMMaHHS MakCcMarnbHO 3MiCTOBHOMO CeMcMiYHOro 306pa-
xeHHs. A.H. Tankina, KO.K. TankiH, E.}O. TankiHa (TankuHa,
TankuH, & TankuHa, 2017) [OBOAWMW, WO CyYacHi MeToam
LUMPOKO- | MOBHOA3UMYyTanbHOI 3MOMKW B MOEAHaHHI i3
rpachoM 0B6pO6KM, AKUIA BKIOYAE 3aCTOCYBaHHSA MOXWUION
TpaHcBepcanbHO-i30TPONHOI Moaeni reonoriyHoro cepeao-
BULLA, Mirpadii y 3BOPOTHOMY 4aci Ta crneuianbHUX npoLe-
ayp o6pobku, CTBOPIOIOTL NepegymMoBM ANs OTPUMaHHSA
OOCTOBIpHOI MOZeni reonoriyHoro cepefoBuLLa Ta ii noga-
NbLUOI NornNMbneHoi iHTepnpeTadii.

Hap nutaHHaM yaockoHaneHHs rpady obpobku ansi mo-
OynoBu CENCMIYHMX 306pakeHb CONSIHMX LUTOKIB NpavoBaB
H.A. Mapmanescbkuii (MapmaneBckui, KocTiokeBud, & Oy6-
poea, 2013). Moro poboTa npucesyeHa BMSIBMEHHIO Ta
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NPOCTEXEHHIO CybBEepTMKanbHUX Bigbueaounx rpaHnlb. As-
TOpM 3aCTOCOBYBanNV Mirpawito AynneKCHUX XBUIb, sSika MOXe
BMKOPVCTOBYBATUCS SIK CKITafioBa KOMMITEKCHOTO Migxoay Ansi
BUPILLEHHS 3a[a4 BUBYEHHS CONSIHO-KYMOMbHOI TEKTOHIKW.

Mema docnidxeHb — onucaTu Ta NpoaHaniaysaTth nNpo-
Luenypu cercMivyHoi obpobku, Lo faoTb 3MOry oTpumaty
MaKCMMarbHO HABMMXEHUI 4O pearbHOro recnoriYyHoro ce-
pepoBuvla pesynbtaT. BUCBITAMTU nepcnekTuBu 3acTocy-
BaHHs anroputmie PSDM, RTM T1a FWI, aki Bxe crtanu
ranys3eBuMMu cTaHgapTamu y NpoBigHNX CepBICHUX reodiaun-
YHMX KOMMaHIsSX, @ HUHI MoYMHaTb ByTK YacTuHow rpady
06pO6KM BITYM3HAHMX AAHUX.

BudineHHs HeeupiuwleHUX paHiwe YacmuH 3a2aslbHoi
npo6nemu. BUkoprcTaHHs ycTaneHux anroputmie ob6pobku
CENCMIYHMX AaHMX CbOroAHI BUSIBNSIETLCA HEQOCTaTHIM Ans
no®yaoBm OOCTOBIPHOT MOAENi reonoriyHoro cepefoBuLLa B
YCKITaAHEHOMY CONAHO-KYMOSbHOK TEKTOHIKOK reorioriyHoOMy
po3pisi [HINpoBCbkO-[OHELbKOI 3anaguHu. Tomy 3acTocy-
BaHHS CBITOBOro A0OCBiAY Y BUKOPUCTAHHI BiOMNOBIAHMX BUCO-
KOTEXHOMOrMYHMX anropuTMiB Ha NEPCMNEKTUBHMX MroLlax Ta
pogosuwax 103 BBaxaeTbCcs aBTOpaMm OgHUM i3 Hanedek-
TUBHILLKX NiAXOAIB ANs PO3B'A3aHHs 3a3HAa4YeHOI Npobnemu.

PesynbtaTtun

PSDM. lMpe-cmek 2nubuHHa Mizpauisi. 3a3Bnyaii Ma-
€TbCA Ha YyBa3i HambinbWw LWMPOKO3aCTOCOBYBaHa Y

HadTorasosiv iHQycTpii Mirpauia 3a anroputmom Kipxroda
(https://wiki.seg.org/wiki/3-D_prestack_depth_migration).
Y3aranbHeHo Lie npouec Mirpadii, nig yac sikoro gai nigcey-
MOBYIOTBCS MNicNsi TOro, sk 6yna BUKoHaHa Mirpavis B rmmbuH-
HOMY AoMeHi. [na aaHoro Tuny Mirpauii BUKOPUCTOBYETLCA
nnacTtoBa LBMAKICHA MoZernb. ANropuTM NpuaaTHU sk ansi
BepTUKanbHUKX, TakK i NaTepanbHUX Bapialin CEeNCMiYHUX LLBK-
akocten. lMpe-ctek rmMubuHHa Mirpauis Mae BaxnvBe 3Ha-
YEHHS AN OTPMMaHHSA CEeMCMIYHMX 306paxeHb y obnactsx,
[€ iCHYIOTb CTPYKTYpPU 3 KPYTUM KyTaMu Haxury ropu3OHTIB,
HanpuKnag y3aoBX CONAHMX Kynoris abo B 30Hax CKMOOBKX
posnomiB. TakoX gaHuin TN Mirpawii € ctTaHgapTom Ang Bu-
pilLeHHa 3aday KinbKiCHOI iHTeprnpeTauii Ta NporHo3yBaHHSA
XapaKkTep1CTVK reororiYHoro pospiay.

Ha puc. 1 nokasaHo npuknaan BUHUKHEHHSI MOMWMOK Nig
Yyac nobyaoBu cencMivHMX 306paxkeHb y NPUMYyLLEHH cepe-
OHbOLUBMUAKICHOI MoAeni, Wwo 3yMOBIeHi Bapiauigmy narte-
panbHOi wBwuakocTi. Edekt "pull up" — ue nigHaTTa
CENCMIYHMX TOPU3OHTIB, CIPUYMHEHE MOLUMPEHHSIM CENCMI-
YHUX XBWMb 3 hopmaLii i3 BULLOK LUBUAKICTIO CEMCMIYHUX
XBUMb Yy popmauii 3 Hk4yoro. EdekT "push down" — ue ony-
CKaHHS1 CEACMIYHMX FTOPU3OHTIB, CNPUYMHEHE MOLUMPEHHSIM
CelCMiYHMX XBUNb 3 PopMaLin i3 HWKYOK LUBUAKICTIO Y
dopmalii, ge WBMAKICTb BuWa. BukopuctaHHa npe-cTek
rMMBVHHOT Mirpauii gae amory no3baBnTuCH LMX NOMUIIOK.

Puc. 1. Mpuknagu cnoTBopeHHs reomeTpii FOPM3OHTIB HA AaHMX YacoBoOi Mirpauii nepea nigcymoByBaHsAM (PSTM): a — "pull
up" edpekt (Marfurt et al., 2014); 6 — "push down" ecbekT (Hajana, 2015)

RTM. Reverse time migration — BUCOKOTEXHOSOrYHa
npoueaypa, fka obYnCrE YnCenbHi PO3B'A3KM MOBHOMO
XBUMbOBOrO PIiBHAHHA. 3rigHO 3 MiXHAPOAHMM [OCBIOOM,
RTM € TO4HMM MeToOoM CeMCMIYHOI Bidyanisauii anst Kpy-
TUX | BEPTUKaNbHUX reonoriYyHux (aKyCTUYHO-KOHTPACTHMX)
rpaHuub. 3actocyBaHHss RTM Ha HazemHunx 3D WAZ paHux
€ BENUKNM BUKNUKOM Y [HinpoBcbko-LoHeubkoMy GaceiiHi
Yepes noraHy siKicTb faHWX 3 HU3bKUM CMiBBIAHOLLIEHHSIM CU-
rHan/3aBaga Ta HeperynsipHy npocTtopoBy BubipKy 4epes
Nponycku B pO3CTaHOBLi Ta BiACYTHICTb Tpac.

[ns RTM BMKOPWCTOBYIOTb HEperynapusoBaHi AaHi 3 Bu-
XiZHUM MONOXEHHAM NYHKTIB 30yMXeHHA Ta peecTtpauii. Lie
BM/MBa€E Ha pe3ynbTaT NPUCONbOBUX CENCMIYHUX BigOUTTIB.
AHani3 pesynbTtatisB KPSDM ta RTM gns gBox nnow Bu-
ABMB ofHakoBi ocobnuBocTi. CecMiyHi gaHi RTM Burns-
Aanu 6inbly 3rnagpkeHumn, ane ans ropu3oHTIB 3 KpyTUMU
KyTamu nagiHHs Ta no naTtepani npocTexysBanacs kpaLia Ko-
repeHTHiCTb. Takox BigMiHHOCTI Mix gaHumn KPSDM Ta
RTM nongratoTb y CNeKTpi, OCKINbKN NepLui xapakTepusy-
I0TbCSl MOBHUM Aiana3oHOM CMeKTpa CEeNCMiYHMX YacToT. Y
cBoto Yepry, RTM nia cinnto mae BigbuTTa 3 KpyTUMM KyTamm
nagiHHsl FOPU30HTIB, AIKi He cnocTepiratoTbest Ha KPSDM. Lle
Jonomarae BW3HAYMTW HOBI MEPCNeKTUBHI AiNsHKM 3a
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aonomoroto anroputmy RTM. [JaHuit anropuTm nokasas pe-
3ynbTaTy, L0 Y3ro4KyloTbCH 3 reOrOori€lo PerioHy Ta noTeH-
LiIHO MOXYTb JOMOMOITY BiAKPUTW BYrNeBOAHEBI NACTKM Ta
OKPECINUTM CONSHI LUTOKM Y CKNaaHii reonorii [HiNpoBCbKO-
[oHeLubkoro 6aceniny.

CelicMmivHi gaHi RTM BurnsagatoTb 6inbll 3rnagXeHnmu,
ane Ans KpytocnagHux nnactiB ix nartepanbHO MPOTSXHI
BiaOWTTS BUrNsigaoTb HabaraTo kpalle. YacToTHo-obmexe-
HUA anroput™ RTM BusiBuBcs ehekTMBHUM, 0COGNUBO Ha
piBHI CONMbOBUX i NiACONLOBUX BiAKNaAiB A5 NOKpaLLeHHs
CENCMIYHOro 306paxeHHs NOpiBHAHO 3 BinbLl NpocTUM an-
roputMoM Mirpauii Kipxrodpa. Pasom 3 Tm y BepxHin yac-
TMHI (1000 M) RTM € TiHbOBI 30HW, CNPWUYMHEHI HU3LKOH
KpaTHICTIO, Ska 3yMOBIieHa NMOBEPXHEBVMM YMOBaMU Ta He-
PErynspHiCTIO CEACMIYHOT 3IOMKM (YEPBOHUIA NPSIMOKYTHYK)
(puc. 2). KpyToHaxuneHi Bigbusatodi ropusoHTH, chopmo-
BaHi TEKTOHIYHUMW pyXxamu reonioriYHUX CTPYKTyp, MoraHo
cnocrepiraoTbca Ha pospisi PSDM, ane pesynstatn RTM
BiJHOBMIOIOTb BiAOMBaOYi FOPU3OHTK, LLIO MalOTb KPYTi KyTW
Haxuny. Lle nokasaHo Ha MantoHKax >XOBTUMMU CTPINKamu.

Pesynbtatn PSDM 3a anroputmom Kipxropa ta RTM
HaBeaeHo Ha puc. 2.
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Puc. 2. NopiBHAHHA pe3ynbTaTiB a, B — Npe-cTek rMbuHHa mirpauis Kipxroda; 6, r — RTM (Kuzmenko et al., 2021)

MakcrmanbsHoro edekTy AOCArHYTO Npu NOEAHAHHI Wn-
pOKOa3uMyTarnbHUX AaHWX i3 TpaHCBePCarnbHO-i30TPOMHOK
MOZENMI0 LWBUAKOCTI 3 MOXWUIMOK BIiCCIO CUMETPIl. Y LupoMy
BMNaZKy BiAbUTTA Big 0cagoBuUxX Nopia nig CoONsAHUM LUTOKOM
MiHiManbHO CNOTBOPEHI 3aBagaMu Ta YiTKO NPOCTEXYTLCA
Ao rpanuui i3 cinnto. Anroputm RTM y noeaHaHHi i3 lwmnpoko-
a3nMyTanbHOK CUCTEMOIO CMOCTEPEXEHb AaE 3MOry BneB-
HEHO BUAINWUTU HiXXKY LUTOKa i HadiHile 3akapTyBaTu Bif-
OMTTA BiA reonoriYHNX ropnsoHTIB y MPULLTOKOBIN 30Hi.

FWI. Full-waveform inversion — ue cy4acHuin npouec
nobynoBn LWBMAKICHOI Mogerni, Skui gonae obmeXeHHs

icHytoumx metogis. FWI BukopucToBye novaTKOBY LUBWAKI-
CHY MOA€enb Ta 3aCTOCOBYE MOCMIAOBHICTb NiHEapN30BaHKX
iHBepCin, Wo6 BMPILLNTY NOBHY HerMiHinHY npobnemy FWI ta
1T OHOBMEHHS.

AnropuT™ 3gateH 3icTaBnAaTM CUHTETUYHY CENCMIYHY iHGO-
pMaliio 3 opuriHarnbHMM Habopom nonboBKx AaHux. Lie gocs-
racTtbCs iTepauiHO LUMSIXOM  BU3HAYEHHS  PisHULi MK
3MOAENLOBaHMMU Ta peansHUMK AaHumu (pyc. 3). Bygb-akuin
rpac nobynosu LIBMAKICHOI Mogeni Ans npe-CTek rMUOMHHOT
MirpaLii MoXe BUKOPUCTOBYBATM 3 ypaxyBaHHs AaHux FWI.

Puc. 3. NopiBHAHHA WBKUAKICHOI Moaeni nicna Tomorpadii (a) Ta wBuakicHoi mogeni nicns anroputmy FWI (6)
(Kapoor et al., 2013)

OcHoBHi nepearn FWI Taki:

® BUKOPWUCTAHHA CMagHUX, 3anoMfeHux Ta BigduTux
XBWMb OOHOYACHO Ana 3abesneyvyeHHs nobyaoBU TOUHUX
WBUAKICHUX Moaenen;

e yCyHEHHs apTedakTis Mirpauii, Lo NpuBOAUTL 4O OTpU-
MaHHS TOYHUX MoZernew LWBMAKOCTI Y rMMOWHHIA obnacTi;

® MOKPALLEHHS1 SIKOCTi CEACMiYHMX 3006paxeHb pasom 3
OTPUMaHHSAM XapakTepUCTUKN KonekTopa.

Pesynbmamu  KOMM/eKCHO20
anzopumumie.

BaxnuBeicTb CTBOPEHHSA LUBMAKICHOI Mogeni Ta HeobXxia-
HICTb BUKOPUCTaHHS KOMMIIEKCHOTO NiAX0Ay NpointocTpyBaB

3acmocyeaHHs
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y cBoini ctatTi I.LF. Jones (2008). ABTop Ha npuknaai amoae-
NbOBaHMX AaHuWX i3 CTpykTypamu [iBHIYHOrO Mopsi nokasas
HeZoMiK1 Y BUKOPUCTaHHI Tak 3BaHOi CONMAAHOT MoAeni (OKOH-
TYPEHHS NMOBIPHUX MEX COMSAHOrO LUTOKY 3 METOK BUKOPU-
CTaHHSA B MeXax BUAINEHOT CTPYKTYpU 3HaYEHHS LUBUAKOCTI
NOLUMPEHHA CEeNCMIYHUX XBUNb Y COMbOBWX Bigknagax).
306paxeHHs CTiIHOK COMSIHOrO LUTOKY BUrMA4ae Kpalle B MO-
geni 6e3 coni (puc. 4). ABTopy CTaTTi HaronowyTb Ha
HasIBHICTb B3a€EMO3B'A3KY LUBWMAKICHOI Mogeni Ta TOYHOCTI
Bidyanisauii cybBepTMKanbHUX CTIHOK COMSIHMX LUTOKIB.

Y cratTi (Meffre et al., 2022) po3rnsiHyTo kOMnnekcHe BY-
KOpUCTaHHA rnmbuHHoi Mmirpauii, RTM T1a FWI nig uvac
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06pobkn macuBy cencmivHMX gaHux. Mnowi TeputopiansHO
pO3TaLLOBYBanNMcs B Mexax pyMyHCbKoI YacTuHn Kapnar. Ak
BMOHO 3 pe3ynbTaTiB, MPeACTaBNeHnX Ha puc. 5, nokpaium-
nacsi po3finbHa 30aTHICTb, CEMCMIYHI FOPU3OHTKM cTanm GinbLu
perynsipHummu, BAANOCcs yHUKHYTU nepexogy i3 da3u Ha casy.
TakoX OKOHTYpeHi NPOCTOPOBiI MeXi PO3NOMIB Ta CONsHi Tina.
OTpuMmaHi pe3ynbTaT pPEKOMEHA0BaHO BUKOPUCTOBYBATU Mia

yac po3pobku pogosuy,. Lie nigsuiLye 4OCTOBIPHICTL CENCMI-
YHUX JaHWX Ta 3HDKYE PU3VKM BYpiHHS.

Y crarTi (Dolymnyj et al., 2022) npoaHanidyBanu 3a3Ha-
YEeHWn KOMMNEKCHW nigxig Ha npuknagi matepianie ba-
cenHy Kamnoc (Bpasunis) (puc.6). CTpinku nokasytoTb
nokpallleHHst Bidyanisauii nigconboBux BiaoutTiB. Kornom
BUAINEHO po3noMu pudTOBOI CTagdii, SKi 3adikcoBaHO Ha
obpaxeHHi FWI.

Puc. 5. NopiBHAHHA pe3ynbTaTiB Pi3HUX TUNIB Mirpadii:
a — pe3ynbTaTh npe-cTek Yacosoi mirpauii (PSTM); b — y3aranebHeHi peaynstatn PSDM, RTM ta FWI (Meffre et al., 2022)

pe3synbtaty FWI 20 'y i3 HaknapgeHoto oHoBRneHoto WwBuAkKicHo moaennto (d) (Dolymnyj et al., 2022)
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BucHoBku

PisHOMaHITHI TMNM nNacTok BYrneBOLHIB, MOB'A3aHUX 3
PO3BMHEHMMU COMSIHUMU Tinamu, He MOXyTb ByTW HagiNHO
BUSABMEHi Ta nigTBepaxeHi OypiHHAM 6e3 nonepegHbLOro
OTPUMaHHSA AOCTOBIPHUX CENCMIYHUX pesynbTaTiB. Takumu
pesynbTaTamn € AKiCHi LUBUAKICHI MoAeni Ta CEeNCMiYHi 30-
OpaxxeHHs1 reonoriyHoro cepegosuwia. CtaTrss po3kpuBae
BiTYM3HSAHUI | MiXXHApPOAHWI JOCBIO — SIK 3@ JONOMOrOK Cy-
YaCHMX anropuTMIB i TEXHONOrI MOXHa OTpMMaTW NoKpa-
LLeHi 306pakeHHs reosioriYyHOro cepeoBuLLLa Ta NigBULLNTHY
iHbopMmaTuMBHICTb reonoridyHMx mogenein. Cepea Takux Tex-
HOMOTIN MOXHa BUAINUTY rMUOMHHY Mirpadito, mirpadito 3so-
pPOTHOro Yacy Ta MOBHOXBWMbLOBY iHBepCito. KomnnekcHe
3aCTOCYBaHHA LUX TEXHOIOTIN AEMOHCTPYE Y3roXKeHi reo-
NoriyHi pesynbTaT Ta CTBOPIOE MepesyMoBM ONS BUSIB-
NEHHSI HOBUX POAOBWLL, i MACTOK BYINMEBOAHIB, MPUYPOYEHNX
[0 30H PO3BUTKY CONSAHOKYMNOMbHOI TEKTOHIKM [HINpOBCbKO-
[loHeubKOoi 3anaguHu.

BHecok aBTopiB: Hartanis PycaueHko — koHuenTtyanisauis,
dopmanbHWUin aHani3, MeTofororid, HaNnMCcaHHs (opuvriHanbHa yep-
HeTka); MaBno KysbmeHKko — Banigauis AaHux, HanucaHHs (neper-
nag i peparyBaHHs).

Cnuncok BUKOPUCTaHUX axepen

Mapmanesckuit, H., Koctiokesuy, A., & fy6posa, I". (2013). Murpauus ay-
NIEKCHbIX BOMH 1 NPUBNKEHNE YronkoBbIX OTpaxartenen. 36ipHuUK Haykosux
npaub YkpArPl, 4, 22-29.

Tankvwua, A., TankwH, 1O., & Tankuwa, E. (2017). CoueTtaHue
yCOBEPLUEHCTBOBAHHOW CUCTEMbI HabnoaeHusi, obpaboTku, CKOPOCTHOW
MoZenu W MurpaumMm Ans NOCTPOEHUS CEeNCMMYEcKMX u3obpaxeHun B
panoHax C UHTEHCUBHOW CONSIHOM TEKTOHWUKOW. eoghisuyHull xypHarn, 39, 3—
21. https://doi.org/10.24028/gzh.0203-3100.v39i2.2017.97347

Dolymnyj, C., Rudrigues, F., Porto, A., Galves, L., & Ovalles, A., (2022).
Assessing FWI imaging's potential to tackle illumination issues and internal
multiples in the Brazilian presalt. SEG Technical Program Expanded
Abstracts, 782-786. https://doi.org/10.1190/image2022-3749870.1

Hajana, M. (2015). Seismic characterisation of fluid leakage in marine
sediments. SEG. https://doi.org/10.1190/int-2014-0122.1

Hale, D., Hill, N.R., & Stefani, J.P. (1992). Imaging salt with turning seismic
waves. Geophysics, 57, 1453-1462.

Jones, |., Bloor, R., Biondi, B., & Etgen, J. (Eds.). (2008). Prestack Depth
Migration and Velocity Model Building. Society of Exploration Geophysicists.

Kapoor, S., Vigh, D., Wiarda, E., & Alwon, S. (2013). Full Waveform Inversion
Around the World. 75th EAGE Conference & Exhibition incorporating SPE
EUROPEC 2013, Jun 2013, cp-348-00693. https://doi.org/10.3997/2214-
4609.20130827

Kuzmenko, P., & Rusachenko, N. et al. (2021). Some Aspects of Seismic
Data Reverse Time Migration for Salt Tectonics Geology of the Dnieper-
Donets Basin. SPE Eastern Europe Subsurface Conference, November
23-24, 2021, Kyiv, Ukraine. doi: https://doi.org/10.2118/208531-MS

Marfurt, K. J., & Alves, T. M. (2014). Pitfalls and limitations in seismic
attribute interpretation of tectonic features. Interpretation, 3(1), 1F-T41.
https://doi.org/10.1190/INT-2014-0122.1

McCann, D. M., & Viz, M. J. (2012). Risk-Based Inspection and Hazard
Assessments: Analogs for Civil Infrastructure. Structures Congress 2015,
ASCE 2012, 1639-1648.

McMechan, G. A. (1983). Migration by extrapolation of time-depent
boundary values. Geophysical Prospecting, 31(3), 412—420. https://doi.org
/10.1111 /.1365-2478.1983.tb01060.x

Meffre, A., & Prieux, V. (2022). Revival of legacy land seismic surveys
using advanced processing technologies: An example from the Carpathian
foothills.  First Break, 40(1), 45-52. https://doi.org/10.3997/1365-
2397.tb2022002

ISSN 1728-3817

Ramos-Martinez, J., Shi, J., Qiu L., Valenciano A., & Chemingui N. (2017).
Multi-Parameter FWI — Long-Wavelength Updates and Leakage Reduction in
Acoustic Anisotropic Media. 79th EAGE Conference and Exhibition 2017, Jun
2017, Vol. 2017, p. 1-5. https://doi.org/10.3997/2214-4609.201700834.

Ratcliff, D. W., Gray, S. H., & Whitmore, N. D. (1991). Seismic imaging of
salt structures in the Gulf of Mexico. SEG 61 Expanded Abstracts, 1164—
1167. https://doi.org/10.3997/2214-4609-pdb.316.177

Stephenson, R., & Stovba, S. (2012). The Dniepr-Donets Basin, Regional
Geology and Tectonics: Phanerozoic Rift System and Sedimentary Basins.
Roberts D.G. and Bally A\W. (Eds), London, pp. 421-436. https://doi.org
/10.1016/B978-0-444-56356-9.00015-8.

Whitmore, N., Martin, T., Yang Y.,Chemingui, N., Alcantara, T., & Frugier, E.
(2021). Efficient reflectivity modelling for full wavefield FWI. First Break. 39.
53-58. https://doi.org/10.3997/1365-2397.f2021019.

References

Dolymnyj, C., Rudrigues, F., Porto, A., Galves, L., & Ovalles, A., (2022).
Assessing FWI imaging's potential to tackle illumination issues and internal
multiples in the Brazilian presalt. SEG Technical Program Expanded
Abstracts, 782-786. https://doi.org/10.1190/image2022-3749870.1

Hajana, M. (2015). Seismic characterisation of fluid leakage in marine
sediments. SEG. https://doi.org/10.1190/int-2014-0122.1

Hale, D., Hill, N.R., & Stefani, J.P. (1992). Imaging salt with turning seismic
waves. Geophysics, 57, 1453-1462.

Jones, |., Bloor, R., Biondi, B., & Etgen, J. (Eds.). (2008). Prestack Depth
Migration and Velocity Model Building. Society of Exploration Geophysicists.

Kapoor, S., Vigh, D., Wiarda, E., & Alwon, S. (2013). Full Waveform
Inversion Around the World. 75th EAGE Conference & Exhibition
incorporating SPE EUROPEC 2013, Jun 2013, cp-348-00693.
https://doi.org/10.3997/2214-4609.20130827

Kuzmenko, P., & Rusachenko, N. et al. (2021). Some Aspects of Seismic
Data Reverse Time Migration for Salt Tectonics Geology of the Dnieper-
Donets Basin. SPE Eastern Europe Subsurface Conference, November
23-24, 2021, Kyiv, Ukraine. doi: https://doi.org/10.2118/208531-MS

Marfurt, K. J., & Alves, T. M. (2014). Pitfalls and limitations in seismic
attribute interpretation of tectonic features. Interpretation, 3(1), 1F-T41.
https://doi.org/10.1190/INT-2014-0122.1

Marmalevsky, N., Kostyukevich, A., & Dubrova, G. (2013). Migration of
duplex waves and the approach of corner reflectors. Collection of scientific
works of UkrDGRI, 4, 22—-29 [in Russian].

McCann, D. M., & Viz, M. J. (2012). Risk-Based Inspection and Hazard
Assessments: Analogs for Civil Infrastructure. Structures Congress 2015,
ASCE 2012, 1639-1648.

McMechan, G. A. (1983). Migration by extrapolation of time-depent
boundary values. Geophysical Prospecting, 31(3), 412—420. https://doi.org
/10.1111/j.1365-2478.1983.tb01060.x

Meffre, A., & Prieux, V. (2022). Revival of legacy land seismic surveys using
advanced processing technologies: An example from the Carpathian foothills.
First Break, 40(1), 45-52. https://doi.org/10.3997/1365-2397.f2022002

Ramos-Martinez, J., Shi, J., Qiu L., Valenciano A., & Chemingui N. (2017).
Multi-Parameter FWI — Long-Wavelength Updates and Leakage Reduction in
Acoustic Anisotropic Media. 79th EAGE Conference and Exhibition 2017,
Jun 2017, Vol. 2017, p. 1-5. https://doi.org/10.3997/2214-4609.201700834.

Ratcliff, D. W., Gray, S. H., & Whitmore, N. D. (1991). Seismic imaging of
salt structures in the Gulf of Mexico. SEG 61 Expanded Abstracts, 1164—
1167. https://doi.org/10.3997/2214-4609-pdb.316.177

Stephenson, R., & Stovba, S. (2012). The Dniepr-Donets Basin, Regional
Geology and Tectonics: Phanerozoic Rift System and Sedimentary Basins.
Roberts D.G. and Bally AW. (Eds), London, pp. 421-436. https://doi.org
/10.1016/B978-0-444-56356-9.00015-8.

Tyapkina, A., Tyapkin, Y., & Tyapkina, E. (2017). Combining an advanced
observation system, processing, velocity model and migration for seismic
imaging in areas with intense salt tectonics. Geophysical Journal, 39, 3-21.
https://doi.org/10.24028/gzh.0203-3100.v39i2.2017.97347 [in Russian].

Whitmore, N., Martin, T., Yang Y.,Chemingui, N., Alcantara, T., & Frugier, E.
(2021). Efficient reflectivity modelling for full wavefield FWI. First Break. 39.
53-58. https://doi.org/10.3997/1365-2397.f62021019.

OTpumaHo pepakuiet xypHany / Received: 02.09.23
NMpopeueHsoBaHo / Revised: 27.03.24
CxBaneHo go apyky / Accepted: 29.05.24



FEOJIOriA. 2(105)/2024 ~ 49 ~

Natalia RUSACHENKO, PhD Student (Geol.)

ORCID ID: 0000-0002-7407-696X

e-mail: rusachenko_natasha@ukr.net

Taras Shevchenko National University of Kyiv, Kyiv, Ukraine

Pavio KUZMENKO, PhD (Geol.), Assoc. Prof.

ORCID ID: 0009-0007-0157-9391

e-mail: pavlo.kuzmenko@knu.ua

Taras Shevchenko National University of Kyiv, Kyiv, Ukraine

HIGH-TECH ALGORITHMS FOR VISUALIZATION OF SALT-DOME TECTONICS ON SEISMIC DATA

Processing of seismic data, in the conditions of complex salt-dome tectonics of the Dnipro-Donetsk basin, requires special attention to the outline
of the body of the salt shaft. The article is devoted to the analysis of methodological principles of applying high-tech seismic data processing
algorithms, which have become industry standards in leading service geophysical companies, and in Ukraine are just beginning to be included in the
seismic data processing workflow.

The advantages of pre-stack depth migration compared to pre-stack time migration were described and one of them is absence of "pull up" and
"push down" effects. In addition, the Reverse time migration (RTM) significantly improved the continuity of horizons, which is illustrated by data from
the Dnieper-Donetsk basin. Full-waveform inversion (FWI) for visualizing the salt-dome tectonics and diapirs are described in detail.

The integrated use of depth migration, RTM and FWI during the seismic data processing within the Romanian part of the Carpathians was
considered. There is improvement of the resolution, the seismic horizons became more continuous, it bacame possible to avoid phase mismatch.
Faults and salt bodies are also better visualized.

Seismic data that maximally reflect the real geological environment can be obtained only as a result of a synergistic combination of perfect
options for observation and processing systems, reliable velocity models, and modern migration algorithms as elements of technology in general.
The complex application of these technologies demonstrates consistent geological results and creates prerequisites for the discovery of new deposits
and hydrocarbon traps, which are confined to the zones of development of salt dome tectonics of the Dnipro-Donetsk basin.

Keywords: seismic processing, pre-stack depth migration, reverse time migration (RTM), full-waveform inversion (FWI).
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SEISMIC-GEOLOGICAL ANALYSIS OF THE SOUTH CASPIAN MEGA DEPRESSION
EVOLUTIONARY DEVELOPMENT TO IDENTIFY HYDROCARBON ACCUMULATIONS

(Mpedcmaenexo YneHom pedakuyiliHol Konezii 3-pom 2eon. Hayk, npogh. O.M. KapneHkom)

Background. The South Caspian Mega Depression (SCMD) is a territory limited in the west by the Dziruly massif, in the east by
the Western Turkmenian Depression (inclusive), in the north by the mountain structures of the Greater Caucasus, Greater Balkhan and in
the south restricted by the Lesser Caucasus, Talysh and Albours (including the aquatic area of the Southern Caspian) which in turn is
related to the South Caspian oil and gas mega-basin. In the geodynamic model, the SCMD represents the Caucasian segment of the
Alpine-Himalayan folded belt (its intermountain part) with elements of the active stage of development inherent in this area — earthquakes,

sea level changes, mud volcanism, etc.

Methods. This article examines the history of the development of SCMD based on data from geophysics, drilling, volcanology,

geodynamics in order to identify accumulations of hydrocarbons.

Seismogeological sections presented throughout the study area explain the complex geological structure and geodynamics, starting
from the baikalian tectonic genesis and up to the present time. The clear boundaries of sedimentary basins and the island arcs
surrounding them, which controlled lithology and stratigraphy, make it possible to predict probable petroleum source rock and oil and

gas-producing rocks.

Results. The construction of structural multi-temporal sediment surfaces in the Petrel program made it possible to trace the
geological development of a certain segment (the South Caspian Aquatic Basin) of the studied territory, to clarify the influence of both
long-lived deep and short-term local faults on the petrological composition of sediments and their thickness to determine the contours of

possible objects of oil and gas formation.

Conclusions. The approximation of the outlined oil and gas source rocks (by PetroMod modeling) stratigraphic units on the
territory of Western Turkmenistan to the western part of the SCMD assumes the allocation of hydrocarbon sources in deep-submerged

rocks in the rest of the territory.

The combination of seismometry and volcanology data makes it possible not only to outline geological bodies on seismic profiles,
but also to determine their density composition and chemistry by the speed of propagation of seismic waves.

Keywords:
hydrocarbon sources.

Background

The South Caspian megadepression (SCMD) is an
intermountain trough bounded: from the west by the Dziruly
massif, from the east by the West Turkmenian Depression,
from the north by the orogens of the Greater Caucasus,
Greater Balkhan and from the south by the Lesser
Caucasus, Talysh and Alborz, including the waters area of
the Southern Caspian (fig. 1). All these structural units are
the Caucasian segment of the Alpine-Himalayan folded belt,
which is in its active stage of development (earthquakes, sea
level changes, mud volcanism, etc.).

The oil and gas potential of this territory is associated to
its location on the active margin of the Tethys Ocean, which
certainly indicates the presence of hydrocarbon
accumulations. For example, the Western Siberia, the Pre-
Urals territories and many other oil and gas basins are the
ancient active margins of the continents.

The considered territory is part of a united South Caspian
oil and gas megabasin, but its geological formation at certain
stages took place in different ways.

Volcanogenic sedimentary rocks of the Mesozoic-
Quarternary are included into the geological structure of the
studied oil and gas basin.

In the Mesozoic period, that territory was represented by
the active continental margin of Eurasia and was under

South Caspian Mega Depression, Greater Caucasus, Lesser Caucasus, Talysh, Alborz, geodynamic model,

compression conditions associated with the convergence of
Gondwana with Eurasia (Golonka, 2007) (fig. 2).

Methods

The history of the development of SCMD based on data
from geophysics, drilling, volcanology, geodynamics in order
to identify accumulations of hydrocarbons allows optimizing
prospecting and exploration methods in oil and gas industry.

To analyze the history of the development of such a large
and diverse genesis of the territory, various research
methods were applied, in particular, the interpretation of
seismic profiles, the construction of structural maps and
profiles, the use of chemistry of volcanic rocks to clarify the
nature of the geodynamic model in different periods of
geological time.

Results

Methodology and laying out the main material

The western border of the SCMD is the Dziruly massif,
located on the Georgia territory (Mikhailov, 2017). Towards
the east of it, the Kartly depression stretched up to the
border with Azerbaijan, made by thick strata of Miocene-
Pliocene molasses (up to 2-3 km) and Paleocene-Eocene
volcanogenic-terrigenous-carbonate formations with a
thickness of up to 4.5 km. That means the basement here is
situated shallow - about 4-6 km.
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Fig. 1. South Caspian Megadepression:
EBS — Eastern Black Sea hollow; SCB — South Caspian basin; RH-Riony hollow; KH — Kura hollow; WTH — West Turkmenian hollow;
GC - Greater Caucasus; LC — Lesser Caucasus; DM — Dziruly Massif; AP — Absheron Peninsula; T — Talysh mountain;
A — Albours; GB — Greater Balkhan; K — Kopetdag; ChP — Cheleken Peninsula
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Fig. 2. The scheme of interaction of lithospheric plates of the Caucasian region according to (Narimanov, 2003).
Borders: 1 — collision; 2 — spreading; 3 — subduction; 4 — direction of movement of lithospheric plates

Along the sides of the Kartly depression, narrow folds,
overturned to the south, complicated by disjunctives, are
developed in Paleogene-Neogene sediments, since both the
folding of the Greater Caucasus and Adjara-Trialety have been
thrusted onto the Kartliy trough, and the intensity of the former
is more significant than latter (Kekelia et al., 2011).

The main oil Georgia's areas are concentrated in the
Colchis and South Kakhety oil and gas bearing regions
(intermountain troughs in the body of the Transcaucasian
microcontinent), as well as in the Guri and Pre-Thbilisi regions
(marginal troughs of the superimposed Adjara-Trialety
folded zone), which oil-content is associated with the Upper
Cretaceous-Pliocene deposits (Lebedev et al., 2004) (fig. 1).

To the east of the Kartly (Upper Kura) depression the Mid-
Kura depression with complex tectonics is situated, especially
in the interfluve of the Kura and Gabyrri rivers. The South
Kakheti tectonic region distinguished here, represented by a
thick Paleogene-Neogene stratum (4-5 km), and the Mirzaani-
Arashi meganticlinorium with a huge thickness of the Pliocene
complex, was folded and torn apart by thrusts (fig. 3).

The southern part of the Transcaucasian microcontinent
(island arc) has been passed through the Late Mesozoic and

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

Cenozoic development regime of the marginal basin. As a
result, Cretaceous-Paleogene hollows (inter-arc rifts)
formed at the junction with the orogeny of the Lesser
Caucasus (island arc in the Mesozoic) with structural-
formation zones: Adjaria-Trialety, Bolnisi-Ganja and Sakiry.
The farthest northern downwarping of some of them are part
of the intermountain trough (Khain, 2005).

A relatively stable tectonic block, the Artvin—Bolnisi
block, remained unaffected by this regeneration, within
which the protrusions of the ancient basement — the Khramy
and Loki massifs — have been preserved.

This entire territory in the Mesozoic time was the active
margin of Eurasia, composed, in general, of the same
sedimentary complexes that form the oil systems of the
modern margins of this megaplate.

The recognized sources of oil and gas generation are the
deposits of Maikopian (Oligocene-Early Miocene) and Late
Eocene. Modern research has added Lower Jurassic shales
to the oil source rocks. The main productive reservoir rocks
are fractured Middle Eocene volcanic tuffs, dolomitized
limestone of Cretaceous age, as well as Chokrakian (Middle
Miocene) and Upper Eocene sandstones.
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The Georgian part of the Mid-Kura Trough smoothly
passes into the Azerbaijani territory of the depression of the
same name, where terrigenous-carbonate (Naftalan,
Gazanbulag, etc.) and volcanogenic (Muradkhanli, Jarli,
etc.) Meso-Cenozoic deposits have been discovered.

The above-mentioned oil and gas bearing areas belong
mainly to the Pre-Lesser Caucasian and Yevlakh-Agjabadi
hollows. However, tectonically, the Middle Kura basin from
north towards south is represented by the Alazany-Ayrichay
superimposed synclinorium, Gakh-Dashyuz anticlinorium,
Mirzaany-Arashy synclinorium, Chatma anticlinorium,
Jeyranchel synclinorium (fig. 4). The strikes of the listed
structures are Caucasian (Gadirov, 2002). The
heterogeneity of this depression's structure, as well as the
Riony and Upper Kura depressions, is explained by its
location in the front of converging plates with active
tectonics, including volcanism, folding, and faults.

The Mid-Kura and West Turkmenian depressions were
formed on the blocks of Adjara-Trialeti, the Lesser
Caucasus, the Pre-Balkhanian zone and the zone of

Fig. 3. Seismic time and geological section along the Kura-Gabyrri interfluve to the Lower Kura depression

|~ 10000
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descending in the Cenozoic. The Kura depression is
essentially a Molasse, but mostly a non-superimposed
trough. Within its limits, the Gabyrry (Late Cretaceous),
Alazani-Ayrichai (Pliocene) and Sabirabad (Quaternary)
troughs are superimposed.

The territory of the Kura trough and the Samkheti-Agdam
zone were part of the unified Transcaucasian Island arc, or
in a narrower sense, the Lesser Caucasus, after the collision
in the Bathonian time of the Samkheti-Agdam and Central
Kura Island arcs (Pogorelova, & Serikova, 2010; Yusubov,
& Guliyev, 2022) (fig. 5).

The age range of volcanism within the territory of the
Kura Depression is wider than in the Samkheti-Agdam
zone. In addition to the Late Jurassic, Coniacian-Santonian
volcanism, which is characteristic to the Samkheti-Agdam
zone, the Albian Cenomanian, characteristic to the
Vandam zone and Adjara-Trialeti, as well as Campanian
volcanism, characteristic to the Vandam zone, is also
manifested here (Harutyunyan, 2010). Here, the island—-arc
volcanism of the first of these zones and the riftingly one

southwestern  Kopetdag virgations that continued for the second are added.
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Fig. 4. Geological profile of the Middle Kura depression
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Fig. 5. Selsmlc tlme sectlon of the central part of the Mid Kura depresswn along the line in the diagram
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The zone of Mesozoic rise position extending from the
Kurdamir-Saatli buried uplift area does not extend in the
direction of the Vandam zone to the north by the revealed
drilling data. This zone turns in a west-northwesterly direction,
corresponding to the strike of the Mingachevir-Goychay
gravitational maximum. The Mingachevir-Goychay-Kurdamir-
Saatli-Mugan gravitational maximum system is emerged,
which has a Caucasian strike on the Mingachevir-Goychay
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segment, and acquires a submeridional strech close the
Kurdamir region. This whole system of maxima is blocked
from the north (in the western part) and from the east (in the
eastern part) Mingachevir-Goychay-Padar-Gizilagach
(Mingachevir-Goychay-West Caspian) deep fault system,
which is the boundary of blocks with developed and
undeveloped granite layer, i.e. encialic and encymatic blocks
(Pogorelova, & Serikova, 2010) (fig. 6).
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Fig. 6. Mingachevir-Geychay-Kurdamir-Saatly-Mugan gravitation maximum on the seismic-geological section

Since the Mesozoic, the above-mentioned maxima
within the Kura basin form uplifts and troughs, which further
develop throughout the Meso-Cenozoic. Thus, already in
the early Jurassic time, Mingachevir-Goychai-Kurdamir-
Saatli-Mugan, Alazani-Agrichai uplifts, Shiraki-Ajinour-
Lower Kura, Yevlakh-Agjabadi troughs appeared, which
developed up to the Pliocene (Rakhmanov,2007; Yusubov,
& Guliyev, 2022) (fig. 7).

In the Pliocene, only the Shiraki-Ajinohur-Lower Kura
trough remained (fig. 5). The Yevlakh-Agjabadi trough is
being disbanded, and structural noses of the anti-Caucasian
strike are forming here at this time. But in the Quaternary,
the Yevlakh-Aghjabadi trough reappears (Pogorelova, &
Serikova, 2010) (fig. 8).

All structures that develop and eventually cease to exist
are controlled by faults: long-lived — Lankaran, West
Caspian, Mingachevir-Goychai-Padar-Gizilagach, Ajichai-
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Alat, Telavi-lsmayilli, Kvareli-Gutkashen; Bilasuvar-
Karadonli and Sheki-Yevlakh transverse faults.

The Bilasuvar-Karadonli transverse fault system (Lower
Araz) restricts the Bilasuvar-Karadonli transverse uplift
(West Caspian, according to E.Shikhalibeyli) from the north
and south. This uplift is crucial in the formation of various
historical and formational settings in the Eocene period
within the Samkheti-Agdam zone of the Lesser Caucasus
and Talysh. This faults system connects to a deep fault
running in the central part of the Kurdamir-Saatli-Mugan
uplift, cutting off the Talysh from the Samkheti-Agdam zone
of the Lesser Caucasus.

The Middle Kura Depression expanding to the east,
passes into the Lower Kura Depression, into which the
Lower Araz trough enters, separating the Talysh fold system
from the Lesser Caucasus.
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Fig. 7. in the Oligocene-Neogene the Kura depresswn flexed differently and created a modern intermountain zone —
the Transcaucasian trough with a median massif in the basement:

1 — pre-Jurassic basement, 2 — Jurassic carbonates, 3 — Lower Cretaceous (volcanic sediments),

4 — Upper Cretaceous (carbonates), 5 — Paleocene (carbonates), 6 — not yet formed Cenozoic
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Fig. 8. Paleotectonic map of the Pliocene stage of the southern limb of the Middle Kura depression
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Fig. 9. Seismogeological cross-section along the Mingachevir-Shirvan line

The Lower Kura depression is the widest part of the
intermountain Kura trough, composed of 10 km molasses
mainly due to the appearance of Early Pliocene continental
sediments in the section — an analogue of the "Productive
strata". That entire complex of formations, including the
Absheron layers (early Quarternary), forms lines of
brachianticlinal folds (Kurovdag, Neftchala, Kursangi, etc.)
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complicated by normal faults and mud volcanoes. In the
modern structural plan of the Lower Kura depression, the
Navahy local gravitational maximum of the submeridional
strike is a reflection of the existing encialic island arc. These
maxima are a reflection of the relatively shallow occurrence
of dense rocks composing the island-arc series.
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The border of the Lower Kura Basin with the Greater
Caucasus is expressed in the same way as its entire
southern side, by the latter's thrust onto the edge of the
depression. In the west it is flattest, where Pliocene
molasses are overturned on their heads in the recumbent
limb of the thrust, in the east it is steeper.

Towards the east, the Lower Kura Hollow is opened into
the South Caspian depression as an oil and gas bearing

area of the Baku archipelago, as well as the southeastern
end of the Shamakhi-Gobustan depression, more precisely
its southern ending, the Langabiz-Alat ridge. As mentioned
above, almost all structures are brachianticlinal folds
complicated by faults and mud volcanoes with a
sedimentary thickness of more than 20 km (Yusubov, &
Guliyev, 2022) (fig. 10).

Fig. 10. Seismogeological section of the structures of the western part of the South Caspian Hollow

The island arc bounding the depression of the Southern
Caspian Sea from the north is the eastern continuation of the
Encialic Island Arc. The latter was founded as mentioned above
within the Vandam zone. In modern structural plan its reflection
is the Sangachal submeridinal segment of the Yavanidag-
Sangachal gravitational maximum and the local gravitational
maximum of the Baku archipelago (Glumov et al., 2004).

The above mentioned reflects the strike change tendency
of the eastern elements of the Kura Basin from the Caucasian
to the submeridional. This trend is also evident for elements
of the Vandam zone. It was also revealed by geophysics to
the south of the Absheron Peninsula (Goberman, 1975;
Menshov, 2021). These eastern elements of the Kura Hollow
and the Vandam zone descend into the western part of the
Southern Caspian basin, and elements of the West
Turkmenian Depression descend into it from the east. These
elements of both hollows are often connected to each other
within the basin of the Southern Caspian Sea. Thus, in the
north of the Southern Caspian Sea depression in the Meso-
Cenozoic time the Absheron-Pre-Balkhanian trough
develops. The Kurdamir-Saatli-Mugan uplift is connected to
the Godin uplift through the depression of the Southern

Caspian Sea, and the trough is connected to the Keimir-
Chikishlyar trough (Akhmedbeyli et al., 2010).

Although the structures of the Southern Caspian Sea are
a continuation of land structures in the sea, it must still be
repeated that at certain stages this active margin of the Tethys
Ocean had a different history of development. Therefore,
despite the relative youth of the Southern Caspian Hollow
(SCH) and its riftogenic origin (Alizadeh, & Khain, 2005),
dense Mesozoic rocks, possibly of an older age, were found
under the layer of Cretaceous-Cenozoic sediments
(Khaustov, 2011). All the main geophysical signs, such as
increased heat flux, decompression of upper mantle rocks
and high occurrence of the roof of the Mohorovichich
boundary and the asthenosphere, testify to the riftogenic
nature of the Southern Caspian Hollow (Neprochnov et
al.,1968; Mammadov, 2002). The Absheron Archipelago is
situated to the north of the above-mentioned Baku
archipelago — a continuation into the sea of the southeastern
end of the Greater Caucasus,namely the Absheron
Peninsula, that is connected to the Balkhanian uplift zone in
the eastern part of the Caspian Sea, forming a united tectonic
structure — the Absheron-Pre-Balkhanian, separating the
South Caspian and Middle Caspian basins (Figs. 11, 12).

Fig. 11. Tectonic scheme of the Absheron-Pre-Balkhanian uplift zone
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Fig. 12. Sublatitudinal geological and geophysical profile along the Absheron-Pre-Balkhanian uplift zone
(Abdullazada, 2022; Pogorelova and Abdullazada, 2023)
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All  structures formed in the Southern Caspian
depression were controlled by the geodynamic situation,
which led to the accumulation of sediments with favorable
reservoir properties, and the formation of hydrocarbons, and
their migration into reservoirs.

The sandy-clay layers of the "Productive Strata" of the
Lower Pliocene of the Absheron Peninsula in the depth range
from 200 m up to almost 4 km contain hydrocarbon deposits.
These layers, downwarping to the southeast, into the Caspian
Sea aquatory to the depths of 5-6 km, are productive, and
currently the largest deposits are discovered: Shah Deniz,
Absheron block, Garabakh, Azeri, Chirag, Guneshli, etc.
Figures 11 and 12 show how these "Productive Strata" pass
into the Turkmenian part of the Caspian Sea and, according
to Zalova (1982), local maxima correspond to Pliocene
structures in areas where the presence of an uplifted block in
the Paleogene-Mesozoic is assumed, i.e. in the areas of local
maxima of Makhtumkuli and Diyarbakir, and Garagol-Denisz.
Therefore, it is obvious that the reflection of Pliocene
structures in the local fields are subordinated to the influence
of the Mesozoic (Abdullazada, 2022; Pogorelova, &
Abdullazada, 2023; Aliyeva, 2023).

The folds buried under the seabed, making up the folding
of the West Turkmenian intermountain depression, are
located between the Alpine folding mountain structures of
the Greater Balkhan, Kopet Dagh and Albours. Like the
entire South Caspian megahollow, it is characterized by a
large thickness of Mesoceinozoic sediments (15-20 km in
its central parts), the manifestation of plicative and
disjunctive dislocations, linear folding, and the presence of
mud volcanism (Rustamov, 2005). The main tectonic
elements of the West Turkmenian Depression are the Pre-
Balkhanian, Gograndag-Okarem uplift zones and,
separating them, the deep Kyzylkum trough (fig. 1).

The Pre-Balkhanian uplift zone stretches in a
sublatitudinal direction in the northern part of the depression
and is represented by anticlinal structures (Cheleken, Kotur-
Tepe, Barsagelmes, etc.) descending into the Caspian Sea
(Zhdanov Bank, Gubkin Bank, LAM, etc.), and connects with
the Absheron threshold stretching towards it. The
Gograndag-Okarem's  uplifts zone stretches in a
submeridional direction parallel to the Caspian Sea coast.
The folds of this zone, unlike those of the pre-Balkhanian
zone, are flat with wide hinges, with a small amplitude and
less complicated (Ibrahimov, 1998).

These folds morphology allows us to conclude about
their genesis. Firstly, their orientation reveals their
dependence on the submeridional (West Turkmenistan)
fault, which forms folding processes (normal faults in
Neogene deposits correspond to these fractures, which, in
turn, are associated with numerous mud volcanoes).
Secondly, the folds shapes and amplitudes confirm their
origin, most likely from the vertical forces of the earth's crust,
and not from the horizontal ones.

The Kyzylkum trough is situated between the Absheron-
Pre-Balkhanian and Gograndag-Okaremian uplift zones and
subjected to the horizontal and vertical forces of the Earth's
crust in this segment of the West Turkmen Depression. This
is explained by the fact that the hollow develops in the
interaction of small plates zone of the earth's crust both
along shear's boundaries and along deep crustal faults. This
is reflected in the folding genesis and its orientation in space.
Literally, the Absheron-Pre-Balkhanian zone of uplifts, that
limits the hollow from the north, reflects the subduction zone
of the SCH under the Eurasian plate in the sedimentary
cover (Mammadov, 2002). The Gograndag-Okarem zone of
uplifts limits the hollow from the southeast borders the
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Kyzylkum downwarping along the shear, which ultimately
controls its folding in Neogene-Quaternary layers. On the
border with the shear, suture zone, the folds have a sub—
meridional orientation; in the central and northern parts of
the trough, the orientation of the folds is sub-latitude.

The farthest eastern tectonic unit of the SCH — Aladak-
Messarian tectonic zone represents an area of buried
Mesozoic folding descending to the west towards the
Gograndag—Okaremian uplift zone along a system of large,
stepped deep faults, to the west of which deposits of red-
colored strata appear that are absent in the Aladak-
Messarian zone (Guliyev, Fedorov, & Kulakov 2009).

In the West Turkmenian depression all identified fields (Pre-
Balkhanian and Gograndag-Okaremian vicinity) belong to the
Red-colored (Productive) strata where they are also muilti-
layered and to the Akchagyl and Absheron suites of the Upper
Pliocene and the Quarternary (Babaev, & Hajiyev, 2006).

Speaking about oil and gas generating deposits, taking into
account the history of formation and the lithological composition
of the SCH, they can be attributed, referring to the results of
modeling the processes of generation and accumulation of
hydrocarbons in the sedimentary complex, to Mesozoic-
Pliocene stratigraphic units (Kerimov et al., 2011).

Moreover, the main focus of gas phase generation is
deposits located in the zones of apocatagenesis and
metagenesis of the Mesozoic. The focus of the liquid phase
here is Paleogene-Miocene sediments with the clearly
subordinate participation of the lower part of the "Red-colored
strata" section (grades MK1—MK?2, partially MK3), that in the
sedimentary cross-section corresponds to the current actual
position of the oil formation zone — the depth range is up to 8—
10 km. Condensate and fat gas generation zones are at depths
up to 12—14 km, i.e. these processes are carried out mainly in
the underlying "Red-colored strata" sediments, determining the
clearly allochthonous nature of its HC saturation (Serikova,
Allanazarova, & Idiatullina, 2022) (fig. 13).

Discussion and conclusions

Having examined the evolution of the South Caspian
Mega Hollow, having traced the stage-by-stage
development of each major element of the region, we come
to the following conclusions:

¢ On the site of the modern Kura and Gabyrri interfluve
up to and including the Lower Cretaceous there was the
Artvin-Bolnisi uplift;

e The Gabyrri (Late Cretaceous), Alazani-Ayrichai
(Pliocene), Sabirabad (Quaternary) troughs and the Araz
transverse trough within the Kura depression are
superimposed troughs;

¢ The Bilasuvar-Karadonli transverse uplift developed in
the Cretaceous-Oligocene time, and the Lower Araz
transverse trough developed only in the Miocene;

eIn the Kura and West Turkmenian hollows
Mesocenozoic uplifts and troughs change their strikes from
the Caucasian to the submeridional and go into the
depression of the Southern Caspian;

¢ Due to the change of the structures strike it is wrong to
talk about a single Talysh-Vandam submeridional uplift
since the Mingachevir-Goychay gravitational maximum is
separated from the Vandam maximum by the Ajinohur
minimum, and the Mugan gravitational maximum goes into
the Southern Caspian Sea reaching the Talysh mountains.

The main part of the Kura depression up to the Pliocene
was a Molasse inherited trough, and the Lower Kura trough
developed later, and only in the post-Baku time a modern
relief was formed here.
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Fig. 13. Structural-tectonic models of the Turkmén sector of the South Caspian basin according to
(Serikova, Allanazarova, & Idiatullina, 2022)

Based on the study of the structural plans ratios of the
Kura depression folding, we come to the conclusion about the
hydrocarbon prospects of the structural protrusions of the
anti-Caucasian direction within the interfluve of the Kura and
Gabyrri. The structural promontories of the Anticaucasian
direction and the anticlinal folds of the same direction indicate
their ancient formation, which in turn indicates that they were
already formed by the time of the migration of hydrocarbons
and could be the place of their localization. In this regard,
volcanogenic sedimentary formations of the Eocene and
Upper Cretaceous with good reservoir properties may be
promising in terms of oil and gas potential.

Zones of inherited deflection (as yet undetected) may be
promising in terms of oil and gas potential, as they have
developed a continuous section of sediments. Such zones
are the Absheron Peninsula, the Lower Kura Depression,
and the Shiraki-Ajinohur zone.

In the West Turkmenian basin the structural plan
changing in the Paleogene occurred. The modern structural
plan within its boundaries has been formed since the
Pliocene. The oil and gas potential both discovered and
promising is associated with Paleogene (sub "red-colored")
terrigenous and Neogene-Quaternary deposits.

Authors’ contribution: Elena Pogorelova — conceptualization,
methodology, writing (original draft); Murad Abdulla-Zada —
data treatment, formal analysis, writing (revision and editing);
Lala Abilhasanova — data validation; Telli Shikhmammadova —
data validation.
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Asep6aiimpkaHCbKUI AepXXaBHUM YHiIBepcuTeT HadTh Ta npomucnosocTi, Baky, Asep6ainmkar

2COKAP, Bigain po3ssigyBanbHoi reoiaunku, Baky, AsepbangxaH

CEMNCMOrEOJNION4YHUY AHANI3 EBONIOLIMHOIO PO3BUTKY NMIBOEHHOKACMINCbKOI MEFAMPOIUHY
3 METOIO BUSIBNEHHSA CKYMNMYEHb BYITIEBOOHIB

B c Ty n. lliedeHHokacnilicbkuii me2anpo2u6 (MKMIT) — ye mepumopisi, o6mexeHa Ha 3axo0i macueom [3upynu, Ha cxo0i 3axiOHOMypPKMEeHCb-
KO0 3anaduHoIo (8KITHOYHO), Ha NMieHOYI 2ipcbKUMuU cmpykmypamu Benukozo Kaeka3y, Benukozo banxaHy, a Ha niedHi — Manum Kaekazom, Tanuwem
i An6bypowm (sknroqaroyu akeamopito lliedeHHozo0 Kacniro), sika, y ceoro yepay, noe'a3aHa 3 [liedeHHokacnilicbkuM Haghmoaa3oHOCHUM Me2abacel-
HOM. Y 2eoduHamiyHili modeni ITKMI1 siensie coboro kaeka3bKuli ceameHm Anbnilicbko-Iimanalicbko2o cknadyacmozo nosicy (lio2o Mix2ipcbKy 4ac-
muHy) 3 ereMeHmamMu aKkmugHoi cmadii po3eumky, npumamMaHHUMU yili mepumopii, a came — 3emsiempycamMu, 3MiHaMu PieHs1 MOPS, 2Psi3bO8UM
8yJIKaHi3MOM moujo.

MeToawn. Y cmammi po3sansHymo icmopito pozeumky [/]3 Ha ocHogi daHux 2eopizuku, 6ypiHHSI, 8ynkaHonoeii, 2e00uHaMiKu 3 Memoro eu-
s18/1eHHS CKYNM4eHb 8y2s1e800Hie.

Celicmozeorsio2iyHi po3pi3u, npedcmaeneHi no ecili docnidxyeaHili mepumopii, NosicHrOMb ckiiadHy 2eosio2iyHy 6ydoey ma 2eoOUHaMmiKy, no-
YuHaroyu 3 6alikaibCbK0O20 MeKMOHi4HO20 2eHe3ucy i 00 cbo200eHHs1. Himki mexi ocadoeux 6aceliHie ma ocmpieHux dy2, wo ix omo4yroms, sKi
KOHmpouso8anu nimosozito ma cmpamuzpadgpito, daroms 3Mo2y npo2Ho3yeamu liMoe8ipHi Haghmoz2a3oHocHi ma Haghmoza3onpodyKmueHi mopodu.

PesynbTaTtu. lobydoea cmpykmypHux pi3Ho4acoeux noeepxoHb eioknadie y npozpami Petrel do3eonuna npocmexumu 2eosio2ivyHull
po3sumok neeHoz2o ceameHma (lliedeHHokacnilicbkoi 3anaduHu) docnidxyesaHoi mepumopii, 3'acyeamu ennue sik doe2ompueanux 2iIu6UHHUX, makK
i KopOomKOYacHUX JI0KaJIbHUX PO3/I0Mie Ha memposio2iyHul cknad eidknadie ma ix nomy»xHicmb, eU3Ha4UMUuU KOHMYpPU MoXueux o6'ekmie Hagphmo-
2a30yMeOopeHHs.

B v c H 0 B k n. HabnuxeHHsi sudineHux (3a MmodesntosaHHsiM PetroMod) cmpamuzpagbidHux oOuHuUYyb Haghmoaa3oHOCHUX Mopid Ha mepumopii 3axio-
Hozo TypkmeHnicmaHy do 3axidHoi yacmuHu [[]3 nepedb6ayae eudineHHs1 Oxepers eyareso0Hie y 2r1u6oKo3aHypeHUX Nopodax Ha pewmi mepumopii.

IMoedHaHHs daHux celicMoMempii ma 8ysikaHos102ii 0a€ 3Mo2y He MiNbKU OKpec/Iumu 2eos102i4yHi mina Ha celicMi4HUX npodinsx, ane U 8u3Ha-
qumu ixHili 2ycmuHHUl i ximiyHuli cknad 3a weuoKicMo NowupeHHs1 celicMiYHUX X8UJlb.

KnwuyoBi cnosa: lliedeHHokacnilicbkuli Me2anpo2u6, Benukuii Kaeka3, Manuii Kaeka3s, Tanuw, An6ypc, 2ceoduHamMi4yHa Modesb, Oxepena
ayaneaodHie.

ABTOpM 3asBNAIOTb NPO BiACYTHICTb KOHMMIKTY iHTepeciB. CnoHcopu He Bpanu yyacTi B po3pobneHHi JocniaXeHHs; y 36opi, aHanisi um
iHTepnpeTaLii AaHKX; y HANUCaHHI pyKonucy; B pilleHHi Npo nybnikaLito pesynbTaris.
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ACNEKTU MIKPOTOMOIPA®Ii NTOBEPXOHb FrPAHEA KPUCTAIIB
Y MOAENIOBAHHI NMPOLLECIB MIHEPAJIOYTBOPEHHA HA NMPUKIAAI TPAHATIB

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

B c Ty n. MikpomonozpadiuHi docnioxeHHs1 2paHeli Kpucmarna daromb eesiukuli ob6csi2 iHghopmayii U000 NMoxXoOKeHHs Kpucmana,
npo MexaHi3aMu Kpucmanizauii, demani npoyecy pocmy, HaéKosIUWHE cepedosulle, nodasibwe iCHysaHHs1 i mocmynosy pyliHauiro MiHe-
pany, doseonsiroms nepedbadumu Moxuey nosediHKy Kpucmarsie y 36azaqyeanbHomMy npoueci mouwjo. [paHi peanbHUX Kpucmarnie
Heanadki, WopCMKi, Maromb HepigHy MOBEPXHIO i 4acmo 8KpUMi 8eJIUKOIO KiNIbKICMIO MIIOCKUX i eu2Hymux MikpoghopM-MikpozpaHel.
Mikpopenbeg epaHi eid03epkantoe e3aeMo0ito KpucmasniyHoi cmpykmypu MiHepasy i cepedosuwa ymeopeHHs1 MiHeparie, a cumempisi
npocmux mikpopesnsegphHUX ¢hopM NNesHO20 NMOXOOKEHHSI € pe3ysibmamomM e3aeModii cuMempii Kpucmanid4Hoi cmpykmypu i cumempii
cepedosuuja miHepanoymeopeHHsi. [Jo enemeHmie mikpomonozpadgii (Mikpopenbeghy) noeepxHi kpucmasny mpaduyiliHo exioYarome
ghicypu pocmy i po34yuHeHHs1, @a makox 6inbw ckinadHi KOMMIEKCHI CKyIbNmypu, Wo ckiiadaromecsi 3 6inbwWoi Kinbkocmi MikpozpaHed.

M e T o au. lNpu docnidxeHHi Mopghostoaii i mikpomomnozpaghii noeepxoHs kpucmarie 2paHamie (cnecapmuH (podosuwe HaHixin,
JlonioHdo, TaH3aHis), aHOpadum (Cmepekie Kaminb Buzopnam-I'ymuHcbkoi 2psidu 3akapnammsi, YkpaiHa)) 6ys10 eukopucmaHo 20Hio-
Mempito ma pacmposy esieKmpoHHY MIKPOCKoito (eniekmpoHHUl Mikpockon REMMA-202M, ennekmpoHHuli mikpockorn JSM-6700 F).

Pe3ynbTaTu. fJocnidxeHi Kpucmanu spaHamie xapakmepu3yrombcsi po3mMaimicmio ¢hopM penibeghy noeepxHi epaHel, npuma-
MaHHUX sIK npoyecy pocmy (CXOOUHKU pocmy, Wmpuxu-eucmynu, MeaHopu), maK i PO34YUHEHHS1 (IMKU PO34UHEHHSI, CMyau 3 sIMKaMu
PO3YUHEHHSI, Yyepenum4Yamul 8i3epyHOK PO34UHEHHS, MPUXimuyYHi KaHanu).

B u c H o Bk u. [ocnidxeHi Kpucmanu cnecapmuHy eo4esudb y rnpoyeci pocmy 3MiHro8asnu ¢hopmMy, OCKiNlbKu 2paHi Maromb 2py6y
CKynbnmypy (WmpuxoeKka eupOod)KeHHSI, YucsieHHi 2py6i 2opbu pocmy moujo). Ha kopucmb 0aHO20 meepOKeHHSs1 c8id4uMb MaKoxX i
HasieHiCMb Ha OKpeMuX 2paHsix criecapmuHy 2py6oi wmpuxoeku. lfpucymricmb MmeaHApogo2o penbeghy 2oeopums npo ¢hopmyeaHHs
Kpucmanie y meepdomy cepedosuwyi wiisixoM 3amiujeHHs. IloeepxHi x Kpucmanie aHOpadumy, ujo exodsimb 00 cknady cKapHO8ol
MiHepanisayii npoxunkoeo2o muny, 30e6inbuwo20 deMoHCMPYOMb YUCJIEHHI 03HaKU PO34YUHEHHS, 30KpeMa i 3y64acmo-cxo0uHkosul
penbegh, ma 3amiujeHHs1 2paHamy No MpilWUHKax eMOPUHHUMU MiHepanamu (Kasbyumom, piduie XJlopumom), wio ceidyums npo mpu-
eanuli i bazamocmadiliHull npoyec MemacoMamu4HuUXx 3MiH.

Knw4yoBi cnoBa: mikpomonozpadgis, Mikpopenbedg, CKynbnmypu pocmy i po34UHeHHsl, 2paHamu, aHOpadum, criecapmuH.

Betyn

MikpoTonorpadiyHi JocnigKeHHs rpaHen Kpuctana aa-
I0Tb BENUKMIA 0BCAr reHeTu4Ho! iHdopmaulii Npo okpemi
etann popmyBaHHSA MiHepaniB. PesynbTatn Mikpomopdo-
NoriYyHoro aHanisy B MOEAHaHHi 3 iHWUMK MeTodamun BU-
BYEHHS MiHepariB Aae 3Mory cTBoptoBaTy GinbLu JockoHani
MogAerni npoueciB MiHEpanoyTBOPEHHS.

3aranom TepMiH "MikpoTonorpadis nosepxHi" 3actoco-
BYETbCH HE TiNbKW AN 03Ha4YeHHs pernbedy NOBEPXHi rpaHi
MacTaboM Big HaHOMETPIB A0 CaHTUMETPIB, a i ANs Nnoka-
NbHOI aTOMHOI CTPYKTYpU Ha nosepxHi kpuctany (Rakovan,
Becker, & Hochella, 1999). ®opmy kpucTtanis miHepanis Mo-
XKHa po3rnagaTtu sk BnacHe oopMy NoBEPXOHb, WO BUOKpe-
MAOKTL  KpucTan 3 JoBKinns. BuByaounm noBepxHi
KpUcTanis, MOXHa oTpumaTu iHdopMaLito NPO NOXOLKEHHS
KpucTana, MexaHi3amu Kpuctanisauii, geTani npowuecy pocTy,
HaBKOINULLHE cepefoBuLle, Nofarnblue iCHyBaHHS i MOCTY-
noBy pywHauilo MiHepany, nepeadaunTv MOXNuBY nosegi-
HKY KpucTanis y 36aravyBanbHOMY NpoLeci TOLLO.

paHi peanbHUX KpucTanis Hernagki, WOPCTKi, MalTb
HEepiBHY MOBEPXHIO N YAaCTO BKPWUTI BEMMKOK KiNbKICTIO NI1o-
CKUX | BUrHYTUX MikpodopM-MikporpaHein. Ha gymky (Pek-
nnyeB,1970) — K KOXHa icHyloda Ha KpucTani npocta
dopma Ta AifcHi nnocki MikporpaHi, wo ii BigobpaxatoTb,
BigA3epKarntoloTb NeBHi YMOBMU iXHbOro OOPMYBaHHS, Tak i
KOXHa fiCHa KpUBOMiHiHa MiKkporpaHb NeBHOT KPUBU3HW Ta
OpIEHTYBaHHSA LEHTPanbHOro padiycy TakoX Bigasepkantoe
neBHi yMoBM i hopMyBaHHS. Y Npoueci pocTy KpucTanis Mi-
HeparnoTBipHe cepeaoBuLLEe MNOCTINHO 3MIHIOETLCA, KpUcTarn
Xe pearye Ha 3MiHW UHaMI4YHOI NoBeaiHKOK CBOET NoBep-
XHi, Lo BiaGUBaeTbCsA y 3MiHax MOBEPXHEBOI CKyNbNTYpU.

MeToto AaHoi poboTu € NpeacTaBnTU pe3yrnbTaTi A4ochi-
OXeHHs MikpoTonorpadii rpaHen kpuctaniB rpaHaTtiB —
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cnecapTuHy (pogosuwe Hadixin, TaH3aHia) Ta aHopaguty
(CmepekiB Kaminb BuropnaTt-I'yTuHCbKOi rpsam 3akapnatTs,
YkpaiHa) i npoaeMOHCTpyBaTh MOXIMBICTb BUKOPUCTaHHS
OKpeMMX acnekTiB MikpoTonorpadii y MmogentoBaHHi npoe-
CiB MiHepanoyTBOPEHHS JaHMX MiHepaniB.

Metoaun

[Ons gocnigxeHHs mopdbonorii i MikpoTonorpadii kKpuc-
Tanie rpaHatiB 6yno BUKOPUCTAHO rOHIOMETPIto Ta pacTpoBy

€NeKTPOHHY  MIKpOCKONit0  (€NEeKTPOHHUIN  MiKpOocKon
REMMA-202M, enekTpoHHui mikpockon JSM-6700 F).
Pesynbtatu

PeanbHa noBepxHsi MiHepaniB y Npoueci pocTy YacTo Oy-
Bae "He KpuctanorpadiyHo", Wo CrpUYNHEHO, Hanpuknag,
PO3LLENIIEHUM POCTOM, OKPYINIUMM NMOBEPXHAMU, MeaHapYyto-
YMU LIapaMn pPocCTy, Pi3HOMaHITHUMKU hopMaMm po3yu-
HeHHs. Mikpopenbed rpaHi  BigAsepkanioe B3aeMofilo
KpucTaniyHoi CTPYKTYpu MiHepany i cepegoBuLLia YTBOPEHHSA
MiHepaniB, a CMMEeTpIS NpPOCTUX MiKpopenbedHUX opm
NEBHOrO MOXOMKEHHSI € pe3ynbTaToOM B3aEMOA(I cumeTpii
KpUCTaniyHoi CTPYKTypy Ta CMMETPIi cepeaoBumLla MiHepano-
yTBOpeHHs (Peknnyes, 1970). 3aranom pisHOMaHITHUI xapa-
KTep po3noAiny i B3aEMOBIAHOCUH FPaHHUX MIKPOCKYNbATYp
3 OOHUMM N TUMU X MPOCTMMK chopMamu MpU3BOAUTL OO
hopMyBaHHS Pi3HMX TUMIB rPaHHOro Mikpopenbedy Ta iHaW-
BiyanbHMUX MIKPOCKYNbNTYp, LLO HE CXOXi A0 0bpucy Kpuc-
Tany B Uuinomy. Yacto nosiBa i CBOepigHE NOeOHaHHsI
MIKPOCKYNbMTYP Ha Pi3HMX rpaHsAX noe's3aHe 3 TMMW MiHMKn-
BVMMW MOPONOTiYHNMMN BNAcTUBOCTSIMU KpUCTaniB, LLO 3ane-
XaTb Bid HEOOHOPIgHOCTEN cepedoBua KpucTanisauii
(HeogHOPIAHOCTI Y NepecuYeHHi, BUKIMKaHI KOHLIEHTpaLin-
HMMU NOTOKaMWU; 3yCTpiy 3 NepeLLKoamMu Npu pocTi B reTepo-
reHHoMmy cepefoBuLi; ha3oBa i TEKCTypHa HEOOQHOPIAHICTb
npuv pocTi y TBEpAOMY CepeaoBuLLi TOLLO).
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[vHamivyHa 3miHa MOpONOriYyHMX, Y TOMY YUCHi MIKpO-
MOPOSOriYHNX, 0OCOBNMBOCTEN OAHOMO N TOrO X MiHepany
3anexHo Bif reHe3ncy 3gaBHa BUKOPUCTOBYETLCHA AK TUMO-
MopdHa o3Haka. [1poTe cnig 3ayBaxuTy, WO Mikpopenbed
NoBepXHi MiHepany Bigobpaxae yMOBM OCTaHHbOI cTagii
yTBOpeHHS Kpuctanis (Peknuyes, 1970), To x npu moaento-
BaHHi BCi€l iCTOpIil YTBOPEHHSI KpUCTaniB HeobXigHO Takox
BpaxoByBaTU OCOOMMBOCTI aHaTOMIi KpucTanis — ONTUYHY,
XiMiYHY i CTPYKTYpPHY HEOAHOPIAHOCTI (CEeKTopianbHiCTb, 30-
HanbHICTb), PO3MOAIN BKIHOYEHb, MOPAOSIOrit0 30H 3 Pi3HUM
CKNaZoM i CTPYKTYpOLo, po3nogin B 06'eMi kpuctany pisHo-
MaHITHUX aedekTiB (TpiwmHKn, 6rokK, aAncnokadii Towo).

o enemeHTiB MikpoTonorpadii (Mikpopenbedy) nosep-
XHi KpucTany TpaauvuifiHo BKNoYaloTb irypu pocTy i po3uun-
HEHHS1, @ TakoX BinbLU CKnagHi KOMNMAEKCHI CKYNbNTypu, LU0
cknagarTbes 3 BinbLUOi KiNbKOCTI MikporpaHen (Peknuyes,
1970; Sunagawa, 2007). Cepen enemeHTiB MikpoTonorpa-
dii 32 MacluTabom po3BUTKY MOXXHA BUZINUTY KiNlbka Nopsia-
KiB. 30Kkpema, Ha BenuKMx 3a mroLlelo rabiTyCHMX rpaHsx
crocTepiraeTbCs psg rpaHHUX MIKPOCKYNbMNTYp, WO MakoTb
CXOXi hopMy, cMMeTpito, po3Mip i po3noain Ha rpaHi. Cyky-
MHICTb TaKNX MIKPOCKYNbNTYP MOXHA po3rnsagaTth sik Mikpo-
Tonorpagito nepLuoro nopsgky. BogHouac dikcyoTbea i
OinbLl TOHKI enemMeHTu, WO YyTBOPKTL MikpoTonorpadio
apyroro nopsigky. Noganblua getanisauis gocnigxyBaHoi
rpaHi 4ae amory BUAINUTY AOAATKOBO e 2—4 nopsaku. Tyt
BaXXIMBUM acneKkToOM AOCHiMKEHHS MikpoTonorpadii € Ta-
KOXX BCTAHOBIEHHS NMPOCTOPOBMX i YaCOBKX CMiBBigHOLLEHb

MiX Pi3HUMK TMNamu Mikpopenbedy Ta BU3HAYEHHS reHe-
3UCY KOXXHOTO TUMy.

Po3maiTicTb CKynbnTYyp Ha rpaHsix OgHIiel npocToi doopmm
OEMOHCTPYE Pi3HOMaHITHICTb SIK MeXaHi3MiB pOCTy KpucTa-
niB, Tak i HasfABHICTb Pi3HMX BUAIB OyaiBENbHUX YACTUHOK
KpucTanis. CKkynbnTypHi yCKNagHEHHs MOXyTb abo MoBTO-
ptoBaTK KOHTYpu rabiTycHux rpaHen, Bignosigatu im vacT-
KOBO ab0 CMINbHO BUPI3HATUCS Bif, OrpaHioBaHHA Kpuctany.
3 BENUKOro neperiky MiKpoCKynbnTyp Han4acTilue 3ycTpiva-
I0TbCA BiUWHAanNIi, eneMeHTapHi irypu pocTy i po34MHEHHS,
TpaHCnAUiiHI pebepHi i BepLUWHHI hopmu.

Ons paHoro pocnigpkeHHs Gyno BUKOPUCTaAHO pe3ynb-
TaTu BUBYEHHS MikpoTonorpadii NoBeEpXOHb rpaHen MiHepa-
niB rpynu rpaHatiB, 30KpeMa KpucTarniB cnecapTvHy 3
poposuua HaHixin (TaHsaHis) Ta aHngpaauty (Cmepekis Ka-
MiHb Buropnat-I'ytuHcbkoi rpaam 3akapnatTts, YkpaiHa).

CnecapTuH, NnpeacTaBneHwn kpynHuMmn, aobpe odopmne-
HUMM i30METPUYHNMM KprcTanamm po3mipom 0,5-5 cm, 3Hai-
OEHO y LaxTi, sKa po3TalloBaHa y ~14 kM Ha NiBOEHHWIA cXig,
B NonioHgo (Chadwick et al., 2008; Kvasnytsia et al., 2019).
["eonoris gaHoro pogoBsuwia geTanbHO He 3'acoBaHa. Kpuc-
Tanv HEOHOPIAHOrO Bif CBITMO- 0 TEMHO-NIOMapaHYeBOro KO-
NbOPY BUPI3HAIOTLCS CUMBHOK TPILLMHYBATICTIO | HAsIBHICTIO
YMCINEHHNX BKIMIOYEHb YEepPBOHYBaTO-(DIONETOBOrO MYCKOBITY
(puc. 1). FOHIOMETPUYHMM AOCHIAKEHHAMN BCTAHOBIEHO, LLO
KpucTanu npeacTaBneHi kKoMbGiHauielo TeTparoHTpuoKTaeap
{211} i pomboeppa {110}.

Puc. 1. Kpuctanu cnecaptuHy 3 pogoBuwa HaHixin (TaH3aHif) (Kvasnytsia et al., 2019)

AHOpauT, WO Mae BAMSAL OpibHux gobpe odopmeHnx
i30METPUYHUX KpUCTaniB i KCEHOMOPMHUX KOPOHOBaHUX 3e-
peH, 3HaaeHo y cknai ckapHOBOI MPOXUIKOBOI MiHepanisauii
y 3MiHeHMX nopofax Ha AinaHui Cmepekis kamiHb (Buropnart-
lyTuHCbKa rpsaa, YkpaiHeski Kapnatu) (KeacHuug, & Lem's-
kiHa, 2009). Mopoan NPOHM3aHi CUCTEMOIO PO3ranyXeHux me-
TacoMaTUYHUX  MPOXWIKIB  CeH-KNiHoNipoKceH-kapboHaT-
KaninaTtoBoro ckragy, iHodi 3 XIOpUTOM i MarHeTUTOM.
OcTaHHi nepeTnHaoTbCA BinbLu Mi3HIMK XIOpUT-rpaHaT-kapbo-
HaTHUMKN MPOXWIKaMKM, HanbINbL paHHIMW BUGINEHHAMU Y
AKMX € rpaHaTi, Lo YTBOPIOWOTL idiOMOPMHI Kpuctanu B
3anbbaHdax NpPoXWUNOoK, a TaKoX CrMoCTepiratoTbCs Y BUrMNS

150KV X120 100pm WO 15 0mm

arperaTHux ckynyeHb. [ocnimpkeHui aHapaguT npeacrasne-
HWUIA igiomMopdbHMMKM  KpucTanamu pomMboaonekaegpuyHoOro
rabiTycy Konbopom Bif, TEMHO-Me[oBoro 4o Oyporo po3mipomM
0,2-0,5 MM (puc. 2) 3a AaHUMK FOHIOMETPUYHMX OOCHIIKEHb
KpucTanam nputamaHHi Taki npocTi doopmu, sik pombogoaeka-
enp {110} i TeTparoHTpuokTaegp {211}.

MoBepxHam rabiTycHux opM AOCNIMKEHNUX KpucTanis
rpaHaTtiB npuTamMaHHi Pi3HOMaHITHI CKyNbMATYPHi ycknag-
HEHHSA 9K riNCOMETPUYHO BULLi, TaK i FiNCOMETPUYHO HUXKYi
3a NOBEPXHI0 rpaHi. Tak, Ha YacTUHi KpucTanis cnecapTUHy
BWOHO BiAMiHHY MikpoTonorpadito NOBepxHi npuTamaHHy
pi3HMM NpOCTUM chopmMam OfHOro kpuctany (puc. 3).

ISM-6700 F LEI 150KV X110 100um WO 15

Puc. 2. Kpuctanu aHapaguty (ainsHka CmepekiB kKamiHb, Buropnat-F'yTuHcbka rpsiga, YkpaiHcbki KapnaTu)
(pacTpoBui eneKTpoHHU Mikpockon JSM-6700 F)
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[lo ckynbnTyp pOCTY Ha NOBEPXHi rpaHen MoXHa BigHe-
CTUN: CXOAMHKM POCTY, siKi CMOCTEpiraloTbCsl Ha OKPEMMX rpa-
HSX aHApaguTy i cnecapTuHy (puc. 4,a), B3aemonaparnenbHi
BY3bKi LUITPUXU-BUCTYNW, SIKi yTBOPIOIOTb LUTPUXOBKY i 3HAYHO
MOLUMPIOOTECA MO MOBEPXHi rpaHi B OOHOMY HarnpsiMKy
(puc. 4,6), Ta MeaHAPU — aCUMETPUYHI BUCTYNWU 3MiHHOI
BMCOTU i LUMPUWHW, LLO OOBIIbHO 3MIHIOIOTb HamnpsiM CBOrO
NOLUMPEHHSA Ha rpaHsax cnecapTuHy (puc. 4,B).

WD=40.0mm

20.00kV__ x120
Puc. 4. Akuecopii pocTy Ha rpaHsix KpucTtanis cnecapTuHy
(pacTpoBui enekTpoHHUN Mikpockon REMMA-202M):
a — CXOMHKM pocTy, 6 — WTPUXW-BUCTYNK, B — MEaHAPU

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

Puc. 3. MikpoTonorpadisi pi3HUXx rpaHei kpucTaniB cnecapTuHy (HaHixin, TaH3aHif)
(pacTpoBui enekTpoHHU Mikpockon REMMA-202M)

[FincomMmeTpuYHO Big'€MHUMW YTBOPEHHSAMU Ha rpaHsX € pi-
3HOMaHITHI (pOpMM PO3UYMHEHHS. 3aranbHOK OCOGNMBICTHO
NMOBEPXOHb PO34YMHEHHS € CBOEPIAHE 3pi3aHHsA POCTOBOI aHa-
TOMIYHOI KapTUHW, (POPMYBAHHSA KOHYCHOI MakpOCKynbnTypu
NMOBEPXHi, YTBOPEHHS KaHaniB i LWiNMH PO3YMHEHHS1 B3A0BX
avcriokauiin Ta mex 6nokis Towo. 3a (Peknmue,1970), BCi
noBepxHeBi AedekTn (BKMIOYEHHS, AOMILLKOBI LIEHTPW, Baka-
HCil, gucnokadii, TPiLWHK, LWBW 3pOCTaHHSA BOKIB i ABIVHUKIB)
€ reHepaTopamu LuapiB po3ynMHeHHs. 3aranom siBuwia cnabd-
KOO PO3YMHEHHS MPUCYTHI Ha MOBEPXHi MiHepariB manxe
3aBxau. Tak, Ha rpaHsx {110} kpuctanis 4ocnigKyBaHoro aH-
ApaguTy cnocTepiraeTbCsa PisHUA CTYNiHb IX PO3YUHEHHS: Bif
CKyMYeHHs [OpibHUX SMOK PO3YMHEHHST — MONs  KOpoa3ii
(puc. 5,a), cMyr 3 AMKkamMy po3ynHeHHs (puc. 5,6), aybyacTto-
CXOAMHKOBOrO (Y4epenutyaToro) Bi3epyHky (puc. 5,8) 4o npo-
ABY TPUXITUMHWMX KaHanie y Micusx Buxogy Aucrnokawin
(puc. 5,r) (KeacHuug, & Lem'akina, 2009).

OpibHi nipamiganbHOi hOpMU AMKU PO3YMHEHHS (DiKCy-
10TbCH | 6e3nocepeHbLO Ha CXOOUHKAX POCTY Ha rpaHsx cne-
capTuHy (puc. 6,a). OkpeMum rpaHsM npuTamaHHi pisHoi
opMKM HEBENUKI KABEPHM | NMAHLIKOXKKM NipamiganbHuUX SMOK
(puc. 6,06).

[lo rincoMeTpUYHO HMKXYMX Bif PIBHSA rpaHi yTBOpeHb Ta-
KOX HanexaTtb 3arnnubuHun — BigbuTkK iHWNX MiHepanis, Ha-
NpVKNaz UMPKOHY Ha rpaHsax cnecapTuHy (puc. 7).

Ounckycis i BUCHOBKM

OTxe, OocnigKeHi KpucTanu rpaHaTiB XapakTepuay-
H0TbCHA pPO3MaiTiCTIo hopM penbedy NOBEPXHi rpaHen, npu-
TamaHHUX $K MpoLecy poCTy, Tak i po34MHeHHs. Tak,
KpucTanu cnecapTvHy BOYEBWAb Y MPOLECi POCTY 3MiHH0-
Banu opMy, OCKINbKM rpaHi MawTb rpyby cKynbntypy
(LWTpUXOBKa BUPOMKEHHS, 4YUCNEHHI rpyGi ropbu pocty
Towo). Bigomo, wo Benuka kinbkicTe rpybux ropbis pocty
abo BiUMHanen Ha rpaHAx ogHUX NPOCTUX POpM i BIAHOCHO
rnagka noBepxHs Ha rpaHsAXx iHLWKUX NPpoCTUX hopm KpucTana
CBigYMTb NPO 3MiHy POPMM KpUCTaniB 3a 3MiHW 30BHILLHIX
YMOB POCTY, OCKiNbku rpyba ckynbnTypa BnacTuea rpaHsim
3 GinbLoto BigHOCHOtO WBKAkicTio pocTy (Mono., 2011). Ha
KOPUCTb AaHOro TBEPAXKEHHS CBIAYNTD TaKOX i HAsiBHICTb Ha
OKpeMUX rpaHsx cnecapTuHy rpy6oi wrpuxosku. MpucyT-
HICTb MeaHOpPOBOro penbedy roBoputb NpPo hopMyBaHHS
KpucTanis y TBEpAOMY CEPEeAOBULLI LUNSXOM 3aMilLeHHS.

MoBepxHi X KpucTanie aHOpaguTy, WO BXOASATb A0
ckrnagy CkapHOBOI MiHepani3aLii NpoXunkosoro Tuny, 3ae-
GiNbLLIOro AEMOHCTPYOTh YUCIIEHHI 03HAKN PO3YMHEHHS, 30-
Kpema 1 3y64yacTO-CXOAMHKOBUI penbed, Ta 3aMillleHHs!
rpaHaTy no TpilMHKax BTOPUHHUMWU MiHepanamu (KanbLu-
TOM, pifLie XfopuToMm), WO CBiAYNTb Npo TpuBanun i bara-
TOCTafiiHMM nNpouec MeTacoMaTUYHNX 3MiH.
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Tam WD 8.4mm

Puc. 5. Mikpomopdonorisi rpaHei {110} kpuctaniB aHApPaauUTY, Pi3Hi CKYNbNTYPU PO3YMHEHHSA
(enekTpoHHUK Mmikpockon JSM-6700 F cipmu Jeol):
a — norns Kopoaii; 6 — CMyry 3 SMKamMn PO3YMHEHHS; B — YepenuTyaTuii Bi3epyHOK; I — TPMXITUYHUX KaHaniB y MiCUsIX BUXOAY AUCIIOKaLin

‘WD=40.0mm 20.00kV__ x600

Puc. 6. CKynbnTypyu po3YMHEHHS Ha rpaHsiX KpucTarniB cnecapTUHY (pacTpoBUi enekTPoHHUIA Mikpockon REMMA-202M):
a — nipamiganbHi MKW PO3YMHEHHSI HA CXOAMHKaX POCTY; 6 — OKpeMi KaBepHM Ta MaHUXKKK NipamigansHUX SMOK

Puc. 7. BiabuTku kpucTaniB LMPKOHY Ha rpaHAX KpUcTaniB cnecapTuHy
(pacTpoBui enekTpoHHUM Mikpockon REMMA-202M)

MpencraeneHi TyT pe3ynbTaTtv OOCMIMKEHHS AEMOHCTPY- YTBOPEHHS. Y nofanbLUnX JOCTIIKEHHSAX LikaBuM 6u 6yno 3ic-
I0Tb MOXJIMBICTb BMKOPWUCTaHHSI OCODNMBOCTEN MIiKpPOTOMO- TaBUTK MikpoTonorpacdpito NOBEPXOHb rpaHel KpucTarie rpaHa-
rpadoii MoBepxHi Npuv MOAENOBaHHI MPOLECIB  MiHepano- TiB, YTBOPEHMX Y Pi3HUX MiHEpanoreHiYHNx cuctemax.
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ASPECTS OF MICROTOPOGRAPHY OF MINERAL SURFACES IN MODELING
OF MINERAL FORMATION PROCESSES ON THE EXAMPLE OF GARNETS

Background. Microtopographic studies of the crystal faces provide a large amount of information about the origin of the crystal, the
mechanisms of crystallization, the details of the growth process, the environment, the further existence and gradual destruction of the mineral, allow
predicting the possible behavior of crystals in the enrichment process, etc. The faces of real crystals are non-smooth, rough, have an uneven surface
and are often covered with a large number of flat and curved microform-microfaces. The face microrelief reflects the interaction of the crystal structure
of the mineral and the mineral formation environment; the symmetry of simple microrelief forms of a certain origin is the result of the interaction of
the symmetry of the crystal structure and the symmetry of the mineral formation environment. The elements of the crystal surface microtopography
(microrelief) traditionally include growth and dissolution figures, as well as more complex sculptures consisting of more microfaces.

Methods. Goniometry and scanning electron microscopy (REMMA-202M electron microscope, JSM-6700 F electron microscope) were used
to study the morphology and microtopography of the garnet crystals surface (spessartine (the Nani hill deposit, Loliondo, Tanzania), andradite
(Smerekiv Kamin', Vygorlat-Gutyn hills, Transcarpathian, Ukraine).

Results. The studied garnet crystals are characterized by a variety of surface relief forms inherent in both the growth process (growth steps,
protrusion strokes, meanders) and dissolution (dissolution pits, strips with dissolution pits, tiled dissolution pattern, trichitic channels).

Conclusions. The studied crystals of spessartine obviously changed their shape in the process of growth, since the faces have a rough
sculpture (striations, numerous rough growth hillocks, etc.). This statement is also supported by the presence of coarse striation on individual faces
of spessartine. The presence of a meander relief indicates the formation of crystals in a solid enviroment by substitution.

The surfaces of andradite crystals, which are part of the vein-type skarn mineralization, mostly show numerous signs of dissolution, including a
dentate-stepped relief, and the replacement of garnet by fissures with secondary minerals (calcite, less often chlorite), which indicates a long and
multi-stage process of metasomatic changes.

Keywords: microtopography, microrelief, growth and dissolution sculptures, garnet, andradite, spessartine.
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OLUIHKA IHBECTULIINHOI NPUBABNINBOCTI OB'EKTIB
CAMOPOOHOMIAHOI ®OPMALIII BOJIMHCbKOIO PYAHOIO PAUOHY

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

BcTyn. Miob € 00HUM i3 Kpumu4HUX Memarnie Ansi npomucnoeocmi YkpaiHu. Ha mepumopii YkpaiHu eidomo noHad 150 nposieie
MiOi pi3HUX 2eHeMUYHUX Ma 2e0/1020-MPOMUC/Io8UX muriie, Halibinbwul iHmepec 3 sIKUX CIMaHoeJ1sIMb MPosieU caMopPOoOHOMIOHOI ghop-
maujii e pugbelicbkux mpanax BonuHcbko20 MiGHOPYOGHO20 palioHy. [Jnsi au3HavyeHHs cmyneHs1 iHeecmuuyiliHoi npueabnueocmi nposieie
Mmidi Heob6xiOHa 06'ekmueHa oyiHka pecypcHoi 6a3u MiOHOPYAHO20 palioHy.

MeTopawu. lpoeedeHo aHani3 pesysibmamie NMowykKosux ma rouwyKoeo-oyiH8asibHUX pobim y mexax pydonposieie BonuHckb-
K020 MiGHOpPYOHO20 palioHy: nepeassiHymo daHi no ceepdnosuHax, eudinieHi nepcrnekmueHi iHmepeasu, ymo4HeHo nyowi ma nepepa-
X08aHo pecypcu MiOHUX pyo.

Pe3ynbTaTtu. 3dilicHeHo nepepaxyHOK pecypcHo20 nomeHuyiany BonuHcbko2o MiOHOpPyOHO20 palioHy 071t mMpbOX Memasioze-
Hi4HuUx nnow: BonuHcbka, Kyxomcbko-Bonbcbka i MaHesuybka, nokasaHo, wjo ix nonepedHsi oyiHka niod 4ac npoeedeHHs1 MouwyKogo-
ouiHro8anbHUX pobim 3asuuieHa Ha MopsiOoK.

BucHoBku. BcmaHoeneHo, ujo caMopodHOMiOHe 3pydeHiHHs1 BonuHcbko20 MiGHOpYOHO20 palioHy Mae He3Ha4yHy iHeecmu-
yitiHy npueabnueicms i Nodanbuwe 0c8OEHHS (1020 NomeHyjiany nomeHyiliHUMU iHeecmopamu noe‘a3aHe 3i 3Ha4YHUMU pu3ukamu. lMee-
Hull iHmepec cmaHoeumsb 2pyna nposieie 3axiOHo2o0 obnsimyeaHHs ipHuybkozo 2opcmy (Mupuyi, 3anicu-LLIMeHbKu), ane He3HauYHI
napamempu pyOHuUX mis, ix po3nopouweHicms o nowi i No po3pisy, Heeenukuli emicm Midi, Heob6xiOHicmb nid3eMHo20 criocoby eudo-
6ymkKy cmaensime rid numaHHsi eKOHOMiYHy AoyinbHicmb iX PO3PO6KU.

Knw4yoBi cnoBa: midb, camopodHomMiOHa MiHeparnizauisi, BonuHcbKul MiOHOpyAHuli palioH, mpanu, pydonposieu, pecypcu.

BcTtyn

Migb € ogHMM i3 KONbOPOBUX METaniB, KU LLMPOKO BU-
KOPUCTOBYETLCH B €MEKTPOTEXHIL|, MawMHOBYAiBHOMY KOM-
nnekci, OyaiBHMLTBI, BIICLKOBIN CNpaBi, AN BUTOTOBMEHHSA
pi3HOMaHITHMX NpunagiB i obnagHaHHA, XyOoXHiX BUpobiB,
MOHET TOLLO. 3Ha4yHa YacTMHa Mifi 3aCTOCOBYETHLCS B eekK-
TPOTEXHIYHI NPOMUCIOBOCTI Ta 3B'A3KY, 30KpemMa ANns BUro-
TOBMEHHS eNeKTpoakyMynsaTopiB, 3aBAskuM i 3HAYHIN
eneKkTponpoBiaHocTi. Bucoka TennonpoBsigHicTb i onip Kopo-
3ii 3yMOBMIOTb MOXIUBICTb BUTOTOBMNEHHS 3 Mifi AeTanen
TennoobMiHHMKIB, XONMOAWIbHWKIB, BaKyyMHUX npunagis
Towo. OTKe, cyyacHWUi NPOMUCIIOBUI KOMMNIEeKC Oyab SKoi
PO3BMHEHOI KpaiHW He MOoXe OBiTMCb 6e3 BMKOPUCTaHHA
Migi Ta il cnnaeiB. Ak HacNiAOK OCTaHHIMKM pokamu crnocTe-
piraeTbCsA NOCTIHE 3POCTaHHA LiHW Ha Midb, 30Kpema, 3a
AaHuMmu JloHaoHcbkoi Gipxi MeTaniB, Tinbkn 3a 2020 p.
CMoTOBI LjiHM Ha Miab 30inbLUMAMCA Malxke BABIYi — 3 5 TUC.
JonapiB 3a TOHHY Ha Mo4aTKy poky Ao 9 Tuc. gonapie Ha-
NPUKIHLI POKY, LLO CNPUSE eHTy3ia3My iHBECTOpiB MiAHOAO-
OyBHOI npomucnoBocTi. Ha nouatky 2024 p. uiHa wmigi
KonuBaeTbCA Big 8 40 9 TUC. AonapiB 3a TOHHY.

CaiToBI pecypcu Mmigi ouiHolTbea B 1600 MiH T, 3anacu
— ©Onm3bko 900 MnH T, nigTBEepAXeHi 3anacu — noHag
600 mnH T, sIki 3ocepedkeHi nepeBaxHo B Yuni, CLUA, Mepy,
Kutai, 3ambii, Pocii Ta iHwwnx kpaiHax (Copper, 2015; The
World Copper..., 2019). Ha xanb, YkpaiHa He BXoauTb A0 ix-
HBbOrO YmMcna, TyT BIACYTHA BracHa MiHeparnbHO-CUPOBMHHA
6asa (MCB) migi, sKy M1 BUMYLLEHi iMNOPTYBaTK B KiflbKOCTI
6nm3bko 90—-100 TKC. T WOPIYHO (40 NOYATKY BIICLKOBMX AilA).
TomMy nuTaHHsi cTBOpeHHS BnacHoi MCB migi € aktyanbHuM i

cBoeyacHuM  (3aranbHogepxasHa nporpama..., 2011;
Mwuxannos Ta iH., 2007; MiHepanbHi pecypcu..., 2018).

locmaHoeka npobnemu. B YkpaiHi Bigomo noHapg
150 nposBiB Mifi pi3HNX reonoro-NPOMMUCITIOBUX TUMIB: CaMo-
POAHOMIOHOIO B 0Cal0BO-BYIIKaHOreHHMX ToBLax (BonuHo-
Mopinbcbka NnuTa); cTPaTMOPMHOrO B MIAUCTUX NICKOBU-
kax i cnaHusix (OHinpoBcbko-[oHeubka 3anaguHa, NiBaeH-
Hu [oHbac, BonuHo-Moginbcbka nnuta, Cknag4vacTi
KapnaTu, MNepeakapnaTcbkuii NPOruH); cynbdigHoro mMigHo-
HiKeNeBoro, MigHO-KONYe4aHHOro i 3ani30-MigHOro Ta ckap-
HoBoro (YkpaiHCcbkui LWwmnT, PaxiBcbkuin macus) (MeTanivHi
Ta HemeTaniyHi..., 2006). Hanbinblwun iHTepec 3 HUX CTaHo-
BNATb NPOSIBU CaMOPOAHOMIAHOI chopmaLii B pudpencbkmx
Tpanax BonwuHcbkoro MigHopyaHoro parioHy. [lMpo6nema
nonarae y BiACYTHOCTi OO'€EKTMBHOI reorioro-eKOHOMiYHOI
OLHKM LMX NPOSiBIiB, WO YCKNAAHIE 3anyyeHHs iHBeCTuLin
Anst iX MOXXMMBOrO NPOMMUCITOBOIO BUKOPUCTaHHS.

Y TOW Xe Yac € 3HauyHuI iIHTepec NOTEHLiIMHUX iHBECTOpIB
[0 OCBOEHHA MiQHOPYAHOro noTeHLujiany Lubsoro panoHy. 3o-
kpema, 25 ntotoro 2021 p. OepxaBHa cnyxba reonorii Ta
Hagp YkpaiHu (JepxreoHagpa) npoBena ayKUioH 3 Npoaaxy
creuianbHOro A03BOMY Ha KOPUCTYBaHHSA Hagpamu 3 METO
reornoriYHoro BUBYEHHS, Y TOMY YMCHi AOCMiAHO-NPOMUCIIO-
BOI pO3po0KM poaoBULL, MIgHUX pya AinsHku "PynoHocHe
none 3anicu-LUmeHbkKn", 9ka posTalioBaHa B PaTHiBCbkoMy
paiioHi BonunHcbkoi o6nacTi. Y4acHUKM aykuioHy NpoaeMOoH-
CTpyBanu Heabuskuin axioTax Woao Liei 4insHKK, 3okpema,
SIK noBigomuB odpilinHmi cant [epxreoHagpa, ii yiHa y xoai
€NeKTPOHHUX TopriB 3pocna y 483 pasun i cdarHyna
20 566 tuc. rpH (LiHa gingxku. .., 2021).

© MuxannoB Bonoaumup, AHgpeeBa OneHa, Cugopuyk Bitanin, 2024
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AHani3z nonepedHix docnidxeHnb. MNolwykn Ta ouiHka
CaMOpOAHOMIAHOT MiHepani3auii y BOJIMHCbKMX Tpanax Ma-
10Tb JOBrYy icTopito. Bneplie nposieu migi Tyt 6ynm onvcaHi
y 1929 p., B AOBOEHHWI Nepiod NpoOBOAMNMUCSA pparMeHTa-
pHi pob0TK, B pe3ynbTaTi Akux 6ynu BUSIBAEHI YNCMEHHI TO-
YKM MiHepanisauii, a B NICASBOEHHUN — CUCTEMATUYHI
reonorosHimarnbHi i nowykosi poboTu, siki npuBenu Ao Buai-
NEHHsI NepCneKTUBHNX OiNAHOK i pyaonposeis (PaTHiBCbkvN,
Benuko-Miacekuin, BugeptuHebkui, XKupwudi 1a iH.). Y reo-
TNOriYHIN NiTepaTypi 4OCTaTHBLO LUMPOKO OnmcaHi ocobnmeo-
CcTi reonoriyHoi OynoBu i cTpaturpacii  BonmHcbkoro
pyOHOro panoHy, MiHepanoro-reoximiyHi ocobnueocTi npo-
ABiB caMopogHoMigHOI MiHepani3auii, po3bupatoTbcs nu-
TaHH4 i reHe3ncy Towo (bauesuy, Haymko, & binuk, 2016;
€meup, 2008; KacHuusg, MaenuwuH, & Kocoscbkuin, 2009;
MenbHuuyk, 2010; MenbHuuyk, Moniwyk, & MenbHU4yK,
2011; Haymko Ta iH., 2013; Mpuxoabko, 2005; Mpuxogbko
Ta iH., 2010; Emetz, Zagnitko, & Prykhod'ko, 2005;
Sazonets, & Malanchuk, 2015).

3 uacy HabyTTs YKpaiHOH He3anexHoCTi aKTuBidyBa-
nucs poboTu 3 ouiHKM pyaonposiBiB BonnHcbkoro pyaHoro
parioHy. 3okpema, 3 1991 no 2008 p. PiBHeHCbKa reonoriyHa
ekcneauuia MAPIT "MisHidreonoria” nposoauna uinecnpsi-
MOBaHi po60Tu 3 OUiHKM PyAHOro NoTeHuiany BonnHcskoro
pygHoro pamnoHy Ha ginsHkax: Xupwdi, 3anicu-LUmeHbku,
MiBHiYHOpaTHIBCbKa, PatHiBCcbka, Tekns, Padaniscbka,
Tenbya, Benuko-Migcbka (Mowwyku pogosuiy Migi..., 2008).

3a ui poku 6yno npoBeaeHO BEMMWKMI KOMIMIEKC reoro-
ropo3BigyBanbHux pobiT (FTPP), y ToMy 4ncni Npoxoa)XeHHs
KaHaB i Wwypdis, OypiHHs cBepanosuH (npobypeHo 600 cee-
panoBuH 3aranbHum o6'emom 91 123,8 nor. M), BUBYEHHSI
Ta onpobyBaHHS KepHY CBEPANOBUH, 0BCTEXEHHS Kap'epiB,
BiA6ip Npob (Ha BM3HaYeHHs Migi XiMiYyHMM aHanisom Bigi6-
paHo 16 814 npo6), nabopaTopHi pob6oTH, Ha3eMHi reoqiau-
YHi pocnigkeHHs (BM-sapsg, BE3-BI, celcmika) i
reodpisnyHi gocnimkeHHsa y ceepanoBuHax (metog MK, KC,
MNC, MK, HAK) Towo. 3aranbHa kowwToprcHa BapTiCTb pobiT
cTaHoBumna noHag 42 MnH rpH. y uiHax 2008 p.

Ons BOMWHCLKOrO MigHOPYAHOro panoHy BCTaHOB-
NeHO NPOrHO3Hi akTopu i KPUTEPIT, FONOBHUMU 3 SKUX €
cTpaTturpadiyHi, NeTponoro-niTonoriyHi, MiHepanoriyHi,
TEKTOHIYHIi, NaneoBynKaHiYHi Ta iH., BCTAaHOBMEHO none-
penHi KoHauUii Ansa nigpaxyHKy pecypcis, a came: 60pTo-
BUN BMIcT Migi — 0,2 %, MiHiManbHa NOTYXHiCTb pygHOro
Tina — 1,0 M, MmakcMmarnbHa NOTYXHICTb NpoLlapkiB nyc-
TUX nopig i HekoHAUUiHUX pya — 1,0 M, Ha OCHOBI AKX
nigpaxosaHo 3anacu Migi kateropii Cz Yy KinbKOCTI
161,17 TUC. T, NepPCNEeKTUBHI i NPOrHO3Hi pecypcu Mifi Ka-
Teropini: P1 — 1 371,72 Tuc. 1; P2 — 2 109,09 tnc. 1; P3 —
12 193,9 Tuc. 1, Bcboro 15 835,88 tuc. 1 miai.

BudineHHs1 HeeupiweHUX 4YacMuH 3a2aJibHOI MNpo-
651emu. OCHOBHO NPOGNEMOoto € BiACYTHICTb 06'€KTUBHOI
reosioro-eKOHOMIYHOI OLiHKM Ta OLHKM iHBECTULIMHOT npu-
BabnuBOCTI pyoonposiBiB caMOpOAHOMIAHOI MiHepanisauii
BonuHcekoro pyaHoro panoHy. PaHiwe Ha npuknagi nposiBy
YKupuui nokasaHo, wo nig yac MPP BigGynocs 3aBULLEHHS
pPeCcypCHUX MOKA3HUKIB LibOro NposiBy, LLO CTaBUTb Mig Cym-
HiB 3aranbHy OLjHKY pecypciB Migi BonmHcbkoro pyaHoro
pavioHy i nepcnekTuB Koro NPoMMCcoBoi po3pobkun (Muxan-
noB, AHgpeeBa, & AHapees, 2020).

®dopmynroeaHHs1 yined cmammi. TOMy OCHOBHOIO
MeTOl CTaTTi € 00'eKTMBHA OLiHKa pecypcHoi 6a3n Bonux-
CbKOr0 pygHOro pawoHy i CTyneHsl iHBeCTULinHOI npueBab-
nuBocTi 06'ekTiB caMopoaHOMIAHOI MiHepani3auii 3apagu
OUIHK/ pU3MKY I[HBECTULIMHMX BKMageHb Y MOLUYKOBO-
po3BigyBarnbHi poboTK Ha Migp.
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MeTtoau

MeToauka oOuiHKM pyaHOro noTeHuiany panoHy i okpe-
MUX MOro O6'eKTiB BKIOYAE BM3HAYEHHS reonoro-npomMmnc-
NOBOro TUMY 3pPYAEHIHHSA, BCTAHOBIIEHHSA MPOCTOPOBUX i
pPEYOBUHHUX NapameTpiB pyoHWX Tin, macwTtaby 3pyage-
HiHHS, 3anaciB, NEPCNEKTUBHMX i NPOrHO3HMX pecypciB pya-
HUX O6'eKTiB, OLiHKY €KOHOMIYHOi edeKTUBHOCTI iXHbOI
po3pobku. Lo cTocyeTbca reonoro-npoMmMCioBOro Tuny
3pyAeHiHHa BonuHCbKOro pyaHoro pamnoHy, To BCi Aocnia-
HUKM BiOHOCSTb MOro A0 caMopoaHOMigHOT dhopmalii, go-
BOM pigKICHOro Tuny, HaWACKpasiluMM nNpeacTaBHUKOM
sikoro € poposuia O3epa BepxHboro y CLUA, wnpoko onu-
caHi B reonoriyHi nitepatypi (Bornhorst, & Barron, 2011;
Laurel et al., 2020 Ta iH.).

OcobnuBe 3Ha4YeHHs Mae BCTAHOBIEHHST KOHAMLIN pya-
HWUX TiN Ans nigpaxyHky pecypcis. MNonepegHukamn 6ynu
BCTaHOBIEHI Taki KoHAuWLUii: 6opToBui BMIcT Migi — 0,2 %, mi-
HiManbHa NOTYXHICTb pyAHoro Tina — 1,0 M, MmakcMmanbHa
NOTYXXHICTb NPOLUAPKIB NYCTUX NOPIA i HEKOHANLIMHMX pya —
1,0 m (Mowykn pogoBuwy, Mmigi..., 2008). 3 HUMK MOXHa
norognTucs, xo4a 60pTOBMI BMICT Mifi ANsi LbOro Tuny 3py-
OEHiHHS BUINsigae 3aHwkeHuMm. Tak, y pyaax caMopoaHOMi-
AHnx poposuy Osepa BepxHboro cepefHin BMICT Migi
konueaeTtbca Big 1,2 oo 2,5 %, cpibna — Big 4 oo 7r1/1
(Bornhorst, & Barron, 2011), Tak Wwo Ansg caMmopogHoMia-
HOro TUMNy 3pyAeHiHHA Ginbl noriyHum OyB 6u GopToBUIA
BMicCT Ha piBHi 0,5 % wmigi. 3rigHo 3 (MeToanyeckme pekome-
HOoauuu. .., 2007) migHi pyan noginstoTbes Ha ayxe barati —
3 BMicTOM Migi noHag 3-5 %; 6araTi — noHag 2 % (ons pya
MigHonopdipoBux pogoBuLy, — noHag 1 %); cepeHboi Ako-
cTi (psgosi) — noHag 1 % (Ana migHONOpPMIPOBUX POAOBMULL
— noHag 0,4 %); 6igHi — 0,7-1,0 % (ans migHonopdipoBux
pogosuy — MeHwe 0,4 %). Ane, Bcnia 3a nonepeaHvkamu,
npunmemo 6opToBui BMICT Mmigi Ha pisHi 0,2 %. 3a 3ana-
caMmy poAoBULLIA MOAINATb Ha YHikanbHi (>10 mnH T Cu),
Benuki (3—10), cepenHi (0,5-3), ApibHi (<0,5 MnH T).

OTmxe, y nogansLiomMy "pyoHumMun” 6yayTb BBaXaTucs iH-
TepBanu 3aBTOBLLKM HE MEHLU SIK 1 M i3 BMICTOM Migi, HE MeH-
wum 0,2 %, 3 MOXNIMBUMK MpoLlapkaMu MycTux nopig i
HEKOHAMLINHUX Py 3aBTOBLUKK He GinbLu sik 1 M. Mig "yMoBHO
pyaHUMK" MaloTbCs Ha yBaai iHTepBanu, LTYYHO HapoLLeHi 3a
paxyHOK BKIMOYEHHS A0 iX cknagy npob i3 BMICTOM Migi, MeH-
wum 0,2 % (ski He € npoLLapKamMu NyCTUX NOpI4 i HEKOHAWLLIN-
HUX PyA Y PpygHoMy Tini), abo Taki, WO He MOBHICTO
BiANOBIgaloTb 3a NapameTpamy BCTAHOBIIEHUM KOHAMLSIM.
BogHouyac He Tpeba 3abyBaty, Lo Krapk Migi B OCHOBHUX MO-
pogax gopisHioe 0,01 %, Tomy BMiCTK Migi B COTil YacTui Bia-
coTka € HabnuxkeHUMK Ao knapkosux. Came 3 LMX NO3NLLN i
npoaHanisoBaHi MaTepianu no camopoaHOMILHIV MiHepanisa-
Lii BonuHcbkoro pyaHoro pawoHy, siki BkntoyaroTb AaHi no 600
CBepAJIoBMHAX i3 3aranbHOK OOBXMHOW noHag 91 Tvuc. m i
aHanisy noHag 16 Tuc. npo6 (tabn. 1).

Ak BugHoO 3 Tabn. 1, cTyniHb BUBYEHOCTI BCiX 06'€KTIB 40-
CTaTHbO BWCOKWIA, TOMY AN HUX MOXHa nigpaxyBaTu He
TiNbKW NPOrHO3HI, ane " NepcrneKkTUBHI pecypcu — 3a YMOBMU
HasBHOCTI KOHAMUINHWX NepepisiB pyaHux Tin. Onsa nposeis
XKupwui, NisaeHHopadaniBcbkoro, a Takox Anst Komapischk-
KOro pyAOHOCHOrO MONS, SiKi XapaKkTepuayTbCa HanBULLIUM
CTyNneHeMm BMBYEHOCTI, NipaxoBaHO NepCrneKTUBHI pecypcu
kateropii P1 i P2, gnsa iHWKnx 06'ekTiB, A€ CTyNiHb BUBYEHHSA
HabaraTto HWX4YUA — NepPCneKTUBHI pecypcu kateropii P2 i
NPOrHo3Hi pecypcu kateropii Pa.

3 aHanizy Tabn. 1 3pa3y BUNNMBaE NWUTaHHA LOAO pe-
synbtaTueHocTi [PP. MaeTtbes Ha yBasi Ayxe HU3bKui Bif-
COTOK NPO6 3 KOHAWLIAHUM BMICTOM Mifi, IKMIA 3aranom no
pygoHoMmy pawvioHy gopisHioe 1,9 % (325 npob 3 BiaibpaHmx
16 814 npob), a ana okpemux AinaHok (Padaniscbka,
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Benuko-Migcbka) 3HuxkyeTbesa oo 0,5-0,6 %. Tob6To nesoBy
yacTtky npob (ao 98—99 %, un 16 489 npob) 6yno BigibpaHo
no 6e3pygHNX UM HEKOHAMUIMHMX iHTepBanax. [na pyaHux
pafoHiB Taka cuUTyauisl €, M'SKO Kaxy4yu, HEe3BUYHOIO, LLUO
CTaBWUTb Mig CYMHIB 3aranbHU pyaHUN noTeHuian BonuHeb-
KOro MigHOpyAHOro pamnoHy ifum piBeHb KkBanidikauii

BMKOHaBLiB. 3 BMacHOro Aoceigy aBTopiB Uil cTaTTi Mo-
XeMO CTBepAXKyBaTH, LLO ANs AiINCHO pYAHUX paroHiB eHAo-
reHHOro 3pyAeHiHHA (Migb, nonimeTtanu, MonibaeH, 30n0To
TOLLO) YacTka "pyaHux" npob nig Yyac noLlyKoBO-OLiHIOBasb-
HUX pobiT He Moxe csarat meHwe 30-50 %.

Ta6bnuys 1
®dakTU4HUA MaTepian no 06'ekTax BonuHcbkoro MigHopyaHoro paoHy 3a aaHumu F'PP 1991-2008 pp.
. . . . . . . - KinbkicTb
MposB KinbkicTb DoBxuHa Kinbkictb | KinbkicTb npo6 3 BMicToM Mmigi Lo
. L KOHAWULINHMX
(PyAoHOCHe none, AinsHka) | cBepANOBUH | CBepANOBUH, M npo6 0,2 % i 6inbLe, npo6 (%) iHTepBanis
BonuHcbka MeTanoreHiyHa nnoua
Mposis XKunpuyi 53 23 368,8 2200 152 (6,9 %) 39
[Mposis 3anicu-LLUmeHbkn 9 4677,0 296 19 (6,4 %) 6
[MiBHIYHOpaTHIBCbKA AinsiHka 26 8071,9 787 36 (4,6 %) 8
PatHiBCcbKa ginsiHka 6 2449,0 250 8 (3,2 %) 3
OinsHka Tekns 5 1985,0 242 5(2,1 %) -
Bcboro no nnouli 99 40 551,7 3775 220 (5,8 %) 56
KyxoTcbko-Bonbcbka meTanoreHi4yHa nnowja
TioGeLwiBcbke pyaoHOCHe norne | 21 | 3679,0 [ 761 ] 6 (0,8 %) 1
MaHeBMUbKa MeTanoreHiyHa nnowa
PadbaniBcbka ginsiHka 436 42 121,2 10 842 70 (0,6 %) 18
Kap'epu PadaniBcbkoi AinsiHkm - - 561 21 (3,7 %) 3
OinsHka Tenbya 6 2467,0 502 6 (1,2 %) -
[insHka Benuko-Miacbka 38 2 304,9 373 2 (0,5 %) 1
Bcboro no nnoui 480 46 893,1 12 278 99 (0,8 %) 22
Bcboro no paoHy 600 91 123,8 16 814 325 (1,9 %) 79

PesynbtaTtun

Ha Teputopii BonunHcbkoro pygHoro pamoHy BuAineHo
TPY MeTanoreHiYHMxX NnoLyi, Ae nokanisoBaHi NposiBu, Ains-
HKM | pyAHi nons 3 mMigHow miHepanisauieto: BonmHcbka Ha
3axogi, Kyxotcbko-Bonbcbka Ha niBHiYHOMY cxofi i MaHeBu-
LUbka Ha niBaeHHomy cxogi. CamopogHomigHa MiHepanisa-
uis TyT noB'A3aHa 3 edy3nBHO-NIPOKNACTUYHUMM i
0CafoBMMM NOPOAaMM BOSNIMHCBLKOI cepil BeHay, Ae BUAins-
€TbCA PA MiGEHOCHUX FOPU3OHTIB, OCHOBHUMM 3 ikMX € @ 1A
B 3abonoTiBCbkili CBITi; 2A, 2B, 2B — y 6abuHckkili cBiTi; 3A,
3A/3B, 3b — y paTHiBCbkin cBiTi. CamopogHOMigHa MiHepa-
nizauia 3ycTpiyaeTbca nepesaxHo B Gasanbrtax (1A, 2B,
3A), ix Tydax (2A, 2B, 3A/3B) i koHrnomepartax (3A/3B),
nepellapyBaHHi 6asanbTiB i naBobpekuin (3B).

BonuHcbka memanozeHiyHa nnowja ob'egHye Typ-
cbko-JlyriBcbke pygoHocHe none (nposisu XKupudi, 3anicu-
LLImeHbkK), MNiBHIYHOripHULBKE pyaoHocHe none ([MiBHiuHO-
paTHiBCbKa ginsiHka), PaTHiBcbke pygoHocHe norne (PaTHis-
cbka gingHka), TekniHCbke pydoHOcHe none (gindHka
Tekns). BoHn oopmMyoTb KOMNAKTHY rpyny pyAOHOCHUX 06'-
€KTiB y paioHi cenvw, PaTHe, Xupwnui, Bpoan BonuHcbKoi
obnacTi, 3a BUHATKOM AinsHKM Tekns, aka nokanisosaHa ni-
BAEHHILLe, B paioHi cenuwa Teknsa (puc. 1).

OetanbHuii aHania marepianis PP no pydonposiey
Xupuyi npoBefeHo B nonepefHin craTti aBTopiB (Muxan-
nos Ta iH., 2022). Ha pygonposisi npobypeHo 53 ceepano-
BUHM (23 368,8 nor. M), LWiNbHICTb Mepexi cTaHoBWUNa
1600 x 600—800 m, Ha okpemux npodinax go 800 x 800 m.
MMnbnHa pyaoHOCHUX ropu3oHTiB carae 164—-537 m. 3rigHo
3 TEXHIKO-EKOHOMIYHUM MipKyBaHHAM (TEM) manndyTHsA pos-
pobka nposisy camopogHoi Migi XKnpudi wono BCix posrns-
HyTUX BapiaHTiB 6GopToBOro BMICTY Migi B mnpobax,
HOMEHKMATYpM i LjiH Ha ToBapHy NpoAykuilo Gyna Bu3HaHa
peHTabenbHoto (Mowyku pogosuLy migi..., 2008).

OpHak aHanis daktnyHux matepianis PP nepekoHye B
HEOAHO3HAYHOCTI BMCHOBKIB. 30Kpema, NOoCTaBfeHo nig
CYMHIB yABNEHHS nonepegHuvkiB LWOAO 3HAYHOI ropu3oHTa-
TNbHOT NPOTSKHOCTI (40 4—5 KM) pygHUX Tin, WO He 00r'pyH-
TOBaHO HasiBHUM (DaAKTUYHMM MaTepianom 3 ypaxyBaHHSAM
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X HeBenukoi ToBLUMHK (8o 1-3 M); Ha po3pisax 3a MaTepia-
namu 6ypoBwux pobiT BUAHO, L0 pyaHi Tina MatoTb NiH30Mo-
AiGHY cbopMy i NPOCTEXYIOTHCSA 3@ NPOCTSArAHHSM MaKCUMyM
Ha nepui CoTHi MeTpiB. Lle npn3seno go cyTTeBOro LTyuy-
HOro 3aBULLIEHHS NapaMeTpiB pyaHUX Tin y maTepianax 'PP.

Mig Yac nigpaxyHKy pecypcis pogoBuLLa, Kpim LWTYYHOro
3aBUILLEHHSA NapaMeTpiB pyaHUX Tin, BigbyBanocsi cuctema-
TUYHE MOPYLUEHHS KOHOULIN nigpaxyHKy, a came 60pToBOro
BMicTy Mmigi (0,2 %), MiHiManbHOI NOTY>KHOCTi pyAHOro Tina
(1,0 m) i MakcumanbHOT NOTY>XHOCTI MpoLUapkiB MyCTUX NOpiA,
i HekoHamUiHnX pya (1,0 m). Bce ue npusseno oo cytre-
BOro nepebinbLlUIeHHA pecypciB pyaonposBy, Ski B maTepia-
nax PP 3a karteropieto Pi1 ouiHeHo B 858,93 Tuc. 7
(ropusoHTn 2A, 2B, 2B, 3A, 3B), a 3a kaTteropieto P2 —
133,39 Tuc. T migi (ropusoHT 1A), Bcboro 992,32 Tuc. T migi
(Mowyku pogoBuL..., 2008). 3a HawwmMuK nigpaxyHkamu ne-
pcnekTuBHi pecypcu Migi kateropii P1 pygonpossy XXupuui
ctaHoBnATb 220,4 TUC. T, Wo B 4,5 pa3a MeHLUe, HiX HaBe-
AeHo y BignosigHux matepianax PP. MopieHAHO 3 nonepe-
aHboto cratteto  (MuxanmnoB Ta iH.,, 2022) yTO4YHeHi
nepcrnekTUBHI pecypcu kateropii P2, ski, BpaxoByoumn 3Hau-
HUM CTYNiHb reosIoriYHOrO BUBYEHHSA MNPOSABY, MOXHa Oui-
HUTW K 3icTaBHi 3 pecypcamu kaTeropii P1, TOOTO Yy
220,4 tuc. T Migi. OTxe, 3aranbHi pecypcu pygonpossy XKu-
pudi ctaHoBnATb 440,8 Tuc. T Mmigi, wo B 2,25 pasa MeHLLe,
HiX ouiHeHO nonepepHbo. Lo cTocyeTbes pecypcis Gnaro-
poaHux metanie (Au — 8,14 1, Ag — 700,58 1, Pt — 7,85 T,
Pd — 2,62 1), TO BOHM MatoTb BYTW BMKMOYEHI 3 NigpaxyHKy
SIK HeOOI'pYHTOBaHI | HEAOCTOBIPHI.

Mposie 3anicu-LLmensku nnoweto 31,19 km? € 6Gesnoce-
peaHiM NpogoBXeHHAM nposiBy Xupwudi Ha niBOEHHMI CXig.
3a ocobnmBocTsIMK reonoriyHoi 6y10BKM, CTPYKTYPHOTO Mosio-
XeHHs1, cTpaTurpadii TOLO BiH aHanoriyHui pygonpossy XKu-
pudi, ane $KWO OCTaHHIA po3TalloBaHWMA Ha 3axigHoOMy
obnsmyBaHHi MpHULBKOro ropcTy, To nposiB 3anicu-LUmeHbkn
NpuypoYeHUiA A0 NOro NiBAeHHOro obnsamyBaHHs. BnepLue mi-
OEHOCHICTb TyT Byno BCTAHOBMNEHO Mif Yac reonorosHiMarb-
HUX i nowwykoBKx pobiT 1961—-1964 pp., NOTiM NiTBEPMAKEHO
nig yac reonorosHimansHux pobiT 1983—-1988 pp. i 1988—
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1992 pp. Ha Ton 4ac Ha nnowi nposisy 6yno npobypeHo
22 cBepanoBuHK, ¥ 8 3 AKMX BCTAHOBMEHO MNiABULLIEHWI (NO-
Hag 0,4 %) BmicT migi. Mig yac noLyKoBO-pO3BiAYBanbHMUX
pobiT 1991-2008 pp. Ha nnowi nposisy G6yno npobypeHo 9
CBEPANOBMH 3aranbHo OoBxuHow 4 677,0 m, BigibpaHo i
npoaHanisoBaHo 296 npob, 3 sakux Tinekn 19 npob (6,4 %) no-
kasanu nigsuwerHun (noHag 0,2 %) BmicT Migi. 3aranbHa

\ [liBHiuHO-PaTHiBCbKa

PaTHiBcbKa

Kamine-Kawnpceknia

3anicu-KmeHbkn

Tekna

O Koseno
YMOBHi no3HayeHHA

D Tekna
O Kosenb

- -~ [epXaBHWA KOPAOH YKpaiHW

nepcneKTMBHI NNoLi

HaceneHHi NYHKT

KinbkicTe NpoO, BigidbpaHux Ha AinsHui 3anicu-LIMeHbku, cs-
rae 504, ane Tinbku B 47 npobax (9,3 %) BCTaHOBNEHO BMICT
Migi 0,2 % i Ginble. 3a pesynbTaTamy AOCHiAXEHb BUSIBNEHO
12 KOHAWLINHUX | OAMH YMOBHO KOHAMUINHWIA Nepepisn pya-
HUX Tirf, 3a KUMKW MW po3paxyBanu NepcrneKkTUBHI pecypcu
migi kaTeropii P2 (Tabn. 2).

KyxoTcbko-BonbebKa

O Bapaw

Paganiscbka

Tenbua

Benuko-
Migcbka

Puc. 1. Cxema po3TalwyBaHHA 06'€kTiB BonuHCbKOro pyaHoro paoHy niBHiYHOpaTHIiBCbKa

Tabnuys 2

Po3paxyHOK nepcnekTMBHUX pecypciB kaTteropii P, nposisy 3anicu-LLiIMeHbku

MepcnekTuBHI pecypcu

. . CepepHi
Ne cB. IHTepBan, m |ToBwMHa, M| BwmicT migi, % Mnowa, m2 Kareropii P2, Tnc. T
TOBLWMHA, M | BMicT Migi, % pyau migi
3A
17-A 461,2-463,3 2,1 0,47
7A 468.8-469 9 11 106 135 000 1,6 0,765 604,80 4,63
2b
5808 524,2-525,2 1,0 0,564 290 000 1,0 0,564 638,00 5,56
5805 328,0-329,0 1,0 0,211
5809 453.0-454.0 70 0.310 450 000 1,0 2,260 257,90 4,46
2A
5808 564,0-565,5 1,5 0,286
5808 568.0-570 2 17 0.470 290 000 1,6 0,378 1011,52 3,82
5843 259,8-260,7** 0,9 0,542
5501k 262.1-265.6 35 0.628 850 000 2,2 0,585 4 076,60 23,85
5712-K* ? 1,8 0,23 350 000 1,8 0,23 1373,40 3,16
17-A* 727,6-730,0 24 0,32 135 000 2,4 0,32 874,80 2,80
5572-K* 231,0-233,0 2,0 1,410 230 000 2,0 1,41 1242,00 17,51
5804 711,4-712,4 1,0 4,500 13 500 1,0 4,500 364,50 16,40
Bckoro | 10 443,52 82,19

Mpumimku: * cBepanNOBYHY NONEPeaHWKIB, ** YMOBHO KOHAWLIMHI iHTEepBanv.

Y 6ynoBi nposiBy 6epyTb yyacTb pyOOHOCHI FOPU3OHTH
1A, 2A, 25, 2B, 3A, 3b.

Fopu3oHT 1A poskputnin 20 cBepanoBUHaMK, ane TifbKu
y 8 3 HMX Byno BCTaHOBNEHO MiAHe 3pYAEHiIHHS, NpuyoMmy 3
32 BigibpaHnx 3 ropu3oHTy Npob Tinbku B 6 npobax BMIiCT
migi nepesuwye 0,2 %. LLle meHwe BnainseTbCs iHTepBanis,
KOHOMUINHMX 3a ToBLUMHOL. 10 cyTi cnpaBu AN ropusoHTy
1A BUAINEHoO TiNbKM TpK TakMX iHTEPBAniB y CBEPASIOBUHAX:
17-A — iHTepBan 727,6—-730,0 (2,4 m) i3 BmicTtoM migi 0,32 %
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(TyT i fani — cepeaHbO3BaXeHUI BMICT); 5572-K — iHTepBan
231,0-233,0 (2,0 m) i3 BmicToM migi 1,41 %; 5804 — iHTep-
Ban 711,4-712,4 (1,0 m) i3 Bmictom migi 4,5 %. Cseppgro-
BMHW pO3MNOpOLUEHi MO nnowWi, Wo cBig4MTb nNpo
HEBUTPUMAHICTb FOPU3OHTY, SIKUIA BipOriAHO NpeacTaBneHni
OKPEMUMU HEBENMUKUMMU MiH3aMK Y THi3gamu. MNpakTuyHOro
iHTepecy BiH He CTaHOBWTb, NEPCMNEKTUBHI pecypcu KaTeropii
P2 ropn3oHTy MOXyTb 6yTH ouiHeHi B 36,71 Tuc. T.
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Fopun3oHT 2A po3kpuTuin 23 ceepanoBnHamu, B 11 3 akux
3ahikCoBaHO O3HaKM MiQHOro 3pyAeHiHHA. 3 BigidpaHux no
ropu3oHTy 66 npob TiNnbkM B 14 BCTAHOBMEHO BMICT Migi
0,2 % i 6inble. KoHanuinHi iHTepBanu BUAINAOTLCA B TaKUX
ceepanosuHax: 5712-K — 0,23 % migi Ha iHTepBani 1,8 m;
5591-K — 0,628 % wmigi Ha iHTepBan 3,5 m (rMubuHa 262,1-
265,6 m); 5808 — 0,286 % migi Ha iHTepBani 1,5 m (564,0—
565,5 m) i 0,47 % wmigi Ha iHTepBani 2,2 m (569,0-570,2 m).
[o yMOBHO KOHAMLINHOIrO MOXHa BigHeCTH iHTepean 259,8—
260,7 ceepanoBunn 5843, e BmicT migi carae 0,542 %, ane
3a ToBLYMHO (0,9 M) iHTepBan TPOLKM He "[oTArye" 0o KoH-
anuin. Ak i gna ropnsoHTy 1A, BOHW PO3MOPOLLEHi MO MIOLL,
He MPOCTEXYTbCA Ha BiNbLU-MEHLL 3HaYHy BiACTaHb i npea-
cTaBneHi ApibHUMK NiH3oMoAIGHMMM Tinamu 3 06MeXeHnMn
NpOCTOPOBMMU NapameTpamu, NEPCNEKTUBHI pecypcu kaTe-
ropii P2 skmx moxyTb 6yTn ouiHeHi B 30,83 Tuc. 1. Bei iHLWi
nepepian UbOro ropm3oHTY € HEKOHANLINHUMM.

"opu3oHT 2B poskputnin 25 ceepanoBnHamu, 3 AKUX Bi-
AibpaHo 172 npobu, ane Tinbkun y 18 npobax BCTaHOBMNEHO
BmicTM migi 0,2 % i Ginblwe. BoHn po3nopolueHi no nnowi i
no po3pisy, KOHAMLIHI 3a NOKa3HWKaMU NepeTUHU 3ycTpiva-
I0TbCH TiMbKW B TPbOX cBepanosuHax: 5805 — BMicT migi
0,211 % Ha ToBwwmHY 1,0 M (iHTepBan 328,0-329,0 m); 5808
— 0,564 % migi Ha ToBwmHY 1,0 M (544,2-525,2 m); 5809 —
0,31 % migi Ha ToBLWMHY 1,0 M (453,0-454,0 m). Takum un-
HOM, Y FOPU30HTI BUTPUMAHUX PYAHUX Till HE BUSBINEHO, Ne-
PCNeKTUBHI pecypcu KaTteropii P2 HeBenvkmx niH3onoaibHmx
Tin He nepesuwwytoTb 10,02 THC. T.

Y ropu3oHTi 2B, po3kputum 23 cBEPANOBUHAMWN KOHOM-
LinHKx BmicTi migi (0,2 % i 6inbLue) He BCTaHOBMEHO.

lopusoHT 3A po3kpuTuii 21 CBEPANOBUHON, OMNPoOY-
BaHHS SIKUX NMOKa3ano HU3bKy MPOAYKTUBHICTb 3pYAEHIHHA —
3i 134 BigibpaHunx Npo6 nue B YOTUPLOX ByNo BCTAHOBNEHO
BMicT migi 0,2 % i Ginbwe. KoHaWLinHi iHTepBanu po3kpuTi
€OVHO0 CBEPANOBMHO — 17-A B 3axigHiv YaCcTuHi nnoLwi, ae
BMIiCTM Mmigi csraotb 1,06 % Ha ToBwwMHY 1,1 M (iHTepBan
468,8-469,9 m) i 0,47 % Ha TOBLUMHY 2,1 M (461,2—463,3 m).

ceepanosuHi 15-Cl, ge Bmict migi carae 0,37 %, ane ToB-
LLMHa iHTepBany ctaHoBuUTb BCboro 0,6 m (418,5-419,1 m). Y
©e3nocepeHin GrM3bKOCTI Bif LMX CBEPAJIOBUH € CBEPASIo-
BuHKM 5804, 18-b i 5541-K, oe 3pyaeHiHHA Ha LbOMY piBHi He
3adpikcoBaHo. OTxe, NepcnekTMBHi pecypcu kateropii P2 py-
OHWX Tin ropnsoHTy 3A He nepesuLLytoTb 4,63 TUC. T.

opu3oHT 3B, poskputuii 16 cBepanoBrHamMu, 3 Bigidopa-
HUX 59 npob nuwe 5 nokasanu 3HaveHHs migi 0,2 % i 6i-
nblue, MakcMManbHe 3HadeHHs csarae 0,62 % y cBepanoBuHi
1902- Ha ToBWMHY 0,2 M. Bci iHWi iHTEpBann Takox He €
KOHOWLIMHUMMW.

Taknum YnHoM, y cknagi BCixX "pyaoHOCHUX" FOPU3OHTIB BU-
TPUMaHUX pyaHUX Tin He 3adikcoBaHo, 3pyAeHiHHS npeacTa-
BrneHe "po3nopolueHmumMun” no natepani i po3pisy HeBENUKNMIN
PYAHUMUM CKyMYEHHAMM Y BUrMAAi NiH3 i rHi3g 3 gyxe obmexe-
HVYMW NepCneKTUBHUMW pecypcamu kaTeropii P2, ski cymapHo
AOpiBHIOIOTL 82,19 TUC. T Migi | HABPAA YN MOXYTb CTAHOBUTU
npomMucrioBuin iHTepec. [porHosHi pecypcu kateropii Ps
NpUMatoTbCS B TOMY X 06CA3i, TOOTO 3aranbHi pecypcu npo-
aBy 3anicu-LLmeHbku ouiHoTLECA Hamu y 164,38 Tuc. T miai,
Lo B 4 pasun HKYe, HiXX nonepegHbo OLiHEHO.

lieHivHOpamHiecbka dinsiHka (MiBHIYHOTIpHULbKE pY-
OHe none) nnouieto 88,4 kM? posTalioBaHa Ha MiBHIYHWI
cxig Big pyaonpossy XXupwdi i € noro 6esnocepeHiM npo-
OOBXEHHSM Ha MiBHIYHO-3axigHOMYy obnsmyBaHHi ipHULb-
KOro ropcty, TOMy OCHOBHi pwWcCW TreonoriyHoi Oynosu
BignoBigawTb nposisy XKupudi. Y 6ynosi AinsHku 6epyTb yu-
acTb pyAOHOCHI ropusoHTu 1A, 2A, 2B, 2B, 3A, 3b. Beboro
Ha OinsHui BigibpaHo 835 npob, 3 skmMx BMIicT Migi 0,2 % i
6inbLue 3adikcoBaHo y 41 npobi (4,9 %). MNia Yac noLykoso-
posBigyBanbHux pobit 1991-2008 pp. Ha nnowi nposiBy
6yno npobypeHo 26 cBepAnOBMH 3aranibHOK [JOBXWHOK
8071,9 m, BigibpaHo i npoaHanizoBaHo 787 npob, 3 sKUX
Tinbkn 36 npo6 (4,6 %) nokasanu nigsuweHMn (noHag
0,2 %) BmicT Migi. Ane Ginblua YacTuHa UuX iHTepBanie He
BiANOBIAA€E KOHAMLIAM 3a TOBLUMHOW (MeHLe 1 M), ToMy 3a
pesynbtatamu PP 1991-2008 pp. MOxHa BUAINUTA 5 KOH-

MigHe 3pydeHiHHsT BCTaHOBNEHO TakoX Yy  CyCigHin OVLIAHNX | 4 YMOBHO KOHAMUINHKX iHTepBanis (Tabn. 3).
Ta6bnuys 3
Po3paxyHok nepcnekTUBHUX pecypciB kaTteropii P, [iBHiYHOpaTHIBCbKOI AiNsHKK
Cepenti I'IepcneKTu_!aHi pecypcu
Ne cB. IHTepBan, m ToswwmHa, m | BmicT migi, % | Mnowa, m? Kareropii P, TuC. T
TOBLIUHA, M | BMiIcCT Migi, % pyauv | migi
4492 393,0-394,1 1,1 0,270 400 000 1.1 0,27 959,20 2,59
4501 215,5-218,2 2,7 0,211 1 500 000 1,69 0,325 5518,12 17,92
4558 208,45-209,5** 1,05 0,440
4558 228,7-230,0 1,3 0,417
4570 176,5-177,9** 1,7 0,231
4578 399,5-401,5 2,0 0,314 2 000 000 1,9 0,343 8 284,00 28,43
4580 220,9-222,2** 1,3 0,341
4587 238,5-239,4** 0,9 0,410
4587 247,6-251,0 3,4 0,308
Bcboro 14 761,32 48,94

lMpumimka: **yMOBHO KOHAMUINHI iHTepBanu.

Fopu3oHT 1A po3kpuTuin 3 cBEPANOBMHAMU, PYAHUX iH-
TepBarniB He BCTAHOBIEHO.

Fopu30oHT 2A po3KkpUTUIA 28 cBEPANOBUHAMMU, 3 HBOIO Bi-
niépaHo 348 npoO, 3 Hux 30 npob i3 BMicTom Mmigi 0,2 % i
GinbLue. Bci 9 KOHOWUIAHUX | YMOBHO KOHAMLIHUX iHTepBa-
niB NpuypoYyeHi came [0 Lpboro ropu3oHTy. LLlo cTtocyeTbes
KOHAMUINHMX iHTepBaniB, TO BOHN BUAINSAOTLCSA Y CBEPAO-
BuHax: Ne 4492 — i3 smictom migi 0,27 % Ha ToBLWMHY 1,1 M
(intepBan 393,0-394,1 m); Ne 4501 — 3 BmicTom migi 0,211%
Ha TOBLUMHY 2,7 M (iHTepBan 215,5-218,2 m); Ne 4558 — i3
BmictoMm Mmigi 0,417% Ha ToBwMHY 1,3 M (228,7-230,0);
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Ne 4578 — i3 Bmictom migi 0,314 % Ha TOBWWUHY 2,0 M
(399,5-401,8 m); Ne 4587 — i3 Bmictom migi 0,308 % Ha TO-
BLUMHY 3,4 M (247,6-251,0 m). LLle 4yoTupwu iHTEepBanu MoxHa
BiJHECTM [O YMOBHO KOHAMUIVMHMX MO CBEPANOBUHAX
Ne 4558 — i3 Bmictom Mmigi 0,440 % Ha ToBWwMHY 1,05 M
(208,45-209,5 m); Ne 4570 — i3 Bmictom Mmigi 0,231 % Ha TO-
BLWMHY 1,7 M (176,5-177,9 m); Ne 4580 — i3 BmicTom Mmigi
0,341 % Ha ToBWUHY 1,3 M (220,9-222,2 M) i Ne 4587 — i3
BmictoM Mmigi 0,410 % Ha ToBwMHY 0,9 m (238,5-239,4 m).
[o YMOBHO KOHOWUUINHWUX iX BiAHECEHO TOMYy, L0 Li iHTep-
Basy LUTYYHO HAPOLLEHi 3@ paxyHOK BKITKOYEHHS iHTepBaniB
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3 HM3bknmu BMicTamun Migi (MeHwe 0,2 %) 4M TPOLLKM He
"goTarytoTh" 40 HEOOXIQHOT TOBLUMHMN.

"opu3oHT 2B po3kpuTui 28 cBEpANOBMHAMM, 3 HBOIO Bi-
AiépaHo 160 npob, 3 HUX 13 npob i3 BMicTom Mmigi 0,2 % i
Oinblue, ane TOBLMHA UMX iHTepBanis Ha nepesullye 0,1-
0,5 M. PygHux Tin, siki 6 MOrnu cTaHOBUTY NPOMUCIIOBUIA iH-
Tepec, Y roOpM30HTI HE BUSIBIEHO.

"opu3oHT 2B po3kpuTuii 26 cBEpANOBMHAMU, 3 HBOTO Bi-
AibpaHo 84 npobwu, ane npob i3 BMictom migi 0,2 % i 6inbLue
He 3acpikcoBaHo.

Fopun3oHT 3A po3kpuTuii 18 cBepanoBMHAMMU, 3 HBOTO Bi-
AibpaHo 197 npob, 3 HMX Tinbku 3 Npob i3 BMicTom Migi 0,2 %
i 6inblwe B iHTepBanax oo 0,5 m.

Mepwa rpyna Bknovae ceepanosuHu Ne 4578, 4587,
4580 y niBOeHHO-3axigHiN YaCTUHI OiNSHKK, HAa Mexi 3 Ains-
HKoto XKupudi. 3po3ymino, o BoHa € 6e3nocepeHim npo-
OOBXeHHsAM pyaHoro nonda Kupwdi. [Ons  nigpaxyHky
nepcrnekTUBHUX pecypciB kaTeropii P1 B3ATO Taki napame-
TPpU: Nnowa pyaHoro Tina — 2 kM2, cepedHst TOBLUMHA pya-
Horo Tina 1,9 m; cepeaHi Bmict migi — 0,343 %; nutoma
Bara — 2,18 r/cm® (gani nuToma Bara Ans nigpaxyHkis BU6u-
panack 3anexHo Big NMTOMOI Baru BMicHuX nopig). MNepcne-
KTMBHI pecypcu kateropii P2 no 6noky OygyTe cdraTw:
8 284,0 Tuc. T pyam, 28,43 tuc. T migi.

Opyra rpyna Bknwoyae ceepanoBuHu Ne 4501, 4558,
4570 y ueHTpanbHin YacTuHi AingHku. [ns nigpaxyHKy nep-
CMEeKTUBHUX pecypciB KaTeropii P1 B3ATO Taki napameTpu:
nrowia pyaHoro Tina — 1,5 KM?; cepefHs TOBLMHA PyAHOrO
Tina — 1,69 Mm; cepegHin Bmict migi — 0,325 %; nutoma Bara
— 2,18 r/cm3. MepcnekTuBHi pecypcu kateropii P2 no 6rnoky
OyayTb ctaHosuTu: 5 518,13 Tnc. T pyaum, 17,92 Tuc. T miai.

Lo ctocyeTbea ceepanosuHu Ne 4492, ne BmicT Migi cs-
rae 0,27 % y mexax ropusoHTy 2A Ha ToBLMHY 1,1 M (iHTe-
pean 393,0-394,1 M), TO BOHa poO3MilLieHa Ha NiBHIYHOMY
3axofi NoLLi, OCTOPOHb Bif iHLLUMX CBEPASIOBUH 3 KOHOULLiIN-
HUMK iHTEepBanamu i oToyeHa "Ge3pygHuMu" cBepanoBU-
Hamu. [NepcnekTuBHI pecypcun kateropii P2 Uiei AinsHkm He
nepesuyBaTumyTb 959,2 TnC. T pyan i 2,59 Tnc. T migi.

3aranbHi nepcnekTnsHi pecypcu karteropii P2 lMiBHiYHO-
paTHIBCbKOI AinsiHku 6yayTe caratn 14 761,32 Tuc. T pyav i
48,94 Tuc. T Migi. BpaxoBytoumM MOXIMBICTb 3HAXOAXEHHS
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Fopu3oHT 3b poskpuTuin 9 cBepanoBuHamMu, 3 HbOTO Bi-
nibpaHo 45 npo6, ane Tinbku B OAHI Npobi 3adikcoBaHO
BMicT Mifi 0,2 % i Ginblie Ha NOTyXHicTb 0,7 M.

Omxe, Ha lMiBHIYHOPATHIBCLKMIA AiNsHUi iHTEepec cTaHo-
BUTb TiflbKM ropn3oHT 2A. CBepAN0BMHU 3 KOHOAULINHUMU iH-
TepBanamu, pO3KPUTMMU B Mexax LbOro rOpU3OHTY,
bopMytoTb ABi KOMNAKTHI rpynu No Tpu CBEPAJIOBUHM B KO-
XHin (puc. 2). KomnakTHe po3MillieHHs CBEPANOBUH 3 pyA-
HAMUK iHTEepBanamMun CBigYUTb MPO HAasABHICTb OinblU-MeHLL
BUTPMMaHNX PYAHUX TiN i gae 3Mory nopaxyBaTtu Oons Lmx
OiNsHOK NepPCNeKTUBHI pecypcu KaTteropii Po2.

S R

. Cxema PO3MiLeHHsA caepnoavm. MiBHiYHOpaTHIBCbKa .qinﬂKa (' BHiYHOripHULbKe pyaHe none)

HOBMX PYAHUX TiN y MPOMiIKKaxX MK po3bypeHumu AinsH-
KaMu, napameTpu Skux BiOMNOBIAAaTUMYTb BXEe BCTaHOBIE-
HAM pyOHUM Tinam, MoXHa nepegbadaT MPOrHO3Hi
pecypcu kateropii P3 y kinbkocTi 48,94 Tuc. T migi. OTxe, 3a-
raneHi pecypcy lMiBHIYHOPATHIBCLKOI AiNsAHKU MOXYTb ByTn
ouiHeHi B 97,88 Tuc. T migi. Liumu pecypcamm obmexyeTbcs
NPOrHO3HWI NOTeHUian AiNsgHKA.

PammHiecbka OdinsiHka po3TalloBaHa Ha NiBHIYHWIA cXif
Big nposBy 3anicu-LLIMeHbku, € noro 6e3nocepenHim npoao-
BXXEHHSAM, Ma€ aHaroriyHy CTPYKTYpY i TaKoX 30cepemkeHa
Ha niBOeHHOMY 00nsiMyBaHHi [MpHMLBKOrO ropcty. Y pisHi
poku TyT 6yno npobypeHo 15 cBepAsioBUH, Y CEMU 3 SKMX
BCTaHOBINEHO Npobwm i3 BmicTom Mmigi 0,2 % i BinbLue (Bcboro
15 npo0), ane KOHAMUINHI iHTepBany 6yno BUSIBNEHO TiNbKu
B OBOX cBepanoBuHax (tabn. 4): Ne 4585 — ropum3oHT 3b i3
BmictoM Mmigi 0,220 % Ha ToBwmHy 1,1 m (165,5-166,6 M) i
ropn3oHT 26 i3 Bmictom migi 0,311 % Ha TOBWMHY 1,7 M
(318,0-319,7 m); Ne 4583 — ropum3oHT 2A i3 BMiCTOM Migi
0,371 % Ha ToBwmMHY 1,2 M (160,6—161,8 m). Kpim TOro, e
OBi CBEPANOBMHU PO3KPUAM YMOBHO KOHAMUINHI iHTepBanu:
M-11 — ropu3oHT 3A2 i3 BmicToM Migi 0,36 % Ha TOBLUMHY
1,7 m (iHTepsan 303,4-305,1 m); 8265-'3 — ropu3oHT 2A i3
BmictoM Migi 0,313 % Ha ToBwmHy 1,1 M (209,7-210,8 m).

Taknum YnHom, 5K i Ha nposisi 3anicu-lLmeHskn (Npupoa-
HUM NPOAOBXEHHAM sKOro € PaTHiBCbka AinsdHka), nposiBu
MigHOI MiHepanisauii He yTBOPIOIOTb TYT GinbLU-MeHL Cy-
LiNbHUX PYAHWX Tif, BOHW NpeacTaBrieHi HEBEMUKUMU fiH-
3aMn, pos3ocepekeHMn Mo natepani i No pospisy i He
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CTaHOBMSATb NPaKTUYHOrO iHTepecy. BoueBnap, Ui ABi Ains-
HKM CKnagarTb €AMHY reonoriyHy CTPYKTYpy B NiBAEHHOMY
obnamyBaHHi [ipHULUBKOro ropcTy, ToOMy TyT Chi O4ikyBaTu
i nodibHU TMN i po3amax MiHepanisadii. Ha uiv nigctasi npo-
rHO3Ha ouiHKa AinsaHku B 662,0 Tuc. T Migi Burnsgae Heob-
rpyHToBaHot. [lepcnekTvBHi pecypcu kaTeropii P2 TyT
caraioTb 28,36 TUC. T Migi, MOXHa NPUMNYCTUTU HAaSIBHICTb

NPOrHO3HMX pecypciB kaTeropii P3 B Takomy x o6'eMi, 3ara-
NbHI pecypcu Migi Ha AinsHui ouiHiTLCA B 56,72 TUC. T
Migi. ToMy, He3BaxkatouM Ha HU3bKUIM CTYMiHb reONorivyHOI
BMBYEHOCTI OiNSAHKW, pigKiCHY Mepexy CBepAnOoBWUH i MopiB-
HSHO obMexeHun 06'eM onNpobyBaHHSA, NnoLla OiNsHKU Ha
MigHe 3pyAeHiHHA OLHIETLCSA HeraTuBHO.

Tabnuys 4

Po3paxyHOK nepcnekTMBHUX pecypciB kaTteropii P, PaTHiBCbKOI AinsiHKK

Ne cB. IHTepBan, m ToBWMHA, M BwmicT migi, % Mnowa, m? MepcnekTuBHi pecypcu kareroptt P_z, me. T
pyav | migi
36
4585 | 165,5-166,6 | 1,1 | 0,220 [ 670000 | 2 048,86 | 4,51
3A
M-11* | 303,4-305,1** | 1,7 | 0,36 [ 270000 | 1.285,20 | 4,63
26
4585 | 318,0-319,7 | 1,7 | 0,311 | 670000 | 3018,35 | 9,39
2A
4583 160,6-161,8 1,2 0,371 650 000 1.700,40 6,31
8265-I'3* 209,7-210,8** 1.1 0,313 470 000 1127,06 3,53
Bcboro 9 179,87 28,36

lMpumimku. * cBepANOBUHM NOMNEPESHMKIB, ** YMOBHO KOHAMLINHI iHTepBanu.

AinsHka Tekns po3TalwoBaHa nNiBOeHHiWe Big nonepe-
OHiX 00'eKTiB y panoHi 0OgHONMEHHOro cenvia BonmHcbkoT
obnacri, y Mmexax TekniHCbKOro MigHATTA Ha nepeTuHi MiH-
cbko-BuxiBcbkoi i 3abonoTiBcbko-by3bkoi 30H posnomis. Y
reonorivHin 6ynosi AinsiHkM 6epyTb y4acTb NOPOAM KaHWITIB-
CbKOI, paTHiBCbKOT, 6abunHcbKol, 3a6onoTiBCbKOI, ropbaluis-
CbKOIi CBIT NOMICbKOI cepii Ta Bigknagu IOPCbKoi, KpenaoBoi
Ta YeTBepTUHHOI cucTeM. Bigomi npossu MigHoT miHepani-
3avuii noB'a3aHi 3 pyaHumu ropusoHtamu 3A i 36, npuypoue-
HUMW OO BiAKMagiB paTHIBCbKOI CBITH.

MposiBu Migi Ha ainsHui Bneplie Oyno BCTaHOBMNEHO Nif
yac reornoro3HimansHux pobitT m-6y 1 : 200 000 (Mpuxoabko
Ta iH., 1988), konu y WTydHUX npobax 6yno 3adikcoBaHoO
BMicT migi Ao 0,27 %. MNisHiwe, nig yac npoBeAeHHS reorno-
riyHoi anomkm m-6y 1: 50 000 (Kocoscbkuin Ta iH., 1992) cee-
panosuHoto Ne 5659 6yno 3adhikcoBaHO ABa pPyOHMX
iHTepBanu B ropu3oHTi 3A i3 Bmictom Migi 0,27 % Ha TOB-
wwmHy 3,0 m (iHTepBan 323,0-326,0 m) i 0,25 % Ha TOBLUMHY
2,4 m (349,0-351,4 m). Mig yac nowykoBux pobiT 1991-
2008 pp. 6yno npobypeHo N'ATb CBEPASIOBMH 3araribHO
poxuHoto 1 985,0 M, 3 KepHy sikux BigibpaHo 242 npobw, 3
AKMX Tinbkn y 5 npobax (2,1 %) BMIiCT Migi nepesuLLyBaB
0,2 % (Tabn. 5). Ha »anb, XOAHOro KOHAWUINHOIO pyaHOro

iHTepBany nig 4Yac gocnigpkeHs He Oyrno BCTaHOBMEHO, Xo4a
MOXXHa BUAINUTN ABa YMOBHO KOHOULINHWX iHTepBanu B Me-
xax ropusoHTy 3b y cBepanosuHax Ne 4529 i3 BmicToM Migi
0,327 % Ha ToBwwmHY 0,7 M (299,3-300,0 m) i Ne 4548 i3
BmictoM Migi 0,270 % Ha ToBLWMHY 1,4 M (266,5-267,7 m).
MepcnekTuBHI pecypcu kaTeropii P2 BUABNEHUX pyaHUX Tin
caraoTe 137,19 Tuc. T migi (tabn. 5). Y Takomy x o6'emi
MOXHa nepeabavatv NPorHo3Hi pecypcu kateropii P3, 3ara-
NbHUA  pPEecypCHUn noTeHuian AOiNdAHKM  OLUIHIETBCSA B
274,38 Tnc. T Migi.

Omxe, Ha CbOorogHi NepcneKkTMBM NPOMMUCIIOBOT MigHOHO-
CHOCTI [iNsHKM IPYHTYIOTbCA NULLEe Ha mMaTepianax ceepa-
noeuHn Ne 5659, ne BOHWM po3KpuTi Ha rMnbuHi 323,0—
351,4 m. Lis cBepAnoBMHa poaMillieHa Ha KpanHbOMY 3axopi
OiNsHKM, Oe i3 3axody MOTEHUINHO MiOHOHOCHI FOPU30OHTU
paTHIBCbKOI CBiTU NEpPeKpuTi YOXIOM Naneo30NCbKNX BifK-
nagie, WO CyTTEBO 30inbLuye rMMOUHY po3TallyBaHHs NoTe-
HUIMHUX PYOHUX Tin (HaBiTb SKWO BOHM Tam €) i
YHEMOXIMBIOE EKOHOMIYHY LOLNbHICTb X pO3po6Ku. Y cy-
cigHix ceepanosuHax (Ne 5568, 4540, 5519, 4511) koHam-
UiHUX iHTepBaniB He BusBNeHo. Bpaxosytoun ui daktn,
nepcnekTMBu AiNaHKN Teknsa Ha MigHe 3pyAeHiHHS OuiHio-
€TbCS HEeraTUBHO.

Tabnuys 5
Po3paxyHoOK nepcnekTMBHUX pecypcu kateropii P, ginsaHku Tekns
Ne cB. IHTepBan, m ToBLWMHa, M BwmicT migi, % Mnowa, m? MepcnekTuBHi pecypcu KaTeropu_P_z, me. T
pyau migi

36
4529 299,3-300,0** 0,7 0,327 1400 000 2724,40 8,91
4548 266,5-267,7** 1,4 0,270 150 000 5 838,00 15,76

3A
5659* 323,0-326,0 3,0 0,27 2 850 000 23 940,00 64,64
5659* 349,0-351,4 24 0,25 2 850 000 19 152,00 47,88
Bcboro 51 654,40 137,19

lMpumimku: * cBepANOBVHN NOMEPELHUKIB, ** YMOBHO KOHAWLIVHI iHTepBanu.

Lo cTocyeTbca nepcnektMB pyooHOCHOCTI KaTyuick-
koro, BpoHHuubkoro i OBaaHIBCbKOro "pyAoHOCHUX Monis",
TO BOHM HiYMM He OGrpyHTOBaHI i MaloTb ByTW BUKIIOYEHI 3
OLiHKN NPOrHO3HUX PeCcypCiB.

Kyxomcbko-Bonbcbka Memaso2eHiyHa nnowja Bia-
nosigae Jllobewiecbkomy i BudepmuHcbKoMYy pyOoHOC-
HUM rios1sim. JTioBeLLiBCbKe pyaOHOCHE rore nroLleo 340 kw2
Oyno BMBYEHO 3a Agonomorok 21 cBepAnoBMHU 3ararnbHO
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JoBxuHoo 3679,0 M, 3 sikmx BigibpaHo 761 npoby, ane
Tinbkn B wectn npobax (0,8 %) 6yno BCTaHOBMNEHO BMICT
Migi 0,2 % i BinbLwe. 3 ycix uicneHHWX nepepisis nepenba-
YyBaHUX PYOOHOCHUX TFOPU3OHTIB BUSIBNEHO TiNbKW OAMH
KOHOMUIMHWIA iHTepBan ropu3oHTy 3A y CBepAnoBuWHI
Ne 4518 i3 BmicTom migi 0,31 % Ha ToBWwMHY 1,0 M (iHTepBan
68,0-69,0 m). Linx maTepianiB gocTaTHLO ANsi HEraTUBHOI
ouiHkn "pygoHocHoro" nons. NopiBHAHHA JltoGeLuiBCbKOro
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pygoHocHoro nons 3 MiBgeHHopadaniBCcbknm NposBoM, Ha
yomy 6asyeTbCA MOro MPOrHO3Ha OuiHKa MnonepenHukie,
BUMsAaae HekopekTHum. Lo crtocyeTbes BuaepTuHCLKOro
"pyaoHocHoro" nonsi, To 6yab siki AaHi Npo Moro pygoHoc-
HiCTb BIACYTHI. TOMy nNpOrHo3Hi pecypcu no o6'extax
KyxoTcbko-Bonbcbkoi MeTanoreHiyHoi nnowi HeobrpyHTo-
BaHi i MatoTb BYTU BUKIMHOYEHI 3 T MPOrHO3HOI OLiHKM.

MaHeesuubka mMemasnozeHiyHa niowa o6'eaHye Pa-
daniscbky ainaHky (MiBaeHHopadaniscbkunii nposs, Koma-
piBcbke, YyanuHcbke i JIMWHIBCbke pPyOoOHOCHI nons),
ainsaHkn Tenbya i Benuko-Migcbka.

Y mexax Pagbaniecbkoi OinssHKU Hanbinbwnii iHTepec
cTaHoBUTb [lieGeHHOpadhaniecbKkuli Mposie  NroLLelo
31,4 kM2, posTalloBaHuin Y Bonogummpenbkomy paiioHi Pis-
HeHcbKOi 06nacTi, B LieHTpanbHi YacTuHi Padpaniscbkoi ai-
NAHKK, 3aranbHa nnowa skoi carae 206,3 kM2, Y reonorivHin
OynoBi nposiy 6epyTb yyacTb Bigknaam 6abuHCBKOI | paTHiB-
CbKOI CBIT BOMMHCBKOI Cepii HKHBOrO BEHAY, YapTOPUIACHKOT
CBITU MOIMIiB-NMOAINBLCHKOI Cepii BEPXHbOrO BEHAY, YaCTKOBO
nepekpuTi Bigknagamun BEpXHLOI Kpenau, naneoreHy i yetse-
PTUHHOI cucTemun. B Bynosi AinsiHkn 6epyTb y4acTb pyLoHO-
CHi ropu3oHTn 3A1, 3A2, 3As, 2B, Vacrz, Vibr. 3a gaHumu PP
3anacu kateropii C2 lNiBaeHHopadaniBcbkoro nNposiBy csra-
toTb 161,17 TMC. T Migi, NepcnekTuBHI pecypcu kaTeropii
P1 — 512,79 Tnc. T migi (Mowykn pogosuwy migi..., 2008).
PosrnsHemo, Hackinbku 06r'pyHTOBaHI Ui MigpaxyHKu.

Mig wac M'PP 1991-2008 pp. y mexax lliBaeHHopada-
niBCbKOro nposiBy 6yno npobypeHo 286 cBepaioBMH 3ara-
nbHo goBxuHoto 23 012 m. Kpim Toro, BuBYanucs i
onpobyBanucs psaa Kap'epiB y Mexax nposiBy.

Bcboro y mexax PadpaniBebkoi ginsiHku 6yno npoby-
peHo 436 cBepAIOBMH 3aranbHOK AOBXUHOW 42 121,2 m),
3Bigkn BigibpaHo 10 842 npobw, ane Tinbku B 70 npobax
(0,6 %) 6yno BcraHosneHo BMmicT migi 0,2 % i Ginbwe. [Jo-
aatkoBo 561 npoby BigidbpaHo 3 kap'epiB PadhaniBcbkoi
nnoti, Bmict Migi 0,2 % i 6inbwe 6yno BUSABMEHO TiNbKn y
21 npobi (3,7 %). NMpobnema nongarae B ToMy, O 3HaAYYLLi
BMICTM Midi nvwe cnopagnyHo 3yCTpivatoTbCs B Pi3HUX CBe-
pAONOBUHAX, PO3MOPOLLEHUX MO MIIOLL, SIKi HE YTBOPHOKOTL CY-
LinbHUX apeaniB, i 3a3Buyan oTouveHi "Ge3pyaHumn"
cBepanoBMHamu. 3BigKM X B3NuUCA Ui 3anacu i pecypcu, 4o
peui, 3aTBepaxeHi AK3?

Cnpaga B TiM, L0 NigpaxyHOK pecypcHoi 6a3n nposiy
3[iMCHIOBABCS BUKITIOYHO Ha OCHOBI AaHWX HEWTPOHHO-
akTmBauinHoro kapotaxy (HAK), ski 3gebinbLioro He 36ira-
I0TbCA 3 pesynbTatamu onpobyBaHHs. [Npuknagu nopise-
HSIHHSI peanbHUX pes3ynbTaTiB aHanidy npob i rinoTeTUYHMX
po3paxyHkiB aBTopiB 3BiTYy ([owykn pogosuL migi..., 2008)
HaBefeHo B Tabn. 6. Ha ocHoBi HeAOCTOBIPHUX AaHMX aB-
Topw 3BiTY nobyayBanu giarpamy posnoginy cepeaHbL03Ba-
XEHWX BMICTIB Midi 3a pesynbTtataMy pi3HUX MeToaiB i
3anponoHyBann copmyny nepepaxyHkis BMICTIB Migi, BU-
3HaYeHUX XiMIYHUM aHarni3oM, y rinoTeTUYHI BMICTU, SKUMU
aBTOpM i KOpUCTyBanuca Ans BUAINEHHS pyaHUX Tin i nigpa-
XYHKy ix 3anacis. Lis coopmyna mae surnsag,

y =2,1623x + 0,1465,
4e X — BMIiCT Migi 3a AaHUMU XiMIYHOro aHaniay, y — rinote-
TUYHUIA NepepaxoBaHWin BMICT Mifi 3 ypaxyBaHHAM aHOMa-
niv HAK. HeBaxko nOMITUTK, WO, KOPUCTYHOUUCH UIED
dopmyroto, 6yab-siKi AaHi, OTPMMaHi aHaNITUYHUM LUNSXOM,
HaBiTb KNApKOBi 3HAYEHHS, NErko MOXHa NepeTBOPUTU Ha
KOHOMUIVHI BMICTW Migi, WO y nepeBaxHin GinbLiocTi Bunaa-
KiB i 3pobunu aBTopm 3BiTy. OTXe, aBTOpK 3BITY BiAKUHYMK
BENMYE3HUIA 00'eM aHaniTMYHUX OaHuX, SKUA NepeBuLlye
10 TMCc. XiMiYHMX aHani3iB Ha Migb, i NigMiHUNKM Ui AaHi
rinOTETUYHMMM pPO3paxyHKaMu, 3 UMM ax Hislk He MOXHa
norogutucd. bescymHiBHO, MmaTtepianM  reodi3nyHmx
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pocnigxeHb, 3okpema HAK, tpeba BukopucToByBaTh Ans
OLiHKM pyAHUX O0'eKTiB, ane NigMiHATM HUMKW AaHi aHaniTu-
YHUX OOCMiAXKEHb € HEeMpUMycTMMUM. TOMY OLiHKa pecypc-
Hoi 6a3n lMiBgeHHopadpaniscbkoro nposiBy nig yac PP
1991-2008 pp. € abContoTHO HEAOCTOBIPHOLO.

[ns poctoBipHOI ouiHkK pecypcHoi 6a3n PadaniBcbkoi
AiNsiHKM MU NpoaHanisyBanu BCi pe3ynbTaTu aHanisis i BU-
AiNunu cnpaexHi pyaHi iHTepBanu, 3a AKMMW 34iIACHEHNI ne-
pepaxyHoK pecypciB OinsiHku (Tabn. 7). Ak BCTaHOBMEHO B
pesynbTaTi aHanisy martepianis 'PP, pygHi Tina npegcras-
NeHi HeBENMMKUMM NiH3aMK | CKYNYEHHAMM Midi B Pi3HUX Ya-
CTMHaX MAoLLi i Ha Pi3HUX PIBHAX CTpaTUrpadiyHOro pospisy.
He BCTaHOBMNEHO XOAHOTO Kyllla CBEPASIOBUH, Siki 6 po3kpu-
Banu BGinbluU-MeHL NPOTSKHI pyAHi Tina: BCi CBEPANOBUHY 3i
3HaYyLLMMKU nokasHukamu (BMicT Migi 0,2 % i GinbLue, ToB-
wmHa pygHoro Tina 1,0 m i 6inbLwe) oToyeHi "6e3pyaHumn”
ceBepanosmHamu (puc. 3). 3a HawymMm nigpaxyHkamu nepc-
nekTMBHI pecypcu kateropii P+ lliBaeHHopadaniBcbkoro
nposBy MoXHa ouiHnty B 30,2 TUC. T Migi. BpaxoBytoun 3Ha-
YHWI CTYNiHb reoNoriYHOT BUBYEHOCTI AiNsAHKM, NiAcTaBn Ans
BUAINEHHs i NepcrnekTUBHNX pecypciB kaTeropii P2, nporHo-
3HUX pecypciB kaTeropii P3 BiacyTHi. 3po3yMino, Lo Taki He-
BenuKi i po3nopoLleHi Mo 3HauHi Nnowi pyaHi Tina He
CTaHOBMSAITb MPOMUCITOBOIO iHTEPECY.

Komapiecbke pydoHoCHe noJie BKMoYae NoLLy OfHOMN-
MEHHOro nosns nosa mexamu llisgeHHopadanisCcbKoro npo-
aBy. Ak BuOHO 3 Tabn. 7, y 4OTMPbOX CBepAnoBuHax 6yno
PO3KPUTO LWICTb PYAHUX iHTepBanis, NepCcrnekTUBHI pecypcu
AKMX kateropii P1 ouiHtooTbCa B 23,74 TUC. T Migi. Ha xanb,
UMM | 0OMeXyeTbCA pyaOHWI NOTEHLian pyaoHOCHOro Norsi.

YydnuHcbke pydoHOocHe nosne nnowe 368,2 km?
OXOMJIIOE NIOLLY NOLUMPEHHS Biaknaaie 6poaiBcbKol CBiTH Y
Bonogumupeubkomy panoHi PiBHeHcbKoi obnacTi i MaHeBu-
LibkOMY panoHi BonunHcbkoi obnacti. Ha uin Teputopii 6yno
npoOypeHo 42 cBepanioBMHU, 3 sKMX BigibpaHo 182 npobw,
ane Tinbkn B ABOX npobax (1,1 %) 3adpikcoBaHo BMICT Mmigi
0,2 % i 6inblue i BUOINEHO eOUHWI KOHOWLIHWUIA iHTepBan y
cepanoBuHi Ne 4373 i3 Bmictom migi 0,282 % Ha TOBLUMHY
1,4 m (iHTepan 81,4-82,8 m). LLlo cTtocyeTbea paTHIBCLKOT
cBiTK, TO 3 325 nNpob, BigibpaHux 3 ii po3pisiB, y XKOAHIN He
6yno 3adikcoBaHo BmicTy Migi 0,2 % i 6inbwe. Lie Hagae ni-
OCTaBM ONs HEeraTMBHOI OLiHKM "pygooHOCHOro" nons wono
NPOMUCIOBOI MigHOPYAHOT MiHepanisauii.

JluwHiecbke pydoHocHe nosne nnouieo 208 Km? pos-
TaloBaHe B Mexax KOnuLHboro JliobeluiBCcbkoro panoHy
BonuHcbkoi obnacTi, Ae nig Yac NpoBeAeHHS reorioro3Hima-
NbHUX pobiT M-6y 1 : 50 000 (1981 p.) Byno BusiBNEHO psig
reoximiyH1x aHomanin migi, a B ogHil i3 Tpbox NpobypeHmx
CBEPAOBWH BUSIBMNEHO iHTepBan 3asToBLwku 1,0 m i3 BMic-
Tom migi 0,14 %. Tig yac noLykoBO-OLiHIOBaNbHNX pPob6iT
1991-2008 pp. TyT Byno npobypeHo cim CBEPAMNOBUH Y MiB-
HiYHO-3axigHiN YacTUHI pyaOHOCHOrOo Nons, 3 KMX BigibpaHo
246 npo0, ane B xoA4Hi Nnpobi BMicT Migi He gocsaras 0,2 %,
BiANOBIAHO, KOHAMLINHMX iHTEpBaniB BUSBNEHO He Gyro. Lle
€ niacTaBol0 ANS HeraTMBHOI OUiHKM "pygoHOCHOro" nons
Loao MigHopyaHOI MiHepanisauii.

AinsiHka Tenbya nnoweto 72 kM? posTalloBaHa B Mexax
MaHeBuubkoro pavioHy BonuHcbkoi obnacti nobnusy nie-
OEeHHO-3axigHoi Mexi PadpaniBcbkoi OinsiHkv, Ae nig vac npo-
BELEHHS reonorosHimanbHux pobit m-6y 1 : 50 000 (1988 p.)
Oyno BusIBNeHO 4ucneHHi aHomanii Bll, ski moxyTe OyTu
noB'a3aHi 3 Nposisamy MigHoi MiHepanisadii. [1ig Yac noLykoBo-
ouiHtoBanbHMX pobit 1991-2008 pp. Tyt 6yno npobypeHo
LLiCTb CBEPAIOBVH 3aranbHO JOBXUHOW 2 467 M, 3 SIKUX Bidi-
6paHo 502 npobw, 3 HKX nuLwe y wecTn npobax (1,2 %) 6yno
3acpikcoBaHo BMICT Migi 0,2 % i GinbLue. Tinbkv B 0fHin cBepa-
nosuHi Ne 4592 6yno BusiBNeHo iHTepBanu, siki HabnwkyTbCs
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[0 YMOBHO KOHAMLIMHMX (BKNIOYaloTb "30BHILLHI" iHTEpBanu i3
BMiCTOM Migi MmeHL sik 0,2 %): 3A2 i3 BmicTom migi 0,195 % Ha
ToBWWHY 1,0 M (iHTepBan 321,5-322,5 m); 3A1 i3 BMICTOM Migij
0,178 % Ha ToBLMHY 1,6 M (363,9-365,5 m); 2B 3 BMicTOM Migi

0,160 % Ha ToBWMHY 1,2 M (368,8-370,0 m). Li pesynbtatn
cBigyaTb Npo Ge3nepcrneKkTUBHICTb OiNsHKM LWOAO NPOMMUCIIO-
BOI MiZHOPYAHOI MiHepani3auyji.

Tabnuys 6

MopiBHAHHA "pyaHUX" iHTepBaniB Ha po3pi3ax i 3a pesynbTatamu aHani3y npo6 lNisgeHHopadaniBcbkoro nposiBy Migi
no ceepanoBuHax Ne 4337, 4400 3a pesynbtaTtamu PP 1991-2008 pp. (Mowyku pogoBuuy ..., 2008)

"PyaHi" iHTepBanu Ha po3pisax Ha ocHoBi HAK PeanbHi pe3ynbTaTy aHanisy npo6
Ne cB. - — - —
IHTepBan, m ToBlWMHA, M BwmicT migi, % IHTepBan, m ToBWMHaA, M BwmicT migi, %
4337 50,8-55,3 4,5 0,214 50,5-51,0 0,5 0,012
53,5-54,0 0,5 0,007
54,0-54,2 0,2 0,042
54,2-55,0 0,8 0,014
55,0-55,3 0,3 0,030
65,2-66,3 1,1 0,287 64,8-65,4 0,6 0,005
65,4-66,0 0,6 0,006
66,0-67,0 1,0 0,004
78,7-82,0 3,3 0,216 81,0-82,0 1,0 0,009
87,9-90,0 1,1 0,211 88,0-89,0 1,0 0,013
89,0-90,0 1,0 0,012
112,25-115,25 3,0 0,207 115,0-115,9 0,9 0,015
116,75-117,75 1,0 0,250 115,9-117,0 1,1 0,031
117,0-117,5 0,5 0,021
117,5-118,1 0,6 0,025
124,25-126,75 2,5 0,240 124,7-125,1 0,4 0,012
125,1-125,5 0,4 0,021
125,5-126,0 0,5 0,012
4400 43,0-44,3 1,3 0,235 43,0-43,5 0,5 0,034
43,5-44,3 0,8 0,045
46,3-48,5 2,2 0,311 46,3-47,3 1,0 0,047
47,3-48,5 1,2 0,100
50,0-51,5 1,5 0,253 50,0-50,7 0,7 0,054
50,7-51,5 0,8 0,047
78,4-79,5 1,1 0,200 78,4-78,9 0,5 0,028
78,9-79,5 0,6 0,022
92,3-95,8 3,5 0,218 92,3-92,9 0,6 0,027
92,9-93,5 0,6 0,040
93,5-94,0 0,5 0,033
94,0-94,6 0,6 0,018
94,6-95,2 0,6 0,046
95,2-95,8 0,6 0,035
98,4-101,3 29 0,239 98,4-98,7 0,3 0,015
98,7-99,0 0,3 0,038
99,0-99,8 0,8 0,057
99,8-100,3 0,5 0,036
100,3-100,8 0,5 0,030
100,8-101,3 0,5 0,043
Tabnuuys 7
axXyHOK nepcnekTMBHUX pecypciB kaTteropii P4 PadaniBcbKkoi AinsiHku
Ne cB. IHTepBan, m ToBWwwuHa, M BwmicT migi, % Mnowa, m? MepcnekTuBHi pecypcm Kateropii .P1.’ me. T
pyau | migi
MNiBaeHHopadaniBCbKUi NposiB
3A;
4458 | 564580 | 1,6 0,217 [ 55000 ] 246,40 | 0,53
3A;
5910 46,8-49,4 2,6 0,228 40 000 291,20 0,66
5922 31,5-35,5 4,0 0,232 28 000 313,60 0,73
4439 79,0-81,0 2,0 0,216 720 000 4032,00 8,71
4454 35,8-39,0 3,2 0,226 60 000 537,60 1,21
4573 48,6-56,0 74 0,245 120 000 2486,40 6,09
3A,
5907 31,9-32,9 1,0 0,258 43 000 120,40 0,31
5995 63,0-64,0 1,0 0,290 75 000 210,00 0,61
5995 71,2-74,0 2,8 0,568 75 000 588,00 3,34
4188 76,2-78,0 1,8 0,320 50 000 252,00 0,81
4439 117,0-118,2 1,2 0,280 720 000 2419,20 6,77
2B
4474 | 79,8-80,8 | 1,0 0,242 [ 45000 99,00 0,24
Bcboro 11 595,80 30,02
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3akiHyeHHs1 mabn. 7

Ne cB. IHTepBan, m ToBWMHa, M BmicT Migi, % | Mnowa, m? MepcnekTuBhi pecypcy Kareropii .P1.’ me. T
pyau | migi
KomapiBcbke pyaoHOCHe none
3A;
4425 | 437450 | 1,3 | 1,005 [ 330000 [ 120120 | 12,07
3A,
4372 [ 210,0-211,0 | 1,0 | 0,227 [ 28000 ] 78,40 | 0,18
Vzcl'z
4372 45,0-49,5 45 0,396 28 000 327,60 1,30
4372 68,8-70,0 1,2 0,643 28 000 87,36 0,56
4417 114,0-115,9 1,9 0,446 240 000 1.185,60 5,29
V1b|"
4373 | 814828 | 1,4 | 0,282 [ 440000 1540,00 4,34
Bcboro 4 420,16 23,74
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Puc. 3. Cxema po3milleHHA NpoAyKTUBHUX cBepAnoBuH PadaniBcbkoi AinAHkK

Ainsinka Benuko-Midcbka nnoweto 153 km? posTatuo-
BaHa B Mexax KocToninbcbkoro pamoHy PiBHeHCbKOi obnacTi B
10-15 kM Ha niBaeHHUR cxig Big MNiBaeHHopadaniBCcbKOro
nposisy. Ha ginsHui nig yac nowykoBo-oLiHOBanbHUX poobiT
1991-2008 pp. 6yno npobypeHo 38 cBepAnOBUH 3aranb-
HoW JoBxuHoto 2 304,9 M, 3Bigku Gyno BigidpaHo 373 npobwu,
ane TiNbkM y ABOX 3 HUX BcTaHoBneHo BMicT migi 0,2 %
i 6inbwe (0,5 %), BUABNEHO €ANHUIA KOHOWULINHWIA iHTEpBan
y ceepanosuHi Ne 5863 Ha rnnbiHi 36,8—-38,6 M, e BMmicT
Migi csarae 0,296 % Ha ToBwuHy 1,8 M. Linx maTepianie go-
CTaTHbO AN HEraTUBHOI OLIHKW AINSHKK.

[nsa ouiHkn NPOrHO3HMX pecypcis kaTeropii P3 Tak 3Ba-
HUX pynoHocHux nonie (JTlo6ewiscbke, BuaeptuHebke, Ko-
MapiBcbke, JluwHiBcbke) i ginaHok (Tenbya) KyxoTcbko-
Bonbcbkoi i MaHeBULbKOT MeTanoreHiyHux nnowy, nig 4vac
NoLLYKOBO-OLiHIOBanbHuX pobit 1991-2008 pp. 6yno 3acTo-
COBaHO MeToA aHarnorii, Ae 3a eTanoH NnpunHATo MNiBgeHHO-
padanisCcbknin pyoonposis i3 BBEAEHHAM 3HWXYBarbHOMo
KoedilieHTa noaibHOCTI, SKMA CTaHOBMB ANA "PYyAOHOCHMX
nonig" i ginaHok: JobGewiscbke — 0,76, BuoepTuHCbke —
0,78, Komapiscbke — 0,6, JInwHiscbke — 0,72, Tenbya — 0,84.
B pesynbTati 6yno HapaxoBaHO 3Ha4Hi MPOrHO3HI pecypcu
kaTeropii P3 (Tabn. 8). Ane, no-neplie, BOHW He nigTBEp-
OXKYIOTbCS HAsiBHUM (hakTUYHUM maTepiarnioM, a no apyre,
sk Oyno nokasaHo BuLUe, MPOrHO3Hi pecypcu i 3anacu ca-
moro lNiBgeHHopadhaniBcbkoro NposiBy TakoX HiYMm He 06-
rpyHTOBaHi. TOMY MpPOrHO3HIi pecypcu LUMX [AifsHOK
NiaNaraTb BUKIHOYEHHIO 3 OLIHKM MPOrHO3HUX pecypcis Bo-
TNIMHCBKOrO PYAHOrO panoHy.

Ha ocHoBi aHani3y riraHTCbKOro hakTM4HOro matepiany, 3i-
6paHoro nig Yac nposeaeHHss PP Ha TepuTopii BonunHcbkoro
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pyOHOro panoHy, 6yno 3aircHEHO NepepaxyHOK NOoro pecypcis
(Tabn. 8). B pesynbTarTi Bigbynocs 3HayHe (Ha NopsiaoK) 3MeH-
LUEHHS1 PECYPCHOro MoTeHUjany panoHy. 3 YCiX YMCNEHHUX
06'eKTiB pyQHOro parioHy NEBHWI IHTEPEC MOXYTb CTaHOBUTU
nvwe pesiki nposisn BonuHebkoi MeTanoreHivyHoi nnowi (PKu-
pwdi, 3anicu-LLmeHbku Ta iH.), Ae, Ha BigMiHy Bif iHLWIMX 00'ek-
TiB, BCTAHOBIEHO GinbLL-MEHLL NPOTSLKHI pyAHi Tina. Ane BOHM
MatoTb HEBENVKI MacLUTabu, KOHTYPY OKPEMUX PYAHUX FOPU30-
HTIB YacTo He 36irarTbCsl, BOHW PO3MILLEHI Ha 3HAYHIN MUOWHI
(164,0-537,2 M), LLO YHEMOXIMBIIOE BIOKPUTUIA CMOCIO BMOO-
OyTKy. Ak nokasaHo paHilue (Muxaiinos Ta iH., 2022), OCBOEHHS
Lboro o6'ekTa MoXe CynpOBODKyBaTUCh 3HAYHUMM iIHBECTULjN-
HVMW pU3VKaMK.

Ounckycis i BUCHOBKM

B ocHoBy gaHOro AocnigKeHHst MoKMageHo KpUTUYHUN
aHani3 pesynbTaTiB reonoropossigyBanbHuX pobiT, npose-
OEHUX Ha TepuTopii BONWMHCBKOrO MigHOPYLAHOrO panioHy.
HocnimkeHo 0cobnmMBOCTI reonorivyHoi 0yaA0BKM NPosBIB paii-
OHY, MPOCTOPOBOro MOLUMPEHHSA, (POPMU i PO3MIpIB PyaHUX
Tin. lNepernaHyTo pes3ynbTaTv XiMiYHUX AOChifKeHb 3a
BCiMa cBepanoBuHamu, Lo 6ynu npobypeHi nig yac nowy-
KOBWX i NOLUYKOBO-OLiHIOBanbHNX poboTtax. [NpoBeaeHo ne-
PEOLIiHKY pecypciB y Mexax AinsHokK, Ae 60yno BUOKpeEMIEHO
nepcneKkTUBHI NNOoLLi, WO NiaTBepAKEHI HAsBHICTIO NPOAYK-
TUBHUX iHTEpBaniB 3 KOHAWUUINHMMY NOKa3HMKaMW B PO3pi3i
NEBHUX CBEPANOBUH.

[ns BonnHCBLKOro MigHOpPYAHOro paoHy 6yro nepepaxo-
BaHO NepCrneKkTUBHI i MPOrHO3Hi pecypcu. B pesynbTaTi nepe-
paxyHKy pecypCHWI MOTeHLian panoHy 3MeHLUMBCH Oinblue
Hi>X Ha nopsinok. 3okpema, KyxoTcbko-Bonbcbka MeTanoreHi-
YHa Mnrowla, 3a HalwuMK OuiHKaMu, He MepcrneKkTUBHa Ha
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BiAKPUTTA NPOMMCIOBMX 3anaciB mifgi. HeaHauvHi nepcnek-
TMBM i y MaHeBULbKOI MeTanoreHiyHoi nnowi. Hanbinswum
PECYPCHUM MOTEHLianoM XxapaktepuadyetTbcs BonuHcbka
MeTarnoreHiyHa nnowa. TyT HanbinbLi nepcnekTMeu Ans
OCBOEHHSI MOXKe MaTu nuwe pogosuLle Xupwudi, ane B pasi
iHBECTYBaHHSs B Liei 06'eKT BapTO BpaxoByBaTU pU3UNKU Ta
nepernsgati napaMmeTpuy NOro OLiHKW.

npvBabnuBICTb i nogarnblue OCBOEHHS MOro noTeHuiany
NOTEHUIMHUMMK iHBECTOpPaMM MOB'sA3aHe 3i 3HaYHUMKU PU3MU-
Kamu. MNeBHWUIA iHTepec CTaHOBUTL rpyna NposiBiB 3axigHOro
obnamysaHHs [ipHuUbkoro ropcty (XKupudi, 3anicu-LUme-
HbKWM), ane He3HayHi napaMeTpu pyaHUX Tin, iX posnopoLue-
HiCTb MO nnowi i no po3pidy, HeBenukuin BMICT Midi,
HeobXifHicTb nig3emHoro cnocoby BMaobyTKy CTaBNsATh Nif,

OTxe, camopogHOMIgHe 3pyAeHiHHa BonuHcbkoro CYMHiB €KOHOMIiYHY AOLINBHICTb IXHBOT PO3PO6KN.
MiQHOPYAHOTO  panloHy Ma€ He3HayHy iHBEeCTUUIViHY
Tabnuys 8
Pecypcu migi pygonposiBiB BonmHcbKkoro pyaHoro panoHy (Tuc. T miai)
MposiB (pyAoOHOCHe none, AinsiHka) 3a matepianamu 'PP 1991-2008 pp. MepepaxyHok
C. | P P, | P P | P, | P
BonuHcbka MeTanoreHivyHa nnoua
MposiB XKupuyi - 858,93 133,39 - 2204 220,4 -
Mposie 3anicu-LLImeHbkn - - 659,8 - 82,19 82,19
MiBHIYHOpAaTHIBCbKa AinsgHka - - 1315,9 - 48,94 48,94
PaTHiBCbKa AinsHka - - - 662,0 28,36 28,36
LinsiHka Tekns - - - 465,2 137,19 137,19
KaTtyuicbke pygoHoCcHe none - - - 899,8 - - -
BpoHHMLbKE pyAOHOCHE none - - - 639,6 - - -
OBagHiBCbKe pygHOCHe none - - - 251,1 - - -
Bcboro no nnowi - 858,93 2 109,09 2917,7 220,4 | 517,08 296,68
KyxoTcbko-Bonbcbka MeTanoreHiyHa nnouwa
JTio6eLwiBcbke pyaoOHOCHE none - - - 27994 - - -
BuagepTuHcbke pyfoHOCHE none - - - 1598,6 - - -
Bcboro no nnouwi - - - 4 398,0 - - -
MaHeBMLbKa MeTanoreHiyHa nnowa
[MiBgeHHopadanisCcbkuii NposB 161,17 512,79 - - 30,02 - -
KomapiBcbke pygoHOCHe none - - - 2202,0 23,74 - -
YyannHCcbKe pyAoHOCHE none - - M1 460,0 - - -
JInwHiBcbKe pygoHOCHe none - - - 962.4 - - -
LinsHka Tenb4va - - - 1713,8 - - -
LinsiHka Benuko-Migcbka - - - 28,95 - - -
Bcboro no nnouwi 161,17 512,79 - 4 878,2 53,76 - -
Bcboro no pasioHy 161,17 1371,72 | 2109,09 12 193,9 274,16 | 517,08 296,68
15 835,88 1 087,92

BHecok aBTopiB: Bonognmmp Muxannos — koHUenTyanisawis,
mMeTogonorisi, HanucaHHsl; OneHa AHgpeeBa — popmanbHUN aHa-
ni3, Banigauis gaHvx, HanucaxHs; Bitanin Cugopyyk — HanmMcaHHs.
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ASSESSMENT OF THE INVESTMENT ATTRACTIVENESS
OF NATIVE COPPER FORMATION OF THE VOLYN ORE REGION

Background. Copper is one of the critical metals for the industry of Ukraine. More than 150 copper ore occurrences of various genetic
types on the territory of Ukraine are known. One of the most interesting is the occurrences of native copper formation in the Riphean trappean
formations of the Volyn copper ore district. To determine the degree of investment attractiveness of copper ore occurrences, an objective assessment
of the resource base of the copper ore district is necessary.

Methods. The analysis of the results of prospecting and economic assessment within the ore occurrences of the Volyn copper ore region
were conducted: data on wells were reviewed, promising intervals were selected, areas were specified and copper ore resources were recalculated.

Results. A recalculation of the resource potential of the Volyn copper ore region for three metallogenic areas: Volynsk, Kuhotsk-Volsk and
Manevytsk was carried out. It was shown that their previous economic assessment during the exploration and assessment studies was overestimated
by an order of magnitude.

Conclusions. It has been established that native copper mineralization of the Volyn copper ore region has not significant investment
attractiveness and further development of its potential by future investors is associated with significant risks. The group of occurrences of the western
border of the Hirnytsk horst (Zhyrychi, Zalysy-Shmenky) is of some interest, but the insignificant parameters of the ore bodies, their wide scattering
over the area and across the section, the low copper content and the need for an underground method of mining call into question the economic
feasibility of their development.

Keywords: copper, native copper mineralization, Volyn copper ore region, trappean formation, ore occurrences, resources.
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'KniBcbKuit HalioHaNbHMIN €KOHOMIYHUI YHiBepcuTeT iMeHi Baguma MNeTbmana, Kuie, YkpaiHa
2HaykoBo-pgocnigHum 3aknag "Pecypcu”, Kuis, YkpaiHa

3ABH3 JyraHcbkuii HauioHanbHWit yHiBepcuTeT iMeHi T. LeBueHko, MonTaga, YkpaiHa

‘LleHTp BOEHHO-CTpaTeriYHMX AocnimkeHb, HauioHanbLHMI yHiBepcuTeT 060poHm Ykpainn, Kuis, YkpaiHa
SKniBcbKuit HauioHanbHWUIA yHiBepcuTeT iMeHi Tapaca LUesyeHka, Kuis, YkpaiHa

OLIIHKA BAPTOCTI MIHEPAJNNIbHUX PECYPCIB fIK ACNEKT NAPAMETPUYHOIO BUMIPY
NYBNIYHOIO YNPABJIHHA IHAYCTPIANIbHOIO BIABYAOBOIO YKPAIHM

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

lMpucesyeHo eucsimeHHIo psidy NPono3uyili i Memoou4yHUX Po3PO6OK, W0 € YaCMUHO MPaKMu4HoI peanisayii 3arnponoHoeaHo20
KabmiHom YkpaiHu ma HauyioHanbHoto padoro napamempuyHo20 eumipy eiOHOE/1eHHs1 eKOHOMIKU nicnsi eoeHHUX Jdill, wio nepedbayae
HanpayroeaHHs1 napamempie "8i0bydoeu ma mpaHcghopmauii KoxxHo20 cekmopy". CghokycoeaHo yeazy Ha Heob6XxiOHOocmi 800CKOHa-
J1IeHHs1 iCHyr040i MemodOuKU OUiHKU eapmocmi MiHepanbHUX pecypcie, 30Kpema 3anporoHoe8aHo cucmemy ny6sliyHoO20 ynpaesiHHs eu-
KopucmaHHs1 napamempu4Ho20 UiHOymeopeHHs1 MiHepasibHUX pecypcie Ha meopemuyHili OCHO8i mogapo3Hascmea ma MapKkemuHzay.
HazonoweHo Ha eaxiueocmi meopemuyHux GocCliOXeHb y cghepi HABPOKopucmyeaHHsI 8 YaCMuHi apmiCHOI OUiHKU MiHepasibHUX pe-
cypcie y npoueci ix nepemiwjeHHsI o ycix cmadisix MexHOosI02i4YHO20 YUKITy: 8i0 nepeuHHO20 sUG06YmMKy A0 KiHUe8020 npodyKmy, Wwo
nidnsieae peanizauii. [loeedeHo, wyo docnidxeHHs1 xapaKkmepucmuK KOPUCHUX KoMnasnuH ci1id npoeodumu e KOMIMJIEKCi: 2e0s102i4Hi, UiHO-
meipHi ma mosapo3Hag40-puHKo8i, modi yi docnidxeHHs MamuMymb He abcmpakmHy YiHHICMb, a NMPaKmMuYyHy €KOHOMIYHY 3Hayy-
wicmb, y momy d4ucsi Ons o64ucsieHb MapKemuH208UX €KOHOMIYHUX i dpiHaHCcoeuX moka3Hukie podosuwi, w0 6ydyms
ekcrtyamyeamucs, ix MalilbymHboi ekoHoMi4HOT e¢ghekmueHocmi. BkazaHo Ha HeobxiOHicmb 8 00CKOHasIeHHs1 meopii ny6sliyHo20 ynpae-
JliHHS1 8 YacMUuHi eUKOpPUCMaHHS NapaMempu4yHo20 eumipy eidbydoeu iHAycmpii YkpaiHu, Hacamneped — napamempuyHUx memodie
yiHoymeopeHHs1. Lji Memodu eidnoeidaromb 8UKIIUKY Yacy ma KOHUenuil napamempu4Ho20 ny6iiyHo20 ynpaesliHHs 8i06ydoeoro iHOy-
cmpii YkpaiHu Ha Haykoeili cMapm-ocHoesi. Ljeli npouyec aemopu Ha3easnu "cmapm-HeoiHOycmpianizayiero". Ymo4HeHO noHsimmsi 2eo-
J102i4HO20 moeapy, lio20 CMOXUBHUX erlacmueocmell, CMOXUBHOI eapmocmi i eapmocmi, i3 epaxyeaHHsIM crieyugiku mosapHo20
supobHuymea dobyeHoi npomucriogocmi. HadaHo ymo4HeHHs1 psidy moeapo3Hag4ux eUu3Ha4yeHb MOHSIMIlIHO20 anapamy 3 meopii doc-
Nid)KeHb MiHepanbHUX KOPUCHUX KOMasluH y Nnpoyeci ix nepemiuwieHHs1 no ycix ¢hasax cycninbHo2o eupobHuymea. HazonoweHo, wjo Ko-
PUCHI KonasuHU MO)KHa YMOBHO po32/10amu sik MalilbymHi moeapu, pyx ix mpaHcghopmauii 8io npupodHo2o0 cmaHy 0o cmaHy 20mogo20
npodykmy eueyaromb ¢haxieyi 3 eKOHOMI4HOI 2eos102ii, moeapo3Haecmea, MapkemuHay, ny6niyHo2o ynpaesniHHs. Haykoea Hoeus3Ha
cmammi rnosisi2ae e 3anpornoHoeaHOMy MameMamu4YHoMy ¢hopmarlizoeaHOMy Onuci Po3paxyHKy YiHu Osisi napamempu4yHo20 psidy 2eo-
Jnlo2iYHuUXx cy6'ekmie, wo pizHAMbLCS 30amHicmio 3a00e0/IbHUMU rompebu crioxueaya y 383Ky 3 muM, W0 He € iGeHMuYyHUMU 3a
¢bi3uKo-xiMiyHuUM criadom.

Kno4yoBi cnoBa: nybniyHe ynpaeniHHsi, cMapm-HeoiHOycmpianisayisi, MiHepasnbHi pecypcu, eKOHOMiYHa 2eorslogisi, 2eoso-
2i4yHUl npodykm, napamempu4yHUl Memod UiHOyMmMeOopPeHHs.

Becryn

locmaHoeka npobnemu. TybniyHe ynpaBniHHA cTae
AOMIHaHTHOO (POPMOIO YMNpaBniHHA CUCTEMOID AepPXKaBHUX
iHCTUTYUiI. He BMHATKOM € 1 HayKoBi yCTaHOBW, A€ HUWHI
dopMyeTbcst MeToZomnorivYHUA 6asuc iHgycTpianbHoI Biaoy-
OOBW EKOHOMIKM YKpaiHW B NICASBOEHHUI Yac. PopmaTom
3anpornoHoBaHoro B 2021 p. KabmiHom YkpaiHu napameTpu-
YHOro BMMIpY BIOHOBMEHHS EKOHOMIKM Micnsi  BiHK

nepenbadvaeTbes, Wo HauioHanbHa paga 3 meToto 3abesne-
YeHHS NiCNSABOEHHOrO BiAHOBMNEHHS "HanpauboBYye napame-
Tpu BigbynoBM Ta TpaHcdopMauii KOXHOro CeKTopy
ekoHomikn" (HauioHanbHa ekoHomiyHa..., 2021; MenbHu-
yyk, 2022). A npoBigHi HayKoBLUi YKpaiHyu CTBEPOXYOTb, L0
noYnHaTK cnif 3 iHQyCTpianbHOro CEKTopy, BiAHOBIEHHSI MO-
Tpebye cmapT-HeoiHAyCTpianisauii  eKkoHOMikM  KpaiHu
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(Hromozdova, Dubrovyk-Rokhova, & Pravorskyi, 2021;
OanvnuwnH, 2022a, 2022b; O6oneHcbkuii Ta iH., 2023).

Tomy akTyanbHUMK € nodarnblui HayKOBi OCAIAXKEHHS Y
cdepi nybnivyHoro ynpaeniHHs iHQyCTpianbHO Biabya0BO
YkpaiHM Ta po3pobka pekomeHpauii LoAo po3BUTKY Ta
€(eKTMBHOTO  BMKOPUCTaHHS  MiHEpanbHO-CUPOBUHHOIO
KOMMIIEKCY KpaiHW, @ TakoX po3B'A3aHHsA Npobrnem horo mix-
HapoAHOT eKOHOMIYHOT 3Ha4yLocTi. Lle noTpibHo ans 3poc-
TaHHA MOniTUYHOro asTopuTeTy YKpaiHW, AN pPO3BUTKY
rany3eBol NiANPUEMHULBKOT OiSNbHOCTI, @ TakoX Ans 3poc-
TaHHA Hagxo4XXeHb dickanbHUX 3060B'A3aHb HagpoKopuc-
TyBauiB 0 OloaxeTy.

LLlo cTocyeTbca nybnivyHOro ynpaermiHHSA CUCTEMOK Haf-
POKOPUCTYBaHHS, TO iep)KaBa KOHTPOIe BUAOOYTOK 3anis-
HWUX pyA, NPUPOAHOrO rasy, HadTn, ypaHy, Lo BBaXaOTbCS
cTpaTeriyHuMun HauioHanbHUMK pecypcamu. [ocnigxeHHs
cTpaTeriyHoro pecypcHoro noteHuiany € 3aB4aHHsIM EKOHO-
MiyHOi reororii. Came ekoHOMiYHa reororis 3abesneyye
cucTeMy napaMeTpuUYHOro nmyGniyHoro ynpaeniHHS iHdOp-
Maui€elo Woao OLUiHKM BapTOCTi MiHEpanbHUX pecypcis, iX
KiNbKICHWUX LiHOTBIpHUX NapameTpiB.

[na po3pobkn edekTUBHOI [OPOXHBLOI KapTu B3aemMogil
Aep>xaBHUX ynpaeniHLIB i reonoris 3HavyLWnM € AediHilinHmun
acnekT. Tak, oyXe BaXNMMBUM AN AOCATHEHHS MApKETUHIO-
BOi Mpo3opocTi i nybnivyHOCTi hopMyBaHHS LiiHM Ha MiHepa-
NbHi pecypcu € 4iTke CMUCMOBE BU3HAYEHHS FEeOnoriYHoOl
peyvoBMHM B pi3HMX chopMax il BUKOpUCTaHHS: abo Le cupo-
BMHa, abo HaniBcpabpukat, abo KiHLEeBWI TOBap, L0 MICTUTb
y cobi Benuky gogaHy BapTicTb. Ocobnuneo LpoMy npuains-
€TbCS yBara npv BUXOAi Ha 30BHILLHIN PUHOK, afXe eKCropTy-
BaTW AOLINMbHO TOBAp, LLIO Mae BUCOKY AoAaHy BapTiCTb, TOA
Bigdava Big BUKOPUCTaHHSA Haapopecypcy € HanedekTUBHI-
LIOK. PeTpocnekTMBHMI aHani3 nokasye, Lo NpOAaXx Ha eKc-
NnopT CMPOBUHM 30arayye iHLWi kpaiHW. Bixke 3 UbOro KOHTEKCTY
CTae 3po3yMinMM AOUINbHICTb YTOYHEHHST MOHATIMHOIO ana-
paTy, SKMM onepye Teopid nybniyHoOro ynpaeniHHA B YacTWHi
BapTiCHOI OL{iHKN MiHeparnbHUX pecypciB Y NPOLECH iX nepemi-
LLIEHHS1 MO BCiX CTafisiX TEXHOMOIYHOIO LIMKy.

Ha pediniuinHomy piBHIi €KOHOMIYHOI reonorii noTpeby-
I0Tb YTOYHEHHS OnybGnikoBaHi B KNMacuyHMX MOCiOHMKax no-
HATTS CcrnoxvBHOI BapTocTi. Cepepn iCHyW4MX BM3HAYEHb
HanBhaniwum 3 Nnorngay napameTpuyHOro BUMIpY crig BBa-
XaTu Take: CrnoXuneya BapTiCTb — "...Lle 34aTHICTb ToBapy 3a-
OOBONbHATW neBHy noTpeby nognHn. CnoxvBya BapTiCTb
npsMO 3anexuTb BiA CMOXWBYMX BNacTMBOCTEN, TOOTO
BM3HAYaETbLCA KOpUCHICTIO ToBapy" (CemeHuyk, 2010).

BapTicTb BUMIPIOETLCS TPOLLIOBUM eKBiBaneHToM abo crno-
YKMBYOKO OLIHKOK KOPUCHOCTI. B eKOHOMIYHI reonorii TepmiH
"BapTiCTb" MOXe 03Ha4aTW LiHHICTb, LiHY, BENMYNHY 3aTparT Ha
LLIOCb, BUP@XXEHyY Y rpoLLoBUX oanHuuax (JobiunHebkuia, 2006;
IBaHUWMH, 2016). HanmBaxknmBilLLOK KaTeropito eKOHOMIYHOI
reornorii B yMOBaxX PUHKOBOI €KOHOMiKM € MOHATTSA "cobiBap-
TiCTb", LLIO 3aKNadaeTbCs B OCHOBY PO3pPaxyHKy LiiH.

KopucHi konanuHu gk npupoaHi pe4OBUHU 3anexHOo Big
asu cycninbHOro BUpOGHMLITBA MOXYTb HanexaTu i 4o To-
Bapy, i 4O CUPOBWHMU, | 4O MaTepiany.

B eKoHOMIYHi reonorii ToBapom € KOpuMcHa KonanuHa,
30KpemMa NpuUpogHuI ras, MiHepanw, ripcbki nopoan, Npupo-
OHi peYOBMHU, — AKLLO BOHW NOTpanunu y cdepy ToBapHO-
rpowoBoro o6miHy. 3a GyxrantepcbkuMm 0b6MiKOM MOHSTTS
CUPOBWHM | MaTepiany BXWBaKTb ANS XapakTepucTukun di-
3MYHOrO TifNa — Pe4YoBUHMU, 3 AKOT BUTOTOBMSETLCSA NPOAYKLs
(Jo6iunHcbkuia, 2006; IBaHuwnH, 2016).

Yci nepeniyeHi kateropii posrnsgaTbcs Sk 00'€KTH
OOCNILXEHHS1 NapamMeTpuUYHOro ToBapo3HaBcTBa Yy cdepi

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

€eKOHOMiYHOi reonorii. [Jo o06'ekTiB TOoBapo3HaBCcTBa Y
MOLLIYKOBO-PO3BigyBanbHOMY HaApOKOPUCTYBaHHI Hanexartb:
MiHeparnbHi pe4YoBMHW, MPUPOOHWIA a3 K KOpUCHa Kona-
nvHa, ra3oBi KOMMNOHEHTU (CyMNYyTHI pe4oBWHWM), Nia3eMHe ce-
peposuule. Lli 06'ektn y npoueci reonoriyHoro BUBYEHHSI
HaZp 3 4OTPMMaHHAM napamMeTpUYHOro Nigxony OTPUMYHTh
NEeBHi XapakTepUCTUKN, OLLIHKM, 30KpemMa BapTiCHiI.

lMpeomeToM reonoriYyHOro ToBapO3HaBCTBa € BapTiCTb
KOPUCHMX KOMamnuH, LWo BuaobyBalTbCa Ans TOBapHO-
rpowwoBoro o6miHy. Tomy reonoriyHi 6araTonapameTpuyHi
OOCNiAXKEHHSI KOPUCHWUX KOMaruvH MatoTb 34iCHIOBaTUCS 3a
IX TOBapO3HaBYMMU OLiHKaAMMU.

LLlo cTocyeTbes Teopii nybniyHoro ynpaeniHHs cdepoto
HaZIpOKOPUCTYBaHHS, TO CMif 3ayBaXWTW NPO HAsABHICTb Be-
NKOI KiNbKoCTi "Binux nnam" came Ha AediHiLinHOMY PiBHI.

My6niyHe ynpaBniHHS — Le kpawa dopma OepKaBHOro
ynpaBniHHs. B ymoBax gemokpaTusadii cycninbctea gepxa-
BHe ynpaBniHHsA aefani 6inblie HabyBae ctaTtycy nybnivyHoro
ynpasrniHHs, TO6TO ynpaBniHHA NPO30poro, Takoro, Lo nians-
rae onpunogHeHHo, obroBopeHHto, kputuui. Lle notpebye
3MiH y Teopii AepXXaBHOro MeHeIKMEHTY, BiAMOBU Bif Hepa-
LjioHanbHMX, HErocnoAapchbkMX, HEPUHKOBUX MPUHLMMIB yn-
paBniHHs. PuWHKOBI BigHOCMHM BUMaraloTb nepernagy
TEOPETUYHMX OCHOB, Lo Bynn npuTamMaHHi cTapiii noctpaas-
HCbKIll CUCTeMi ynpaBniHHS.

Omxe, AN ycnilHOro po3B'sA3aHHA NPUKNagHUX Npo-
6nem, y TOMy Yncni Anst IKICHOro LiHOYTBOPEHHS! reororiy-
HOro NPOAYKTY, HEOOXiAHO CTBOPUTU HayKOBWUIA TEOPETUKO-
MeToAonoriYHun 6asunc, iHTenekTyanbHUA NPOAYKT, WO Mic-
TUTb Y cOBi MixxgucuunniHapHUn aediHiuiiHMin anapar, 3po-
3yMinun ansa Bcix cTemnkxongepiB (reonoris, eKOHOMICTIB,
ny6niyHnx ynpaeniHuiB, cnoxusadis), 3bGaradyeHunii ekoHo-
MiKO-MaTeMaTUYHUM IHCTPYMEHTapieM, 30aTHUM iHTerpyBa-
TUCS1 B Cy4acHi iHTenigxkeHc-cuctemun (Cemenuyk, 2010).
Takuii iHTenekTyanbHU NpoaykT Byae Ayxe KOpUCHUM ans
HauioHanbHoi pagu, Wo HanpauboBye "napameTpu Biaby-
[OBW Ta TpaHcdopMalLii KOKHOro cektopy ekoHomikun" (Me-
nbHWYyK, 2022). Lle pacTb 3MOry BUWpILIMTW 3aBOaHHS,
noctasneHi Ypsagom Ykpainv y nporpami 3 BigHOBMEHHS Kpa-
THK, 30Kpema 3 HanpauloBaHHS CUCTEMM NoKanbHWUX napa-
MeTpiB  BigOyaoBu ramysel i nignpuemcTtB  ansg
OaraToBeKTOpHOI TpaHcdopmalLii yCix CeKTopiB 3pyiHOBa-
HOro HapogHoro rocnogapctea. Llen nigxig mae Hassy na-
pameTpuyHuiA. BiH TpaktyeTbca KabiHeToM MiHicTpiB sk
HOBa MOJITEKOHOMIS, L0 NOTpebye HOBOrO PEBOSOLIAHOMO
OayeHHA KoHuenuii nybniyHoro ynpaeniHHA. Benukun
POHT poOIT NOKNafaeTbCA Ha HAyKoBL,B, a y cdpepi Hagpo-
KOPUCTYBaHHSA — Ha €KOHOMIYHY Freosorito.

AHaniz ocmaHHix docnidxeHb i nybnikayil. Jocni-
PKEHHSIM TEOPETUYHMX NONOXEHb EKOHOMIYHOT reonorii, oc-
HOBaM oOpraHizauii cuctemm nybniyHOro ynpaeniHHA
HaZIPOKOPWCTYBAHHSIM MPUCBSAYEHI Mpaui TakMx HayKOBLB:
B.M. Janunuwwuna (2019, 2022a, 2022b), O.KO. O6oneHcb-
koro, JI.B. 'pomo3gosoi, M.l. MapkiHa, A.M. PBaua,
K.M. FOpueHko (2023), O.I'. MuxawnneHko Ta H.A. KpacHiko-
Boi (2021), 1.0. Angpiescbkoro, M.M. KopxHeBa, IM.1. MNoHo-
MapeHKo (2005), I.l. Pyoeka, O.B. MNnoTtHikoBa,
M.M. Kypuno, C.B. PagosaHoBa (2010).

lMosiBi B ekOHOMIiYHi Teopii TepMiHa "nybniyHe ynpaeniHHA"
Hayka 3000B's3aHa aHrmMiNncLKkoMy [AepXaBHOMY CryOOBLIO
Oecmonay KiniHry (Keeling, 1972), sikuii y poku chopMyBaHHS
TEOPETUYHMX OCHOB KiOEPHETUKM 3amnporoHyBaB Take Woro
TrnymadeHHs: "IMy6niyHe ynpaBniHHA — Lie NOLLYK y HaiKpaLlmi
cnocib BUKOPUCTaHHsI pecypciB 3aans AOCATHEHHS NpiopuTeT-
HYX Linen aepxaBHoi MybniYHoT noniTuku'".
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HauioHanbHOro yHisepcurety imeHi Tapaca LllleBueHka

Y Yac BOEHHOTO CTaHy Hayka CTae cTpaTeriyHo npoay-
KTUBHOIO CUIIOI0, LLO CTBOPIOE TeopeTuvHuin 6asmc Bigpo-
AXEHHS eKOHOMIKM.

Hacamnepen octaHHi HaykoBi nybnikauii HaujioHanbHMX
npoBigHux HaykoBUiB (daHunuwuH, 2021; JaHunuwvH Ta iH.,
2022; O6oneHcbkui Ta iH., 2023) cokycyloTb yBary Ha HeoO-
XigHOCTi  OocniMKkeHb 3 MOWYKYy [AOMIHAHTHUX —acnekTiB
ny6niyHOro ynpaeniHHA NICASBOEHHO HEOIHAYCTpianisavjeto.

BuodineHHs1 HegupiweHux paHiule YacmuH 3a2asibHoi
npo6siemu. B icHy0UMX cydacHUX HayKoBMX Nybnikauisx He
NPUAINAETLCSA HaNeXHo! yBarn BUCBITNIEHHIO TEOPETUYHUX
MOMNOXeHb 3 MUTaHb PO3PI3HEHHSI BUM3HAYEeHb reOnOorivYHMX
PEYOBUH Ha Pi3HMX CTadiaX TEXHOMOMYHOro LMKy, a came:
KONW Lei pecypc Crig TNymMauuTu Sk KOPUCHI KoMmarnwvHu,
KONW — 1K CUPOBUHY Y BUPOBHUYOMY MpOLECi, KONN — AK TO-
Bap. ToMy akTyanbHol Ansi Teopii NnybniyHoro ynpaeniHHs
Ta eKOHOMIYHOI reonorii € napameTpuyHa OLiHKa BapTOCTi
MiHepanbHUX pecypciB, po3rnsag ix kateropigsmu napamet-
pYYHOro psady, WO AeMOHCTPYE AMHaMIKY 3pOCTaHHsA goaa-
HOi BapTOCTi, WO € rPOLIOBOK OLIHKOK LWX KaTeropin
MiHeparnbHUX pecypciB.

PopmynroeaHHs yineli cmammi. CborogHi ons po3ss'-
s13aHHSA Npobrem 3i CTBOPEHHSI ONTUMarbHOI CUCTEMMU Haj-
POKOPUCTYBaHHS NOTPIObeH HayKkoBMI nigxid, wo 6a3yeTbest
Ha iIHHOBALIHMX TEXHOMOrISAX CBITOBOroO iHTenimkeHca. Mix
iHWKWM, Anst NigBULLLEHHS edeKTUBHOCTI NyGniyHoro ynpae-
NiHHS eKOHOMIYHOO reonorieto NoTpebye akTyanisauii Teo-
pist BapTiCHOI OLiHKM MiHepanbHMX pecypcis, Lo 6a3yeTbes
Ha KNacu4yHMWX OCHOBAX EKOHOMIKO-MaTeMaTU4HOro iHCTpYy-
MEHTaPpIit0 Ta BUKOPUCTaHHI Cy4acHWX IHTENIOKEHC — TEXHO-
norin 3 MopfenoBaHHs GaraTonapaMeTpUYHUX  OLIHOK
reonoriyHoro npogykty. Cepep iCHyrUMX METOAIB AyKe KO-
PUCHUM AN €KOHOMIYHOT reonorii MoXe cTaTn MeTop, napa-
METPUYHOrO LiHOYTBOPEHHS.

MeToto gaHOI cTaTTi € HagaHHA NPONO3uLiN WOAOo Napa-
METPIB OLiHKM BapTOCTi Ta (popMyBaHHA PUHKOBOI LiiHW Mi-
HepanbHWX pecypciB y Mpoueci iX pyxy Mo BCiX CTagisx
TEXHOIOrYHOro LMKy, BiANOBIAHO 4O NAapamMeTpUYHOro nig-
xoAy B ny6niyHomy ynpaeniHHi iHAyCcTpiansHO BiAGYA0BO
YKpaiHu, B YaCTuHi TpaHcdopmalLlii BuAoOyBHOro CekTopy.

Y Teopii LiHOYTBOPEHHS1 ANsi CTBOPEHHS audbepeHLino-
BaHOI LWKanu LiH NPOMOHYETLCA METOA NapaMeTPUYHOTO Lii-
HOYTBOPEHHS.

Haykoea Hoeu3Ha cTaTTi nonsarae B TOMy, O aBTOpU
3anponoHyBann martemaTuyHui popmanisoBaHuini  onuc
po3paxyHKy UiHW ANs napamMeTpUyYHOro psipy reonorivYHMX
cy6'exTiB, WO Pi3HATLCA i3NKO-XIMIYHUM CKITAgoM i, Bigno-
BiAHO, 34aTHICTIO 3a40BOMbHUTM NOTPEbU cnoxusaya.

BignoBsigHo [0 Teopii napamMeTprUyHOro LiHOYTBOPEHHS,
uen metond edeKTUBHO BMKOPUCTOBYETLCS, KOMM OCHOBHI
CMOXMBYI NAapaMeTpu aHanoriyHoi NpoAayKuii nignarawTb Yi-
TKOMY KiflbKiCHOMY BU3HA4YeHHI0. Y BUNagKy MiHepasnbHOro

pecypcy Le cTagii, Konuv reonoridHui 06'eKT € KOPUCHO KO-
nanvHo, CUPOBMHOI, MaTepianoM, HanisdabpukaTom, ro-
TOBOK Mpoaykuien. BogHouyac reonoridyHuin o6'ekT Moxe
OyTW UneHoM NapameTpUYHOro psSAy 3anexHo Big SKOrochb
OCHOBHOro napameTpy. Takux OCHOBHMX MapameTpiB, LU0
XapaKTepuayloTb AaHWi psig, Moxe ByTu Kinbka.

Y BMNagKy napameTpuYHOro LIHOYTBOPEHHS LiiHa Ha Ko-
XKHUA HOBUI reonoridyHnin 06'ekT y napameTpuyHoMy psfi
pPO3pPaxoBYETLCA LUMSIXOM KOperyBaHHs LiHu 6a3oBoro reo-
noriyHoro o6'ekTa Lboro psigy.

Pe3ynbTaTtun

Hapgposi pecypcu 3a KoHCTUTYyUi€o YkpaiHu € BNacHICTIo
Hapogay. Tomy Ans gepxaBsu, Lo Yocobnoe Hapoa, Mae 3Ha-
YyLWICTb OLUiHKa BapTOCTi reofnoriYyHoro mnoTeHuiany poao-
BuL, i BUOOOYTOro KOHKPETHOrO BWMAY KOPUCHWUX KOManwH.
BapTicTb KOPUCHMX KONanuH BU3HAYaETbCS iX AKICHMMU Na-
pamMeTpamMu, L0 BMBYAKTLCA NPUKNALHUMK FEONOMNYHUMM
Haykamu, Hacamnepe eKOHOMIYHO reonorieto.

3a AaHUMM eKOHOMIYHOT reonorii, y CBITi HanivyeTbCa A0
200 BugiB kopucHux konanuvH. MpupogHo-pecypcHa 6asa
HaLoi KpaiHu Bkntoyae 117 BMAIB po3BiAaHNX KOPUCHUX KO-
nanvH, ToMy YkpaiHa Mae ctaTyc npoBiaHOI MiHeparnbHO-CU-
pPOBMHHOI KpaiHun cBiTy. LLlogo okpemux BUAIB KOPUCHUX
KonanuH, To YkpaiHa 3avimae nepLui B €Bponi no3uuii 3a 3a-
nacamu mMapraHueBUX Ta 3amni3HUX pyd, TUTaHY, LUPKOHILO,
ypaHy, rpadity.

3 MeTOoI BU3HAYEHHSI MEPCMNEKTUB HAaLPOKOPUCTYBAHHSI
KabiHeT MiHicTpiB YkpaiHu onpuntogHUB Taki AOKYMEHTH, SIK
"EKOHOMIYHMI ayamnT KpaiHu", "BekTopn eKOHOMIYHOro pos-
BUTKY A0 2030 poky". MNonoxeHHA Lux AOKYMEHTIB nexaTtb
B OCHOBI "HauioHanbHOI ekoHOMIYHOI cTpaTerii YkpaiHn go
2030 poky". Y Ha3BaHuX ypsOooBUX AOKYMEHTax i nnaHi Ain
HauioHanbHOI pagn 3 NiCNSIBOEHHOrO BiOPOXKEHHST EKOHO-
MiKW KpaiHW aHani3yeTbCa Cy4acHWUIA CTaH EKOHOMIKU KpaiHu,
NPe3eHTyTbCS 3aranbHi HanpsMu AignbHOCTI ypaay Ans
NOKPaLLEHHs MICNSBOEHHOI cuTyauii B pi3HMX Ti ranyss,
BcebiyHoro 6aratonapameTpmMyHOro po3BUTKY CyCninbCTBA.

Mpn TOoMy, SIK CTBEPAXYE CydacHa HauioHarnbHa Hayka
(OanmnuwwnH, 2022, 2023), nicnaBoEHHE BiAPOAXEHHSA EKO-
HOMIKM CMiA NoYMHaTK 3 IHAYCTPianbHOro CeKTopy, 3 NiaBu-
LLieHHs BUPOBITKYy MiHEparnbHMX TOBapiB Sk CUPOBMHHOI 6a3n
HeoiHaycTpianisauji.

[unHamiky nokasHuWKiB TOpriBni MiHepanbHOK NPOAYKLUiE
Ykpainm npotsarom 2014-2020 pp., y mrH gon CLUA, HaBe-
AeHo B Tabn. 1. Ak BMAHO 3 Hei, y uewn nepiof YacTka MiHe-
panbHUX TOBapiB y 3aranbHOMY eKCropTi ToBapiB YKpaiHu
He nepesuwysana 11,3 %. Xoya 3anacu MiHepanbHWUX Ko-
PUCHMX KOManuH y Hagpax € 3Ha4yHMMK, NUToMa Bara eKkcrno-
pTy B iMnopTi wiei npoaykuii, B MmnH gon CLUA, o 2019 p. He
nepesuityBana 38 %. | Tinbkn y 2020 p. Leln NoKasHWK CyT-
TEBO 3pic — Ao 63,2 % (MuxanneHko, & Kpachikoa, 2021).

Ta6bnuuys 1
[vHamika NoKa3HMKIB eKCNopPTy M iMMOPTY MiHepanbHUX ToBapiB B YKpaiHi
(OepxaBHa cnyx6a cratuctuku, 2020)

MNoka3Huk 2014 2015 2016 2017 2018 2019 2020
Ekcnopt ToBapiB Ykpainu, mnH gon CLUA 53913,3 38127,0 36361,0 34428,4 473347 49853,1 49388,1
YacTka MiHepanbHoi NpoayKuii
y 3aranbHOMy ekcnopTi ToBapis Ykpainu, % 13 8.1 7.5 89 9.2 9.8 10,8
Excnopr mikepareHoi npoAykuil, 6104,2 3099,5 2728,8 3848,6 4339,6 4866,5 | 5307,0
MnH gon CLUA
IMnOpT MiHepanbHoi poayKuil, 16066,4 | 11690,0 8495,0 12363,2 | 14191,9 | 12984,6 | 8402,7
mnH gon CLUA
YacTka ekcnopty B iMnopTi, % 38,0 26,5 32,1 31,1 30,6 37,5 63,2
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Ak nokasye aHani3 gaHmx 3a 2014—2020 pp., 3a HasiBHOCTI
NOTY>XHOTrO MiHEepanbHO-CMPOBUHHOTO BaraTtcTeBa B YKpaiHi,
iMNopT 3Ha4YHO NepeBuLLye ekcnopT. BogHouac B ekcnopTi B
2020 p. 82,9 % craHoBWMNM pyam, LWnak i 3ona — ToBapwu
3 HM3bKOK A04aHoK BapTiCTIO. Y TOW Xe 4vac B iMNoOpTi
92,4 % — ue nanuea MiHepanbHi, HadpTa i npoaykTy ii nepe-
roHku (depxaBHa cniyxb6a ..., 2020).

Take cniBBigQHOLLEHHS NOKA3HWUKIB TOPriBi 3 NMOKasHWKamm
3anacis y Hagpax CBiAuYMTb HEe Ha MO3UTUB CUCTEMI MYGNiYHOro
ynpaBniHHs | NoTpebye aHanidy 1 HayKoBWUX pekoMeHAauii, y
TOMY YACHi HA METOAOSONYHOMY | TEOPETUHHOMY PIBHSIX.

Be3yMoBHO, LU0 Y pOo3B'sA3aHHi Npobnem 3Ha4yHoro nigBu-
LLEeHHS NOKa3HWKIB MiXKHAapOAHOI TOPriBfi MiHepanbHUMN TO-
BapaMu 3HadyLly ponb MaloTb BigirpaTv M reonorivHi Hayku,
Lo nepebyBatoTb Ha cnyx06i y cuctemmn nybniyHoro ynpas-
NiHHA HagpopecypcamMu.

Cepep HOBMX rany3eil reosfioriHHMX Hayk pO3BMBAETHLCS
ekoHoMiyHa reonoris (AHgpiescbkuii, KopxxHes, & NoHomape-
Hko, 2005; Mantok, Bobpos, & KpacHoxoH, 2003; KopxHeB,
Mwuxainnos, & MiweHko 2006; Pyapko Ta iH., 2010). Ockinbku
BMA0ObyTa KopUcHa konanuHa nicnsi NeBHKX NpoLiecis (nepepo-
©OKM, MiAroTOBKM OO0 MpOAaXy TOLLO) HAAXOAUTb Ha PUHOK SIK
TOBap, NEPCNEeKTUBHUM HanNpsiIMOM €KOHOMIYHOI reonorii € 4o-
CrigKeHHs1 TOBapO3HaBYMX BNACTUBOCTEN KOPUCHUX KOMamnuH i
BiAMOBIQHO BU3HAYEHHS X BAPTOCTEN | CNOXUBYUX BapTOCTEN.
Lle HeobGxiaHO Anst hopMyBaHHs1 HAyKOBO-06r PYHTOBaHOI LiiHW,
L0 B YMOBaX PUHKY KOHTPOSETLCS CUCTEMOK MyOmniYHOro
OEPXaBHOrO YrpaemniHHS.

Mpun chopmyBaHHi UiHW cnig BpaxoByBaTW 3aTpaTu Ha
npouecu nigroToBky A0 MOLUYKY, 3aTpatu Ha MpoLecun reo-
1noropo3BigyBaHHS, 3aTpaTh Ha npauto daxisuis 3 obcnyro-
BYBaHHS TEXHIYHWNX 3acobiB Ta iH.

HaykoBa Teopis BKasye Ha Te, WO KOPUCHY KOnamnuHy,
30KpeMa pyau, NPUPOAHMI ras, Lo MICTATbCS Y Hagpax, He-
[0PeYHO HaaMBaTy TOBApPOM. X cnia poarnaaaTi sk noTeH-
LiNHWMIA TOBap i YMOBHO oOLUiHIOBaTK (TOGTO BU3Ha4YaTh iXHIO
LiHy, obcar mpogaxis ToLWO), nepeabavarun ManbyTHIN
npogax BnaobyBHMMU NiANPUEMCTBAMU NICNA BUYYEHHS 3
Haap, Konu ra3 HabyBae 34aTHOCTI nepegaBaTuCs Mo Tpy-
6ax, 3akauyyBaTucs B 6anoHu, a pyam MOXyTb nignaratv
36arayeHHo, nepepobui ToLLO.

[ns BU3HAYEHHS LiHW MiHepanbHUX pecypciB Y PUHKOBUX
yMOBax aBTOPM [aHoi CTaTTi NMPOMOHYHTb NapameTpuUyHui
nigxig. 3HayHa KinbkicTe LIHOTBIPHUX MapameTpiB BM3Ha4Ya-
€TbCs (haxiBUsSIMM 3 EKOHOMIYHOI reonorii. Hanpuknag, npu
BMO0OYBaHHi MPUPOAHOro rasdy sk ManbyTHbOro ToBapy, 3 Me-
TOK BW3HAYEHHSI MPOrHO3HOI LjiHW, Yy NPOLECi reonori4Horo
BMBYEHHS rasoBUX POAOBULL, CNi AOCNIAKYBaTH:

e BapTOCTi ekcniyartadii pogosuly, Ta nepeaadi Buaoby-
TOro rasy;

e B/ poAoBULLA: 0gHO- abo BGaraTonnacTtoBe (TOYHiLe
GaraTonoknagoBi W OAHOMOKMAAOBI), WO 3a TOBapHUMWK
03HaKaMM OLHIETLCS Fe0Noro-BapTiCHUMK NOKa3HUKaMU;

® HasABHICTb y po3pisi baraTonnacToBoro poaosuLLa Ha
OLHIA nrowi KinNbKOX ra3oBUX MOKNadiB, PO3TaLUOBAHUX
OAMH Nig OOHWM Ha Pi3Hin rMnbuHI;

® HasIBHICTb Y AEsKMX ra3oBMX MoOKNnagax camocCTiiHOro
ra3oBOASHOIO KOHTaKTY;

® BUOW KONEKTOPIB, AKi MOXYTb OYTW Pi3HUMUN: KaBepHO-
3HUMU, MDKI'PaHYNAPHUMN abo TPILLMHHUMU;

e HagpoBi 0COGNMBOCTI razoBux poaoBuLy (BinbLwicTb 3
HUX — Yy 30HaX ra3oHaKOMWYEHHS, e € CKINENiHHI NigHATTS,
BHYTPILUHBONNATOPMHI 3anaguHK, MiKFpCbKi 3anaguHu,
nepearipcbki NporuHu i 3anagunHu) (Inbswos Ta iH., 2008).
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MapameTpnyHe LIHOYTBOPEHHS nepepbadae dopmy-
BaHHS LiH ANS BCbOro napameTpuyHOro psigy aHanoris. Y
BMNaAKy MiHeparnbHUX PeECYpCiB YneHammn napaMeTpu4Horo
psi4y € reonoriyHi cy6'ekTu, WO MatoTb pi3Hi kaTeropinHi xa-
pakTepuCTUKN-napameTpu, Wo Ans puHKy (4na npoaasus i
NOKynLs) 03Ha4yae ToBap Pi3HOI LiiHK.

ABTOpU AaHoi cTaTTi NPOMNOHY0Th BigobpaxaTtu dopma-
ni3oBaHUn oN1c NapameTpPUYHOI LiHW AN psaay reonoriyHnx
aHanorie TakuM YMHOM:

L= Les x {KIT}, (1)
Aae Ly — uiHa HoBOro reonoriYyHoro NpoaykTy B napameTpuy-
Homy psagi; s — uiHa 6a3oBoro reomnorivHoro npoaykry;
KIT— cykynHicTb 3MiH napameTpis (/1) HOBOro reonoriYyHoro
NpoayKTy MOpiBHAHO 3 napameTpamy 6a3oBOro reonoriy-
Horo npoaykty; K — koediuieHT KOoperyBaHHsl, 3Ha4YeHHSA
SIKOr0O 3aneXuTb Bif TOro, SIK KiNbKiCHi XapakTepucTukn (ix
3HKEHHS ab0 36inbLUeHHsS NOpiBHSAHO 3 6a30BMMY Napame-
Tpamu) BKa3ylTb Ha MOKPALLEHHS CMOXUBYMX XapaKTepuc-
TWK reonoriYHoro NpoayKkTy B napameTpudHoMy psigi.

Akwo HoBa uiHa po3paxoBYETLCH 3 ypaxyBaHHAM HOp-
MaTMBHUX 3aTpaT Ha OAMHWLIIO NPOAYKLUIT NapaMeTpu4HOro
psiay, TO PpeKkoOMeHOOBaHO BUKOPWCTOBYBATM HOPMaTUBHO-
napameTpuyHUin MeTof, Wwo Oyae matu Takuin bopmaniso-
BaHWIN ONUC:

Uu= Us + Hs x {KIT}, 2)
Aae Ly — uiHa HOBOro reonorivyHoro NPoAykTy B napameTpuy-
Homy psgi; s — uiHa 6a3oBoro reomnorivHoro npoaykTy;
Hs — HopMaTuMBHI BUTpaTW Ha 0AMHULIIO NPOAYKLIi B Napame-
TpuuHomy psAgdi; KM — HOBI CNOXMBYI NapameTpu, Lo ckope-
roBaHi Ha nigBuLWEeHHA abo 3HWxeHHs koediuieHTamn (K)
3anexHo Bif XapakTepy LMx napameTpis.

ABTOpY 3BEPTAOTb YBAry Ha Taky 0COOMMBICTb: Ha Npak-
VUi OPMYNM MOXYTb OOMOBHIOBATUCh CYMaMy 3HWXKOK i
HaabaBoK 3a 4OOATKOBI JOMOMIKHI MapameTpu.

[o napameTpu4yHuX METOAIB LiHOYTBOPEHHA B HayKo-
BOMY LIiHOYTBOPEHHI BiAHOCATb METOA NMUTOMOI LjiHW, MeToA
6anis, meTopg perpecii. Po3rnsHemo, sk ue moxe 6yTu BMKO-
puYCTaHO ANs reonoriYHOro NPoAykTy y Bunaaky noro 6ara-
TonapameTpu4Hoi audepeHdiadii.

MeToa nuTomoi LiHM 6asyeTbca Ha OPMYBaHHI LiiH No oa-
HOMY 3 FOfIOBHUX MNapameTpiB AKOCTi reonoriyHoro NpoaykTy. Y
AaHOMy BUMafKy MMTOMa LiHa pO3paxoBYETbCA SIK YacTka Big
AiNeHHs UiHW Ha OCHOBHUIA MapameTp SKOCTi reonoriYHoro To-
Bapy. Ak Hacnigok — LiHa 3pocTae NPonopLuinHO NOKPaLLEHHIO
SIKOCTi reosIoriYHoro NpoayKTy (3a iHWKMX PiBHUX YMOB).

Memod 6anie y napameTpn4HOMY LiiHOYTBOPEHHi 6a3y-
€TbCH Ha BMKOPWUCTaHHI eKcnepTHUX 6anbHMX OUiHOK napa-
MEeTpiB reonoriyHoro npoaykty. BopgHodac exkcneptu
npoBoasATb BiAbip OCHOBHMX MapaMeTpiB, HapaxoBYHTb
6anu no KOXXHOMY napameTpy, CymytoTb 6anm no 6asosomy
€TanoHHOMY Ta HOBOMY reosiIoriYHOMY NPOAYKTY i, 3PELUTOHO,
pPO3paxoByHOTh LiiHW HA HOBI reonorivYHi NPOAYKTU, BUXOAAUM
3i CniBBIAHOLLEHHS NiACYMKOBUX Ganie no Taki doopmyri:

Uy=Us x (3 i=1Bwi /' Y "=1B56i), (3)
ae Ly— uiHa HoBoro reonoriyHoro npoaykTy; Lls— LiHa 6a3o-
BOrO reororiYyHoro NpoaykTy (eTanoHy); b4 — 6anbHa oLiHka
i-ro NnapameTpa HOBOro reonoriYyHoro NpoayKTy; bsi— 6anbHa
OUiHKa i-ro napameTpa 6a30BOro reosnoriYHoOro NpPoayKTy
(eTanony).

[Ons 3anobiraHHs cy6'ekTUBI3MY Npy HapaxyBaHHi 6anis
cnifg, BUKOPUCTOBYBATU He iHAMBIQYyarnbHi, a KONEKTUBHI eKc-
NepTHi OLHKK.

Mpn BUKOPUCTAHHI NapameTpuyHOro meTody perpecii
dopmMyeTbCA eMnipuyHa popmyna — perpeciiHe piBHAHHS,
wo dopmanizoBaHo Bigobpaxae 3anexHicTb UiHWM Big
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3HaYeHb KifTbKOX OCHOBHUX NapameTpiB SKOCTi B paMkax na-
pamMeTpPUYHOro psify reonoriyHoro npoaykty. To6To uiHa re-
onoriyHoro npoaykty (L) TpakTyeTbcs sk pyHKUis Big
OCHOBHUVX NapameTpiB sIKOCTi reonoriYyHoro NpoayKry:

Ly =f (x1, X2, X3, ... Xn), (4)
e X1, X2, X3, ..., Xn— OCHOBHi napameTpu SKOCTi reoforivyHoro
NpoayKTy.

Llen meton nae 3mory nobyayBaTv aHanitudHe perpe-
CiViHe piBHSAHHSA, TOOTO 3MOAEentoBaTh 3MiHY LiH 3anexHo BiJ
CYKYMHOCTi NapameTpiB AKOCTi FeororiYHOro NPoayKTy X1, Xz,
X3, ..., Xn, T@ pO3paxyBaTu BCO HEOOXigHY cMCTEMY LiH Ans
reornoriYyHoro NpoayKTy BCbOro napaMeTpu4HOro psigy.

Yca cyKynHicTb BUAobyBHUX MignpuemcTs, Ae Binbysa-
€Tbcs TexHonoriyHni uukn "Big A go A" € o6'ektamn ny6ni-
YHOro ynpasriHHA B KpaiHi.

MigcymoBytoum ckasaHe, cnif 3a3HaunTu, LWo KOPUCHI KO-
nanuHM MOXHa YMOBHO po3rnsaaTti sk ManbyTHi ToBapw, ix
pyx TpaHcchopmauii BMBY4aE eKkOHOMIYHA reonorisi 3 MeTor
napameTpU4HOro LiHOYyTBOPEHHS HA TEOPETUYHI OCHOBI TO-
BapoO3HABCTBA, MapKETUHIY Ta NybniyHoro ynpaerniHHs.

Ons BM3Ha4yeHHs ManbyTHLOI UiHW Nopsig 3 eKOHOMIY-
HUMU XapakTepuCTUKaMn B EKOHOMIYHIW reonorii 4ocniaxy-
I0TbCSl W TEXHOMOriYHi BRacTUBOCTI KOPUCHMX KOManuH,
OCKiMbKM Big HUX 3anexaTb NapaMeTpuyHi LiHOTBIpHI xapa-
KTEPUCTUKMN.

3a 03Hako ToBapy 40 TOBapO3HaBYMX NapameTpis, LU0
BMMMBalOTb Ha (POPMYBaHHSA LiHW KOPUCHOI KOManuHU $IK
NpYpoaHOI PeYOBUHW, HA HaLl NOrnag, crid BiAHeCTH Taki:

¢ (Di3NYHi XapaKTepUCTUKM KOPUCHOI KONanuHu (Hanpu-
Knag, Komnip, KOMMNOHEHTK, Po3Mip LUMaTKIB pyau, NPUpoaHo
6arati abo 6igHi pyan, macoBa 4acTka ypaHy, iHLWMX peyo-
BVH y pyAax Ta iH.);

e (Di3nYHi BNacTUBOCTi KOPUCHOT KONanuHu (ryctuHa, Te-
NAONPOBIQHICTb, MMACTUYHICTb Ta iH.);

® XiMiYHWI CKNaz KOPUCHOI KONarnuHy (KOPUCHi KOMMNOHe-
HTW, XiMiYHa YMCTOTa PyAHOro MiHepary ToLo);

® KiNbKiCHi MOKa3HUKM HasiBHOCTI y npwupogdi (obcsr,
Maca, pO3MOAiINeHH KOPUCHOI KONanuHU no TepUTORINAX i
3a obcsaramn);

e AKICHi XapaKTepucTuku (Hanpuknag, CTPYKTYpHUR
cknag XiMiyHMx enemeHTiB abo ix cnonyk, BMICT KOPUCHOIO
KOMMOHEHTY, CKNaA i KiNbKiCTb OOMILIOK, i3NKO-MeXaHiYHi
napameTpu), MIHNMBICTb MiHepanbHOro cknagy, y TOMy
yncni MacoBOi YacTKM XiMIYHUX KOMIMOHEHTIB, MiHNUBICTB ic-
TUHHOI MPYXXHOCTI.

Mpu BMOoobyBaHHI MiHepanbHOro pecypcy 3agns oTpu-
MaHHS iHcbopmaLii ANs AKICHOro napaMeTpUYHOro LiHOYTBO-
peHHs, cria JocnigpKysaTu:

e 0CcOGNUBOCTI PyaOBMICHUX NOPIA, NEPEKPUBHYUX i Miac-
TUMBbHWX BiAKMagis, WO BU3HAYaOTb XapakTEPUCTUKY IXHBOT
MiLHOCTi y NPUpPOAHOMY 1 BOAOHACUYEHOMY CTaHax;

® iH)XeHepHO-reonorivyHi 0cobnMBOCTI MacuKBiB Nopia po-
OOBMULLA Ta iXHIO aHi30TponNito;

e cKknapj nopig, iXH TPILMHYBATICTb, TEKTOHIYHY MOpy-
LUEHICTb, TEKCTYPHi OCOBNMBOCTI, 3aKapCTOBaHICTb Y 30Hi
BUBITPIOBAHHS;

e CTaH Cy4YaCHUX TeOonoriYyHMX MPOLECIB, WO MOXYTb
YyCKNagHUTK po3pobrieHHst poaoBMLLA.

Ak nokasye aHanis, B YkpaiHi oTpymanu LWmpoke rocno-
JapCbKe 3aCTOCYBaHHS, arne He OXOMMeHi aHamniTUYHUM na-
pamMeTpuUyHMM LOCHIIKEHHAM EKOHOMIYHOI reonorii, Taki
KOPMCHI KOMarnuHu :

e MiHeparnbHi: 3anisHi, MapraHueBi, XPOMOBI, antoMiHi€Bi
(6okcuTH) i Hikenesi;

e KanivHi i marHiesi coni;
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e GOpHi, cntoan-mMyckoBiTy i crnrogn dnoronity, asbecTy,
Cipkn camopofHoi, rpadiTy, Tanbky, rincy, kam'aHoi coni;

e HemeTariyHa CMpoBMHa Anst MeTanyprii Ta BUpobHUL-
TBa BOTHETPUBIB;

e HemeTaniyHa cupoBuHa Anga OyaiHAyCTpil Ta iHwWi Ko-
PUCHI KOManuHu;

e anmasy i KOLUTOBHI KaMeHi.

Omxe, Ha Hal nornsg, HeobxigHi TeopeTUYHi po3podKK
OO0 TOBAPO3HABYMX LIHOTBIPHUX OLIHOK KOPMCHMX Kona-
NWH, WO € NpeaMeToM AoCriaXeHb eKOHOMIYHOI reonori.

[unckycis i BUCHOBKM

CyuacHa HaLlioHanbHa cuctema nyoniyHoro yrnpasrniHHs
OOMIHAHTHUM BM3HAYa€e PO3BUTOK NMPOMMCIIOBOCTI i Hacam-
nepesg iHAyCTpianbHOro CEeKTopy YKpaiHu, WO OCHOBOK
CBOr0 3pOCTaHHS Ta PO3BUTKY Ma€e MiHeparbHO-CUPOBUHHUIA
i MiHepanbHo-eHepreTuyHUMI pecypc. Yepe3 macluTabHi
pYyMHYBaHHS, LLO OTpMMana ekoHOMiKa y BOEHHMUI Yac, cnij,
KasaTu He Npo iHAyCTpianisauito, a Npo HeoiHAyCcTpiani3auito
€KOHOMIKM KpaiHu (piBEHb PO3BUTKY EKOHOMIKW, 3 BUKITIOYEH-
HAM HeedEeKTUBHMX HepauioHanbHUX MPOMIXKHUX KPOKIB).
YHUKHEHHIO Takoi HepauioHanbHOCTI OyayTb CNpUsiTU Hay-
KoBi 6aratonapameTpuyHi po3pobku 3 BUKOPUCTAHHSM iHTe-
nigpxeHc-TexHornorin. Taka BigbygoBa aBTopamMu Ha3BaHa
CcMapT-HeoiHAycTpianisauieto.

CborogHi Ana gopmyBaHHsS iHHOBAUINHOTO MeToAWY-
Horo 3abesneyeHHd cucTemm MyGniYHOro yNpaBniHHSA
CMapT-HeoiHayCTpianbHOW BiAOyA0BO YKpaiHu B NicnsBo-
€HHWUI nepioa NoTpibHa akTyanisauis Teopii BapTiCHOI ouj-
HKM MiHepanbHux pecypcie. Okpim Toro, Ansa nepexoay Ao
dipkutanisauii HeobxigHe eKoHOMiKO-maTemMaTuUdHe Moae-
NOBaHHS MpoLEeCiB LiHOYTBOPEHHS. TOMy HayKoBui iHTepec
i NpakTUYHE 3Ha4YeHHs CTaHOBNATb METOAUYHI HAYKOBi pPO3-
pobku, Wo HabnWXyTb KpaiHy A0 LUMdpPOoBi3aLlii eKOHOMIKK,
00 iHTerpadii B iHTenioXeHC-TEXHOMOTIi, WO CTae OyXe He-
00XigHMM 4Ns AKICHOrO LiHOYTBOPEHHS HAa MiHeparbHi pecy-
pcu Ha BCiX CTafisx ix pyxy Biad BuaobyTKy OO KiHLEBOro
CMOXMBaHHSA. 3a UMx ymOB BapTO BpaxoByBaTW Linui psg
napameTpis, L0 AMdepeHLiolTb MiHeEpanbHUR pecypc Big-
NOBIAHO 4O MOro BapTiCHOI OLiHKM.

BukopucTOBYIOYM NapaMeTpu4HUA Nigxig AOCigXEHHS
XapaKTepUCTUK KOPUCHUX KOManvH, PEKOMEHO0BaHO Mpo-
BOAWTW B KOMMJEKCi: reosiorivyHi, ToBapO3HaBYi-pUHKOBI,
LiHOTBIpHI dakTtopu. Todi Ui AOCHipKEHHA MaTUMYTb He
abCTpaKTHY UiHHICTb, @ NPaKTUYHY EKOHOMIYHY 3HAYYLLICTb,
y TOMy 4uchi onsa ob4YncneHb MapKeTUHIOBUX €KOHOMIYHMX
i oiHAaHCOBMX NOKA3HMKIB, EKOHOMIYHOI €EKTMBHOCTI Ta 40-
LiNbHOCTI ekcnnyaTauii LMx pogoBuLL,.

[nsa obuyncreHHs: eKOHOMIYHOrO edoeKkTy Bif BUOOOYTKY
MiHepanbHOro pecypcy NOBMHEH iCHYBaTW AKICHUIN MEXaHi3M
LliHOYyTBOpEHHS. ABTOpU CTaTTi peKOMEHAYIOTb NapameTpu-
YHWUA MeTOo[ LiHOYTBOPEHHS.

[o ToBapo3HaBYMX XapaKTEpUCTMK, LUO BMMMBalOTb Ha
LiHy NpMpOAHOI PeyoBUHM, BIOHOCATL: (Pi3NYHI BNacTUBOCTI
KOPWICHOI KomanuHu (Komip, 3anax Ta iH.); gi3uyHi napameTpu
KOPWCHOI KOnanuHu (rycTuHa, TENMOEMKICTb Ta iH.); XiMiYHWUIA
CKInaj, KOPUCHOI KonanuHu (eENeMeHTHUIA cKrag, KOPUCHi KOM-
MOHEHTMU, XiMiYHa Y1CTOTA); KiNbKiCHI Noka3Hukn (obcsar, Maca,
PO3MOAINEHHA KOPUCHOI KOManuMHKU No TEPUTOPISX, Hacuve-
HICTb pogoBMLLA); AKICHI MapamMeTpu (Hanpuknag, CTPyKTyp-
HWN cKknag XiMiYHMX ernemeHTiB abo ixHiX crnonyk, BMiCT
LKIONIMBMX PEYOBUH); MIHMMBICTb €NeMeHTHOro cknagy, y
TOMY 4YMCHi MaCcoOBOI YacTKM XiMIYHMX KOMMOHeHTIB. OkpemMo
BUAINAIOTLCA TEXHOMOriYHI BNAcTUBOCTI (34aTHICTb nepemi-
waTumcs no Tpybax nig TMCKOM, He BTpavaTtu SIKOCTi Mpy nepe-
MiLLleHHi ab0 JOBrocTpokoBOMY 36epiraHHi Ta iH.).
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HaykoBi koMmneTeHLUii 3 NPoOBEeAEHHS TakMX OOCNIAXKEHb
MICTUTb €KOHOMIYHA reosoris, Wo opieHToBaHa Ha BnpoBa-
PKEHHS1 NapamMeTpUYHUX MeTOAiB PO3pobKM LiiHM MiHepanb-
HUX pecypciB Yy MexaHiaMm nybniyHoro ynpaBniHHSA
iHOycTpianisauieto eKOHOMIKW YKpaiHW.

BHecok aBTopiB: borgaH JanunuwnH — koHuenTyanisauisi,
meTogonorisi; Agam boaok — HanvcaHHsA (opuriHanbHa YepHeTKa);
Jlapuca 'pomo3goBa — HanucaHHs, BBEAEHO MOHATTS CMapT-
HeoiHAycTpiani3alii Ha OCHOBI IHTENeKTyanbHUX cucTeMm i undpo-
BMX TexHorori; KOpin MaxopToB — koHUenTyanisauis, MeTogono-
rist; Ceprii JleoHTOBUY — MeToAoNOrisl, HANUCaHHS (opuriHanbHa
yepHeTka); fHa JepbeHboBa — nporpamHe 3abe3neyeHHs, opma-
NbHWIA aHani3; AHgpin PBay — popmanizoBaHuii onvc napameTpuy-
HOro LiiHOYTBOPEHHS NP OLiHLi MiHpPecypcy .
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ASSESSMENT OF MINERAL RESOURCE VALUE AS AN ASPECT OF THE PARAMETRIC DIMENSION
OF PUBLIC MANAGEMENT FOR INDUSTRIAL DEVELOPMENT IN UKRAINE

This article presents proposals and methodological developments by the authors-scientists for the practical implementation of the parametric
dimension of economic recovery following military operations, as proposed by the Cabinet of Ukraine and the National Council. The aim of the
research is to improve the existing method of estimating the value of mineral resources through a system of public management using parametric
pricing based on commodity science and marketing principles. The authors emphasize the importance of theoretical research in the field of subsoil
use, particularly in assessing the cost of mineral resources throughout the technological cycle. It has been proven that the research of the
characteristics of minerals should be carried out in a complex: geological, price-forming and commodity-market research. Only then these studies
will not have an abstract value, but practical economic significance, including the calculation of marketing, economic and financial indicators of
deposits that will be exploited, their future economic efficiency. Furthermore, the article highlights the need to enhance the theory of public
management in the context of Ukraine's industrial reconstruction, primarily in terms of parametric pricing methods on the theoretical basis of
commodity science and marketing. The article outlines the necessity of improving public management theory by employing the parametric dimension
for Ukraine's industrial reconstruction. It emphasizes the importance of parametric pricing methods and proposes a new management paradigm for
subsurface use, which integrates scientific research and geological exploration activities on smart-basis. This process is called "smart neo-
industrialization” by the authors. The article provides detailed explanations of the geological product, consumer properties, consumer value, and
value, all considered within the context of commodity production in the extractive industry. It clarifies several commodification definitions from the
theory of mineral resources research, using natural gas and uranium as examples. The movement of minerals through all phases of social production
is examined by experts in economic geology, commodity science, marketing, and public administration. It is argued that minerals can be seen as
future goods, undergoing transformation from their natural state to the finished product. The article highlights the importance of public administration,
smart-neo industrialization, mineral resources, economic geology, geological products, parametric pricing methods, costs, and commodity science
in the effective management and evaluation of mineral resources. The scientific novelty of the article lies in the proposed mathematical formalized
description of the price calculation for a parametric series of geological entities that differ in their ability to satisfy consumer needs due to the fact
that they are not identical in physical and chemical composition.

Keywords: publicadministration, smart-neo industrialization, mineral resources, economic geology, geological product, parametric pricing
method.
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HauioHanbHui yHiBepcuteT "KneBo-MorunsiHcbka akagemis”, Kui, YkpaiHa

MPOrHO3YBAHHA PO3BUTKY 3ANI30PYAHOI FANYy3I YKPAIHU
B YMOBAX BIMHU TA NOBOEHHOIO BIAHOBJIEHHA KPAIHM

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

B cTyn. YkpaiHa nocidae oGHe 3 npoegidHuUx micyb y ceimi ceped eupobHuUKie moeapHoi 3ani3Hoi pydu — cbomMe micye 3 sUGOBYMKY
3ani3Hoi pyou ma 6nu3bko 5 % ceimoeozo 06csi2y eupobHuUymea moeapHoi 3anizopydHoi npodykuii. Lljodo eaxueocmi 3anizHoi pydu
Ons1 eKOHOMIKU KpaiHu, mo came 3asi3Ha pyda i cmanb pazom cmaHosunu 30 % exkcriopmy YkpaiHu e 2017 p., eoOHo4ac 3asi3Ha pyoa
csieana 6,3 % 3a2anbHo20 06cs2y ekcriopmy. 3 MoYyamkom 8iliHuU cumyayisi aMiHunach, onmxe akmyasnbHUM 3a80aHHSIM € Ppo3pobka cmpa-
meeii po3eumky 3ani3opy0Hoi 2any3i YkpaiHu e ymoeax giliHu ma 3 ypaxyeaHHsIM 3a80aHb IMTOBOEHHO20 8iOHOBJIEHHSI KpaiHU ma npuH-
yunie eghekmueHo20 ynpaesiHHA eUKOpucmMaHHAM ma eidmeopeHHsIM pecypcHoi 6a3u YkpaiHu.

M e T o A u. [nsa npoeedeHHs1 AocnideHHs1 suUKOpucmMaHo 3a2aslbHOHayKoei (aHani3 i cunmes, iHOykyiss ma dedykuyisi, aHanimu4He
2pynyeaHHsi) ma cneuyianbHi (abcmpazayeaHHsi, MOOesT08aHHs, MMPO2HO3Yy8aHHs, CIMamMuUCMUYHO20 aHanizy ma iH.) Memoou eue4YeHHs1
seuw i npoyecis.

Pe3ynbTaTu. llposedeHo AocnidxeHHsI cmaHy PUHKY 3aili3Hoi pydu y ceimi ma YkpaiHi. 3adnsi oyiHku cumyauii' y 3anizopyoHil
2asny3i YkpaiHu 6yro 30ilicHeHO nopieHsIHHS i3 3a2anbHoceimosumu. Ompumati pesynbsmamu dasnu 3moey dilimu eucHoekie, wo 3 2003
POKy criocmepizacmbcsi Kopesisiyisi Mixx QuHaMikoro suGobymky 3asi3Hoi pydu y ceimi ma e YkpaiHi. Lljodo yiHoeux xapakmepucmuk,
mo HasieHi oGHakoei meHAeHUii w030 3MiH, asle 3a abCOSTFOMHUMU 3Ha4YeHHSIMU eKCITIOPMHI UiHU YKpaiHu € HWX4YuMU 3a ceimoei.

BcmaHoeneHo, wjo came 3arizopy0dHa 2asy3b € mieto, ska KOMIMeHCcye empamu eKOHOMIK KpaiH ceimy nid 4ac Kpu3sosux cumyauiti
abo dornomaeae ix modonamu. 3 ypaxyeaHHsIM Ubo20 00clidXeHO 83aeM038 'a30k mixk BBI1 kpaiHu ma ob6cssiezamu ekcriopmy U eKkcriopm-
HUMU UiHamu Ha 3ani3Hy pydy ma ix ceimosum pieHeM 3 euUKOpuUCMaHHSIM YyHKYiT 83aeMHOI Kopensyii. [lo6ydoeaHo eKkOHOMiKO-Mame-
Mamu4Hy Modesib ma eu3Ha4yeHO OCHOBHI ghakmopu ernuey.

lpoeedeHo docnidxeHHs1 enugy NosHomMacwmabHor 8iliHu Ha cmaH 3ani3opydHoi npomMucio8ocmi ma ii eKcropmHi MoxJiueocmi.
Y koHmekcmi o4ikyeaHux meHAeHUili Ha Halbnux4i poku doeedeHo, WO icHye douyinbHicmb 36inbWeHHs ekcriopmy pyou 3adnsi niom-
PUMKU €KOHOMIKU KpaiHu. 30ilicHeHO npo2Ho3yeaHHs1 meHOeHUili pO38UMKy €im4u3HsIHOI 3ani3opyOdHoi 2any3i (audobymky 3asi3Hoi
pyodu, ekcriopmHux Moxxsiueocmell KpaiHu) 8 ymoeax iliHu 3 ypaxyeaHHsIM OYiKyeaHUXx rnepcrekmue po3eumky ceimogo20 PUHKY.

BucHoBKMU. Bpesynsmami npoeedeHo20 GoCiOXeHHs1 008e0eHO KITH0H08e 3HaYeHHSsI 3ali30pyOHOI 2asly3i Osisi eKOHOMIKU Kpa-
iHU, y m. 4. 8 nepiodu Kpu3 ma nodonaHHsl ix Hacsiokie. [lo6ydoeaHo ekOHOMIKO-MameMamu4yHy Modesb ennusy 2any3i Ha BBI kpaiHu
3 ypaxyeaHHsIM eKCrIopmMHux rnomokie. Lje dano 3moz2y cnpoz2Ho3yeamu OCHOBHI napaMempu po38UMmKy 2asny3i nid Yac eiliHu ma 3adns
No80EHHO20 8IOHOB/IEHHS YKpaiHU.

Kno4yoBi cnoBa: 3anisHa pyda, audobymok pyodu, ekcriopm, ceimosi yiHu Ha pydy, npo2Ho3yeaHHs, MoOesIro8aHHSI, 8asiosull

8HympiwHil npodykm.

Bcrtyn

YkpaiHa nocigae ogHe 3 NpoBigHUX MiCLb Y CBITi cepea
BMPOGHUKIB TOBapHOI 3ani3HOi pyan — CboMe Micle 3 BUAO-
OyTKy 3ani3Hoi pyau Ta Bupobnsie 6nu3bko 5 % CBiTOBOro
obcsary ToBapHoi 3anisopyaHoi npoaykuii. oo Baxnueo-
CTi 3ani3HOi pyau ANst eKOHOMIKM KpaiHW, TO caMe 3anisHa
pyga i ctanb pa3om ctaHoBunm 30 % ekcrnopTy YkpaiHu B
2017 p., BogHo4Yac 3anisHa pyaa cdarana 6,3 % 3aranbHoro
obcAary ekcrnopTty. HeraTvBHi 3MiHM po3nodanuch Lie Y
2014 p., konu Yepes aHekcito Kpumy 6ynu 3axonneHi pogo-
BuLa KepuyeHcbkoro 3anisopygHoro 6aceiiHy, Ha 6asi sikmx
npautoBaB KepyeHcbkuin 3anisopyaHuin kombiHat. 3 noyaT-
KOM MOBHOMAacLUTabHOI BitHM cuTyalisl We yCKnagHunach.
Y 2022 p. P® 3axonuna pogosuua binosepcekoro ta Mpu-
a30BCbKOro 3arni3opyaHux paroHiB y 3anopisbkili i [JoHeub-
Kin obnacTsix. 3anacu pyau nuwe Nprna3oBCbKOro panoHy
OUujiHIOTbL Yy 3 Mnpa T. 3a TakMx YMOB MOTPIOHO mMpoBecTn
aHania cutyadii y BiTYM3HSAHIN Ta CBITOBIN 3anisopygHin ra-
nysi 3aans BUpobrneHHst BUBaXeHOI cTpaTerii ans YkpaiHu
LwoAo BuAobyTKy 3ani3Hoi pyau Ta ii eKcnopTy B yMOBax
BiliHW Ta NMOBOEHHOrO BiAHOBIEHHS YKpaiHu.

Y [OOBOEHHWIA Yac OCHOBHUM 3aBAaHHAM Oyno dopmy-
BaHHs1 36anaHcoBaHOi cMCTeMY BUOOOYTKY KOPUCHMX Kona-
NWH, y T. Y. 3ani3Hoi pyau, KOKCIBHOrO BYrinns anst notpeb
BiTUM3HAHOI MeTanyprii (FopowkoBa, 2011). 3 no4aTkom
BiliHM 3i cnagy BMPOOHULTBA B MeTanypriiHin ranysi, sika 3a-
6e3neyvyBana go 30 % BBI kpaitn Ta 4o 30 % ekcnopTHUX
HaaXoMKeHb, CNif NepernaHyTv nigxoan 4o obrpyHTYBaHHS
obcariB BMOoOyTKy Ta eKCNopTy came 3ani3opyaHuX pecyp-
ciB. Mpu UbOMY aKTyanbHUM 3aBAaHHAM 3anuviiaeTbcs 30e-
pEeXeHHs yMOBM 30anaHCcoBaHOro HagpOKOPUCTYBAHHS i
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pauioHansHOro BUKOPUCTaHHS KOPUCHUX KonanuH. Arne cy-
YacHi eKOHOMIYHI BUKNUKM ANg YKpaiHu, siKi BUHUKIM BHACHi-
OOK BilHW, NOTpebyloTb HOpMyBaHHA OHOBMEHOI Mogeni
pecypCcoKOPUCTYBaHHS.

MeToto JocnigKeHHs € OOrpyHTYBaHHS cTpaTerii po3Bu-
TKy 3ani3opyAaHoi ranysi YkpaiHu B ymoBax BiliHM Ta 3 ypa-
XyBaHHSAM 3aBAaHb MOBOEHHOIO BiLHOBIIEHHS KpaiHW Ha
3acajax nNpuHUMMIB epeKTMBHOro ynpaBniHHA BUKOPUCTaH-
HSIM Ta BiATBOPEHHSM pecypcHoi 6a3n YkpaiHu.

Metoaun

Y npoueci NpoBeaeHHs [OCMIAXEHHS BUKOPUCTAHO 3ara-
NbHOHAYKOBI (@Hami3 Ta CuHTEe3, iHAOyKUia Ta Aenykuis,
aHaniTu4He rpynyBaHHs) Ta creuianbHi (abcTparyBaHHs, Mo-
[OENIOBaHHS, MPOrHO3yBaHHs, CTaTUCTUYHOrO aHanisy 1 iH.)
MeTOAN BMBYEHHS SBULL | NPOLIECiB.

Pe3ynbtaTtu

YkpaiHa nocigae TpeTe MicLe Y CBiTi 3@ BENMYMHO 3ani-
30pyaHUX pecypciB i foHeaaBHa byna AeB'aTuM Hanbinbwmnm
cBiToBMM BMpoBHUKOM cTani (https://worldsteel.org/). 3a-
BASIKM 3HAYHUM 3amnacam CUPOBMHU i MeTanyprinium BUpo6-
HUYMM MOTYXXHOCTAM YKpaiHa A0 NoYaTKy BiiHW Takox cTana
BENMKMM CBITOBMM EKCMIOPTEPOM CTani (LIocTa no3uuis) 1 3a-
nisHoi pyam (n'ata noawudist). Ane y 2022 p. cutyauis cyTTeBo
noripwunack. Came MeTanypris i 3anisopyaHa ranysb 3abes-
neynna MOXMMBOCTI ONA €KOHOMIYHOro 3pOCTaHHS KpaiHu
nicns ekoHoMivHoi kpuan 1991 p. Akwo B KiHUi 1980-x Ha me-
Tanyprito npunagano nuwe 10 % npoM1crnoBoro BUPOGHUL-
TBa, TO Ha noyatky 2000-x pp. ii YacTka B NPOMUCIIOBOMY
BMPOGHMUTBI YkpaiHu 36inswmnace Ao 30 %.

Mpobnemam reonoriyHoro BUBYEHHS HAaap, HaAPOKOPUCTY-
BaHHS, 30KpemMa eKOHOMIYHMX acnekTiB, NpUCBAYEHi poboTu

© lNopowkoBa Jligisn, 2024
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A.B. Bogtoka, C.O. Josroro, M.M. KopxHeBa, €.0. Kyniwa,
M.B. Kypuno, O.A. llucexka, B.A. Muxannoea, B.C. Miwe-
HKa Ta iH. (Bopatok, 2013; Odosrun Ta iH., 2007; KopxkHeB Ta
iH., 2006; IlnceHko, 2017; NluceHko, BacuneHko, & Kocte-
Hko, 2017; NycTiok, [sikoH, & MeTpuHa, 2013).

CtaHom Ha 1.01.2024 BigcyTHi onpuniogHeHi AaHi Wwoao
3anacie pyq 3aniza B YkpaiHi (Moptan gaHux BuaoOyBHOI
ranysi Ykpainu 1a HBI1 "T'eoiHdopm YkpaiHn") BignosigHo
0O BMMOr 3aKOHOAAaBCTBa Ha nepiog Aii BOEHHOro CTaHy.
MopTan gaHux BuaobyBHOI ranysi YkpaiHu 3 nocunaHHam
Ha pani HBI "TeoiHdopm Ykpainn" ctaHoM Ha 1.01.2021
HaBOAMWTb TaKy iHpopmaLito: banaHcoBi 3anacu pya 3anisza
ctaHoBunu 18 065,04 MNH T, KiNbKiCTb pOAOBULL, pyA 3ani3a
y 2020 p. — 60. Hanbinbwunit ob6csr 6anaHcoBux 3anacis pya
3anisa 3HaxoauTbesa y [HinponeTposcbkin (8 781,52 MnH T,
abo 48,61 %), MonTasckkin (5 038,69 mnH T, abo 27,89 %)
Ta 3anopisbkin (2 755,13 MnH T, abo 15,25 %) obnactax
(Mpumywko, binowanckka, & Bennyko, 2020; MopTan aa-
HUX BUAOOYBHOI ranysi Ykpainu, H.4.).

BupobHuuTBO cTani Ta BUOoOyTOK pyan € BaXMBMMU
[Onsi eKOHOMIYHOro po3BUTKY GaraTbox KpaiH cBiTy. 3anizHa
pyga — OAMH 3 BaX/IMBUX PECYPCIB, OCKINIbKM € OCHOBHOM
CMPOBMWHOIO Yy BUPOOHMUTBI cTani. CeiToBI 3anacu 3anisHoi
pyou ouiHoTeca B noHag 800 mnpa T cupoi pyau, Lo
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Puc. 1

/lun.07

KBiTeHb 2008 p

MicTuTb noHag 230 mnpa T 3anisa (Mineral Commodity
Summaries, 2022.) 3aranom y cBiTi HanivyeTbca NpNbNM3HoO
170 mnipg, T po3BigaHMx 3anacie 3anisHoi pyau.

3aans BUpILIEHHSA NOCTaBMeHOro 3aBAaHHA — POpMy-
BaHHS pekoMeHauil Woao cTpaTerii po3BUTKY BITYM3HSAHOT
3anisopyaHoi ranysi, AoLuinsHMM Gyae npoaHanisyBaTu cuTy-
auito 3 BUOobyTKOM Ta CTAaHOM PUHKY 3ani3HOi pyau y CBiTi.
MpoBeaeHi ouiHkKM 0bcsriB BUOoOYTKY 3anisHOI pyawm y CBiTi Ta
LIiHOBOI KOH'IOHKTYPW PUHKY NoKasanu, Lo cutyauis 6yna cra-
OinbHOIO BNPOAOBX OOCUTL TpuBarnoro yacy. O6car Buao0oy-
TKy 3ani3Hoi pyam y cBiTi 3 1900 go 1950 p. 6yB npakTU4HO
HeamiHHUM (https://www.researchgate.net/figure /World-iron-
ore-production-from-1904-to-2014-estimated-Price-2013-
USGS-2015_fig3_284727251). 3 1960 p. noyanocb nocTy-
noBe 3pocTaHHs obcsriB, ane piskum BoHO cTano 3 2005 p.

Ak cBigyaTb gaHi puc. 1, NPpakTUYHO HE3MIHHMMKN BMPO-
poex 1990-2005 pp. 3anvwanuce i UiHW Ha 3anisHy pyay.
KapavHanbHi 3miHu BigOynnce Takox nicnsa 2005 p. LiHn Ha
3ani3Hy pyay Yy CBiTi 3MiHIOIOTLCA He TifbKW 3 POKY B piK, ane
n womicsaus (puc. 1). Ak 6auMMo, HasBHi i CE30HHI Konu-
BaHHs LjiH. Tak, cepefHs UiHa 3ani3Hoi pyam y 2021 p. (ma-
KCMMYM LiH) cTaHoBuTb 161,71 gon/T, y TOM yYac sk
MakcumyMm 6yB y TpasHi 2021 p. i ctaHoBuB 207,72 pgon/T.
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. Llinmn Ha 3ani3Hy pynay y cBiTi 3 ciuHsa 1994 no kBiTeHb 2023 poky

Mo6ynoBaHo aBTOPOM 3a faHnmu: https://www.indexmundi.com/commodities/?commodity=iron-ore&months=360

3a paHumm https://www.worldstopexports.com/iron-ore-
exports-country/?expand_article=1, obcar cBiToBOro exkcno-
pTy 3anisHoi pyaun y 2022 p. ctaHosmB 156,9 mnpg gon
CLLUA. MopiBHsHO 3 2018 p. BiH 36inbLumBLKCE Ha 70,8 %, ¥
2018 p. ob6car puHky ctaHosus 91,9 mnpa gon. Wopo cuty-
auii Bnpogosx 2021-2022 pp., To 3aranbHa BapTiCTb €KCMO-
pTy 3ani3Hoi pyau ckopotunacs Ha —28,7 % Big BenU4uHu
220,2 mnpa gon'y 2021 p.

Hanbinbwmmmn ekcnoptepamu 3anisHoi pyay € AscTpanisi,
bpaauniga, KaHaga, lMNMisgeHHa Adpuka Ta LLeeuis. Paszom ui
N'aTb MiXXHApOAHMX nocTadanbHuKiB 3abesneunnn 85,2 % cai-
TOBWX EKCMOPTHUX NpoAaxis 3anisHoi pyan y 2022 p.

EkcnopTHi noTokn y 2022 p. y pospisi kpaiH y BapTiCHOMY
BUMIpi HaBegeHo B Tabn. 1. 3a BaprTicTio 15 kpaiH nocTa-
yanun 96,9 % cBiTOBOro ekcrnopTy 3anisHoi pyau y 2022 p.
Cepep HanbinbLIMX eKkcrnopTepiB XoAHa KpaiHa He 306inb-
wwuna ekcnopt 3 2021 no 2022 p. HaTomicTb Hanbinblie
3HM3UBCA 0OCAr eKcrnopTy 3ani3Hoi pyau B TakKMX KpaiHax:
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IHois (-62,2 %), Ykpaina (—57,8 %), Pocis (=55 %), Bpa3su-
nis (-35,3%) i MiBgeHHa Adpuka (—34,2 %).

Y Tabn. 2 HaBeeHO pe3ynbTaTy OLHKM Carnbao CBITOBOI
30BHILLHBOI TOPriBMi 3anisHoto pyaok (YMCTUIM ekcnopT)
Ta pAuHamika wWoro 3miHm  BnpogoBx 2001-2022 pp.
Investopedia BM3Hayae YMCTU €KCNOPT SIK BapTICTb 3ararb-
HOrO eKCnopTy KpaiH1 MiHYC BapTICTb ii 3ararnibHOro iMnopTy.

OTxe, Ak 6a4Mmo, MPOBIAHUM CBITOBMM €KCMOPTEPOM
pyan € ABCTpanisi, ika cTBopuna HamBuLMIA NpPodiLmnT y
Mi>)KHapOAHi TOPriBfi 3ani3Ho pyaoto.

OCHOBHMMM KOMMaHIIMU-eKcropTepamMm 3ani3Hoi pyan y
cBiTi y 2022 p. 6ynu Taki: Anglo American plc (Benuvka Bpu-
TaHis); ArcelorMittal (Jliokcembypr); BHP Billiton (AecTpa-
niq); Evraz Group (Benuka Bputania); Fortescue Metals
Group (Asctpanisi); Glencore International (LUBeriuapis);
Rio Tinto (Benvka BputaHis); Cesepctanb (Pocis); Vale
(Bpasunis); Vedanta Resources (Benvka Bputahis).
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Ta6bnuys 1

EkcnopTHi NoToku 3ani3Hoi pyau 3a KpaiHamu cBiTy y 2022 poui

Mo3udisi B peATUHry KpaiHa O6c¢csar ekcnopty, mnpg gon CLUA YacTka eKCnopTHOro puHKY, %
1 AscTpanis 87,7 55,9
2 Bpasunis 28,9 18,4
3 KaHnaga 6,7 4,3
4 MiBgeHHa Adpuka 6,7 4,3
5 LLiseuis 3,7 24
6 Kutan 3,2 2
7 YkpaiHa 2,9 1,9
8 BaxpenH 2,2 1,4
9 Pocis 1,7 1,1
10 Yuni 1,6

11 IHOisa 1,57

12 Mepy 1,54 1
13 MaspuTaHis 1,34 0,9
14 Manainsisa 1,21 0,8
15 Cnonyyei Ltatn 1,14 0,7

Ta6bnuys 2

CanbAo 30BHilUHbOI TOpPriBNi 3anisHoto pyaok y 2021-2022 pokax

Mo3udis B peMTUHTY KpaiHa Mpodiumnt ekcnopty, mnpa gon CLLUA TeHaeHUisi 3MiH
1 ABcTpanis 87,5 -24,8 %
2 Bpaswunis 28,8 —35,3%
3 MiBgeHHa Adpuka 6,7 -34.2%
4 Kanaga 6 -17,6 %
5 LLieuis 3,7 -21,5%
6 YkpaiHa 2,9 —57,7%
7 Yuni 1,57 -30%
8 Mepy 1,54 -13,4%
9 Pocis 1,46 47,7 %
10 IHAisa 1,37 —-63,9 %
11 MaBpuTaHis 1,34 -252 %
12 KasaxctaH 0,7132 =55,5 %
13 Cbeppa-JleoHe 0,5957 194,5 %
14 MoHronisi 0,3906 -59 %
15 IpaH 0,3771 4,7 %

LLlogo nosuuin YkpaiHn Ha CBITOBOMY PWHKY 3ani3Hoi
pyam, To BOHa BXOOUTb A0 OECATKM KpaiH, siki MatoTb Hanbi-
NbLUi Noknagu 3anisa y cBiTi — ue 6,5 mnpa T pyau.

OcHoBHi 3anacu pyA 3anisa YkpaiHu 3ocepexeHi B Kpu-
BOpi3bKOMY 3anizopyaHoMy 6acenHi y [IHinponeTpoBchkin 06-
nacti Ta KepyeHcbkomy 3anizopyaHomy 6aceviHi B AP Kpum.
Takox cyTTeBa YacTuHa 3anaciB pya 3anisa 3HaxoauTbCH B
KpemeHuyLbkoMy, Binosipcekomy Ta Mapiynonbcbkomy 3arsi-
30pyaHuX pavioHax. OCHOBHUMM TUMamu 3anisHnx pya B Yk-
paiHi € 6araTi MarHeTUTOBI pyaun, reMaTUTo-MapTUTOBI pyaw,
MarHeTUTOBI KBapUMTK Ta Bypi 3ani3HsKW.

Y KpuBopisbkoMy 3anisopyaHomy 6aceiHi BuaobysatoTb
OaraTi pyav B OCHOBHOMY MiA3eMHMM CNocoboM Ta 3ani3uncTi
KBapLMTW NEPEBAXKHO BIAKPUTUM i YaCTKOBO MiA3€MHWUM Cro-
cobom. Takox y LboMmy BGacelHi 3ocepekeHi 3anacu bypmx
3ani3HsAKIB, SIKi He PO3pOONATLCS Yepe3 BiACYTHICTb Mo-
NUTY Ha HUX. Y KpeMeH4yLibKoMY 3ani3opyaHOMY panoHi po-
3pobnsATbLCA Oarari pyau, nerkosbaravyBarbHi
MarHeTUTOBI Ta KyMIHITOHIT-MarHeTUToBi kKBapuntu. Y bino-
3ipCbKOMY pPYZLHOMY paioHi BefeTbcsl BUAOOYyTOK Garatmx
pyam nig3eMHUM cnocobom.

OcHoBHVMM nignpuemcTBamm, ki y 2020 p. 3abesnedy-
Banu BMOo6yTOoK 3ani3Hux pya y JHinponeTpoBchKin obnacTi
y KpuBopisbkomy 3anizopygHomy 6aceini, 6ynu: AT "Kpu-
BOPI3bKMIA 3ani3opygHuii komGiHaT" po3pobnse nons waxt
TepHiBcbkoi, Bapgincbkoi, OkTabpcbkoi Ta waxtu "Po-
aina"; NAT "ApcenopMittan Kpusun Pir" po3po6nsie none
waxTtu im. Aptema, HoBokpuBopisbke Ta BansiBkMHcbke po-
posuwa; MNpAT "Cyxa banka" po3pobnss nons waxt "HOBi-
nemHa" Tta im. ®pyH3e. Takox BMAOOYTKOM 3ammanucs
ripHMyo-3baradyBaneHi  kombiHath.  [liBHiYHMKA 3K
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po3pobnse MNepBomaiicbke Ta MaHHIBCbke pogosuwa; lMis-
OEHHWI 3aiiMaBcst po3pobkoto CkeneBaTtcbko-MarHeTuto-
BOro pofoBua; IHryneubkuii — pogosulla IHryneubke.
LleHTpanbHwuiA ripHuyo-36aravyBansHuin kombiHaT y [Hinpo-
neTpoBChKin obnacti po3pobnas none waxtu im. OpaKoHI-
Kinde Ta popgoeBuwe Benuka [netoBatka, a B
Kiposorpaachkkin — NeTpicbke Ta ApTeMiBCbke pogoBuLLla
(Mpumywko, Binowanckka, & Bennyko, 2020; MopTan aa-
HUX BUZOOYBHOI ranysi Ykpainu, H.4.).

Y KpemMeHuyLbKkoMy 3anisopy4HOMY paiioHi BuaobyTkom
3aimaBcst MpAT "MNonTaBcbkuin ripHUYo-36arayvyBanbHUiA
kombGiHaT" Ha 6asi [opilHe-MNnaBHMHCBLKOrO Ta JlaBpukiBCh-
Koro popgosuLy. Takox Ao BugobyTtky 6yno sanyyeHo TOB
"€pUCTIBCbKUI  TipHMYO-36aradvyBanbHuii  KomGiHaT", akui
po3po6naB EpUCTIBCbKE POAOBULLE.

Y Binosepcbkomy pyoHOMY panioHi BUOoOOYTOK pyAd 3anisa
nposoame [MpAT "3anopisbkuii 3anisopygHMn kombiHat" Ha
MiBoeHHOBINo3epcbkomy Ta NepeBep3iBCbKOMY pOAOBULLAX.

3 noyaTkom BinHW y 2022 p. Binosipcbke pogosuLLe onu-
HWMOCb Ha OKyMoOBaHin TepuTtopii. ¥ KepueHcbkomMy 3anisopy-
aHomy GacenHi 3ocepemkeHi po3BigaHi 3amacu  Oypux
3anisHskis. Ix BuoobyTok Byno synuHeHo y 1992, poposuiua
3aKOHCEepPBOBaHO. [laHi Lwoao obcariB 3miHM 3anacie Ta BUAo-
OyTKy pya 3anisa y KepyeHcbkoMy 3anisopyaHomy 6GacenHi
HWHI HegocTynHi Yepes okynauito AP Kpum Pocieto 3 2014 p.

OTxe, 3agnsa ouiHKM cuTyauii y 3anisopygHii ranyasi
YkpaiHu 6ynu 3aifcHeHi NOPIBHSHHS i3 3aranbHOCBITOBMMU
TeHaeHuismu nodnHatoum 3 2003 p.

Ha puc. 2 HaBeeHo AaHi aHanisy auHaMiku obcsariB BU-
[OOyTKy 3ani3HOi pyAaun y CBIiTi Ta YKpaiHi, CBITOBMX UiH Ta
€KCMOPTHUX LjiH Ha pyay B YkpaiHi Bnpogosx 2003—2023 pp.
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Puc. 2. luHamika obcsAris BMAOOYTKy 3ani3HOi pyAu y CBiTi Ta YKpaiHi, CBiTOBMX LiiH Ta €KCMOPTHUX LiiH
Ha pyay BnpoaoBx 2003-2023 pokis
MobynoBaHo 3a pgaHumu: https://www.statista.com/statistics/589945/iron-ore-production-gross-weight-worldwide/_ta
https://customs.gov.ua/statistika-ta-reiestri

Ak 6aunmo, 3 2003 p. cnocTepiraeTbca Kopensauia Mix au-
HaMmikoto BMOoOyTKy 3anisHoi pyau y cBiTi Ta B YkpaiHi. Cnag
y 2008-2009 pp. noB'si3aHWi i3 CBITOBOKD EKOHOMIYHOK Kpu-
3010, sika poanovanack y 2007. 36inblieHHst X obcsriB y
2007 p. MOXNMBO NOSICHUTM HAMaraHHAM BiNbLIOCTI KpaiH, siKi
MatoTb PoAOBULLA 3arni3HOi pyau, KOMNEHCyBaTu BTpaTH ne-
pepobHuX rany3er Yepes BuaobyeHy. MNMoganblue 3pocTaHHst
NOSAICHIOETLCS NICASAKPU3OBNM PO3BUTKOM EKOHOMIKM YKpaiHu
i ceiTy. Ha BigmiHy Big cBiTy, y 2018 p. B YKpaiHi He3Ha4yHO
3MEHLUMBCH BUA0BYTOK 3ani3Hoi pyaun, BOAHOYAC Y CBiTi cUTy-
auis 6yna npakTnyHo 6e3 3miH. 3pocTaHHsi BUAODYTKY Y CBITi
BinOynock y 2021 p., Hagani, y 2022-2023 pp. cuTyauia €
cTabinbHo. Y ToM e vac B YKpaiHi 3 noYaTkoM NoBHOMac-
wTabHoi BitHM y 2022 p. Bigbynochk piske 3MeHLLeHHs obcsriB
BMOODYTKY, aHarnoriB sIkoro He iCHye.

LLloao cBiTOBUX LiH Ha 3ani3Hy pyay, TO MakCMMyMU 3po-
cTaHHsa cnocTepiranuck y 2005, 2008, 2011, 2013 pp., MiHi-
Mymn Oynu xapaktepHi gns 2009, 2012 ta 2014-2016.
Micnsa 2016 p. noYanock 3pOCTaHHS CBITOBUX LiiH Ha 3ani3Hy
pyay 3 makcumym y 2021 p. LLloao uiH ekcnopTy BiTYM3HAHOT
3anis3Hoi pyau, To BOHW BNPOAOBX AOCNIAXYBaHOro nepiogy
Oynu MeHLi 3a cBiTOBI, ane NoBHiCTO 3b6iranucsa 3i ceiTo-
BUMW TeHAeHUisMu. Y 2022—-2023 pp. BiAGYNOCb 3HKEHHS
i CBITOBWX, | €KCMOPTHUX LiH YKpaiHu.

Y 2008 p. kpu3a Habyna CBITOBOro xapakrepy i cnoyartky
OfHOYacHO 3pocrnu i 0b6carn BuaobyTky, i UiHM (cyTTEBO). Y
2009 p. Biabynock noganbLue 3HMKEHHS 06cAriB BUPOOHML -
TBa Y CBITi i, K HACMNIQOK — 3HWKEHHSI MONUTY Ta LjiH Ha cu-
POBWHY, LLIO CTano NPUYMHOIO 3HWXKEHHS LiiH Ha 3ani3Hy pyay
y TOMy 4mncni. B HacTynHi pokun 3a paxyHOK CUPOBUHHOI CKna-
[OBOI (3pocTaHHsi obcsriB BUoobyTky Ta UiH) BigbyBanvch
cnpobu BiAHOBUTY MICNSKPU30BY EKOHOMIKY CBITY. Bignosi-
OHi TeHaeHuii 6ynu xapaktepHumu i ans YkpaiHu.

HacTynHui uiHOBWIA cnag Ha pUHKY 3ani3Hoi pyau y CBiTi
cnoctepirasca Bnpogosx 2014—-2016 pp. 3 ogHOYaCHWM
NpaKkTU4HO He3MiHHMM obcsirom BUAoGyTKy. [lani 3a npaktu-
YHO He3MiHHOro obcary BmaobyTKy movanu CTPIMKO 3poc-
TaTtu UiHW, sKi gocarnu makcumymy y 2021 p. Ha HaBegeHnx
BULLE PUCYHKaX AMHAaMIYHI NOKa3HWKM WoJo LiH Ha 3ani3Hy
pyay HaBefEeHO Sk cepeqHbOpPIYHi 3HAYEHHS.
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Ha BigmiHy Big 6araTbox ranysen eKOHOMIKM KpaiH CBITy,
naHaeMis KopoHaBipycHoi iHdekuii COVID-19 npakTnyHo
He BMNVHyna Ha 3ani3opyaHy ranysb Hi 3a obcaramu BUAO-
OyTKy (3anuiianncb NPakTUYHO HE3MIHHUMM), Hi 3a LiHamu
(BOHM NpooOBXyBanNu 3pocraTu).

Omxe € nmigctaBu BBaxaTu, WO came 3anisopyaHa ra-
ny3b € Ti€to, ika KOMMNEHCYE BTpaTV EKOHOMIK KpaiH CBITY Mia
yac Kpu3oBMx cuTyaLii abo gonomarae ix nogonaru.

lMoka3HMKOM €KOHOMIYHOro 3pocTaHHA (cnagy) € BBI
kpaiHu. OTxe rinoTesa nondrae B TOMy, L0 iCHyE B3aEMO3-
B'A30K Mixk BBIT kpaiHm Ta obcaramm ekcrnopTy Ta eKcropT-
HUMU LiHaMn Ha 3ani3Hy pyay. B gocnigxeHHi BUKopuctaHo
NoKasHUKM WoAo HomiHanbHoro BBl YkpaiHn Bnpogosx
2003-2023 pp. B fonapoBoMy ekBiBaneHTi. PesynbtaTu Ha-
BefleHo Ha puc. 3.

Ak 6aunmo, icHye kopensauis Mk Temnamu 3poCTaHHA
BBI1, ekcnopTHMMM LiHaMK Ha pyay Ta iX CBITOBUM PiBHEM.
Makcumymmn cnoctepiranves y 2005, 2008, 2011, 2013,
2017 (2020) ta 2021 pp., BignosigHi MiHiMymn — y 2009,
2012, 2015 ta 2022. Wogo obcsris ekcrnopTy, To BiH 3 2004
0o 2015 3pocTaB, y T. Y. i B Ti POKU, KONU 3HWXKYBANUCh SK
€KCMOPTHI UiHK, Tak i cBiTOBi. Makcumym ekcnopTy crnocrte-
pirascsa y 2015 p., He3Baxaloun Ha Te, L0 LiHW Ha pyay CyT-
TEBO 3HU3UNWUCL | Yy CBITi, i Ha YKpPaiHCbKUA €eKCnopT.
MpoTunexHi TengeHuii Oynu xapakTepHi i Ans nepiogy
2015-2021 pp. Tak, Ha OOHi 3pOCTaHHS CBITOBUX Ta €KCMo-
PTHUX LiH Ha 3ani3Hy pyay, isndHi 06carm ekcnopTy 3HUXY-
Banucb. 36ir TeHaeHUii (3pocTaHHA ob6cAriB ekcnopTy i
BiANOBiAHMX UiH) crnocTepiranock y 2021 ta 2023 p. (3Hu-
XKEHHs1 obcsriB Ta BigNOBIAHWUX LiiH).

Omxe, BUSIBMEHUA HaMu 36ir TeHaeHUiT woao AMHaMiku
BBI, obcsriB ykpaiHCbKOro ekcrnopTy, CBIiTOBWX i BiTYM3HS-
HWMX eKCNOPTHMX LiH Ha 3ani3Hy pyay. Lle nae nigcrasu oui-
KyBaTU HasiBHICTb B3aemo3B'aA3kiB Mk BBl kpaihu Ta
€KCMopTOM pyau N MiX 3aranbHUM obcsrom ekcnopTy 3 Yk-
paiHu Ta eKCNOPTHO BMPYYKOIO Bi NPoAaxy 3ani3Hoi pyau,
SKi MOXXHa OnNMcaTn 3 BUKOPUCTaAHHSAM B3aEMHOI KOpensLin-
HOT (PYHKLIT, WO XapaKkTepusye LLIMNbHICTb 3B'A3KY KOXHOMO
enemMeHTa AMHaMiYHNX psaiB 3HayYeHb 3anexHoi (pe3ynbTy-
I0401) Yt Ta MOSACHIOBANbHOI Xt 3MiHHUX, 3CYHYTUX oOfHa
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BiJHOCHO O HOI Ha YacoBui nar 1. KoediuieHT B3aEMHOT KO-
pensuii BU3Ha4aeTbCa 3a hopmynoro

n-t -1

(}’l —T)iytxH - ZY,ZXz—z

=1 =1

(=020~ M- D3 ~(L)

[e yti Xt— enemMeHTV BEeKTopa 3arexHoi (pe3ynbTyo4oi) Ta
NOSICHIOBAsIbHOI 3MiHHMX Bi4MOBIAHO, L0 3pYLUEHi ogHa 40

(1)

I't

BignosigHo 6yno nobygoBaHo ABi Mogeni: nepLia — pe-
3ynbTyHO40H0 3MiHHO € BBI1 kpaiHu, a paktopom BrnmBy —
obcarn ekcrnopTy pyaum (y A0NapoBOMY eKBiBareHTi); Apyra
Mogdenb — pe3ynbTytoya 3MiHHa — Lie 3aranbHui obcsr ekc-
nopTy 3 YkpaiHu, hakTop BAAMBY — €KCNOpPTHA BUPYYKa Bif
npoaaxy 3anisHoi pyau (y 4AonapoBOMY eKBiBaneHTi).

OTpumaHi 3anexHocTi 6yno MOpiBHAHO 3 AMHaMIKO
TemniB pocTy BBI kpaiHu Ta TemniB 3poCTaHHSA eKcrnopTy
3ani3Hoi pyaw.

paciyHO pesynbTaTM  po3paxyHKiB npeacTaBfieHO
O/[JHOI Ha YacoBMWI Nar T; N — KiNbKIiCTb 3Ha4Y€Hb BENUYUNHMU It. Ha puc. 4.
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Puc. 3. AuHamika TemniB 3pocTtaHHa BBl YkpaiHu, ekcnopTy Ta eKCNOPTHUX LiH Ha 3ani3Hy pyAy,
CBIiTOBMX LIiH Ha pyay
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0,75 30

2003 2005 2007 2009 2011

2013 2015 2017 2019 2021 2023

Puc. 4. ®yHkuii B3aeMHOI kopensuii ans BennunH BBl kpaiHu Ta ekcnopTy pyAau, BeNWYMH 3aranbHoro o6¢Ary ekcnopry
3 YKpaiHM Ta eKCMOoPTHOI BUPYYKM Big npoaaxy 3ani3Hoi pyau, Temnu pocTty BBI kpaiHu Ta Temnu pocTy ekcnopTy 3ani3Hoi pyau
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Hacamnepeg cnig 3a3HaunTy, WO BNPOAOBXK YCbOro A0-
CnifpKyBaHOro nepiogy BennynHa KkoeqilieHTa B3aeMHOI KO-
pensuie € BACOKOI, MiHiMarnbHe 3Ha4yeHHsa ctaHoBuTb 0,87,
MiHiManeHe — 0,96. Lle cBig4mMTbL NPo BUCOKUIN piBEHL B3ae-
MHOro BNAMBY AOCHiIAKYBaHWX NMOKa3HUKIB.

Ak 6aumnmo, 06uaBi hyHKLii B3aeMHoI kopensuii (ans Be-
nuunH BBI kpaiHy Ta ekcnopTy pyau i 3aransHoro o6cesry
eKcrnopTy 3 YKpaiHu Ta eKCnopTHOI BUPYYKM Bid Npoaaxy 3a-
Ni3HOI pyaun) MalTb O4HAKOBI TEHAEHLUIT 3MiH y Yaci. Makcu-
MyMW B3AEMHOI Kopensuii cnoctepiranucs y 2008 T1a
2020 pp., MiHimymun —y 2011 Ta 2022.

OTxe, € nigcTaBn BBaXaTu, LLO BCTAHOBIEHO HasIBHICTb
YacoBux naris. TpuBanicTb MNEPLIOr0 CTaHOBUTb 4 pPOKKU
(2004-2008), gpyroro — 8 pokis (2011-2019). To6T0 Makcu-
ManbHa edeKTUBHICTb BNNuBY chakTopa BigbyBaeTbcs He B
MOMEHT BMMMBY, a i3 3amni3HeHHsIM, TOOTO BiATEpMiHOBaHa
Ha Benu4uHy nara.

MosicHnmo mexaHiam hopMyBaHHS NepLuoro nara i oro
BM/IMB Ha eKOHOMIKY KpaiHu (BBIT). Makcumym Temnis 3poc-
TaHHA ekcrnopTy pyam cnoctepirascs y 2004 p., HacTynHUM
—y 2008 p. Bnnve Ha pe3ynbTytouunin NOKa3HUK — TemMn 3po-
cTaHHs BBI, BinbyBaBcsa Takum YMHOM: 3aBOSIKU 3pOCTaHHIO
ekcriopty y 2004 p., He3Baxalun Ha CBITOBY €KOHOMIYHY
Kpudy, dka posnodanace 2007, BBI1 YkpaiHu 3pocrno y
2008 p. Take 3poctaHHA Byno 3abe3neyeHe 36iMbLUEHHAM
obcariB ekcnopTy 3anisHoi pyan y 2004 ta 2008 pp. Kpu-
30Ba CMTYyalisi, Ha xanb, ckranacb y 2009 p. (3HWKEHHS Te-
MniB 3pocTaHHsi BBIM Ta TeMniB 3poCTaHHs eKCnopTy pyau),
ane nogonaTtw ii Hacnigkn Bganock Bxe y 2010 p., npo wo
CBiAYMTb MakCMMyM Ha KpuvBi TemniB 3pocTtaHHsa BBI. Lie
Aae nigctaBu BBaxaTtu, WO "3anac MiLHOCTI" Ansa kpaiHu,
AKMIA 0O3BONMB JOCUTL LUBMAKO NOJOMATU HACMiOKM KpU3u,
OyB cchopmoBaHuin 3aBASKM BKazaHWM NO3UTUBHUM MOKas-
HWKaMm wopao ekcnopty y 2024 ta 2008 pp.

Tenep NOSICHUMO MexaHi3mM (bopMyBaHHS Apyroro nara.
Makcumym TemniB pocty ekcrnopTy 6yB y 2011 p., nicns
HbOrO crnocTepiranuchb e N'aTb MakCMMyMiB TEMMIB 3poc-
TaHHsA ekcnopTy pyau (2013, 2015, 2018, 2020 i 2021 pp.).

Lono amHamikn BBI1, To y BignoBigHi poku cnoctepiranu
30inblUEHHS | TEMMIB POCTY LbOro nokasHuka. BuHsaTkom €
2015 p., WO MOXHa NOSICHUTU KpM3oto Ans YKpaiHu BHaACHi-
OOK noyaTKy BiiHM i OKynaujielo YacTUHU TepuTopii kpaiHu,
LLIO CYTTEBO OOMEXMIO EKCMOPTHI MOXITMBOCTI 3anizopyaHoi
ranysi (MiHimym y 2014 p.). Bnpogosx 2011-2015 pp. cnoc-
Tepiranock 3pocTaHHs koedilieHTa B3aEMHOI Kopensuii, Bia
MiHiMymy y 2011 p., oo makcumymy —y 2015. 3HaveHHs, oo-
carHyte y 2015 p., 3anvwanocb Ha BUCOKOMY, MPaKTUYHO
He3MiHHOMY piBHi 4o 2020, TOMy BBaXXaeMO, LLIO CnocTepira-
I0TbCA Narosi ABMLLa. MakcumanbHa eheKTUBHICTb pesyrb-
TaTy BnnmBy Gyna gocsarHyta y 2017 p. — 3poctaHHsa BBl
nicns Kpu3au, Wwo 6yno 3abeaneyveHo 36iNbLIEHHAM EKCNOPTY
3anisHoi pyam y 2011, 2013, 2015 i 2017. OTxe, 3HOB-Taku
"3anac MiLHOCTI" eKOHOMIKM KpaiHW s NPOTUCTOSHHS KPU3i
(Buxoay 3 Hei) 6yB 3abesneyeHunit eKkCnopToM 3anisopygHoi
ranysi. CtabinbHicTb cutyauii 6yna go 2019 p., To6T0 Tpu-
BanicTb nara ctaHoBuna Bicim pokis (Big 2011 go 2017).

Y 2020 p. 3MeHWWIMcb TeMnKM 3pocTaHHs BBI, Ha wo
BMMMHYMNa HE3MIHHICTb TEMMIB 3pOCTaHHSA eKCOopTY 3ani3Hoi
pyou. HactynHe 36inblUeHHs TEMNIB 3pOCTaHHSA EKCropTy
pyau 6yno y 2021 p., wo 3abe3ne4nno nokpaLleHHs EKOHO-
MiuHOI cuTyauii B YkpaiHi (3poctaHHs BBI1). Ller makcumym
TemniB 3pOCTaHHSA eKCrMopTy, Ha Hally AYMKY, MOXHa BBa-
XKaTun NoYaTkoM HaCTYMHOro NaroBOro LMKITY.

3po3yMino, wo cTabinbHiCTb abo 3pOCTaHHA EKOHOMIKM
KpaiHu 3abesneuye He TinNbKu 3anisopygHa ranysb, ane TeH-
JOEHUii, Wo cnocTepiralnTbCs, AalTb NiACTaBU CTBEPOXKY-
BaTW, LLO LIer BNSIMB € BaroMmMMm 4ns KpaiHu.

Oani 6yno npoBegeHo aHani3 BNAMBY iHLWKUX dakTopiB
Ha KopensLinHi 3anexHocTi Mix BenuyHamu BBl kpaiHn Ta
€KCropTy pyau, BENMUYUH 3aranbHoro obesary ekcrnopty 3 Yk-
paiHn Ta ekCropTHOI BUPYYKM Bid NPOAay 3anis3Hoi pyau.

Huxye Ha pucyHkax HaBeOeHO pes3ynbTaTu OUiHKK
BMMAMBY CBITOBMX Ta €KCMOPTHMX LiH Ha pyay (puc. 5) Ta
obcsriB ekcnopty 3 YkpaiHu (puc. 6). [uHamika 3MiHu
03Ha4YeHMX NoKasHuKiB 3birnacs 3 TMMWK, AKi NpoaHarniso-
BaHi HamMu paHiwe.
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Puc. 5. ®yHKuUii B3aeMmHOI kopensuii mixk BBl Ta ekcnopTom pyau, Mk eKCNMopTOM 3aranom
Ta eKCNopPTOM pyAu 1 AMHaMiKa CBITOBMX Ta eKCMOPTHUX LiiH Ha pyay
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Okpemo cnig 3BepHyTH yBary Ha Te, wo came 3 2017 p.
€KCMOPTHI LiHW YKpaiHCLKOI 3ani3HOI pyay BnepLue Big novatky
aHanisoBaHoro nepiogy NPakTUYHO 3PIBHANNCD 3i CBITOBUMU
uiHamu, ynpogox 2003-2016 pp. BOHM Bynn HUXKYMMM 3a

CBiTOBI. Lle Takox MOXxxHa BBaXkaTy (0akTOPOM NO3UTUBHOIO
BNAMBY Ha pes3ynbTatm 2017 p., npoaHarnisoBaHi BuLLE.
Hapani ekcnopTHi uiHn 36iranmncs go 2022 p., y 2023 p.
BOHW 3HOB CTarnu HWX4YMMU 3a CBITOBI.

15

—&— ®yHKUiA B3aeMHoT kopenauii BBM-Exkcnopt pyau —#— QyHKUiA B3aeMHol kopenauil EkcnopT saranom-EkcnopT pyau
—+—Temn pocTy BBI1, % (aopaTkosa Bicb) —+— EkcnopTi UiHu Ha pyay, Aon /T (aoaaTkosa Bick) 155
—o—OBcsar ekcnopTy pyau, MiH T (4oAaTKoBsa Bicb)
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Puc. 6. ®yHkuii B3acMHOI kopensuii mixk BBIN Ta ekcnopTom pyam,
Mi>K eKCOPTOM 3arasiom Ta eKCnopToOM pyAu, AMHaMika o6CAriB Ta eKCMOPTHMX LiH Ha 3ani3Hy pyay

Wopo cutyauii y 2021 p., To sik 6yno 3asHa4yeHo BuLE,
BiAOYNoCb 3pOCTaHHA €KCNopTy K Y rPOLLOBOMY BUMIpI, Tak
i B KinbkicHoMy (3a obcsaramu). LiiHa ekcnopTy Takox 6yna
Ha CBITOBOMY piBHi.

Omxe, sk 6aummo, YkpaiHa ckopucTanacb 3poCTaHHsIM CBi-
TOBWX €KCMOPTHUX LiH Ha pyay y 2021 p., wo gano 3mory 3a-
6e3neunT 3poCTaHHA EKOHOMIKM KpaiHu (Temnu pocty BBI).

Y 2022 p. BHacnigok novaTky BiiHM YKpaiHa He BUKOPU-
cTana CBill eKCNOPTHUIM NoTeHuian. Hessaxatoum Ha geske
3HKEHHS CBITOBMX UiH, B 2022 p., sikbn Byna MOXnuBICTb
eKcrnopTyBaTu 3anisHy pyay 3 Ykpainu B obcsirax nonepef-
HiX POKIB, y Takuii cnoci6 MoxHa 6yno 6 3abe3neunTn Banio-
THi HagXOmXeHHsA | opMyBaHHs OOXiAHOI YacTUHMU
6rooxeTy kpaiHn. Came Tak i Bigbysanochk y nepiogu none-
peaHix Kpu3. Ha xanb, 06MeXeHiCTb TPaHCMOPTHUX MOXIU-
BocTel (OnokyBaHHA MOPCbKMX MOpPTIB), NpU3BEno Ao
yCKNagHEeHHs cuTyalii B eKOHOMIL kpaiHW, OCKiNbKM OOHO-
YacHO CYTTEBO CKOPOTUBCS M eKCopT cTani 3 YKpaiHu BHa-
cnigok TpaHCMOPTHO-NOMCTUYHUX Npo6neM Ta noganbLuoi
oKynauii YacTuHM TepuTopii KpaiHn, Ae po3TalloBaHi MeTa-
nyprivHi nignpuemcTaa.

OTmxe, oTpuUMaHi pe3ynbTaTv NigTBEPAUNM BUCYHYTY TiMno-
Tesy Woao poni i 3HaYeHHs 3anisopyaHoi ranyai YkpaiHm ans i
€KOHOMIK/ Ta BMNMBY TEHAEHLIN CBITOBOTO PWHKY 3ari3Hoi
pyav Ta cuTyaLito B ranysi. 3aBAskv eKCropTHUM NOTOKaMm 3a-
Ni3HOI pyau iCHye MOXIUBICTb MOM'AKLLYBATU BMNAMB KPU30BUX
ABMLL HA eKOHOMIKY YkpaiHu. LLogo AMHamikm 3miHW LiHOBUX
NoKa3HWKIB, TO BOHM BiAMoBiAatoTb 3aranbHOCBITOBUM TEHAEH-
LisiM. 3asHaueHi hakTopu CTBOPIOOTbL BMNMMB, MakCUMarnbHUN
piBEHb AKOr0 CMOCTEPIraeTbCs 3 NEBHMM YacoM BiATEPMiHYBaH-
HsM (gBa narv — 4 Ta 8 pokis). € Bci nigctasm BBaxxaTtn 2021 p.
noYaTKOM HOBOIO FTaroBOrO LIMKITY.
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Y 2023 p. cnoctepiranocb nogarnblle CKOPOYEHHS BUOO-
OyTKy 3ani3Hoi pyan B YKpaiHi, ogHo4YacHO obcsr ekcnopTty
3pic, ane He cyTTeBO. Lle 3HOB-Taky HeraTMBHO BNMHYIO HA
3aranbHOEKOHOMIYHY CUTYyaUito Y KpaiHi, OCKifbkM Ha COHI
HW3bKOro pPiBHA BanOTHUX HAOXOMKeHb Big MeTanyprii, He-
MO>XITMBOCTiI HANOBHEHHS AOXiAHOI YacTuHM GrookeTy 3a pa-
XyHOK iHWMX ranys3en HauioHanbHOro rocnogapcrea
BHACIMIJOK NPOLOBXEHHSA BiiHW, caMe eKCMOPTHI MOXINBO-
CTi 3ani3opyaHoi ranysi amorny 6 noKpawmTh cuTyauito.

BinbLwicTb ekcnepTiB BBaXae, WO CUTyaList Ha CBITOBOMY
puHKy pyan y 2023 p. 6yna cgopmoBaHa 3aBasiku Kutato.
Cawme y 2023 p. cnocTtepiranocb pekopaHe BUPOBHMLTBO Ta
ekcnopT crani Kutaem. Lie neBHolo Mipoto komneHcysano
Hacnigkn eBponencobkoi Kpuam LiH Ha ras y 2021-2022 pp., i
aano 3mory y 2023 p. Kutaro ekcnopTyBaTtu 3HauyHi obcarm
cTani 3a HWk4MMK UiHamu. Ak 3asHadae Telegraph, kutam-
cbkuii ekcnopT cTani y 2023 p. 6yB eKkBiBaneHTHUI CyKymn-
HOMY BUpPOOHMLTBY Benvkoi BpuTaHii, HimeuyunHu, OpaHuii,
ITanii Ta lcnawii.

Kpim Toro, 3pic BHyTpiWwHin nonuT y Kutai Ha meTan, 3a-
BASIKM 36iNnbLUEHHI0 BUpOBHMLTBa enekTpomobinis (EV) oo pe-
KopAHoro piBHsA came y 2023 p. Lle 3pocTtaHHs koMneHcyBanm
3HMKeHHs obcariB noTpeb y ByaisenbHiv ranysi Kutato.

Omxe, Ak 6a4ymmo, B TOM Yac SK CBITOBI LiHW Ha 3ani3Hy
pygy 3pocTaiTb, yKpaiHCbki OOOyBHI nignpuemcTBa, Ha
Xarnb, BUMYLLEHI ckopodyBaTu obcary BMpobHuuTBa. 3ok-
pema, KpuBopisbkuii 3anisopyaHuin kombiHat (K3PK), wo €
HanBINbWNM BUPOOHUKOM arnomepadiiHol pyan B YkpaiHi,
y %0BTHi 2023 p. 3MeHWwMB BUZ0OYTOK pyamn Ha 24,7 % no-
piBHAHO 3 aHanoriyHuMm micauem 2022 p. — go 113 Tuc. T.
MopiBHAHO 3 BepecHem 2023 p. y >XOBTHi BUPOBHMLTBO
arnopyau Ha K3PK Bnano Ha 16,3 %. 3a niacymkamu CivyHsi—
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*0BTHA 2023 p. BUpoOHMLUTBO arnomepauiviHoi pyan 3HU3u-
nocs Ha 28,3 % nopiBHSAHO 3 aHarnoriYHMM nepiogom none-
pPeAHbOro POKY.

LLloao cutyadii Ha CBITOBOMY PUHKY 3ani3HOI pyaun Ha no-
yaTky 2024 p., TO LiHa B Ci4Hi LbOro pokKy, 3a oLiHkot CBiTo-
Boro 6aHky, ctaHoBuna 135,82 non 3a DMT. [lMopiBHsHO 3
rpyaHem 2023 p., konwu uiHa 3anisHol pyam carana 137,050 gon
3a DMT, 3HwxeHHs cTtaHoBuno 1,23 gon (—0,91 %). Y ciuHi
2023 p. uiHa 3anisHoi pyam ctaHosuna 122,23 pon 3a DMT.
OTmxe, Ui AaHi cBigYaTb NPO NOMIPHE 3HKEHHS LiiH Ha 3ani3Hy
pyay 3 ciyHst 2023 no civyeHb 2024 p., WO BKa3lye Ha NOTEH-
LiMHi 3MiHM B rnobanbHUX eKOHOMIYHUX TEeHAEHLAX.

LWopo nporHosiB aHaniTukiBs Ha 2024 p., TO OYiKyeTbCsA
3pOCTaHHSA LiH Ha 3anisHy pyay. 3pocTaHHsi 36epexeTbes i

195,00

B nepLwivi nonosuHi 2024 p., a UiHW Ha 3ani3Hy pyay, Wo ne-
pPeEBO3UTLCA MOpEeM, NOBUWHHI 3pocTu go 150 gon/tT. Y cepe-
OHbOMY BOHM cTaHoBuTMMYTb 120 pon/t. HactynHi
ouikyBaHHS Taki: y 2025 p. — 80 gon/T, y 2026 p. — 75 gon/T.
Came nonut 3 6oky Kutato cyTTeBO BNnvBae Ha piBEHb LiiH,
NpoTe OYiKyETLCA BUCOKUI NOMUT Ha 3ani3Hy pyay B IHAIT Ta
€Bponi. B KOHTEKCTi o4ikyBaHb NPOBIAHUX PEUTUHIOBUX are-
HUN CBITY, MU TaKOX 34iNCHWMIM MPOrHO3 CUTYyaLii y 3aniso-
pygHin ranysi YkpaiHun 3 ypaxyBaHHAM TeHAeHUin Ta
OMiKyBaHb CBITOBOro puHKY. Ha puc. 7 HaBedeHO pesynb-
TaTy aHani3y ekCnopTHUX i CBITOBUX LiH Ha 3ani3Hy pyay Ta
Bi4NOBiAHI anpPOKCUMYIOYi KPUBI.

y =-0,0039x° + 39,392x* - 158584x° + 3E+08x2 - 3E+11x + 1E+14
R2=0,7465
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Puc. 7. EkcnopTHi Ta CBiTOBI LiiHM Ha 3ani3Hy pyAy Ta BiANOBiAHI anpoOKCMMYOYi KpUBI

Ak 6aunmo, B 060x BMNagKax NpUMHATHUM € ONUC 3a J0-
NMOMOrOI0 anpoKCUMYYOT KpMBOI n'atoro ctyneHsd. Wogo
OWHaMIKM Ta piBHSA LiH, TO cnig 3a3Ha4yMTK NPaKTUYHO MOB-
HWUIA 36ir TeHaeHuin 3miH. Llogo piBHSA UWiH, TO BNpOAOBX
2003-2016 pp. BOHW Bynu Hwk4MMmM 3a cBiTosi, 3 2017 p.
cuTyauist 3MiHMNach, LiHU NPakTUYHO Ha3gorHanm CeiTOBUN
piBeHb, BUHATKOM cTaB 2023 p., BOHU 3HOB-TaKM CTanu Hu-
XXYMMMK 3a CBITOBI.

Ha puc. 8 HaBeeHo pesynbTaTv NPOrHO3yBaHHA 06cs-
rie BOobyTKy 3anisHoi pyau y cBiTi Ta B YKpaiHi 3 ypaxyBaH-
HAM TeHgeHuin 2003-2023 pp. Ona  YkpaiHn npwu
nporHo3yBaHHi He Bynu BpaxoBaHi nokasHuku 2023 p., ocki-
NbKM CrocTepiranocb CyTTEBE CKOPOYEHHS (aHOpMarbHe)
BMAOGYTKY BHACNIAOK BilHW.

3a nokasHMKOM BUOOOYTKY TaKkoX CMOCTepiratoTbCs Chi-
INbHI TeHAEHUji, oTXe € BCi niactaBu 36inbWATN 0bcarn Bu-
nobyTtky B YkpaiHi go 2027 p., BianoBigHO [0 CBITOBUX
TEHAEHUIN 3 nofganblUMM HE3HAYHUM 3MEHLLEHHSM, Bigno-
BiHO J0 OYiKyBaHUX TEHAEHLi PO3BUTKY CBITOBOIO PUHKY.

MpoBenemo y3aranbHeHHs LLoA0 BNMBY HaW3HaYyLLUX
aKTopiB Ha CTaH PO3BUTKY BITYM3HSAHOI 3ani3opyaHOI ra-
nysi. OTpumaHi pesynbTatu JaloTb 3MOry 3poOuTH BUCHO-
BOK, WO cuTyauia nicna kpusan 2007-2009 pp. nesHOO
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MipO0 CXOXa 3 TeHAeHUisaMu, ski cnocTepiranuea y 2022—
2023 pp. MoxHa cnporHo3yBaT, Lo HACTYMHEe NOKpaLLeHHS
cuTyauil B 3anisopyaHin ranysi YkpaiHun BapTo odikyBaTu y
2024-2025 pp. (ane 3 koperyBaHHsIM Ha TpaHCMNOPTHi 0bme-
XEeHHS Wwoao ekcnopty). [ocart odikyBaHUX pesynbTaTiB
MOXITMBO LUNSXOM 36inbLueHHs BUaobyTKy Ta ekcrnopTy 3a-
Ni3HOT PyAM Ha CBITOBUI PUHOK 3a CBITOBMMMU LiiHamu. Takun
CLieHapil € Winkom BurigHnm anst YkpaiHu, OCKinbKu, sik npo-
rHO3YETbCH, LiHWM Ha 3ani3Hy pyay y CBIiTi AeLl0 3HU3ATbCS,
ane HecytteBo. OTxe, eKkcrnopTHa BUPYYKa 3HOB-TaKU
3MOXe, SK i B Yacu nonepegHix Kpu3, KOMNeHcyBaTu Hedo-
HaOXOOKEHHS1 eKCMOPTHOI BUPYYKM Bid iHLWINX rany3en Haui-
OHanbHOro rocrnogapcTsa, Hacamnepen — MeTanypriiHoi,
BHAaCnNIAOK BiltHW, SKka TpuBae.

Y pasi BigHOBNEHHS BUPOOHMYMX NOTYXXHOCTEWN MeTany-
prii 40 JOBOEHHOTO PiBHSI MOXKHa byae NoBepHYyTUCH A0 36a-
naHcoBaHOi Mogeni, sika Oyna oOrpyHTOBaHa paHiwe
(FopowwukoBa, 2011), a came y3rogxxyBaTtu obcsirn BUOobyTky
3ani3HOi pyam Ta KOKCIBHOTO BYrinns (y T. 4. i oro imnopT) 3
notpe6Gamu metanyprii.

LUloao nopganblumx WnsxXiB onTUMI3auii 4isnbHOCTI 3ani-
30pygHoi ranysy, To crig 3BepHyTU 0cobnuBY yBary Ha TeH-
AeHuii po3BuTKy puHKy ctani €C, ge y Hanbnmxkyi 10 pokis
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NPOrHO3YETbCA 3POCTaHHA NoTpebu y CUpOBUWHI y BUMMALI
3anisa npsamoro BigHoeneHHst (DRI) abo rapsuebpukeToBa-
Horo 3anisa (HBI).

3a Takux ymoB ynpogosx 10 pokis noTpibHo nobyaysatu
B YKpaiHi 20—25 cTaHaapTU30BaHNX YCTAaHOBOK 3 BUPOOHMK-
utea HBI abo DRI 3anexHo Big o6paHoi TEXHOMOTII.
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MeBHi HanpautoBaHHA B LbOMY HanpsiMky Bxe €. Tak,
rpyna "MeTiHBecT" npuegHanaca 4o ypsaoBoi nnatdopmu
"3ereHoro" BiOHOBMNEHHS MeTanyprinHOro CeKTopy Ta BXe
iHBECTYe y po3po6Ky NpoeKTiB i3 BUpoOHUUTBa DRI B YKpaiHi
Ta MOAEpPHi3aLilo BUPOBHNYNX MOTYXKHOCTEN AN nepexoay
Ha LI TEXHOTOTII.

Lloao TexHONOriYHMX MOXINMBOCTEN, TO BITYM3HSHA Ma-
rHeTUTOBA 3arni3Ha pyaa npuaaTtHa Ans 36araydeHHst 40 SIKo-
cTi DRI Ta HBI 3a Bxe Bigomumn TexHonoriamu. OTxe, HOBI
NOTY>XHOCTi AafyTb 3MOry MaTu e OAHY CKradoBy LUOAO
eKcnopTy Y kpaiHn €C.

BignosigHwii ninoTHWIA NnpoekT HaBecHi 2020 p. 6yno po-
3noyato Ha LleHTpanbHomy '3K MeTiHBecTy, nnaHoBa piyHa
NPOOYKTMBHICTL  BMPOOHUUTBI  DR-KOTYHIB  cTaHOBUTH
2,3 MrH 1. HactynHum maB 6yTu MiBHiYHWMI Ta [MiBOeHHWUIA
M3K. Y nunHi 2021 p. MeTiHBECT OUiHIOBaB NepcrneKkTuBHE
piYHe BUPOBHMLTBO y 8 MNH T 3anisa NPSMOro BiAHOBMEHHS
Ta 12 MnH T DR-KOTYHIB nicna npoBeAeHHs TEeXHOMOriYHOT
MO EepHi3aLlii.

AHanoriyHe BMPOOHMLTBO BXe € B YKpaiHi. 3a nigcym-
kamm 2022 p. Ferrexpo Bupobuna go 6,05 MnH T KOTyHiB, 3
Hux Bunyck DR-koTyHiB i3 67 % BMiCTOM 3anisa csras
353 Tuc. T.

Mnanamu €C nepenbayveHo GyaiBHULTBO aHaNOrYHNX
NOTYXXHOCTEN 3aranbHO0 NPOAYKTUBHICTIO A0 40 MAH T A0
2030 p. OTxe, YkpaiHa Mmae BCi MOXITMBOCTI iHTErpyBaTUCh
Ha Uew PUHOK i 36inbLWNTN eKCNOPTHI MOXIMBOCTI 3arni3o-
PYAHOI ranysi.

Ouckycis i BACHOBKKN

Byno npoBefeHO AOCHIMKEHHS CTaHy PUHKY 3anisHol
pyam y cBiTi Ta Ykpaini. BupobHuuTBo ctani Ta BuaobyTok
pyou € BaXINMBUMW Ansi EKOHOMIYHOTO po3BMTKY Garatbox
KpaiH cBiTy. OuiHoBaHHs 06csriB BMO0OYTKY 3ani3Hoi pyam
y CBITi Ta LiHOBOI KOH'IOHKTYPY PUHKY MoKa3ano, Lo cuTya-
Lis 6yna ctabinbHO BNPOAOBX AOCUTL TPUBANOro Yyacy, A0
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2005 p., y HacCTynHi poku crnocTepiranucb LMKMiYHI KO-
BaHHs, Y TOMY 4ucni i Ce30HHi. Hanbinbwwmmmn ekcnopre-
pamu 3anisHoi pyau € ABcTpanis, Bpasunia, KaHapga,
MiBgeHHa Adpuka Ta LLBeudis, ski 3abe3neyytoTb y cepea-
HboMy 85,2 % CBITOBMX EKCMOPTHWX MpOAaxiB 3ani3Hoi
pyau. Woao nosuuin YkpaiHu Ha CBITOBOMY PUHKY 3ani3Hol
pyam, To BOHa BXOAUTb A0 OECHATKM KpaiH, siki MatoTb Hanbi-
nblUi NokNaau 3anisa y ceiti — 6,5 mnpa T pyau.

3aansa ouiHkM cuTyauii y 3ani3opygHin ranysi Ykpainu
©yno 34iNCHEHO NOPIBHAHHSA i3 3aranbHOCBITOBMMU TEHOEH-
uisMm novmHatoun 3 2003 p. OTpumaHi pesynbTatv ganv
3MOry OiATU BUCHOBKIB, Lo 3 2003 p. cnocTepiraeTbcs Kope-
nsLia Mk AMHamikoto BMaoOyTKy 3ani3Hoi pyau y cBiTi Ta B
YkpaiHi. LLlogo uiHoBUX XxapakTepucTuk, TO HasBHi O4HAKOBI
TeHAeHLUiT Woao 3MiH, ane 3a abconioTHUMU 3HAYEHHAMU
€KCMOPTHI LiHWM YKpaiHX € HWKYMMU 3a CBITOBI.

3aBasikv NpoBeAeHOMY aHaridy BCTaHOBMNEHO, WO came
3anisopygHa ranyab € Ti€to, sika KOMMEHCYe BTpaT EKOHOMIK
KpaiH CBiTY nig 4Yac KpuM3oBMX cuTyauin abo gonomarae ix
nogonatu. 3 ypaxyBaHHSAM LbOro JOCNIOKEHO B3aEMO3B's-
30K Mixx BBI kpaiHu Ta obcsiramm ekcnopTy i eKCropTHUMM
LiHaMKn Ha 3anisHy pyay. Y AOCRiAXeHHi BUKOPUCTaHO MoKa-
3HMKK Woao HomiHanbHoro BBI Ykpainu Bnpogosx 2003—
2023 pp. B 4ONapOBOMY eKBiBaneHTi, Lo Aano 3mory 3icTas-
NSATK iX 3i CBITOBUMM NOKA3HMKaMU.

[loBeaeHo HasABHICTb Kopensuii Mk Temnamu 3pocTaHHA
BBI1, eKcnopTHMMKM LjiHamMKn Ha pyay Ta iX CBITOBMM piBHEM
3 BUKOPUCTaHHAM (pyHKLii B3aeMHOI kopensuii. AHanoriyHi
pesynbTaTh OTPUMaHO 451 B3aeMO3B'a3kiB Mixk BBl kpaiHu
Ta eKCrnopToM pyau Ta MiX 3aranbHUM oBCsiroM ekcrnopTy 3
YkpaiHM Ta eKCnopTHOI BMPYYKOKO Big NpoAaxy 3arni3Hoi
pyaun. 3ictTaBneHHs yHKLiM B3aEMHOI kKopensuii 3 Temnamm
3pocTtaHHsa BBI1 Ta ekcnopTy 3ani3Hoi pyau nokasano, Lo
€KCMOopT 3ani3HOI pyaun CyTTEBO BNIMBAE HA CTaH EKOHOMIKM
kpaiHu (BBI1) i cdakTnyHo dpopmye hiHaHCcoBI ymoBu ans
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€KOHOMIYHOrO BiJHOBMNEHHS KPaiHW MiCNst EKOHOMIYHWUX KpU3.
MakcumanbHa edeKTUBHICTb NiACUIIOBaNbLHOIO  BNUBY
crnocTepiranack Ha N'ATUI PiK NiCAs LbOro BNMBY 3a YMOBU
HasIBHOCTI Lle 0gHOro MakcumMyMy TemniB 3pocTaHHs (2004
Ta 2008 pp.). HactynHwuii yacosui nar po3noyvascsiy 2011 p.
i ctaHoBMB 10 poKiB: yNPOAOBX HLOrO cnocTepiranvch N'saTb
MakcMMyMiB TemniB 3pocTaHHs BBl i ekcrniopty pyan (2011,
2013, 2016, 2017, 2021 pp.). Y nepLiomy BUNaaKy cBiToBa
€KOHOMIYHa Kpu3a npu3Bena OO0 3HWKEHHSI e(PEeKTMBHOCTI
E€KOHOMIKM Ta eKCMopTHOro noteHuiany y 2009 p. Ta ii Big-
HoBneHHA y 2011 p. Y gpyromy BUNaaKy — Kpyusa BHacnigok
noyaTtky BiHW y 2014 p. i BiAHOBNEHHS EKOHOMIYHMX NOKa3-
HukiB y 2021 p.

Lloao cutyauii 3 noyaTkoM MoBHOMAacLUTAOHOI BiliHW, TO
BCTaHOBIEHO, Lo YKpaiHa He BMKopUCTana CBill eKCNOpPTHUN
noTeHUjian yHacnigok 06MeXeHOCTi TPaHCMOPTHUX MOXIMBOC-
Tew (brokyBaHHA Mopcbkmx nopTis). LLle npusseno go ycknaa-
HEHHs1 cuTyauil B EKOHOMIli KpaiHW, OCKiNbKM OZHOYacHO
CYTTEBO CKOPOTUBCS 11 €KCNOPT cTani 3 YkpaiHu BHAcNigok Tpa-
HCMOPTHO-MOTNCTUYHMX NPOGNEM Ta okynaLlii YacTUHW TepUTo-
pii KpaiHwn, oe po3TalloBaHi MeTanypriiHi NignpuemcTea.

Y 2023 p. crnocTepiranock nogarnblue CKOPOYEeHHS BUOO-
OyTKy 3ani3Hoi pyau B YKpaiHi 3 0QHOYacCHUM HecyTTEBUM
3pocTaHHAM obcary ekcnopTy. Lle HeraTyBHO BNAMHYNo Ha
3ararnbHOEKOHOMIYHY CUTYyaLito Y KpaiHi, OCKINbKN Ha (OOHi HY-
3bKOrO PiBHSA BantOTHWUX HAAXOOXKEHb Big MeTanyprii, HeMOX-
NMBOCTi HAaMOBHEHHS AOXIOAHOI YaCTUHW GIOIKETY 33 paxyHOK
iHLLIMX rany3eu HauioHanLHOro rocnoAapcTea BHACHiAOK Npo-
JoBXeHHs BinHu. OTxe, € BCi NiacTaBn CTBEpPOXKYBaTH, LUO
€KCMOPTHI MOXIMBOCTI 3ani3opyaHoi ranysi amornu 6 nokpa-
LLMTM EKOHOMIYHY CUTYaLlito B KpaiHi B HANOMUXKYi poku.

Y KOHTEKCTi O4ikyBaHWUX TEHOEHLA Ha HAWONKYi pOKM B
YKpaiHn BapTO CKOPUCTaTUCb EKCMOPTHUMU MOXIMBOCTAMU
3a4ns NigTPUMKN €KOHOMIKM KpaiHu. Llinkom 3po3ymino, wo
Lie NEBHOI0 MIpO0 MPM3BOAWTE 0 BUCHAXXEHHSA PeCcypciB 3a-
Ni3opyaHOi CMPOBUHK, ane B cuTyalulii BiliHM Ta NoTpeb noBo-
€HHOroO BIQHOBMEHHSA KpaiHW Chig NOroaMTUChL Ha Taky
cTpaterito. B noganbwomy i gouineHo 6yae ckoperysaTu
Lwnsixom 36anaHcyBaHHs! 06csiriB BUA0OYTKy 3anisHoi pyau 1a
KOKCIBHOrO BYrinns 1 obcsris BMpoGHMLTBA MeTarny B YKpaiHi.

LUlopo noganblumx WnsxiB onTuMisauii 4isnbHOCTI 3ani-
30pYyAHOI ranyay, To cnif 3BepHyTW 0COOnMBY yBary Ha TeH-
OeHUiT po3BUTKY puHKy ctani €C, ge y Hanbnwmxkyi 10 pokis
NPOrHO3YETbCA 3POCTaHHA NoTpebu y CUpPOBUWHI y BUMMAgi
3anisa npsamoro BigHoBneHHs (DRI) abo rapsiuebpukeToBa-
Horo 3anisa (HBI).

Mopsku, mxepena diHaHcyBaHHA. Lis poboTta Oyna nigTpu-
MaHa rpaHToMm Big ®oHay Canmonca: Award ID: 1030285 (2023 pik).
Proposal ID: 1290592 (2024 pik).
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FORECASTING THE DEVELOPMENT OF UKRAINE'S IRON ORE INDUSTRY AMID WAR
AND POST-WAR RECOVERY OF THE COUNTRY

Background. Ukraine holds one of the leading positions in the world among producers of iron ore: seventh place in iron ore extraction and
about 5 % of the world's production of iron ore products. Regarding the importance of iron ore for the country’s economy, iron ore and steel together
accounted for 30 % of Ukraine's exports in 2017, with iron ore comprising 6.3 % of the total export volume. With the onset of war, the situation has
changed, thus the development of a strategy for the development of the iron ore industry in Ukraine under conditions of war and taking into account
the tasks of post-war recovery of the country with consideration of principles of efficient management of the utilization and replenishment of Ukraine's
resource base is a relevant task.

Methods. In the research process, general scientific (analysis and synthesis, induction and deduction, analytical grouping) and specific
(abstraction, modeling, forecasting, statistical analysis, etc.) methods of studying phenomena and processes were used.

Results. The article explores the state of the iron ore market in the world and Ukraine. To assess the situation in the iron ore industry of
Ukraine, comparisons were made with global trends. The obtained results led to the conclusion that since 2003, there has been a correlation between
the dynamics of iron ore extraction in the world and in Ukraine. As for price characteristics, similar trends in changes exist, but Ukraine's export
prices are lower than global ones in absolute terms.

ISSN 1728-3817
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The analysis revealed that the iron ore industry is the one that compensates for the economic losses of countries during crises or helps
to overcome them. With this in mind, research was conducted on the relationship between the country's GDP and export volumes and export
prices for iron ore and their global levels using correlation function. An economic-mathematical model was constructed, and the main influ-
encing factors were identified.

The study examined the impact of full-scale war on the state of the iron ore industry and its export capabilities. In the context of expected trends
in the coming years, it has been proven that there is a justification for increasing ore exports to support the country's economy. Forecasting of trends
in the development of the domestic iron ore industry (iron ore extraction, country's export capabilities) under conditions of war, considering the
expected prospects for the development of the global market, has been carried out.

Conclusions. The research demonstrates the key importance of the iron ore industry for the country's economy, including crises and
overcoming their consequences. An economic-mathematical model of the industry’s impact on the country's GDP, taking into account export flows,
has been developed. This allowed forecasting the main parameters of the industry's development during wartime and post-war recovery of Ukraine.

Keywords: iron ore, ore extraction, export, world ore prices, forecasting, modeling, gross domestic product.
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HOPMATUBHI NEPEAYMOBU PO3BUTKY CUCTEMM YNPABJIIHHA MIHEPAJIbHUMU
PECYPCAMM OEPXXABHOIMO ®OHAY HAQP YKPAIHU

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

B cTyn. 3icmaHoeneHHsIM He3anexHocmi yKpaiHCbKa 2e0s102i4Ha 2aily3b 6inbuoro Miporo ycrnadkyeana HoOpMamueHy ma Memo-
OuyHy cmpykmypy U MexaHi3Mu, siKi 6yJ1u ymeopeHi 8 paMmKax eKOHOMIYHUX, coyianlbHUX ma iHWuUX yMoe iCHy8aHHs1 KOJTUWHIX padsiHCh-
Kux pecny6nik. 3a yacu He3anexHocmi e YkpaiHi 8iobynucsi ¢pyH0ameHmManbHi 3MiHU 3akoHoO0aecmea y cghepi HaOPOKopUCMye8aHHs!
ma ¢hopmyeaHHs1 MiHepasibHO-CUPOBUHHOI 6a3u. Y KOHmMeKcmi eu3Ha4yeHHs1 nepedyMo8 cmeopeHHs1 HadillHOi cucmemu yrnpaeJsliHHS
MiHepanbHUMU pecypcamu akmyaslbHUM € CUCMeMHULl aHani3 YuHHOi HopmamueHoi 6a3u, mowyk ii Hedorikie ma cmeopeHHs eghek-
mueHoi nosiimuku iHme2pogaHo20 ynpaesiHHA MiHepasibHUMU pecypcamu.

M e T o A un. [1id 4yac aHanizy nomo4Ho20 HopMamMueHo NMPaso8o2o CMaHy ma lio2o 3MiH y MUHys1oMy, 6710 8UKOPUCMAaHO WUPOKUU
KoMmnnekc AocnioeHb, sSIKull 8KJIH04ae 3a2aslbHomeopemuYyHi Memoou Haykoeux i npuknadHux docnidxeHb. OKpiM 3azanbHomeopemu-
YHUX Memodie aHasi3y, cmamucmuku ma cucmemamusauii, 05151 docsizHeHHs1 MocmaHoeJsIeHoI Memu rpoeedeHo cMPYKMypPHUU aHani3
HopMamueHo-rpaeoeoi 6a3u 2eos102i4yHOI 2ays3i.

Pe3ynbTaTtu. llposedeHo y3azanbHio8anbHUli HOPMamueHo-npaeosul aHasi3 (hyHKUioHyeaHHs1 iHcmumyuili 2eosno2iyHor 2a-
J1y3i. BusHayeHo nepenik ycmaHoe i nidnpuemcme, siki Matoms cripagy 3 2e0J102i4HUM 8UBYEHHSIM, MPOMUCII0O8UM OCB0EHHSIM, 00J1iKOM,
MOHIMOopUH20M ma KOHmpoJiem, sikuli noe’a3aHull 3 MiHepasibHUMU pecypcamu. Y npouyeci AocioeHHs cmaHOo8JIeHo iHcmumyuitiHul
83a€M038’930K "3alikaesieHux cmopiH" nid Yac pearnizayii 3a2anbHoOep)agHUX rpozpam, siki hopMyromb 20J108Hy cmpamegito yrpas-
JiHHS1 OepkagHO20 ¢hoHAY Hadp YkpaiHu.

B ncHoBKU. KoMmnnekcHull aHani3 peaynssmopHoi nonimuku y cepepi ynpaesiHHA MiHepanbHUMU pecypcaMu eusienisic obcma-
8UHU, wjo nompebyroms epaxyeaHHs Mi0 Yac OHOBJIEHHS IMa 8HECEHHS1 3MiH o YUHHUX cmpamegili. CmeopeHHs1 eghekmueHoi cucmemu
ynpaeJsliHHA MiHepaslbHUMU pecypcaMu MOXJ/IUGe Y paMKax y3200)KeHUX Yiflboeux HayioHalbHUX cmpamezidHux rnpozpaM. PYHKUiOHy-
8aHHs1 ma Po38UIMOK maKoi cucmeMu ynpaesliHHs1 Mae supiwlasibHe 3Ha4yeHHs1 Orisi 0ocsi2HeHHs1 36as1aHCco8aH020 yrpaesliHHA pecypcamu

8 yMoeax weudKko3pocmaroyux nompeé npomMucs1080cmi.

KnwuyoBi cnosBa: 2eonoziyHa 2anysnb, MiHepasibHa cupoeuHa, [JepxzeoHadpa, HaOPOKOPUCMYE8aHHSI.

Beryn

MocmaHoeka npobnemu. HanexHe (yHKUiOHYBaHHS
reornoriyHoi ranysi Ta 3abe3neyveHHsi reosioriYHoro BU-
BYEHHS HaAp 3anexuTb Big OpraHisauiiHo-npaBoBoi (hopMm
IHCTUTYLIN, WO iT yTBOPIOKOTb, pO3NoAiny yHKLUiN i 3aBAaHb
Yy MeXax yCTaHOB, OpraHisauii i nignpruemcTB, siki iX yTBOpHo-
0Tb. TVM HE MEHLL, 3i CTAHOBIEHHSIM HE3aneXHOCTi YKpaiH-
Cbka reonoriyHa ranysb 6inblolo Mipolo ycnagkysana
HOPMaTVMBHY Ta METOAMYHY CTPYKTYpY W MeXaHi3mu, SKi
Oynu yTBOPEHi B pamMKax EKOHOMIYHUX, coLianbHKX Ta iHLWKX
YMOB iCHYBaHHS1 KOMULLHIX pagsiHCbKMX pecnybnik. 3a vacu
HesanexHocTi B YKpaiHi Biadynuca dpyHaameHTanbHi 3MiHu
3aKOHOOABCTBA y cdhepi HaQpPOKOPUCTYBaHHA Ta opmy-
BaHHSA MiHEpPanbHO-CMPOBMHHOI 6a3u.

AHaniz ocmaHHix docnidxeHb i ny6nikauit. MvuTtaH-
HSIM IHCTUTYUiHOrO 3abe3neyveHHs reornoriyHoi ranysi Ta
npobnemaTvku MiHepanbHO-CMPOBMHHOIO KOMMMEKCy YKpa-
THM npucesideHi Haykosi npaui [.C. 'ypcbkoro ([ypcbkui,
2008), M.M. KopxHeBa (KopxxHeB, Lenar-CocoHko, & Ako-
Bnes, 2006), |.0. AHgpieBcbkoro (AHapiescbkui, 2011),
C.A. Buxsu (Buxsa, Kypuno, & banera, 2018), B.A. Muxan-
noea (Mwuxannos, 3arnitko, & Kypuno, 2017), I".l. Pygbka
(Kvpunitok Ta iH., 2019) Ta iH. Y MoHorpadisix i HaykoBumx ny-
Onikauisix uMx aBTOpiB BWUCBITIIEHO HanNpsMW LOCHIIKEHb
nigxodiB Ta MeToAiB BMBYEHHS Ta POPMyBaHHSA MiHepa-
NbHO-CUPOBUHHOIO KOMMIIEKCY YKpaiHu, MexaHiamun gepxa-
BHOrO  ynpaeniHHA y  cdpepi  HagpOKOPUCTYBaHHS,
nepcnekTVBN NOAAnbLUOro PO3BUTKY Ta iHLLI NUTaHHS.

MeTtoaun

BudineHHs1 Hepo3e’si3aHUX paHile YacmuH 3a2alib-
HOi npo6iemu. YkpaiHcbka reonoriyHa crnyx6a, sik rornoBHa
iHCTUTYLis1 reonoriyHoi ranysi, HeogHOPa30BO 3a3HaBana
CTPYKTYPHUX 3MiH Bi BUpOBGHMYOro ob’egHaHHs "Ykpreono-
rig" (go 1991), OepxaBHoro KomiteTy YkpaiHu no reonorii i
BUKOpUCTaHHio Hagp (oo 2001), OepxaBHoi reonorivyHoi
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cny6u (no 2004), [epxaBHOro KOMITETY NPUPOLHMX PECYPCIB
(mo 2005), ilepxaBHoi reonorivHoi cnyx6u (oo 2011) go Tene-
pilwHbOI fepxaBHoi cryx6u reonorii Ta Hagp Ykpainu (gani
— OepxreoHagpa).

B YkpaiHi BnpoBagKeHHS pauioHanbHOro, KOMMMeKc-
HOro BMKOPWUCTaHHA Hagp AN 3a40BONIEHHS BUPOBHMYMX
notpeb MiHepanbHOIO CMPOBUHOID, 3a6e3neYeHHs OXOPOHM
Hagp perynioetbest KoHcTuTyuieto Ykpaiiu, 3akoHoM Ykpa-
THU "lMpo OXOpPOHY HaBKOMWULLHBOIO MPUPOAHOro cepeao-
Buwa", Kogekcom npo Hagpa, lNpHMYMM 3akoHOM YkpaiHu
Ta iHWMMU HOPMATMBHUMU akTamu YKpaiHu, Wwo po3pobns-
H0TbCA BiANOBIAHO OO HUX .

Ha cborogHi, i3 BpaxyBaHHsM hiHaHCOBOro 3abesrne-
YEHHS reosIoriYHOro BMBYEHHS Ta BUKOPUCTaHHA Haap, Auv-
HaMikKn  3MiH  perynsaTopHOro XxapakTepy, BiOCYTHOCTI
CUCTEMHOI MNiAroTOBKM (haxiBLiB HANEXHOro piBHs, YKpaiHa
nepebyBae Ha LNAXy nepebynoBu 1 NOLYKY HaAiAHOI Mo-
Aeni Aep>XxaBHOro (HauioHanbHOro) ynpasniHHA Ha NPUHLK-
nax cranoro po3BuTKYy.

®dopmynroeaHHs yineli cmammi. MeTtolo cTaTtTi € Bu-
3Ha4YeHHs NepefymMoB CTBOPEHHS HadiHOI cucTemm ynpas-
NiHHA MiHepanbHMK pecypcamMm, NPoBeAEeHHSA CUCTEMHOIO
aHanisy 4MHHOI HopMaTMBHOI 6as3u, Mowyk ii HeponikiB i
CTBOPEHHSA edeKTUBHOI MOMITUKM iHTErpoBaHOro ynpas-
NiHHSA MiHepanbLHUMK pecypcamu.

PesynbtaTtu

[o cTpykTypu reonoriyHoi ranysi YkpaiHu BxogsiTe BCi yC-
TaHOBW Ta NiANPMEMCTBA Pi3HMX POPM BMACHOCTI, AKi MalTb
cnpasy 3 reonoriYHNM BUBYEHHSIM, MPOMUCIIOBUM OCBOEHHSM,
06niKOM, MOHITOPUHIOM | KOHTPOMEM, NOB’A3aHMM 3 MiHeparb-
HVUMM pecypcamun. CTPYKTYpy rany3eBux (gepXaBHuX) iIHCTUTY-
LI, Y KOMMETEHLt0 SIKMX BXOAUTb YNPaBIiHHSA Ta perynaropHa
noniTvka LWoao MiHeparnbHOi CUPOBUHM, Y 3aranbHOMY BUMMSAAI
HaBeJeHo Ha puc. 1.

© NutBuHOK CTaHicnae, 2024
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BepxoBHa paga YkpaiHu

YXBaneHHs 3aKoHIB
(Kopexc npo Hagpa)

P0o3pO6eHHS | BAKOHAHHA

abGiHeT MiHicTpiB YkpaiHu

MiHicTepcTBO 3aXMCTy AOBKINNA Ta
NpUpoaHUX pecypciB YKpaiHu

3ara [ nporpam

3abesneyeHHA NpoBeAeHHA
GroKeTHOI, (hiHaHCOBOI Ta
iHBeCTUUIAHOT NnoniTHKKM
NPUPOAOKOPUCTYBaHHA

CnpAMyBaHHA Ta
KoopAuHauina aiAnsHocTi
MiHiCTepcTB, iHWWX opraHie
BUKOHaBYOI BNaam

3abeane4eHHA peanisauii
AepxaBHOI NONITUKK y chepi
0XOPOHW HABKONUWHLOTO
nNpUpoaHoro cepeAoBULLa,
pauioHansHoro
BUKOPUCTaHHA, BiATBOPeHHA
Ta OXOPOHWU NPUPOAHUX
pecypcis

DepxreoHagpa
Ykpainu

Peanisauis nepxasHol NONITUKA y
cdpepi reonoriyHoro BUB4EHHA Ta
pauioHansHoro BUKOPUCTaHHA
Hagp

BHeceHHA Ha po3rnag
MixicTepcTBa nponoswuin woao
3abeaneveHHs hopMyBaHHA
AepPXaBHOI NONITUKK Y cdpepi
reonoriyHorc BUBYEHHRA Ta

pauiof ] PUCTaHHA
Hagp

PerynaTtopHa nonituka
woAo ynpaeniHHA MiHepanbHOK CUPOBUHOKD

Puc. 1. CTpykTypa iHCTUTYLIi, y KOMNETEHLi0 AKUX BXOAUTL PerynsaTopHa nonitMka woao ynpasniHHA MiHepanbHOK CUPOBUHOO

BignoBigHo 0o 3akoHOA4aBCTBA LIEHTPArbH1M OpraHoM Bu-
KOHaBYOI Bragu, sIkuiA pearnisye aepXkaBHy NOMiTUKY y cdepi
reonioriyHoro BMBYEHHSI Ta pauioOHaNbHOrO BUKOPUCTAHHS
Haap, BU3HaveHo [epxreoHagpa, AisnbHICTb SKOi KOOPAUHY-

eTbcst KabiHeTom MiHicTpiB YkpaiHu yepes MiHicTepcTBo 3axu-
CTy AOBKINNSA Ta NpupogHux pecypcis (aani — MiHgoskinns).

Mepenik gepxaBHUX reonoriYHUX NiANPUEMCTB Ta OpraHisauin,
Lo HanexaTb A0 ccdepu ynpaBniHHA [epxaBHoi cnyx6u reonorii Ta Hagp YkpaiHn

Y cipepy ynpasniHHa [depxreoHagpa BxogaTb pag oep-
»XaBHUX nignpuemMcTs (Tabn. 1), ski 3QiNCHIOITE reonoriyHe
BMBYEHHS Ta iHLWI BMAM pobiT, WO CNpsAMOBaHi Ha PO3BUTOK
MiHepanbHO-CUPOBUHHOT 6a3n YkpaiHu.

Ta6nuys 1

HasBa nignpvemcTBa, ycTaHOBM, opraHisauii

Buau Ta HanpsiMu AisnbHOCTI

[epxaBHe HayKoBO-BMPOGHMYE NiANPUEMCTBO
"[epxaBHUI iIHOPMALiNHMIA reonoriYHni hoHa YkpaiHm"

HakonuueHHsi, 06nik, aHani3 Ta ynpaBniHHs (3BiTHICTb, NigroToBKa,
MOLUYK) reonoriyHoi iHdopmallii (38iTu, npoTokonu, pesynstatn PP i T. iH).
PopmyBaHHS KaTanory BiAOMOCTEN NPo reosiorivyHy iHopmalito

MpuBaTHe akuioHepHe ToBapucTBo "HauioHanbHa
akuioHepHa koMnaHia «Hagpa Ykpainm»":

ON HAK "Hagpa Ykpainn" "Arporeocpisuka”

AN HAK "Happa Ykpainun" "3axigykpreonoris”

AN HAK "Hapgpa Ykpainu" "YepririsHadTorasreonorig"
AN HAK "Happa Ykpainu" "LeHTpykpreonoris”

AN HAK "Hapgpa Ykpainn" "YkpHaykareoueHTp"

TOB "Xutommpbyppossigka"

YnpasniHHA NignpyuemcTBamm reororivyHol ranysi i po3sigkv Haap,
3a[10BONIEHHS! NOTPE6 AepkaBu B HAPOLLYBaHHi
MiHeparnbHO-CUPOBUHHOT 6a3n

HepxaBHe reodisnyHe nignpmemcTeo "Ykpreodisuka"

eodisnyHi gocnigxeHHs Teputopii YkpaiHu, aksaTopii YopHOro Mops.
O6pobka Ta iHTepnpeTaLisi reonoro-reodianyHoi iHdpopmadlii

KaseHHe nignpuemctso "Kiposreonoris"

["eonoriyHe BMBYEHHS Ha 3050TO, PiAKiCHI MeTanu, rpadiT, 6yaiBenbHi
mMatepianu (YKpaiHCbKWi LUMT)

KonanuH

HepxxaBHa KoMmicis YkpaiHu no 3anacax KOpUCHMX

CUPOBUHY

MpoBeneHHst AepxaBHoi ekcnepTuan matepianis N'EO kopucHux konanuH
YCiX BUAIB KOPUCHUX KONasWH i BCTAHOBMNEHHS KOHAULIN Ha MiHepanbHy

[epxaBHe nianpMemMcTBo

"YKpaiHcbKka reonoriyHa Komnaris"

Ta iHWi

["eonoriyHe BMBYEHHSA Ta BUKOHaHHS reonoropossigysBanbHuX pobit

Ha 3ani3Hi pyau, mapraHueBi pyau, piakicHi MeTanu, kam’siHe Byrinns,
rpadit, cipKy, KaninHi coni, pTyTHi pyAau, 30M10TO, TUTaH, XPOM, KaomiHu,
doccopuTi, anatut, GypLUTUH, BOTHETPUBKI i OEHTOHITOBI rMNHYK,
OyaiBenbHi i obnuutoBanbHi MaTepianu, Nig3emHi NpicHi i MiHepanbHi Bogn

[epxaBHa opraHisauis "KniBcbkuii reonoriyHnim ueHTp"

CynpoBif reonoriyHoro KOHTPOSIK KOPUCTYBAHHSA Hagpamu

HepxxaBHa opraHisauis "lNiBgeHHU reonorivyHum LeHTp"

CynpoBig reosioriYHoro KOHTPOII0 KOPUCTYBaHHS Hagpamu

[epxaBHa opraHisauis

"MiBHIYHO-CXigHWI reonoriyHni LeHTp"

CynpoBif reonoriyHoro KOHTPOSIK KOPUCTYBAHHSA Hagpamu

HepxxaBHa opraHisadis "3axigHui reonoriyHni ueHTp"

CynpoBig reonoriYHoro KOHTPOIIK0 KOPUCTYBAHHA Hagpamm

[epxxaBHa opraHisadisi "CxigHui reonoriyHun ueHTp"

CynpoBif reonoriyHoro KOHTPOJIK KOPUCTYBAHHSA Hagpamu

Ta BUKOPUCTaHHIO Hagp"

HepxaBHa opraHisauis "YopHoMopcbka TepuTopianbHa
iHCMeKLia Aep>XaBHOro reosioriYyHoro KOHTPOno
3a BejeHHsIM pobiT No reonoriYHOMy BUBYEHHIO

CynpoBia reonoriyHoro KOHTPOSIKO KOPUCTYBAHHSA Hagpamu
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B 1 CH U K KuiBcbkoro HauioHanbHoro yHisepcurerty imeHi Tapaca LleBueHka

Mig yac peanisadii cBoix dyHKUi [epxreoHaapa kepy-
€TbCSH OCHOBHUMW HOPMaTUBHO-MPaBOBUMW akTamu y cdepi
HaZlPOKOPUCTYBAHHS Ta reosoriYHOr0 BUBYEHHSI TEPUTOPIN
Ykpainu: Kogekcom YkpaiHu npo Hagpa; lipH1u4nm 3akoHom
Ykpainu; 3akoHoM Ykpainu "MMpo HadTy i ra3"; 3akoHoM Yk-
paiHn "Mpo OXOpOHY HaBKOMULLHLOrO NPUPOAHOIO cepeno-
Buwa"; 3akoHoMm YkpaiHn "Mpo ra3 (meTaH) BYrinbHUX
poposuw”, 3akoHom YkpaiHn "lNpo BnaobyBaHHs i nepepo-
6Ky ypaHoBux pya", 3akoHoM YkpaiHu "Mpo ouiHKy BNnmBy
Ha poBkinns", 3akoHoM Ykpainuu "lMpo 3aTBepakeHHa 3ara-
NbHOAEPXXaBHOI NPOrpamMu po3BUTKY MiHEParbHO-CUPOBUH-
Hoi 6a3n YkpaiHum Ha nepiog go 2030 poky", 3akoHoMm
Ykpainu "lMpo 3abe3neyveHHs Npo3opocTi y BUAoOyBHMX ra-
ny3sax”, 3akoHom YkpaiHu "lMpo yrogu npo posnoain npoay-
Kuii", BignoBigHMMK nocTaHoBamy KabiHeTy MiHicTpiB
YKpaiHu, Hakasamy NpodinbHMX MiHICTEPCTB Ta iHLUMMUW HO-
pMaTMBHO-NPaBOBMMU aKTaMu.

Cnig 3a3HaunTK, LLO Ha CbOrOAHI Lie HEMOBHWIA Nepenik Ho-
pMaTMBHO-NPaBOBMX aKTiB, SKi BinoOpaXkaroTb perynsaTopHy no-
NiTUKY yNpaBriHHA MiHEPanbHOK CUPOBUHOWD. Y 3B'A3Ky 3
afanTauielo HauioHanbHOro 3akoHo4aBCTBA 4O HOPMAaTUBHUX
HopM E€Bponevicbkoro Cotody BibyBaeTbcs po3pobka HOBUX i
KOPEryBaHHs1 YAHHUX LUINSIXOM BHECEHHS! 3MiH.

3HayHM BNNUB Ha (HOPMYBaHHSA HOPMAaTMBHOMO NOMs
ynpaBriHHA MiHepanbHUMKN pecypcaMn MalTb MixXranysesi
iHcTuTyuii (MiHicTepcTBa, opraHisauii Ta ycTaHOBM), siki Ma-
10Tb JOTMYHY HOPMAaTMBHY Ta reosoriyHy crneujianisadito no-
BHOBaX€EHb:

e eHepreTuyHuii cektop (HAK "Hadtoras Ykpainn",
AN "HAEK «EHeproatom»");

o OlomKeTHa NonitTuka, agMiHiCTpyBaHHSA noaatkis i 360-
pie (MiHicTepcTBO ekoHOMikK, [lepxxaBHa nogaTkoBa crnyxoba);

\

* 3aKoH

* Kopexc
* 3aranbHogepaBHi
nporpamm

—

* MonoxeHHA

* MocraHosu

® CrpaTerivHi nporpamum

* MetoguuHi pozpobkun

* Haykoso-gochnigHi
poboTtu

)

e peanisauia nonitmMkn y cdpepi NpoinbLHOI OCBITU Ta
Hayku (MiHicTepcTBO OCBITY | Haykun, HauioHanbHa akagemis
Hayk, BuLi HaBYanbHi 3aknagu);

e BOOHI pecypcu ([depxaBHe areHTCTBO BOAHUX pecyp-
ciB Ykpainn);

¢ ekonoriyHa 6e3neka (depxaBHa ekonoriyHa iHcrnekwis);

e ripHnuni Harnag (OepxasHa cnyxba YkpaiHu 3 nu-
TaHb npadi);

o iHLI IHCTUTYUIT AOTMYHMX chevlianisauin.

Ak BUOHO 3 aHanisy, perynsitopHe 3abe3neyeHHs yrnpas-
NiHHSA MiHepanbHOi CMPOBMHOI BiADyBaeTbLCA 4Yepe3 KoM-
NMnekc B3aEMOAIN iHCTUTYLIN pidHOi KoMNeTeHuji. CxemaTuyHo
Taky B3aemMogito 306paxeHo Ha puc. 2. BignoeigHo oo Hapi-
NEeHVX 3aKOHOAABCTBOM (PYHKLN Crif BUOINSATH:

e |HCTUTYUIi 3aranbHOAEPXaBHOrO PiBHA — Lie YNOBHOBa-
YKEHi opraHu 3akoHO4aB4oi | BUKOHABYOI Briaaw, Siki Ha piBHi HO-
pmatuBHMX akTiB (KoHcTuTyuis, 3akoH, Kogekc) 3aincHioTb
HOpMaTMBHI (OYHKLi y chepi ynpaBniHHA NPUPOSHUMUK pecyp-
camu (BepxosHa Paga Ykpainn, KabiHeT MiHicTpiB YkpaiHu);

¢ [any3eB.i iIHCTUTYLIT — Lie yNOBHOBa)eHi OpraHn BUKOHa-
BYOi BNaau, siki Ha piBHi Nia3akoHHNX HOPMATUBHO-NPaBOBUX
akTiB (MonoxeHHs, MMoctaHoBa, Haka3, Po3nopsmkeHHs )
3abe3neyyoTb reosoriyHe BUBYEHHS, paLlioHanbHe BUKOPKC-
TaHHSA Hagp Ta ix oxopoHy (MiHgoBkinns, [lepxxreoHanpa).

e Mixranysesi iHCTUTYLji cneuianbHOT KOMNEeTeHUii cnig,
po3rnaaaTy K AOMOMIKHI IHCTUTYLT;

e HagpokopucTtyBadi — cy0’eKTM rocnofaproBaHHA pis-
HWUX pOPM BNACHOCTI, SIKi y BCTAHOBMNEHOMY MOPSAKY 34iNc-
HIOOTb MOLUYKKW, TeONoriYHe BUBYEHHS, OLIHKY OCBOEHHS
MiHepanbHOT CUPOBUHW.

( . I'Ionomeuuﬂ\
* [NNoctaHosu

¢ CtpateriuHi nporpamu

* Hakasu

Y

* Mporpama po6irt

* [poeKTn
¢ TexHiuHi saBgaHHA
* MNoo6’ekTHi nnaHn
* 3BiTHiCTB

4

L

Puc. 2. PerynsaTopHe 3a6e3ne4yeHHA ynpaBniHHA MiHepanbHOK CUMPOBUHOK iHCTUTYLIAMM Pi3HOT KOMNeTeHUuii

PosrnsanyTi iHCTUTYLIT SK "3auikaBneHi cTopoHn" MaloTb
NeBHWI piBEHb MOBHOBAaXeHb Ta HOPUAUYHI N HOPMAaTUBHI
0060B'A3KN LWOAO YNPaBniHHA MiHEepanbHUMKU pecypcamu.
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IxHs1 B3@EMOAs B cUCTEMI ynpaBniHHS pecypcaMu Mae Bax-
nvBe 3HaYeHHs Ta nonsdrae y KoMnnekcHoMmy Ta 3banaHco-

BaHOMY MiAX0Ai pauioHanbHOro BUKOPUCTaHHSA PeCypCiB.
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B YkpaiHi AitoTb Kinlbka OCHOBHUX AepXaBHUX Nporpam i
pilleHb, SKi POPMYIOTb FOfIOBHY CTpaTerito ynpasniHHG gep-
XaBHoro cooHay Haap YkpaiHu:

1. FONOBHUM [OKYMEHTOM, SIKMA BU3HA4Yae cTpaTerivHi
OPIEHTVPU Ta HanpsiMM PO3BUTKY ManMBHO-EHEPreTUYHOro
cekTopy Ykpainu Ha nepiog Ao 2035 poky (3rigHo 3i 3MmiHamu
nepernsiHyTo Ao 2050 poky), € cxsaneHa KabiHeTom MiHicT-
piB YkpaiHu "EHepreTnyHa ctpareria YkpaiHu Ha nepioa ao
2035 poky «besneka, eHeproedeKkTMBHICTb, KOHKYPEHTO-
CMPOMOXHICTb»". [loKa3HMKK, 3a3HayeHi B OOKYMEHTI,
OEMOHCTPYIOTb TPAEKTOPII0 PO3BUTKY EHEPreTUKN Ta CyMiX-
HUX ranysen. Metoto Crparterii € 3abe3neyeHHss nNoTpeb
cycninbCcTBa Ta EKOHOMIKM B ManMBHO-EHEPreTUYHUX PEeCyp-
cax y TEXHIYHO HagiiHuiA, 6e3neYHnii, EKOHOMIYHO edeKTu-
BHUWI Ta €KOMNOrivYHO NPUAHSATHWUIA CNOCIO AN rapaHTyBaHHs
NoninweHHs1 YMOB XUTTEAIANBHOCTI cycninbctBa (EHepre-
TW4Ha cTpareris..., 2017).

2. ina po3BWUTKY MiHEpPanbHO-CUPOBMHHOTO KOMIIIEKCY
€OMHOK YMHHOK nporpamoto € 3akoH Ykpainm "lMpo 3aTeep-
OXXeHHs1 3aranbHoAep)XaBHOI nporpamMy po3BUTKY MiHepa-
NbHO-CUPOBMHHOT 6a3un Ykpainu Ha nepiog no 2030 poky".
MerToto MNporpamu € 3abe3neyeHHst YKpaiHu B MiHepanbHuX
pecypcax 3a paxyHOK NpYPOAHOro noTeHLiany, 3MeHLIEHHS
3anexHoCTi Bif iMNOPTY MiHepanbHUX pecypcis Ta 36inb-
LLIEHHS eKCMOPTHOTO NOTeHLiany KpaiHn 3a paxyHOK NoLuyKy
Ta OCBOEHHS MiHEpanbHOI CMPOBUHM, LLO MalTb CTpaTeri-
YHY LiHHICTb Ha €BPOMNENCHKOMY Ta CBITOBOMY PUHKY (3ara-
nbHoAepkaBHa nporpama..., 2011).

3.Y 2021 p. Yka3om lMpeanageHTa YkpaiHn Ne 306/2021
BBeEHO B Ao pileHHs Paan HauioHanbHoi 6e3neku i 060-
poHu Ykpainu Big 16 nunHa 2021 p. "lMNpo cTuMynioBaHHsS
nowyky, BuaobyTky Ta 36arayeHHsi KOPUCHUX KOManuH, ski
MatoTb CTpaTeriyHe 3Ha4YeHHS ANS CTanoro po3BUTKY EKOHO-
Mikun Ta 060opoHo3aaTHOCTI Aepxasu”. PilweHHa nepenbavae
KOMMNIEKC PErynsaToOpHMX 3axofiB o4O BiAHOBIEHHSA Ta
CTBOPEHHS CNPUATIIMBUX YMOB PO3BUTKY MiHEPanbHO-CUPO-
BMHHOI 6asn cTpaTeriyHo BaXIMBUX KOPUCHWUX KomanuH
(Mpo ctumynioBaHHS. .., 2021).

4. YnpaBniHHaA BoAHMMW pecypcamu B YkpaiHi 6asy-
€TbCA Ha KoHUenuii 3aranbHoAepxaBHOI LiNboBOI couianb-
Hoi nporpamu "MMuTHa Boga YkpaiHn" Ha 2022-2026 pokn"
Ta "CtpaTerii po3BuTKy BOAHOI nonitukn Ykpainun". Metoto
Crparterii € nigBULLIEHHA PiBHS BOAHOI 6e3nekn Ta cKopo-
YEeHHHA A0 couianbHO NPUAHATHOrO PiBHA BOAHWUX PUBUKIB,
LLIIAIXOM MoeTanHoro gocsrHeHHs "MobanbHoi BogHoT Lini"
i3 3abe3neyeHHst YMCTOT BOAM Ta HanexHOoI caHiTapii ans
Bcix (KoHuenuis..., 2021).

BbasoBi npyHUMNK, 3aknNageHi y 3a3HaveHi BuLLe cTpaTe-
riYHi mporpamw, 3aranoM Bi4noBiAalTb KPUTEPIAM CnpsiMo-
BAHOMO Ha [OCSArHEHHS LUinen cTanoro po3BUTKY, SKi
NpuHATI BCiMa aepxxaBamu-vneHamm OOH y 2015 p. B pa-
MKax nopsgky geHHoro ctanoro po3sutky 2030. Hessaxa-
oYM Ha Uue, pesynbTatM Ta eqeKTUBHICTb peanisauii
cTpaTeriyHnx nporpam cBig4aTb Mpo noTpeby nepernsgy
MexaHi3MiB peani3adii Ta CTBOpeHHs1 BigNoBiAHOT nignopsaa-
KOBaHOI Ta y3ro»KeHoi HopMaT1BHO- NPaBOBOI 6a3sw.

JeTanbHunin aHanisa perynaTtopHoOi NonitTukM y cdepi yn-
paBniHHSA MiHepanbHYMK pecypcamy BUSBASE OOCTaBUHW,
WO NOTpebytoTb BpaxyBaHHA Mif, YaCc OHOBMEHHSA Ta BHe-
CEHHS 3MiH 10 YWHHMX CTpaTeril, 30KpemMa chnif BuainuTu Taki:

1. Hey3rogxeHicTb i po3banaHcoBaHiCTb perynstopHoi
noniTukn. [InHamiyHa 3miHa 3akoHO4ABCTBA, CTBOPEHHS ra-
ny3eBUX CTpaTeriyHMX i gepxaBHWX nporpam 6e3 yaro-
OXKEHHS Ha 3aranbHoAep>KaBHOMY PiBHi.

2. Cnabke 3any4eHHst HayKoBO-OCBITHbOI CMiNbHOTU 80
(haxoBoro aHanizy Ta MeToaMyHMX po3poboK, BiACYTHICTb
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NpO30pPOCTi KOMYHiKaUin Ha HalioHanNbHOMY Ta perioHanb-
HOMY piBHi.

3. HepiBHOMipHMIA po3nogin poooBULL, KOPUCHUX Kona-
nuH. MpuypoYeHicTb POAOBMILL KOPUCHUX KOManuH A0 Pi3HNX
copMaLinHUX TUMIB reosioriYHOro CepeaoBmLLa, PisHNX NpuU-
pOAHO-KNIMaTUYHUX KOMMIEKCIB BU3Ha4Yae OpMyBaHHs
cneungivHnX NpUPOAHO-TEXHOrEHHUX YMOB, MOB’SI3aHMUX i3
PO3POGKOK KOPUCHMX KOManuH.

4. IHTEHCMBHE BUKOPUCTaHHSA Ta BUCHaXEHHS MiHeparb-
HUx pecypciB. Lli o6cTaBuHM BMMaralTb NPUAHATTS 30ana-
HCOBaHUX pilleHb Ha PiBHI yNpasiHHSA WOA0 TEXHOMOMYHUX
iHHOBaLi npoLecy oTpumaHHs i nepepobkn HeobXxigHoro
pecypcy (rnmnbuHa nepepobkn MiHepanbHOI CUPOBUHW, O0-
AaHa BapTiCTb i T. iH).

5. Oediuut miHepanbHUX pecypciB, siki HeobxiaHi npo-
MUWCIOBOMY PErioHy, Ta iX HaAMNMLLIOK B iHLUNX perioHax.

6. INaHutorM nocTayaHHsA pecypciB €KCNOpPTHOro Ta iMno-
PTHOTrO XapakTepy NoTpebyloTb CTpaTeriyHoro nepernagy 3
0Ky 3auikaBneHNX CTOPIH.

7. AkTyanbHMMK Ons YKpaiHu Ha CcbOrofHi yac € Hac-
nigkm BiricbkoBoI arpecii 300Ky Pocii Ta iHLWi BilicbkoBo-MoO-
NiTUYHI dakTopw.

[unckycis i BUCHOBKM

3a pesynbTatamu NpoBeAeHUX AoCnigxeHb 6yno cucre-
MHO MpoaHani3oBaHO TenepilHin HOpMaTMBHO-NPaBOBUN
CTaH i nepegyMOBU PO3BUTKY CUCTEMM YNPaBMiHHA MiHepa-
NbHYMK pecypcamu aepxaBHoro oHay Haap YkpaiHu. Ho-
pmatMBHe Ta perynatopHe 3abesneyeHHs ynpaBniHHSA
MiHEparnbHOK CUPOBMHOK BiAOYyBaeTbCA Yepe3 KOMIMIEKC
B32EMOJIN IHCTUTYLN Pi3HOI KOMMNETeHLl.

HanexHe gyHKUiOHyBaHHS reonoriyHoi ranysi Ta Bnpo-
BaXXeHHs1 e(PeKTMBHOIO yrnpaBniHHA 3anexuTb Big opraHi-
3aUiHO-NPaBOBOI B3aeMOAIii 3any4eHux (BianosiganbHMX)
opraHiB Aep)XaBHOi Bnaau, yCTaHOB Ta OpraHisauin, Lo ii
YTBOPIOKOTb, PO3MOAINY YHKUiN i 3aBAaHb Y Mexax ycTa-
HOB, OpraHisauiii i NianpueMcTB, SKi iX yTBOPIOKTb.

AHani3 perynaTopHoi NOMITUKN IHCTUTYLIN pi3HMX BUAIB
Ta NOTOYHOro CTaHy AepXaBHoro hoHAy Hadp YKpaiHu, BU-
ABnsie 06CcTaBMHY, WO NOTPebyThL BpaxyBaHHS nifg vyac po-
3po0KM Ta BMPOBAAXEHHSI HOBOI CUCTEMU YMpaBmniHHSA
MiHepanbHUMK pecypcamu.

[HesiHTerpauis Ta "HacuyeHiCTL" perynsaTopHOi NoniTukn
npu3BOANTbL A0 HeraTMBHUX HacnigkiB. OpieHTOBaHICTb Ha
OKpeMi HanpsMu cTpaTeriyHux nporpam, cektopu ranysi abo
pi3Hi BUOW MiHepanbHUX pecypciB K Ha i30bOBaHi eneme-
HTW HE CMpuUsSiTUME Mporpecy y BOOCKOHAreHHi BMKOpUC-
TaHHS LMX pecypcis.

BnpoBapgxeHHs epeKTUBHOI cucTeMM ynpasriHHA MiHe-
panbHUMK pecypcamu, SK iHTEerpoBaHoOro CtaHgapTy B3ae-
MoZii AepXaBHOro, AepXXaBHO-NPMBATHOrO NapTHeEPCTBa Ta
rPOMagsAHCBLKOr0O CyCninbCTBa, MOXIIMBE Y pamMKax y3romxe-
HWX LiNbOBUX HauioHanbHUX cTpaTteriyHux nporpam. CTBo-
PEHHSI Ta PO3BUTOK TaKOi CUCTEMM YMpPaBMiHHA Mae
BMpillanbHe 3HaYeHHs ANs OOCArHeHHs 30anaHcoBaHoOro
ynpaeniHHA pecypcamMu B yMOBaXx LUBUAKO3POCTaAKYMX NOT-
peb npomucrioBocTi Ta giHaHciB. Mporpec Big niHiiHOT Ao
KpYroBOi EKOHOMIKWN € BaXnUBMUM, K i 3ab6e3neyeHHs OinbLu
Npo30poro Ta CnpaBeasIMBOro CoLianbHOro po3noainy Bu-
rog Big pecypcis. Takui nigxig gactb 3amory BcebiyHo Bpa-
XOBYBaTU iHTEpeCH BCiX 3auikaBreHUX CTOPIH.
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REGULATORY PREREQUISITES FOR THE DEVELOPMENT OF THE MINERAL RESOURCE MANAGEMENT SYSTEM
OF THE STATE SUBSOIL FUND OF UKRAINE

Background. After the declaration of independence, the Ukrainian geological industry inherited regulatory and methodical structure and
mechanisms that were formed within the framework of economic, social and other conditions typical for the former Soviet republics. Since then,
fundamental changes occurred in the subsoil use legislation and the mineral and raw material base formation in Ukraine. In the context of determining
the prerequisites for the development of the reliable mineral resource management system, the current regulatory framework analysis, the
identification of its shortcomings and the development of an effective policy of integrated mineral resource management are quite relevant.

M e t h o d s. During the analysis of the current regulatory and legal situation and its changes in the past, a wide range of studies has been used, which
includes general theoretical methods of scientific and applied research. In addition to the general theoretical methods of analysis, statistics and
systematization, a structural analysis of the regulatory and legal framework of the geological industry has been conducted to achieve the set goal.

Results. A general regulatory and legal analysis of geological institutions’ functioning has been performed. The list of institutions and
enterprises dealing with geological study, industrial development, accounting, monitoring and control related to mineral resources has been
determined. The institutional relationship of stakeholders has been established during the implementation of state programs that form the main
management strategy of the state subsoil fund of Ukraine.

Conclusions. Acomprehensive analysis of regulatory policy in the field of mineral resource management reveals circumstances that need
to be considered when updating and introducing amendments to current strategies. The development of the effective mineral resource management
system is possible within the framework of approved national strategic programs. The functioning and development of such management system is
crucial for achieving balanced resource management in the face of rapidly growing industrial needs.

Keywords: geological industry, mineral raw materials, State Geological Survey, subsoil use.
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CYYACHMM CTAH riaPOrEoNoriYyHoro BUBYEHHA POOOBMULY
MIHEPANTbHUX PAOOHOBUX BOM Y MEXXAX XKMTOMUPCBbKOI OBJIACTI YKPAIHM

(MpedcmaeneHo 4neHom pedakyiliHol konezii 3-pom 2eon. Hayk, npog. O.€. Kownsikogum)

PadoH — ye padioakmueHul XiMiyHUl eniemMeHm, siKkull Hanexumes 00 Kamezopii iHepmHux 2a3is. JlikyeaHHsi padoHoeumMu eodamu
(Ons 308HIWHBL020 Ma 8HyMPIWHBLO20 BUKOPUCMAaHHS) 3acCIMoco8yeMmMbCS 8 Pi3HUX mo4kax ceimy (Aecmpis, lMonbwia, Hime44uHa) exe
noHad 100 pokis. Y MeOuyHili npakmuuyi 8 0CHOBHOMY 8UKOPUCMO8YHMb padoOHO8i 8aHHU, siKi d06pe 3HiMaromb 6inb, po3cnabnroroms,
MOXXymb HOpMaJlizyeamu muck ma 3miyHumu cyluHu. Y mexxax X umomupcbkoi o6r1acmi wie 3 padstHCbKUX Yacie npoeodusnucsi pobomu
3 mowlyKy ma ouyiHku podosuuw; MiHepanbHUX padoHoeux eod. Po3eidaHi podosuwja e mexax Kumomupcbskoi o6racmi nompe6byromb
nodanbwozo 6inbw 251uboKko20 suYEeHHSI ma cucmemamusayil, adxe, epaxoeyro4u rMonum Ha MiHepasbHi padoHoei eodu e "dornoeio-
Hull" yac, NPo2Ho3yeMO nocmyrnoee 8iOHOBJIEHHS MMONUMY 8 MOBOEHHI Yacu, 8K/T0YaroHU MAKOX i MeOUYHUU mypu3m.

lpoeedeHo aHasni3 ¢poHG08UX Mamepiarlie 3 MOWyKy ma oyiHKUu MiHepasbHUX padoHoeux 800 y Mexax Xumomupcbkoi o6acmi.
BukoHaHo cucmemamu3ay,ito aHuX ma 8U84YeHO sIKiCHI MOKa3HUKU MiHepanbHUX padoHogux 800 y po3eidaHux podosuuwjax. Ha cbo2o0Hi
Ha mepumopii YkpaiHu € 6azamo MeduyHuUXx 3aksadie, siki HaGaromb ¢haxosy ma crieyianizoeaHy 0orMoOMo2y 3 8UKOPUCMaHHSIM MiHepa-
JNIbHUX padoHosux nidzeMHux eod. MoxxemMo KOHCmamyeamu, Wo MiHepasibHi padoHoei 800U € Hegid'€MHOI YacmUHO JliKyeasibHOI
6a3u 6azambox caHamopiie YkpaiHu (8 M. XminbHuk, Hemupis, c. fJleHuwi ma iH.). Y Xkumomupcsbkiti o6nacmi Hatisidomiwum € [JeHuwis-
cbKe podosuuje MiHepasibHUX padoHo8UX 800, Ha 6a3i k020 ¢hyHKUioHye caHamopil "[eHuwi".

lMomeHujian po3sumky 6inbw demasnbHUX 2idpo2eosio2iyHux AocslioKeHb Ha 8xxe po3esidaHux podoesuuwjax XKumomupceukoi o6nacmi
docums eucokuli. banbHeoso02i4Hi erracmueocmi ma ximiyHull cknad nié3eMHuUx 800 8U8YeHi Ha Cbo200HI HeAocmamHbo. Lje nosicHro-
embcsi muMm, wo 8 Mexax Xumomupcbkoi obnacmi 8idbyeaemsbcsi npomucsioguli sudobymok MiHepanbHUXx padoHogux €00 suwe 3
odHo20 podoeuwia. PiHaHcyeaHHs1 NoGasibWUX 2e0/1020p038idyeasibHUX (2e0¢hi3U4HUX, 2€0/102i4HUX, 2i0po2eosio2idHuUx) pobim 3 no-

wyKy i po3eidku Hoeux podoeuuy abo e Mexax 30H MOWUPEHHSI MiHepaslbHUX padoHo8UX 800 € G080J1i MepCcreKMuUeHUM.

Knw4yoBi cnoBa: padoH, 2a3, MiHepanbHi padoHoei nidzeMHi 8odu, )Kumomupcbka obnacms, podoguuje, 3anacu.

Bcrtyn

Y cTaTTi pO3rnNsHYyTO Cy4acHUI CTaH rigporeonoriyHoro
BMBYEHHS POAOBULL, MiHEParbHUX PaJOHOBMX BOA Y Mexax
XKutomnpcebkoi obnacti Ykpainn (LLapikos, 2023) gk uiH-
Horo 6anbHeonoriYyHOro pecypcy Ang nikyBaHHa i peabini-
Tauii XBOpux.

PagoH — pagioakTMBHUI XiMIYHUIA eNeMEeHT, KU Hane-
XWUTb [0 KaTeropii iHepTHUX rasis, Lie OAMH 3 HaNpPigKICHILLNX
XiMiYHUX enemeHTiB Ha 3emni. MNpupogHo, pagoHoBI Boaun
YTBOPIOKOTLCHA NPU NPOXOAKEHHI NiA3EMHUX BOA KPi3b rpCbKi
nopoau 3 niaBuLLEHMM BMICTOM ypaHy i pagito, 3a3suyan Le
KpucTaniyHi nopoaw.

BueHumn 6yno goBefeHo, WO pagoH Mae 3haTHICTb
npuckoptoBaTv 0OMiH pe4oBYVH, LUBUAKO BiAHOBMOBATK MO-
LUKOXKEHHS B OpraHi3mi, HiBenoBaTu 3anarnbHi npouecw,
NoKpaLLyBaTh CTaH LUKIPSTHOro NMOKPOBY.

3Baxatoun Ha 36poviHy arpecito PP npotu YkpaiHu, roc-
TPO NocTae NuUTaHHSA peabiniTauii BINCbKOBUX i LIMBINBHUX
ocib, Lo 3a3Hanu nopaHeHHs1 Ta KoHTy3ii. OgHMM 3 MicLb
peabiniTauii MOXyTb ByTV ycTaHOBM, siki criewiani3yloTbes
Ha HagaHHi nocnyr, NOoB'A3aHUX i3 BUKOPUCTaHHAM MiHepa-
NbHUX pagoHOBUX MiA3€MHKX BOA.

Cnig Big3HaunTK, WO NOLLYKOBI Ta po3BigyBarbHi poboTtu
B Mexax YKMToMupcbKoi 00racTi NpoBoAMIUCS e B MUHY-
niomy cToniTTi. 32 Yacu He3anexHocTi He Byno BUSBMEHO YK
PO3BifaHO HOBWX POOOBULL MiHEPaNbHUX PafoHOBUX BoA. 3
yCiX po3BiaHnx pofoBULL, B Mexax YXMToMupcbKoi obnacTi
Ha CbOrofHi AeTanbHO PO3BiAaHo NuLLE oaHe, Sike Npautoe Ha
58 % Bi, NOYaTKOBOI OLIiHKM CBOIX 3anacis.

Tomy npoBedeHHs AeTanbHWUX Teonoro-eKOHOMIYHUX
OLJiHOK iCHYHOUYMX POAOBULL MiHEParbHUX PafoOHOBWX BOA,
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NOLUYK i BUBYEHHSI HOBMX POAOBMLL Ta iX H6anbHeonoriyHmx
BMacTUBOCTEN € BaXXNMBOK CKIaZOBOK HAKOMWYEHHsI Ta
3baraveHHs rigporeonoridyHoi 6asn 3HaHb TepuTopii, Lo
OOCNIAXYETbCH, Ta BiOHOBMEHHS NOACHLKOro MoTeHuiany
y cchepi nikyBaHHs.

HwuHi Ha TepuTopii YKkpaiHn He BUXOAUIO y3arasbHio-
BanbHWX MNpaub 3 po3TallyBaHHs, GanbHeomnoriyHoro Bu-
BYEHHS Ta [eTanbHOro aHanisy MiHepanbHUX pagoHOBUX
BOZ, Y Mexax okpemux obnactein. ®akTnyHo Bce 3BOANTHLCS
00 NpOBeAEHHSA reonoro-eKOHOMIYHOI OUIHKW POAOBULL, Mi-
HepanbHUX pafioHOBUX BOA Ta nybnikauii okpeMux ctaTen
abo MoHorpadin 3 Uiei TemaTuku.

Tak, y ctaTTi (Bineubka, 2008) HaBoaATLCS y3aranbHeHi
OaHi Npo pekpeauinHi pecypcy MiHepanbHUX BOg Y Mexax
XMenbHuMUbKOi obracTti. Hacamnepep 3asHayaeTbes, WO B
Mexax obnacTi BUSIBNEHO podoBMLia i3 crabomiHepaniso-
BaHUMW pagoHOBUMW Bodamu. [laHuin Tun BoAM BUSIBIIEHO
Ha NonoHcbkomy i LLleneTiBcbkomy pogoBuilax. PossigaHi i
3aTBepOXeHi 3anacu pagoHOBKX BO4 CTaHOBNATb 662 m3/4.
3a ximiyHMM cknagom i Boau cnabomiHepani3oBaHi i mano-
MiHepani3oBaHi 1 pi3HOro kaTioHHOro cknagy i3 BMiCTOM pa-
noHy 5-200 HKio/am®.

Y pesiknx pobotax (Opntok, Mapxomew, & CtpykoBa, 2018)
HaBOAWTLCS MOSACHEHHS 3B'sI3KYy PalOHOBUX i reOMarHiTHUX
aHomanin. byno gosegeHo, Wo pagoHoBi aHoManii npoay-
KYlOTbCSl pafioakTUBHUMU €fleMEHTaMU — ypaHOM Ta To-
piEM, SiKi KOHLEHTPYIOTLCA B pafioakTMBHUX MiHepanax, 1
3anponoHoBaHO O6Gr'pyHTYBaHHSA Takoro 3B'aA3ky. YacTkoBo
Oyno goBeaeHo, WO OOHUM 3 OCHOBHUX AXepen pagoHOBUX
aHomarnin € anbBiTUTK Ta rpaHIToIAN, SKi XapaKTepunsyTbes
MiHIManbHUMKN BenNuYMHamMn HamarHideHocTi. Buxogsum 3

© LlapikoB Ceprin, Yomko imutpo, 2024
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LbOro, NigBULLEHMI BMICT pafioakTUBHUX MiHEpaniB y Umx no-
popax Ta crnabka HamarHiYeHiCTb, MOEAHYHUNCH i3 TMMOUH-
H/MUW pO3fioMaMu Ta 30HaMW TPILLMHYBATOCTi, B 3ararnbHuX
pucax NosiCHIOKTb 3B'I30K PagOHOBUX | MarHiTHUX aHOMarnin.

Y gesikux iHWwWux poboTax HaBoOATLCS y3aranbHeHi AaHi
Npo pafoH Ta BMICT LibOro KOMMOHEHTY Y MiA3eMHUX BoAax.
PosrnsgatoTbecst MOXNMBI Axkepena Haaxo4KEHHs1 pafjoHy B
nig3emMHi Bogn Ta rpyHTW. Takox € AaHi Npo MOXNMBUMA
BMMMB padoHy Ha 340pOB'A MOAMHK: NiOBULLEHUIA BMICT pa-
OOHY — npu4MHa CMepTHOCTI ntogen Big paky. Ona npuk-
nagy, cmeptHicTe y CrnonydveHux Ltatax Big BMCOKOro
BMICTy pafioHy nocigae gpyre Mmicue nicns KypiHHs, a ang
HekypuiB — neplle (3a maTtepianamu canty JenaptameHTy
OXOpOHW 300poB'a wraTy InniHoinc) (Radon, H.4.).

Y KpaiHax €Bponu TakoX NPOBOAATLCA CUCTEMAaTUYHI
[OCNIAXEHHS 3MiHW KOHLUEHTpaLii pagoHy K y NikyBanbHUX
yCTaHOBax, WO X BUKOPUCTOBYIOTb, TaK i BracHe axepen
BMXOAY MiA3eMHMX BOA Ha AeHHY noeepxHto. Tak (Di Carlo
et al., 2019), y Nauio (LleHTpanbHa ITania) 6yno nposegeHo
cucTeMatuyHe AoChiSKEeHHs KOHLUEeHTpauii pagoHy B Npupo-
OHUX MiHepanbHUX mxepenbHux Bogax. MeTow umx pobit
Oyna oujiHka BMICTy paioHy B MiHEpPaNbHUX OXKEPENbHUX BO-
4ax Ta BUSIBNIEHHSI MOXIMBOI LLKOAW 300POB'I0 HACENEHHS.
ABTOpPK 3a3HaYaloThb, LLO BiACOTOK BigibpaHUX MiHepanbHMX
BOA, LU0 NepeBULLYOTb NapameTpuyHmii piseHb 100 Br/am?,
popieHioe 10 %. Y BUCHOBKax 3a3Ha4yaeTbCs, LLO KOHTPOIb
AKOCTi MiHepanbHWX Jxepen Mae 6yt cuctemaTudHuM i 4o-
CBiZ UMX OOCNiMpKEeHb MOXHA MEPEHECTM Ha iHLUI KpaiHu.

Mpupoaa ctBopuna 6e3niy NpupoaHMx 3acobis ans ni-
KyBaHHS! Pi3HUX 3aXBOPIOBaHb, SIKE HWHI YCMILUHO BMKOPUC-
TOByE BiTUM3HsIHA | 3apybikHa MeguumHa. PagoH sk
XiMiYHWI enemeHT Byno BiAKPMTO Maixe CTONITTa Tomy. 3a
Len yac ra3 peTenbHO BUBYMMIY | MOYanu 3acTocoByBaTh B
MeauUMHI ANSA NikyBaHHS Linoro psay 3axsoptoBaHb. Jliky-
BaHHsi paJOHOBUMW BOAAMMW HE MOXHa Ha3BaTN HOBWM iHHO-
BaUiiHMM MeTo4OoM, ane BiH Haa3BUYaWHO eEeKTUBHUN i
yCNiLWHO 3acTocoByeTbCs BXxe noHag 100 poki..

PapgoHoBi BaHHM € M'sikMM npoTu3ananbHum i 6onesac-
nokivnmeum 3acobom. CborogHi pagoHOBi BaHHW, SK npa-
BWIO, PEKOMEHAYIOTh MOASM i3 3aXBOPIOBAHHSIMU CEPLLEBO-
CYAVHHOI Ta HEPBOBOI CUCTEM, 3 NATONOriIAMU ONOPHO-PYXO-
BOI CMCTEMM, i3 3aXBOPIOBAHHAMM LUKIpKU, obnacTi ctateBumx
OpraHiB, LWITYHKOBO-KULLKOBOrO TPaKTY Ta LiNoro psgy iHWmx
3axBoptoBaHb. PagoHoBa BaHHa, K OOUH 3 BUAIB MOXIMBKX
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Y 3BiTi (JleB4eHko, CmopuykoB, 1975) BUKNageHo pesyrnb-
TaTu NOLLYKIB MiHEpanbHUX PafoHOBUX BOA Y panoHi M. XKu-
TOMUP, BUKOHAHWX MigporeosioriyHoto napTieto XnutomMmmpcebkoi
reonoriYHoi ekcrneauuii i reodianyHoi napTieto KNiBcbkoi KoM-
NneKkcHoi reodisnyHoi ekcneguuii B 1973—1975 pp. BukoHaHi
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Bepecu

CranuLiBra

Puc. 1. Cxema po3BigaHux poaoBULY MiHepanbHMX paaoHOBUX BoA Y Mexax XXutommupcbkoi o6nacTi

npoueayp, nobpe 3Himae 6inb, po3cnabnse, 3Hivae Ha-
npyry, 3 ii JOMOMOrol MOXHa HOopmanidyBaTu TUCK, 3Mil-
HATW CYAMHW, 3anyCTUTW pereHepaTuBHi npouecu no
BCbOMY OpraHiamy. [laHa npouefypa iHog4i npu3HavaeTbCca B
NPOMINakTUYHMX Linsx.

Y cneuianizoBaHux nikyBanbHUX yCTaHOBax caHaTop-
HOro TWNy Ans NikyBaHHS BUKOPUCTOBYIOTb PO3YUH PaJoHY,
AKUA gogatoTb B nigirpity Ao 35-40 °C Boay. Takuii po3yunH
KOXXeH caHaTopii abo nikyBanbHWWA LEHTP BM3HA4ae cam,
3anexHo Bi KOHLEHTpaUii pagoHy B nig3emMHNx Bogax. XBo-
pPOro 3aHyproKTb Y BaHHY, i XiMIYHUA efeMeHT NoCcTyrnoBo
NpOHKKaE B Oro LUKipy Ta opraHu. MNpoueaypa Tpueae 6nu-
3bko 15 xBunuH. MNig Yac npuiomMy MiHepanbHUX BaHH Ha
LUKipi NOCTYMNOBO BiAKNaAaeTbCs pagoHOBUIN HE3MUBHUIN Ha-
niT, SKUiA Nicnst HagaHHs nikyBansHoro edekty byae BMBO-
ONTUCST 3 OpraHiaMy 4yepes nereHi B Mipy nporpecyBaHHs
nepiogy Hanisposnagy (HaniBBUBE4EHHS).

Tak, y cratTi (Pawlik-Sobecka, Goérka-Dynysiewicz, &
Kuciel-Lewandowska, 2021) HaBogaTbCsa AaHi NPO KOPUCTb
BMKOPUCTaHHS pPaflOHOBMX BaHH Y Mexax KypopTy MNwepeymnH-
3apyi, wo B lMonbLli. 3a3HayaeTbcsl, WO BUKOPUCTaHHSA
pagoHOBO-CYNbiAHOT BOAM, SKY 3aCTOCOBYIOTb Y CaHATOPHO-
KYpPOPTHIN Tepanii, 3anexutb Bif IHTEHCUBHOCTI Ta Tumny
NnoApasHUKiB, peakuii opraHiamy, HasBHOCTI IHLLMX 3aXBOPIO-
BaHb. 3aranomM BUKOPWUCTaHHSA Ta NPaKkTUYHa LiHHICTb 3acTo-
CyBaHHS B MacoBil MeAWYHIN NpakTULi NiKyBanbHUX
pafoHOBMX BaHH MoTpebye nmoganbluux KriHiYHMX Aochi-
OXeHb, NpoTe ePEKTUBHICTb iX 3aCTOCYBaHHSA — foBeAeHa.

PesynbTatun

Y mexax YKpaiHu MOLIYKM i BUKOPUCTaHHS pafoHOBMX
BOA noyanucb NpubnmaHo 3 60-X pokiB MUHYNOro CTOMITTS
Ha TepuTopisx BiHHUUbKOT, 2Kutommpcbkoi, PiBHEHCbKOT Ta
iHWKX obnacTen. Po3TallyBaHHS po3BigaHNX pogoBuL, Ha-
BeAeHO Ha puc. 1.

Mepwi, odiyinHO 3apeecTpoBaHi, MOLIYKOBI BMCHOBKU
LLIOAO pafoHOBUX BOA B Mexax XKntommpcbkoi obracTi aa-
ToBaHi 1972 p. "OT4YeT 0 KOMMIIEKCHOM UCCneaoBaHUN Mu-
HepanbHOW BoAbl  CkBaxMHbl N2 229  [1oBOblILCKOM
60onbHUUbI XKutommpckor obn. YkpaunHckon Cosetckoi Co-
umnanuctnyeckon Pecnybnukn (YCCP).  (O3epXuHckui
parioH Xutomupckon obnactun)". Y pesynbtaTi npoBegeHux
pocnigxkeHs 6yno BMABNEHO NIABULLEHUA BMICT pPafoHy Y
npobax Boan. Ha »anb, Ginblw geTtanbHa iHpopMaLis npo
npoBefeHi gocnigxeHHs He 3bepernacs.

Koanexa

Canatcpiu ‘flicoea kaska"
Jlicosa kaska

S Kopocmwia:

KmuTis «
A

4 [nuéouuus

Teekis

rigporeonoriyHi (NpobypeHo 15 MoLIyKOBUX CBEPAJIOBUH i
nposegeHo 50 6p/3m NpobHMX i AOCNiAHMX Bigkayok) i reodi-
3WYHI 4OCTIAKEHHS Aany 3MOry BUSIBUTW NEPCNEKTUBHY Ains-
HKY, Ha SKii MOXyTb OyTW OTpUMaHi MiHepanbHi pagoHOBI
BOAM B HeobXiaHin kinbkocTi. PagoHoBi Boan dopmytoTbes B
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30Hi BMBITPIOBAHHS | TPILLMHYBATOCTi KipOBOrpafChKMX rpaHi-
TiB Ta iX MirmaTuTiB. Y 3BiTi 4A€TbCA ONMC reonoriyHoi 6ya0BM
i rigporeonoriyHMX yMoB paioHy pobiT i AiNSHOK, a TakoX pe-
3ynbTaTy reodi3nyHKX i rigporeonoriyHMx pooiT i pekomeHaa-
Ui Woao nofanblioro crnpsMyBaHHS pobiT Ha MiHeparbHi
Boau (IleByeHko, & Cmopukos, 1975).

Y 1976-1978 pp. (Mapkywa, 1978) nig yac nposeaeHHA
OOCHNiAXXeHb BUKOHAHO KOMMIEKC riaporeonoriyHux Ta reo-
i3nyHMX pobiT: npobypeHo 18 cBepAnoBwH, NpPoBeAeHO
Bigkaukn. [insHka pobiT po3TawioBaHa B MeXax KpucTarniy-
HOro MacumBy, paioH cknagexnuii AR, PR, PRz, MZ-KZ yTBo-
peHHsiMM. OBBOAHEHVMMM € rpaHiTW, THerCcH Ta MirmaTuTm
PR2, nicku Q.

OG'ekT BMBYEHHA — Mig3eMHi BOAM KpUCTaniyHUX nopig
(PR2). MoTyxHiCTb TpilLMHYBaTOi 30HWN B cepeaHbomy 30 M.
BwmicT pagoHy B nig3emHuMx Bogax 3MmiHweTbes Big 20 go
330 emaH. Boaun npicHi, rinpokapboHaTHi KanbuieBi. Buse-
neHo i possigaHo (npotokon YTK3 Ne 3923) ekcnnyarauiiiHi
3anacy MiHeparnbHVUX pagoHOBUX BoA B KinbkocTi 806 m3/a, y
T.4.A—166 Mg, B—43 m%/a, C1—497 m%g (Tapkywa, 1978).

Y 1978-1980 pp. (loHuyapos, [Mapxomeu, & CtpykoBa,
1978-1980) Gynu 3aTBepaKeHi ekcnnyaTtauiviHi 3anacu JeHu-
LUIBCLKOTO pOAOBKLLA MiHEpanbHUX pagoHoBuUx Bof — MpoTo-
kon [epxaBHoi kowmicii no 3amacax (OK3) CPCP Big
30.01.1981 p. Ne 8695 y kinbkocTi no cBepasioBmHax. 3aTsep-
[>KeHi 3anacu [leHeLliBCbKoro pogosuLLa HaBeaeHo B Tabn. 1.

Ta6bnuys 1
3arBepaxeHi 3anacu [leHuMWiBCcbKOro pogoBuila ctaHoM Ha 1980 p.
H 3
Tun BOAK BwmicT pagoHy, HKilgm® ianacu No Kaveropinx, M Ig. CBepAanoBUHU
CnabopagoHoBi 22-24 100 — 1-PK
CnabopagoHoBi 25-27 32 - 2-PK
Oyxe cnabo pagoHoBi 10-11 - 28 7-P
yxe cnabo pagoHoBi 10 - 90 8-P

Y 1988-1990 pp. L.I. XopeHko npoBiB AeTanbHy po3-
BiKy MiHeparnbHUX pagoHOBUX BOA Y parnioHi M. XKutomup
(XopeHko, 1990). LlinboBrM € BOGOHOCHWIA TOPU3OHT TpIiLLK-
HyBaTWUX KpMCTaniyHMX Mopif, HWKHBLOro NpoTepo3ot. byno
npoOypeHo ciM CBEpANOBUMH Ha KpUCTaniyHi mopoau i ogHa
Ha Kopy BUBITPIOBaHHSA. Boan ropm3oHTy HanipHi, rmmbuHa
piBHiB Big +2,05 0o 9,4 M. OCHOBHi MOKa3HMKMN SIKICHOTO
cknagy nexatb y mexax MOCTy 2874-82 "Boga nutHa".
PosBigaHi excnnyaTauiiHi 3anacu nig3aemMHux Bog (MpOToKon
YTK3 Ne 4926) B kinbkocti 148 M3/ (kat.B — 113 m3/g,
C1— 35 M%) 3 koHUeHTpaLieto pagoHy 17,8 HKi/ame.

Y 1993-1997 pp. 6yno npoBeeHO NnonepenHo po3BiaKy
MiHepanbHUX pagoHOBMX BOA Ans caHaTtopito "flicoBa ka-
3ka" B M. Kopoctuwis XXutommpcbkoi obnacTi (Kopuubkui,
1998). LinboBuM € BOLOHOCHWIA FOPU3OHT TPILLMHYBATUX
KpucTaniyHnx nopig HUXHbOro NpoTepo3otn. OCHOBHI NoKa-
3HMKKN sIKICHOTO cknagy nexatb y mexax FOCTy 2874-82
"Boga nuTHa". Po3BigaHi ekcnnyarauiviHi 3anacuy nig3emMHmnx
BOA Y KinbkocTi 156 M3/ 3a kaTeropieto B 3 KoHLeHTpaLieto
pafoHy 28,8 HKi/om3.

Bci BMLLEe3a3HaveHi pogoBuLLa Ha CbOrogHi He po3pobns-
H0TbCS i, BiANOBIAHO, Cy4acHNX 6anbHEONOrYHMX JaHNX HEMAE.
HuHi eanHMm gieBum pogoBuLLEM Yy Mexax XKUTOMUPCLKOI 00-
nacTi Ha 3aTBepAKeHMX 3anacax Ta 3 NiATBEPOXKEHOI SKICTHO
MiHepanbHUX pagoHoBMX Bog, BignosigHo ao OCTY 42.10-02-96
"Boaun MiHeparnbHi nikyBanbHi. TexHiYHI yMOBU" npautoe nuiie
caHatopin "Oennwi”. Cnig Bia3HauMTK, WO A0 HABYTTS YNHHOCTI
OCTY 42.10-02-96 BmicT pagoHy BumiptoBascst y HKi/om®, a
Bxe nicna 1996 p. y br/av®.

Y 2017-2018 pp. ronosHui rigporeonor TOB "leo-
npocp" C.I. lWapikoB BUKOHaB pobOTy 3 reonoro-eKoHOMiIu-
HOi  OUiHKM  AingHKM [ eHuLIBCbKOro pogosuLia
(cBepgnosuHu Ne 1-PK) miHepanbHMX pagoHOBUX BOA ANS
30BHILWHBLOro NikyBaHHA B XKNUTOMUPCLKOMY panoHi Kuto-
Mupcbkoi obnacri (LLapikos, 2018).

Poposuie postawoBaHe B KUTOMUPCLKOMY —panioHi
YKutommpcebkoi obnacti, y 2,5kM Ha niBOeHHWM 3axig Big
. fenuuwi y mexxax apkywy macwraby 1:200 000 M-35-XVII
(MuTtomup). Pobotn Gyno npoBeseHo Mo Aito4oMmy BoOOo3a-
Oopy, SKMIN haKTUYHO CKIadaeTbCsa 3 OAHIET ekcnnyaTauinHoi
ceepanosuHn Ne 1-PK; wo dyHkuioHye 3 1960 p. MpogykTtue-
HWUIA BOOOHOCHUI FOPU3OHT TPILLMHYBATOI 30HWU KPUCTamiyHUX
nopia  apxemn-HwkHboNpoTepo3otn. CeeppgnoenHa  Ne 2-PK

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

He npautoe i B LboMY 3BiTi He hirypysana, ceepanosuHa Ne 7-
P — Takox He npaLyoe, ane BUKOPUCTOBYBarnachk sik crnocrepe-
XKHa nig Yac NpoBeaeHHs1 JocniaHO-INbTpaLiiHiX poliT Ha
ceepanosuHi Ne 1-PK. PosTallyBaHHS cBepanoBUH HaBeAEHO
Ha puc. 2.

CeepanoBuHy Ne 1-PK npobypeHo y 1960 p., Mmae rnu-
OuHy 3a nacnopTHumu ganmmu 100,0 M, Ge3dinbTpoBa. 3a
reopisHUMKN AaHnMK, rMbuHa CBEPANOBUMHM HA MOMEHT
BUKOHaHHS pobiT ctaHoBuna 40,6 M. MMmbuHa ctaTUyHOro pi-
BHA — 7,1 M, Npu ae6iTi 1,67 am3/c sHKeHHs piBHs Ha 13,7 M.
CeepanoevHa obnagHaHa rnMbuHHUM  Hacocom 4 SR
6Mm/13P, sxvn npautoe B aBTOMaTUYHOMY pexumi. Ans obniky
BOOW BMKOPUCTOBYETLCS NiunnbHUK Boam Powogas 50.

OinaHka [JeHunwiBCcbKOro poaosmLLa MiHepanbHUX pago-
HOBWX BOA, NMPUypOYeHa A0 BOAOHOCHOIO rOPU3OHTY TpilLu-
HyBaTol 30HU KpucTanivyHux nopig apxemn-
HWXHBOMPOTEPO30t0. MapameTpy NOCTIMHMX KOHAWUUIA Ons
MiHeparnbHOi pafoHOBOI BOAM Oynuv NpUAHATI BIANOBIAHO A0
OOBiAKM NPO KOHAMLT.

Y pesynbTarti NpoBeaeHnX rigpoxiMiyHMX 4oChiaKeHb BCTa-
HOBMEHO, LLIO 3a CMiBBiAHOLLUEHHSIM OCHOBHMX aHIOHIB i KaTioHiB
nia3eMHi BOOAM BOOOHOCHOTO TFOPWU3OHTY TPILLMHYBATOI 30HU
KpUCTarnivyHMX nopia apxen-HUKHbONPOTEPO30H HanexaTb 0
CKITagHOro aHioOHHOro Ta PI3HOro KaTioHHOro cknagy. [Ans Hux
XapaKTepHa HefTparnbHa-cnabonyxHa peakuis.

BmicT pagioHyknifgiB y BOAI € AN caHaToOpit0 OCHOBHUM
NnokasHMKOM Ta BM3Ha4aBcs pisHUMKU nabopartopismu. Y
Tabn. 2 HaBoaUMO NapamMeTpu NOCTIMHUX KOHAWLIMA No cBe-
panosuHi Ne 1-PK.

Ona ouiHkM ekcnnyaTauinHMx 3anaciB  AinsHkn [e-
HMLWIBCBKOrO POAOBMLLA MiHEpanbHUX pPadoOHOBUX BOA,
rigporeosnoriyHi napameTpu BMU3Hayanucs npu nNpoBedeHHi
pocnigHux pobiT no ceepanosuHax Ne 1-PK ta 7-P (cnocre-
pexHa).

[ns o6r'pyHTYBaHHS i NoAanbLIOro 3acTocyBaHHs inb-
TpauiiHMx cxem B6yno BM3HaA4YeHO i po3paxoBaHO Taki napa-
METPW BOAOHOCHOTO FOPU3OHTY: MOLUMPEHHSA BOAOHOCHOIrO
rOPU30HTY NO NNoLj i Ha rMUBKHY, NOTYXHICTb BOAOHOCHOIO
FOPU3OHTY | AOMYCTUME 3HWXKEHHSA PiBHSA, ekcrnyaTtauinHe
HaBaHTaXXeHHA Ha ceepaioBuHy Ne 1-PK, BogonpoBigHicTb,
n'e30MpoBigHICTb.
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Puc. 2. KocMo3HiMOK po3TallyBaHHA BoA03abipHUX cBepANOBUH AinAHKM [leHuwwiBcbKoro pogosuila

Ta6bnuys 2

MapamMeTpu nocTinHMX KoHAUUIN JeHuwiBcbkoro pogoBuila ceepanoBunu Ne 1-PK

Ximiunun cknag, mriam®
. L 3 . o —
MiHepanisauis, r/gm OCHOBHi ioHWU, ekB. % HCO, | SO.Z cl- ca? Mg 2 | Na*+K* CneuudivyHi KOMNOHEHTU
Ta CNonyku
HCO;40-70
Cl<50
S0,<40 100,0- Rn 185-500 Bk/am®
02-08 Ca 35-65 500,0 | <190 | <150 | <150 ) <100 | <100 H,S03 50100 mr/am®

Mg 20-60

(Na+K) < 35

BOAOHOCHWI rOPM3OHT TPILLMHYBATOI 30HW KpUCTaniyHux
nopia apxen-HWKHLOMPOTEPO30K € HanipHuMm. BignosigHo
00 reoi3nyHNX AaHuxX BoAda TpiWMHaMM NoYnMHae noTpan-
NSATU Yy CBEPASIOBUHY MOYMHaYM 3 rmubuHm 31,5 M, wo i
Oyno NpUNHATO 3a ONYCTMME 3HUXKEHHS piBHA. BignosigHo
[0 po3paxyHKiB Mae JOTPUMYBATUCh BUMOTa Spon> Sp (Spon —
OOMYyCTUMe 3HUKEHHS PiBHA BOAMW, Sp — po3paxyHKOBe 3HU-
XEHHS piBHSA BOAM).

Mig yac npoBeAeHHs OOCMIAHO-KYLLOBOI BigKaykm (BNpo-
OOBX TPbOX MiCAUiB), AOCMiAHO-NPOMUCIIOBOrO BUAOOYTKY
AinaHky [eHnLiBCbKoro pooByLLa yTBOpMUnacs BianosigHa
rigpoAuHamiyHa piBHOBara, rigpoAvHaMIYHI napameTpu
KOMMNIIEKCHO XapaKTepuayBanu BCO Bogo3barayeHy TOBLLY
B 30Hi BNNMBY poboTun Bogo3abopy.

Poposuiue nia3eMHUX Bog HanexuTb 40 TUNY POAOBULL
y TpiLLMHYBaTMX NopoAax, He MOB'SI3aHUX 3 NMOBEPXHEBUMU
Bofamu. ExcnnyaTauiviHi 3anacu hopMytoTbCsa 3a paxyHoOK
NpYPOLHUX PECYpPCiB BOOGOHOCHOIO rOPU3OHTY Ta, YaCTKOBO,
3a paxyHOK iHginbTpauii atmocdepHux onagis. Y BepTuka-
NbHOMY NaHi BOAOHOCHWUIA TOPU3OHT € HamMipHUM.

Po3paxyHok BUKOHaHO rigpaBnivH1M MeToA0M, kv 6asy-
€TbCs 6e3nocepeaHbO Ha BUKOPUCTaHHI JaHUX Bidkaudku i3 cBe-
panoBuvHM abo AocBigy ekcnnyatauii gitodoro Bogo3abopy.
BignosinHo 0o po3paxyHkiB BUMOra Spon> Sp AOTPUMYETLCS..

3a cknagHicTo reonoriyHoi 0ya0BU Ta rigporeonoriyHnx
yMOB (hOpPMYBaHHs ekcrnyaTauiiHinx 3anacis AginaHku He-
HuWiBCbKOro pogosuila (ceepanosuHa Ne 1-PK) miHepans-
HUX PpadoHOBMX BOA [AfS 30BHILUHLOrO JliKyBaHHS B
YKutomumpcekoMy parioHi >Kutomumpcbkoi obnacTi BigHeceHo
o 3-i rpynu, To6TO A0 podoBULL, 3 AyXe CKNagHUMK rigpo-
reonoriyHnmun, BOLOrocrnoaapCbkMMu, eKonoro-rigporeoso-
MYHUMW | TiPHUYO-reonoriYyHMMM ymoBamu. 3a CTyneHem
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TEXHIKO-€KOHOMIYHOrO BMBYEHHS PO3BifaHi ekcninyaTtauinHi
3anacu BifHeCeHO 40 NepLUOi rpynu.

3anacu 6yno 3atBepmxeHo npoTtokonom K3 Ykpainu
Ne 4465 Big 09.08.2018 p. y kinbkocTi A — 34,0 m3/0o6y, B —
111,0 M%/poBy (pasom A+B — 145,0 m3/goby) ans 30BHiL-
HbOro 3actocyBaHHs (LLapikos, 2018).

[unckycis i BUCHOBKM

Ak BMOHO 3 pesynbTaTiB aHanisy possifaHux Ta Ailymx
poAoBMLL, NOTEHLian po3BUTKY GanbHEONoriYHOro Typmuamy
B MeXax YKpaiHu i, 3okpema XXutommpcbkoi obnacTti — Bu-
COKMI. Y [aHin cTaTTi BUCBITNEHO NULe Ti pOAoBULLA, SKi
BUSIBIIEHO HA MUHYNUX cTagiax nowyky. HoBux pogosuy y
Mexax YKUToMUpPCbKoi 06nacTi 3a YaciB He3anexHocTi He
Oyno 3HaigeHo i pocnigxeHo. NepcnekTBHMM Morno 6
6yTn hiHaHCyBaHHS reodisnyHMX, reonoriyHmx Ta rigporeo-
NOriYHUX JocnigXeHb Y Mexax 30H MOLUMPEeHHsT MiHepanb-
HUX pagoHOBUX BOA Ha 6as3i BXxe BUSBMEHUX POOOBMULL.

XimiyHUI cknag Ta 6anbHeororivHi BlacTMBOCTI NiA3eMHUX
BOJ, Ha CbOrofHi BMBYEHi HegocTaTHbO. PaKTUYHO B MeXKax
YKutomupcekoi obriacTi BigbyBaeTbcs NpoMUCoBuiA BUO0DY-
TOK MiHEpanbHNX pagoHOBMX BOA NLLE 3 OQHOMO POAOBMLLA.

Ha Haw nornsag, ue nutaHHA notpebye Oinblw getans-
HOro BMBYEHHS, TOMY LLO peTenbHU aHani3 ycix poaoBULL
pafoHoBUX Bog y Mexax XXutommpcbkoi obnacti Ta ix 6a-
NbHEONOrYHMX BMacTUBOCTEN MOXe HagaTu Oo4aTKOBUM
NOLUTOBX Afsi PO3BUTKY peKkpeaLinHoi Ta nikyBanbHOI iHdpa-
CTPYKTYpU Hawwoi kpaiHu. Kpim Toro, po3smTok 6ansHeonori-
YHMX CaHaTOPIiB HAa OCHOBI MiHEpanbHMX PAgOHOBUX BOA
MOXe CTaTu e OOHUM AiEBMM KPOKOM 0 NMOBOEHHOI BiAby-
00BKM YKpaiHCbKOT AepXaBu Ta HagaTtu AieBy Ta epeKkTUBHY
ponomory y peabinitauii nopaHeHux GiiuiB Ta MUPHOrO Ha-
CerneHHs, a TakoX BiAHOBMNEHHI MCUXOMOriYHOro CTaHy mnio-
Oewn, nocTpaxaanux Big BiiHW.
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BHecok aBTopiB: Ceprin LapikoB — koHUenTyanisauis, dop-
ManbHWWA aHanis, HanucaHHsa (opuriHanbHa 4epHeTka); Omutpo
Yowmko — Banigauis AaHunx, HanucaHHs (nepernsg i peaaryBaHHs).
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CURRENT STATE OF HYDROGEOLOGICAL STUDY OF MINERAL RADON WATER DEPOSITS
IN THE ZHYTOMYR REGION OF UKRAINE

Radon is a radioactive chemical element that belongs to the category of inert gases. Radon water treatment (for external and internal use) has
been used in various parts of the world (Austria, Poland, Germany) for more than 100 years. In medical practice, radon baths are mainly used to
relieve pain, relax, relieve tension, normalize blood pressure and strengthen blood vessels. Within the Zhytomyr region, since the "Soviet times",
work has been carried out to search for and evaluate mineral radon water deposits. The explored deposits within Zhytomyr region require further
deeper study and systematization, because, taking into account the demand for mineral radon waters in the "pre-water” period, we predict a gradual
recovery of demand in post-war times, including medical tourism.

An analysis of stock materials for the search and evaluation of mineral radon waters within Zhytomyr region was carried out. The systematization
of data was carried out and the quality indicators of mineral radon waters in explored deposits were studied. At the moment, there are many medical
institutions in Ukraine that provide professional and specialized care using mineral radon groundwater. We can state that mineral radon waters are
an integral part of the treatment base of many sanatoriums in Ukraine (sanatoriums in the cities of Khmilnyk, Nemyriv, the village of Denishi, etc.). In
the Zhytomyr region, the most famous is the Denyshiv deposit of mineral radon waters, on the basis of which the "Denyshi" sanatorium operates.

The potential for the development of more detailed hydrogeological research of the already explored deposits of the Zhytomyr region is high.
Balneological properties and chemical composition of underground waters have not been sufficiently studied at the moment. This is explained by the
fact that industrial production of mineral radon waters takes place within the Zhytomyr region from only one deposit. Funding for further geological
exploration (geophysical, geological, hydrogeological) work on the search and exploration of new deposits or within the limits of the distribution
zones of mineral radon waters is quite promising today.

Keywords: radon, gas, mineral radon groundwater, Zhytomyr region, deposit, reserves.
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ENVIRONMENTAL GEO-INFORMATIONAL MONITORING SYSTEM
FOR THE CIVIL AND FIRE SAFETY SERVICES OF UKRAINE

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

Background. The purpose of the work is the development of a new ecological and geo-informational system for monitoring
emergency situations, which allows quick predicting the consequences of various natural and man-made hazards at the stage of
preventing their occurrence. This applies to possible cases of destruction on territories where there is a threat of flooding and, ac-
cordingly, the protection of coasts, structures, roads on mountain slopes, bridges, tunnels and dams built on soils with certain geo-
logical and geophysical characteristics, as well as the occurrence and spread of fires and pollution of air, water and soil with harmful
substances associated with them.

Methods. To implement the methods, available and purchased licensed software is used, creating convenient algorithms for
solving practical tasks of civil protection. Information processing based on the used software packages that allow quickly processing
large amounts of information, reducing the level of poor processing and data distortion.

Results. An ecological and geo-informational monitoring system has been developed, designed to ensure the coordination of
actions of civil and fire protection services in order to increase the efficiency of responding to emergency situations of natural and man-
made origin.

By conducting experiments, model results were obtained, which make possible to theoretically calculate and determine the critical
permissible stress-deformed states of the soil massif in the area of engineering structures, bridge structures, to warn about the possible
destruction of the massif due to excess stress and deformation under the action of loads.

Proposed localization of fire-hazardous zones based on satellite data. As part of the developed system for space monitoring of forest
fires, satellite information is used, in particular, the AVHRR radiometer of the Terra satellite. On its basis, a temperature map of the regions
of Ukraine was formed.

Conclusions. The geo-informational monitoring system was created to prevent the risks of emergency situations (including
the destruction of slopes, fires, etc.) using software products, creating databases for mapping potentially dangerous objects. Its applica-
tion will make it possible to assess the consequences of possible emergency situations of a natural and man-made nature and minimize
their negative impact on the environment.

The developed geo-information system can be used to coordinate the actions of civil and fire protection services, as well as increase
the efficiency of emergency and rescue measures.

Keywords: geo-information system, natural and man-made hazards, stress-deformed state of soils, fire protection technologies.

Background

An updating and improving environmental geo-
information monitoring system to prevent emergencies of a
natural and man-made nature has always been one of the
priority and promising global trends. Taking into account the
current military realities of our country, where the number of
emergency situations of various natures is steadily
increasing, the use of environmental and geo-information
monitoring systems by the civil protection services of
Ukraine today is strategically expedient.

The practical value of the planned results of the project
for the economy and society will consist in increasing the

level of safety of citizens in the field of civil defence and fire
safety by using the geo-information monitoring system to
solve existing environmental problems.

For the development of the technological base in the civil
defence units of Ukraine, it is necessary to improve software
products and monitoring systems that ensure the
preservation and exchange of cartographic,
hydrogeological, geophysical and other data necessary for
making management decisions during forecasting and
responding to emergency situations. Such monitoring
should include an assessment of the effectiveness of
emergency and rescue measures, and should be involved in
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setting problems for the development and improvement of
software products and technologies for their operation
(Vyzhva, Vynnychenko, & Kendzera, 2008; Doltsinis, 2018;
Starodub, & Havrys, 2018; Starodub et al., 2020).

To ensure reliable data exchange and the use of
software methods and tools, in particular, the development
and improvement of the geo-informational monitoring
system, applied mathematical modelling forecast of natural
and man-made dangerous threats is necessary, which
together makes possible to increase the promptness of
response and the effectiveness of eliminating dangerous
situations. Taking this into account, there is a need to
develop software methods and algorithms that, based on the
use of field observations, will ensure the prediction of the
consequences of emergency situations, including fires in the
early stages of their discovery.

An important component of a state policy in the field of
national security of any country is the protection of the
population, industrial facilities, and national wealth from fires
and their consequences. According to the monitoring report
of the International Association of Fire and Rescue Services,
in recent years in many countries of the world, including
Ukraine, there has been a tendency towards the increase in
the number of fires. This is due to a significant increase in
temperatures, in particular in Ukraine, where the fire hazard
situation is increasing due to global warming, which is
especially noticeable in the summer months. This
phenomenon can be seen on satellite images received at
the Centre for Receiving and Processing Special
Information and Control of the Navigation Field. Hence the
need for satellite surveillance and monitoring of dangerous
regions, especially in places where it is important to provide
fire protection is necessary. The authors have previously
carried out modelling and visualization of fires in space and
time based on the method of spatial location of fire-
hazardous zones (Havrys et al., 2023).

According to statistical data, more than 60,000 fires occur
annually in Ukraine, as a result of which up to 5,000 people
die and are injured, and direct and indirect material losses
amount to tens of billions of dollars. Another reason for such
dynamics is the rapid growth of industrial production and the
use of polymer materials in various spheres of life. However,
the safe use of epoxy polymers is possible only if the serious
disadvantages inherent in these materials are eliminated,
among which the main one is their significant fire hazard.

The creation of modern fire-resistant materials based on
modified epoxy-amine composites allows solving the
problem of fire protection of objects and structures to some
extent. Therefore, the issue of creating a scientific basis for
the development of a rational technology for obtaining metal-
coordinated epoxy-amine composites with reduced fire
hazard and predicting the behaviour of polymer materials
based on them in fire conditions is extremely relevant
(Lavrenyuk, Hamerton, & Mykhalichko, 2018; Lavrenyuk,
Mykhalichko, & Parhomenko, 2019b; Lavrenyuk et al., 2020;
Kochubei, Mykhalichko, & Lavrenyuk, 2022).

Another no less important task of the civil protection
services is the ability to quickly assess the emergency
condition of the object. Namely, in cases related to stresses
and deformations of bridges, viaducts, sliding slopes of river
banks, dams, etc., which may cause accidents. For this, it is
important to determine the geological and geophysical
parameters of the objects, in particular the available
geometric and geophysical characteristics (Starodub,
Havrys, & Kozionova, 2023a).

From the description of the current state of the problem,
the goal and tasks of the project described in the article,

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

consist in the creation of an ecological and geo-informational
monitoring complex (system) necessary to ensure reliable
data exchange using software methods and tools, in
particular, applied mathematical modelling for predicting the
danger of natural and man-made hazardous objects, which
will collectively increase the assessment of the results of
operational rescue work.

Methods

Analysis and forecasting of emergency situations are
carried out for prompt decision-making methods.

The development of a methodology to prevent the risks of
environmental emergencies by the problems of civil protection
in objects and on a national scale was carried out with
hierarchical and relational access to information obtained.

The method includes the development of a new geo-
information system that quickly predicts the consequences
of natural and man-made emergencies at the stage of
preventing their occurrence. It relates to possible cases of
destruction in areas where a flooding threat is and requires
protection of shores, constructions, roads on mountain
slopes, built bridges, tunnels, and dams on soils with their
geological and geophysical characteristics, as well as
pollution of air, water, and soils by hazardous substances,
and fires occurrence, etc.

In the process of the method implementation, existing
and purchased licensed software (the main things are
ArcGIS, ENVI, COMSOL programs) are used, and the
necessary scripts are developed to use in software
packages) to create convenient algorithms and solve
practical problems of civil protection services.

In the case of developing layers of a geo-information
system, the unique links between the data are expressed in
separate layers, and in the case of supplementing such links by
calling separate procedures, such layers represent the user
interface. During the interactive procedure the interface
moderator fills in the layers of connections between databases.

The geo-information system is created to prevent risks
of emergencies (including origination of fires) using software
products, in particular, the creation of databases for
mapping high-risk objects, potentially dangerous objects,
and water reservoirs serving as an aid in rapid response.
This will contribute to the creation of orientation atlases
using GPS receivers, route planning, control, track analysis,
measurement, and calculations, as well as representation
by users of the operational environment.

Results

Geoinformation system for monitoring initiated.
Previously, the authors proposed to create map layers by
different users using the ARCGIS map editor specially
designed scripts and the use of existing maps (Starodub et
al., 2023c). The developments are based on the algorithm
of data processing of remote sensing of the Earth using a
set of software packages ARCGIS, ENVI, own development
of scripts using the algorithmic language Python and
programs for the packages used to process monitoring data
and predict the consequences of natural and man-made
emergencies.

The digital terrain model SRTM (Shuttle Radar
Topography Mission) is used. The digital model of the relief
is obtained by radar topographic survey of the earth's
surface. The model of the territory of Ukraine is selected
based on data from the official CGIAR-CSI website. Terrain
database digital data — the conversion of radar data into a
digital terrain model are used based on CGIAR data.

On the website of the EarthExplorer, the organization
USGS "U.S. Geological Survey" available for download are
hypsometric data in ArcGIS format. In the process of
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searching for data high-altitude data is allocated to the
contours of the Ukrainian border, resulting in the SRTM
model, which is presented in the database: the USGS site
selects the area where it is possible to download data, to
expand the list "Digital Elevation" and the SRTM terrain
selected. The parts to be downloaded are selected and the
necessary data is downloaded. The boundaries of regions,
districts, endangered areas and other objects are obtained by
creating a digital map in accordance with the technological
scheme of creating digital maps based on raster maps.

To perform the described technology, the following
sequence was followed: running routines (ArcMap, Catalog
window), creating a folder to place the future map, copying
data from a previously created DataBase folder to a folder
with a future map. DataBase, which contains all the
necessary and available information, makes the necessary
signatures on the map (objects, symbols, indicate the scale,
directions of the world of the study area) and saves (prints)
information file with a map of the model of ecological and
geophysical state of the territory.

Digital models of engineering structures are used.
The trend in the world is to solve problems related to
emergencies at engineering facilities in the field of civil
protection. At the same time, the task of civil protection
services is to quickly assess the emergency condition of the
facility. An important cause of accidents is the stress-strain
state of the object. In such cases, which relate to stresses
and strains concerning bridges, viaducts, landslide slopes of
mountains and river banks, and dams, determination of the
geological and geophysical parameters of objects, in
particular, the existing geometric geophysical characteristics
are important. Personal computers for calculating possible
deformations and stresses in them are important (Starodub
et al., 2018). The calculations are based on the theory and
methodology of complex interpretation of geophysical
monitoring data of dangerous geological and geophysical
processes and modeling of objects by the finite element
method. The approach comprises the model discretization
of objects into separate rather small elements-particles in
which deformations and stresses are modeled in element
interaction. Digital models assess the endangered condition
of objects (Lu et al., 2020; Moravej et al., 2019).

Thus, for a physical body consisting of particles with a
given density, Young's modulus, Poisson's ratio; values of
specific adhesion in the soil, the angle of internal friction,
modeling in the environment depending on the influence of
externally applied force on the object for the used Drucker-
Prager model (Doltsinis, 2018) the state of the object is
described as an equation finite element method:

KU =R,
where K is the stiffness matrix of the object, U is the vector
of generalized displacement, R is the vector loads on the
simulated object.

By conducting numerical experiments, model results are
obtained, which makes it possible to theoretically calculate
and determine the critical allowable stress-strain states of
the soil mass in the vicinity of engineering structures, bridge
structures, to prevent the destruction of the massif due to
excess stresses and deformations under the action of loads.

An emergency situation for a soil massif with certain
predetermined physical-mechanical characteristics is
investigated, analyzed, localized and prevented (see fig. 1).

Information processing based on the above mentioned
software packages makes it possible to quickly process
large amounts of information, and reduce the level of poor
processing and distortion of data.
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The project analyzes methodological support of
geological information systems, uses empirical research
methods: predicting the possible consequences of floods
and forecasting the spread of fires in the open and during
man-made accidents, and as a consequence pollution due
to emissions of hazardous substances and more.

As a result, the application of the proposed approach
reduces the possible consequences of emergencies in the
practical tasks of civil defense units.

Geoinformation technologies for fire risk
assessment. Data are analysed and correlated for seismic
(including fires associated with the destruction of buildings
and gas pipelines) and explosive hazard areas where
construction sites associated with natural and man-made
hazards, including forest plantations, are located, which can
cause fires to start and spread. Relevant research is carried
out to eliminate the risk of fires in seismically hazardous
areas with a special geological structure. The maps take into
account the fact that seismic activity in Ukraine is mainly
observed in the Carpathian and Crimean-Black Sea regions.
Seismic microzoning maps are used at the design stage of
important engineering structures, especially those that
cause great damage to the environment in abnormal
situations. In this case, the maps show an increase in the
seismicity of certain areas relative to the normative values
for this territory. The increase can be positive or negative,
and the sign and magnitude of the increase depend on local
conditions: the composition and strength of sedimentary
rocks, topography, and the presence of tectonic faults.
Geological-seismic microzoning is the final stage of complex
studies of the territory. Data from engineering geological
studies, instrumental observations of seismic fields of
earthquakes, data from macroseismic surveys of the
consequences of earthquakes, explosions, natural and
man-made microseisms are used to construct complete
maps. The results of the works are mapped on a scale of
1:10000 — 1:25000. In the presence of engineering and
geological conditions that are hostile in terms of increasing
the seismicity of the territory, the intensity values may
exceed the background values.

Any fires detected, immediately fire prevention
measures need to be taken. In this case, the parameters of
the fire must be determined very accurately, as separate
centres of ignition are not considered fires. In the process of
monitoring, the specifics of eliminating fires in small areas
are determined by the promptness of detecting fire centres
and taking priority measures to extinguish them.

The fires are monitored by means of satellites,
unmanned aerial vehicles (UAVs) and instrumental ground-
based methods. In particular, the seismicity of the territory
of Ukraine and methods for detecting and assessing forest
fires using data from artificial Earth satellites are described
in (Starodub et al., 2023b; Svyrydenko, Babich, &
Shvidenko, 1999). Due to the use of satellite monitoring to
study the fire situation in the regions, the smallest fire area
that can be detected by satellite means ranges from 20 to
30 hectares with a delay from 4 to 20 hours. In practice, for
effective forest firefighting, the detected fire area should be
less than 1 hectare, and the fire area at the time of
extinguishing should be no more than 5 hectares, which is
achieved by processing reports from observation posts and
available instrument observations. At the same time,
satellite information is used for space-based monitoring of
forest fires, in particular, the AVHRR radiometer of the Terra
satellite. Further, the results are obtained using UAVs and
ground-based instruments.
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Fig. 1. An example of simulation of the stress-strain state at the pressure effect of 5:10* N-m= on the ground:
left column — deformation, right column — stress with the same scale in horizontal and vertical directions

Fire risk areas localization using satellite data
proposed. The Terra satellite's 5"-channel AVHRR
radiometer is used to perform space-based monitoring of
forest fires. The methodology for determining fires is based
on the use of radiation estimation for the 39, 4t 5% channels
of the AVHRR radiometer, while fires are determined by the
maximum value of energy registered by the 3™ channel of
the radiometer. Smoke from fires is determined by the
1st and 2" channels of the radiometer. For more accurate
identification of fires, threshold algorithms are used, which
make it possible to determine the radiation temperature
based on the data of the 3rd and 4th channels. As a result,
a temperature map of Ukraine was obtained (fig. 2)
(Starodub et al., 2013).

An analysis of temperature zones in Ukraine shows that
the risks of fires in seismically active areas are increasing,
resulting in a much higher incidence of forest fires. Due to
the high anthropogenic load, prevention of fire spread,
organization of fire extinguishing and elimination of their
consequences within the forest fund is carried out in
accordance with the procedure established by the State
Committee of Forestry of Ukraine. Detection of forest fires
within the forest fund is carried out through a set of
measures. These include the presence of ground-based
observation points (towers, posts, structures suitable for
monitoring), patrolling of territories by forestry and fire
protection units, and organization of interaction between
ground and aviation services.

In order to reduce material losses and preserve non-
renewable forest resources, as well as to prevent the
destruction of infrastructure facilities and structures due to
the spread of fires, monitoring of the possibility of fires in
such areas should be carried out on an ongoing basis.
Therefore, in the process of localizing fires, an important
factor is to take into account the rate of flame spread, which
was obtained as a result of experimental and model studies
and presented in the form of a nomogram to determine the
number of forces and means required to overcome the
consequences of fires.

Thus, the developed geographic information system for
monitoring emergencies allows civil and fire services to
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promptly inform about fires in natural ecosystems and at
civilian facilities and buildings.

Preparation technology of composite materials with
reduced combustibility. In order to minimize the negative
consequences of emergencies, civilian and fire departments
must use all the possibilities of protecting civilian objects
from fire in the performance of real tasks. In this regard, the
development of fire-retardant polymer composites should be
considered as an engineered protection means that will
reliably guarantee fire safety of civilian facilities and
structures from the aggressive effects of flame.

To prevent the occurrence and spread of fires, metal-
coordinated epoxy-amine composites with reduced fire risk
have been developed. In addition, based on the obtained
flame-retardant composite, a unique technology of fire
protection of wood has been created, and wood sawdust
(WS) composite material with reduced combustibility has
been made.

The samples of flame retardant composites with reduced
combustibility have been obtained (the direct interaction of
appropriate anhydrous inorganic salt of CuSiFe with the
curing agent of epoxy resins — polyethylenepolyamine
(PEPA) and a binding agent — bisphenol A diglycidyl ether
(DGEBA) (Lavrenyuk Parhomenko, & Mykhalichko, 2019a)).
To obtain a functional composite material from wood
sawdust (WS) with reduced combustibility
(WS/DGEBA/PEPA-CuUSIFs), pre-dried pine sawdust is
added to a previously prepared mixture of DGEBA, PEPA
and CuSiFs. For comparison, the original composites
without a flame retardant (DGEBA/PEPA and
WS/DGEBA/PEPA) were prepared by mixing the
appropriate ingredients (see Table 1).

In addition, the developed flame-retardant composite
(DGEBA/PEPA-CuSIFs) was applied to the surface of wood,
and the fire-protective properties of this coating were tested.

The fire hazard of the obtained epoxy-polymer and
wood-sawdust composite materials was assessed by
flammability, that is, by the ability of the materials to burn
and spread flames. The results of experimental
measurements of fire hazard indicators confirm that
samples containing 66 parts by mass of CuSiF6 are more
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resistant to burning — they can burn only when exposed to
an open flame and stop burning immediately after the flame
is removed (fig. 3).

Uzhhorod
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Borders of Ukraine
Borders of regions

c Researched areas

Celsius degrees

After the tests, it can be stated that the samples of
DGEBA/PEPA-CuSIiF6(66), as well as the developed wood-
sawdust composite material WS/DGEBA/PEPA-CuUSIF6,
belong to the highest fire resistance category — VP-0.
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Fig. 2. Temperature map of Ukraine modelled according to satellite data from NOAA-16 on 2012, August 7
Table 1
Stoichiometry of flame-retardant composite materials
Composite Ingredients (mass p.)
DGEBA PEPA CusSiFs ws
DGEBA/PEPA 100 12 - -
BAIPEPA-CuSiFg 100 12 66 -
WS/DGEBA/PEPA 100 12 - 20
WS/DGEBA/PEPA-CuSIFg 100 12 66 20

Fig. 3'. The sample of the DGEBA/PEPA-CuSIF; after combustibility testing

Discussion and conclusions

The used environmental and geo-informational monitor-
ing system allows to quickly identify and develop measures
to eliminate natural and man-made emergencies even at the
stage of their prevention. Existing and purchased licensed
software was used to develop the monitoring system, which
made it possible to create convenient algorithms for effec-
tively solving practical tasks of the civil and fire-rescue ser-
vices of Ukraine.

The ecological and geo-informational monitoring system
should include the accounting of natural hazards and man-
made loads, which will facilitate the statistical processing of
data on emergency situations and fires, modeling of emer-
gency situations in dangerous areas, as well as the study of
processes of flooding, emissions and discharges of pollu-
tants, etc. This will increase informativeness, efficiency, re-
liability and, as a result, the effectiveness of decision-making
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for the elimination and prevention of threats of a natural and
man-made nature.

To prevent the occurrence and spread of fires, special
products based on metal-coordinated epoxy-amine compo-
sites and a unique wood fire protection technology have been
developed, which can be used to protect infrastructure objects
and structures from the aggressive influence of flames.

The developed geo-information system was tested in the
Kyiv, Lviv, lvano-Frankivsk, Transcarpathian regions for the
coordination of the actions of civil and fire protection ser-
vices and showed an increase in the effectiveness of emer-
gency and rescue measures when using this technique.

In the future, it is planned to produce maps for the State
Emergency Situations with the help of ARCGIS, ENVI,
COMSOL, PYTHON software. The developed and tested
geo-informational monitoring system will be transferred to the
regions of Ukraine for use by the State Emergency Service.
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JbBiBCLKMI AepXaBHUI YHIBepCUTET 6e3neKn XUTTERiANbHOCTI, JIbBIB, YKkpaiHa
2KuiBCcbKuit HauioHanbLHWI yHiBepcuTeT imeHi Tapaca LUesueHka, Kuie, YkpaiHa

SHaykoBo-gocnigHUM iIHCTUTYT NuBapHOro BUpo6HUUTBA, Kpakis, Monbiwa

“lHcTUTYT reodpiamnkm im. C. . Cy660TiHa, Kuis, Ykpaina

EKOHOFO-FEOIHCIJOPMALIIIZHA CUCTEMWU MOHITOPUHI'Y
Ana cnyxs UMBIIbHOI TA NOXEXHOI BE3MNEKU YKPAIHU

BcTtyn. Memot pobomu € po3pobka Hogoi ekosio20-2eoiHghopmayiliHoi cucmemu MOHImMopuHay Had3euyaliHux cumyauil, sika 0ae 3mMo2y
ornepamugHo Npo2HO3yeamu HacliOKu Pi3HUX MPUPOOHUX i MexHo2eHHUX Hebe3nek Ha emani 3anobizaHHs1 iX 8UHUKHEHHIO. Lje cmocyembcsi MOX-
nueux eunadkie pyliHyeaHHs1 Ha mepumopisix, de icHye 3az2po3a nidmonneHHs i, eidnoeidHo, 3axucmy 6epezie, ciopyd, dopie Ha 2ipcbKuXx cxunax,
mocmie, myHenie i 0amb, no6ydosaHux Ha I'pyHmMax 3 NeeHUMU 2€0/1020-2e0hi3UYHUMU XapaKkmepucmuKamu, @ MaKo)X 8UHUKHEHHST i MOWUPEHHs
rnoxex i nos'si3aHo20 3 HUMU 3a6pyAHeHHs1 noeimpsi, 00U i PyHMy WKiONUUMU pe4yosUHaMu.
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Me Toawn. Ans peanizayii Memody eukopucmosyemncsi HasieHe ma npudbaHe sniyeH3iliHe npozpamHe 3abe3rneYyeHHsl, CIMBOPEHHS 3PYyYHUX
anzopummie Ons eupiweHHs1 NpakMuYHUX 3aefaHb YueinbHo20 3axucmy. O6pobka iHghopmayii Ha OCHoei euKOpuCMaHuUX NPo2pamMHuUX nakemie dae
3Moey weudko onpaybo8yeamu eesiuki o6csi2u iHghopmayii, 3MeHwumMu pieeHb HesiKicHOi 06pPO6KU ma criomeopeHHs1 0aHux.

Pe3synbTaTtu. Po3pobneHo ekonozo-2eoiHghopMayiliHy cucmemy MOHIMOPUH2Y, NPU3Ha4YeHy Onsi 3abe3ne4yeHHs1 KOOPOUHauii Oili cryx6
yueinbHO20 Mma NMoXeXHo20 3axucmy 3 Memoto nideuweHHs1 egpeKmueHocmi peacyeaHHs1 Ha Had3eu4aliHi cumyauii npPupodHo20 ma mexHo2eHHO20
MOXOO)KEeHHS.

Llinsixom npoeedeHHs1 eKcriepuMeHmie ompumaHo ModenbHi pe3ynbmamu, wo 0aromb 3MO2y Meopemu4HO po3paxyeamu ma eusHaqyumu Kpu-
muyHo donycmumi HanpyxeHo-deghopmMosaHi cmaHu macuegy rpyHmy e pailioHi iHXeHepHuUx cropyd, MOcmosux cropyd, nornepedumu rpo MoxJsuee
pyliHyeaHHs1 Macugy 8Hac1i00K nepeeuweHHs1 Hanpyau i deghopmauii nid dieto HaeaHMaKeHb.

3anponoHoegaHo s1oKanizayiro noxexoHebe3ne4yHuUx 30H 3a CynymHUKosuMu daHUMU. Y pamkax po3pob6reHoi cucmemu 0711 KOCMiYHO20 MOHi-
mopuHzay Jlicoeux Moxex eUKOpucmMosyembcsl cynymHukoea iHgpopmauyisi, 3okpema padiomemp AVHRR cynymHuka Terra. Ha it ocHoei cghopmoeaHo
memnepamypHy Kapmy pezioHie YkpaiHu.

B u cHoBku. leoiHghopmauyilina cucmema MOHIMOpUH2y cmeopeHa 3 Memoto 3arnobicaHHs1 pu3ukaM 8UHUKHEHHS1 Had3eu4aliHux cumyauili
(y momy 4qucni pyliHyeaHHsI cxurie, BUHUKHEHHS MOXeX Mouj0) 3 UKOPUCMaHHSIM NMpoapaMHux npodykKmie, cmeopeHHs1 6a3 daHux Ons kapmozpa-
¢byeaHHs nomeHuiliHo He6e3ne4yHux 06'ekmis. Ii 3acmocyeaHHs doszgonums oyiHumu Hacnidku Moxnueux HadzeuqaliHux cumyauill MPuUPodHo20
ma mexHo2eHHO20 xapakmepy ma MiHiMi3yeamu ix HeeamueHuli ennue Ha AoeKinnsi.

Po3po6neHa 2eoiHghopmauyiliHa cucmema Moxe 6ymu eukopucmaHa Onsi koopAuHayii 0ili cnyx6 yueinbHOI ma NMo)XeXXHOI OXOPOHU, a MaKoX
nidsuweHHs1 egpekmueHocmi asapiliHo-psimyeanbHuUX 3axodie.

Kniwo4yoBi cnoBa: 2eoiHgpopmayiliHa cucmema MOHIimopuHay, nNpupodHi i mexHo2eHHi Hebe3neKu, HanpyxeHo-deghopmosaHuli cmaH
rpyHmie, mexHorsoezii eoeHe3axucmy.

ABTOpM 3aABNSAIOTb NPO BiACYTHICTb KOHAMIKTY iHTepeciB. CnoHcopy He Bpanu yyacTi B po3pobneHHi OCHiMKeHHs; y 360pi, aHanisi un
iHTepnpeTaLii AaHVX; y HaNUCaHHi pyKonucy; B pilleHHi Npo nybrnikaLito pe3ynbTaris.
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ANALYSIS OF THE CONSEQUENCES OF EARTHQUAKES
IN TURKEY 06.02.2023 USING RADAR INTERFEROMETRY

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

Background. The article studies the consequences of a series of earthquakes that occurred on February 6, 2023 in Turkey,
which caused large-scale destruction and tens of thousands of victims, and became the deadliest in the world in the last 10 years. Re-
search on the effects of earthquakes is important and can be used in emergency management and disaster recovery, to improve building
standards, develop earthquake-resistant infrastructure, etc.

Methods. The study was performed using modern methods of remote sensing and geographic information systems. To quantify
the surface displacement, we used the method of synthetic aperture interferometry (INSAR) based on Sentinel-1 satellite images in the
SNAP application. To improve the accuracy of the results, the Goldstein filter was applied and the phase unwrapping was performed using
the external Snaphu software module. To compensate for data distortion, terrain correction was performed using the Doppler terrain
correction operator to make the geometric image as close to the real world as possible.

Results. The interferograms obtained before and after the earthquakes were analyzed. The results indicate significant surface
deformations, especially in the area of the East Anatolian fault, with a maximum subsidence of 110 cm and more pronounced fault lines.
The interferograms show that the earthquakes have caused significant changes in the fault structure, which may affect further seismic
activity in the region. Diagrams and maps showing the impact of earthquakes on the surface and crust in the southeastern part of Turkey
were constructed.

Conclusions. This study demonstrates the possibility of using INSAR technology to monitor the deformation of the earth’'s
surface caused by recent earthquakes. The data obtained can be used to assess damage, identify risk areas, and develop measures to

reduce seismic hazards.

Keywords: earthquake, Turkey, INSAR, Sentinel-1, deformation of the earth's surface, fault, seismic hazard.

Background

The consequences of an earthquake can be devastating,
leading to significant loss of life and material damage,
especially in cities. Observing damaged buildings is critical
for emergency management professionals as it helps them
quickly direct rescue teams to the right location (Menderes,
Erener, & Sarp, 2015).

The southeastern region of Turkey and northwestern
Syria is a seismic zone characterized by a classical model
of earthquake formation, where tectonic plates converge
along fault lines, pressure gradually increases and provokes
repeated tremors (Liu, 2023). Seismic activity in this area is
influenced by such large structures as the North Anatolian
fault (NAF), the East Anatolian fault (EAF) and the zone of
the Southeast Anatolian depression (SAF) (Fotiou, 2023).
Also, the susceptibility to the formation of earthquakes in this
region is confirmed by the location in the contact zone of the
Eurasian, African and Arabian plates (Seyitoglu et al., 2017).
The neotectonics of Southeast Turkey, northern Syria and
Irag have been widely studied, the causes of seismic
processes in the region are three main tectonic elements —
the North and East Anatolian fault zones, as well as the
Aegean-Cyprus arc that separates the Anatolian plate from
the Eurasian, Arabian and African plates (Gurbtiz, 2020).

According to the Turkey Department of Earthquakes
(AFAD), a series of earthquakes with the largest magnitudes
7.7 and 6.6 occurred in Turkey on February 6, 2023, about
29-33 km south of Kahramanmarash. These earthquakes
occurred almost simultaneously (with a time difference of
10 minutes) at shallow depths (8.6 and 6.2 m, respectively).
Seismic events have led to significant loss of life, destruction
of infrastructure and caused a humanitarian crisis (Jia et al.,
2023; Oduoye et al., 2023). The earthquake was the largest
earthquake in Turkey since the 1939 Erzincan earthquake,
indicating an increased risk throughout the region (Zhao
et al., 2023). The earthquake was recorded by a large
number of seismic stations, which gave a unique opportunity
to study its characteristics and estimates of the destruction
that occurred (Ding et al., 2023; Centre Sismologique Euro-
Méditerranéen (CSEM)).

Problem Statement. Despite the great potential of
remote sensing materials in the study of earthquakes at the
beginning of the development of science, their use is limited
mainly to structural-geological and geomorphological
studies. These methods do not effectively measure short-
term processes before and after seismic shocks.

Further development of remote sensing materials was
associated with geophysical research. Over the past few
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decades, scientists have developed the ability to measure
deformation on a centimeter scale by comparing satellite
images taken at intervals of several days to several years.
This ability has led to a significant increase in the percentage
of the Earth's surface on which deformations and the
frequency of such observations can be observed.

In the early 1990s, one powerful satellite method for
estimating surface displacement became widely used —
interferometric radar with a synthetic aperture (InSAR).
Specifically, synthetic aperture radar (SAR) technology was
used in the analysis of the aftermath of the 1999 Izmir
earthquake in Turkey. SAR technology combined with
interferometric coherence has been proposed to detect
damage in buildings following the 1999 earthquake
(Brunner, Lemoine, & Bruzzone, 2010). According to the
authors, this technology can provide detailed descriptions of
the consequences of the earthquake in Turkey in 2023,
helping to assess the consequences of the destruction.

The aim of the work is to study the methods of remote
sensing and geographic information systems of the
consequences of a series of earthquakes in Turkey, in
particular, to evaluate the existing methods of studying
surface displacements that can be applied to this territory, to
build diagrams and maps reflecting the impact of earthquakes
on the surface and the earth's crust in Turkey. The conclusion
of the work will be conclusions about the impact of
earthquakes in the study area and analysis of risks that may
be caused by tremors.

Analysis of recent researches and publications. The
article (Bianchini et al., 2018) describes that InSAR, or
synthesized aperture interferometric radar, is a technology
that uses phase differences of two or more SAR images to
measure the displacement of the Earth's surface to within
centimeters and even millimeters (Bianchini et al., 2018).
This method involves using complex satellite images of the
territory obtained from different orbital positions and/or at
different times to calculate the difference in distance to
targets on the ground. The SAR signal phase is widely used
to obtain information, and INSAR has been proven to be a
valuable tool for mapping surface deformation with
unprecedented spatial disparity (Bianchini et al., 2018).

The paper (Li et al., 2016) provides a comprehensive
overview of the Sentinel-1 satellite mission developed by the
European Space Agency (ESA), which revolutionized large-
scale InSAR analysis through the use of C-band SAR
images. Currently, the Sentinel-1 mission contains two
satellites (S1A and S1B) launched in 2014 and 2016,
respectively. These satellites serve as radar missions for
INSAR applications, continuously collecting data in tectonic
and volcanic areas around the world. In particular, the
mission's ability to revisit the same site every 6-12 days
meets the requirements of near-real-time global monitoring,
enabling researchers to track geological processes with
unprecedented frequency and accuracy.

The paper (Gaddes et al., 2018) notes that images from
the Sentinel-1 satellite are used for synthetic aperture
interferometric radar (INSAR) for almost real-time global
monitoring. This is important for retrospective analysis and
measurement of various phenomena, including earthquakes.

The time series analysis package of SAR interferometry
with open code, LICSBAS, integrates with the Sentinel-1
INSAR  automated processor (COMET-LICSAR) as
described in the papers (Ghorbani et al., 2022; Dewanto,
Setiawan, & Nusantara, 2020). These authors used
Sentinel-1 satellite images to measure soil subsidence,
climate change and other applications, including studying
earthquakes.

ISSN 1728-3817

A phase-deployment method was proposed in 2002 by
Chen, & Zebker (2002) for synthesized aperture radar (SAR)
interferograms. This method applies statistical segmentation
and generalized network models to estimate unambiguous
phase values from observed phase data, which are
presented in the range of - to m. This method is main one
for obtaining phase values from a two-dimensional phase
array and converting phase values to standard units. The
approach is to consider a larger interferogram as a mosaic
of smaller interferograms (tiles) that can be unfolded
sequentially. To solve the problem of combining tiles with a
deployed phase, the authors propose a tile deployment
scheme that extends the maximum posterior probability
estimation system adopted by SNAPHU. The scheme is
based on previously obtained models and develops a
method for assembling individual unfolded tiles into the most
probable full-size solution.

The work (Summerlin, 2022) describes the procedure for
summarizing and drawing conclusions based on the
technical part of the experiment to create InSar data. The
author suggests using the standard set of SnAP functions to
convert the results of the deployed phase into real data in
centimeters for subsequent export and layout using GIS.
The paper describes the use of Doppler correction when
working with the expanded phase and bringing the image
from the IW band format to geographical coordinates, taking
into account angular corrections.

The study (Barut, Trinder, & Rizos, 2016) aimed to apply
INSAR, GNSS and Coulomb stress modeling to post-seismic
deformation analysis after the earthquake in Izmit, Turkey,
held on 17 August 1999. The authors sought to understand
the long-term effects of the earthquake and its implications
for the earthquake cycle. The study described that
observations of INSAR and GNSS in the three months after
the earthquake, combined with simulations of Coulomb
stress change, may explain the expansion of the fault zone
as well as the deformation of the Northern NAF region. It
was also found that there was a strong correspondence
between INSAR and GNSS results for post-seismic study
steps, with differences of less than 2 mm and a standard
deviation of differences of less than 1 mm.

The territory of reserach. On the territory of Turkey
there are tectonic boundaries of large geotectonic blocks:
Eurasian, Arabian and Anatolian plates (fig. 1). The process
of accumulation of tectonic stresses and subsequent
movements along the tectonic boundaries, primarily the
East Anatolian fault caused the occurrence of earthquakes
on February 6, 2023. The East Anatolian fault zone is a plate
boundary extending 500 km between the Arabian and
Anatolian plates. The relative movement of the plates occurs
with a sliding speed in the range of 6 to 10 mm/year, which
creates a high risk of a new earthquake in eastern Turkey.
In the area of Gaziantep and Kahramanmarash, the
predicted peak ground accelerations for a probable
earthquake can be 0.2-0.4g (g — gravity acceleration
9.81 m/s?), which correspond to a very destructive
earthquake with an intensity of approximately 8—9 points.
This is also evidenced by the map of the distribution of
earthquake risks in the Middle East (fig. 2) (Korkmaz, 2009).

The East Anatolian fault, which is an intra-continental
transform fault, is located in the Eastern Mediterranean region.
Together with the right-sided North Anatolian fault, it contributes
to the movement of the Anatolian microplate to the west. The
fault is a complex left-sided landslide that separates the
microplate from the Arabian Plate (Dal Zilio, & Ampuero, 2023).
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Methods

InSAR is a method by which the phase difference of two
or more SAR images is used to calculate the difference in
range from two SAR antennas, which have slightly different
geometry of vision, to targets on the ground. As a result, we

I ilometers

Fig. 1. Active fault map of Turkey by Kaymakci (Engineering Sefémology, 201).4

get the value of the displacement of the surface for the given
period exactly to centimeters. INSAR results provide an
opportunity to evaluate deformations associated with faults,
cracks and subsidence.

'a gle e

Red represents active faults with seismic potential, yellow represents faults with capability to have seismic potential,
blue represents faults with probability to have seismic potential. NAF — the North Anatolian right-lateral strike-slip fault zone.
EAF — the East Anatolian left-lateral strike-slip fault zone

Distribution of earthquake risks in Turkey
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Fig. 2. The distribution of earthquake risks In Turkey (Korkmaz, 2009)

Radar, an abbreviation for radio detection and range
determination, involves the transmission and reception of
microwave electromagnetic radiation with frequencies in the
range of approximately 108-1011 Hz and corresponding
wavelengths of about 1-1000 mm (Rueger, 2012).

The research utilizes Sentinel-1 data obtained from the
Copernicus Open Access Hub, specifically focusing on the
interferometric wide (IW) mode with a spatial resolution of
5m by 20 m and polarized in VV+VH. This mode is the
primary overland acquisition mode for Sentinel-1, covering
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a range of 250 km. The references provide valuable insights
into the capabilities and applications of Sentinel-1 data
(Né&gler et al., 2015).

The Sentinel-1 satellite provides radar images in two
directions: ascending and descending. These images differ
in geometry and final characteristics, including the direction
of the Doppler shift. In ascending mode, the Doppler shift is
positive, indicating an increase in the frequency of the radar
signal as the satellite approaches the target and a decrease
as it moves away from it. Conversely, in the downshift mode,
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the Doppler shift is negative, the radar signal frequency
decreases as the satellite approaches the target and
increases as it moves away (Moiseev et al., 2020; Karbou
et al., 2021; Fan et al., 2023).

A Doppler shift is a change in frequency or wavelength
relative to an observer that is moving relative to a wave
source. In the context of INSAR imaging, Doppler terrain
correction is necessary to account for geometric parameters
of the InSAR system, including baseline length and slope,
and to correct for atmospheric signal associated with terrain.
Range Doppler Terrain Correction implements a Doppler
terrain correction method for geocoding SAR images from
two-dimensional raster radar geometry. It uses available
information about the orbit state vector in metadata, radar
time annotations, tilt-to-ground conversion parameters
together with reference DTM data to obtain accurate
geolocation information (Wang et al., 2023).

The use of terrain correction in InSAR imaging is
particularly important because it corrects geometric
distortions caused by topographic variations that can
significantly affect the accuracy of the final image. Given the
terrain and atmospheric effects, Doppler relief correction

ensures that the InSAR image accurately reflects the
features of the observation surface, which leads to more
reliable results in applications such as topographic mapping,
monitoring of soil deformation, and detection of changes in
the environment (Wang et al., 2023).

The S-1 uses three predefined subbands in IW mode
(IW1, IW2 and IW3), reaching a coverage of 250 km in the
transverse direction. To do this, it uses advanced SAR
scanning terrain observation technology (TOPSAR). This
allows for electronic beam control in both the rangefinder and
azimuthal directions, ensuring the same image quality over
the entire range and avoiding jagged images (Yague-Martinez
et al., 2016). TOPSAR is designed to replace ScanSAR
mode and provide an almost uniform signal-to-noise ratio
(SNR) and distributed target ambiguity ratio (DTAR)
(Yague-Martinez et al., 2016). The IW TOPSAR mode
provides highly accurate and nearly uniform responses
when images are co-recorded, eliminating flaws that
reduce the azimuth antenna emission pattern seen by the
ground target. In addition, the IW mode supports single and
double polarization operation, covering a range of incidence
angles from 31 to 46 degrees (Ouaadi et al., 2021).

Table 1

Characteristics of satellite data Sentinel-1 (Prats-lraola et al., 2015)

Parameter Interferometric Wide-swath mode (IW)
Polarization Dual (HH+HV, VV+VH)
Access (angles of incidence) 31°—46°
Azimuth mismatch <20 m
Ground Range Mismatch <5m
Azimuth and range view Single
Strip >250 km
Maximum NESZ -22dB
Radiometric stability 0.5 dB(30)
Radiometric accuracy 1 dB (30)
Phase Error 5°

After loading Sentinel-1 data into the SNAP application,
a number of steps must be taken to create an interferogram.
These actions are represented by the following program
tools: Apply Orbit File, Back-Geocoding, Enhanced Spectral
Diversity, Interferogram, and TOPSAR-Deburst.

Apply Orbit File — Auxiliary orbit data contains
information about the position of the satellite when
receiving SAR data. They are automatically loaded for
Sentinel-1 SNAP products and added to their metadata
using the Apply Orbit File statement.

Back Geocoding — The reverse geocoding tool S-1 jointly
registers two separated products based on the orbit
information added in the previous step and information from
the digital altitude model (DEM) that SNAP loads.

Enchanted Spectral Diversity is a method proposed to solve
the problem of azimuthal displacement caused by
misalignment of Sentinel-1A/B data in the process of monitoring
large-scale deformations. This method uses spectral diversity
for the overlap region between TOPS data packets and
involves two stages of joint data registration: initial joint
registration based on geometry and subsequent joint
registration using ESD. The main goal of ESD is to achieve a
co-registration accuracy of about 0.001 pixels to limit the
azimuthal shift to several degrees (Wang, Xu, & Fialko, 2017).

The interferogram is formed by cross-multiplying
(formula 1-4) the reference image by the complex
conjugation of the secondary image. The amplitude of both
images is multiplied and the phase represents the phase
difference between the two images. The interferometric
phase of each pixel of the SAR image will depend only on
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the difference in paths from each of the two SARs to the
disparity cell under observation.
(1)

@ = Qpem T Prat T Pdisp T Patm T Pnoise

4 By
Par = —4 = ;R_tag 5 2)
=2t 5n 29
®pEM = R, sin® (3)
4
Paisp = d- Tﬂ (4)

Accordingly, the calculated interferogram takes into
account the flat earth phase ¢ flat (curvature of the earth),
topographic phase ¢ DEM (topographic surface of the earth),
atmospheric conditions @ atm (change in humidity, temperature
and pressure between the two gains) and other noise @ noise
(change in scatterers, different viewing angle and volume
scattering), and finally possible surface deformation ¢ disp,
which occurred between the two preparations (Vranki¢, Grgi¢,
& Basi¢, 2022). TOPSAR-Deburst is a function for merging
individual IW image strips into one.

The interferometric phase most often contains noise and
distortion from temporal and geometric decorrelation, bulk
scattering and other processing errors. Phase information in
the de-correlated regions cannot be recovered, but the
quality of the bands present on the interferogram can be
improved by applying specialized phase filters such as the
Goldstein filter to improve the signal-to-noise ratio.

H(fe fy) = S{U2(fe K * 2(F 1), (5)
where fx and fy respectively represent the spatial
frequencies in the range and azimuth a is the filter
parameter, Z(fx, fy) represents the Fourier spectrum of each
filtering window, and S{-} is the smoothing operator that is
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usually achieved with a low-pass filter. Spots are defined as
small windows of an interferogram with overlap to maintain
continuity at the boundaries. The a parameter, taking the
value in the range [0, 1], indicates the desired level of
efficiency of the filtering operation. For a= 0, we have
H(fx, fy) = Z(fx, fy), which means no filtering (Feng et al., 2016).
In order to relate the interferometric phase to the
topographic relief on the interferogram, the phase difference
between adjacent pixels is integrated, allowing the actual
relief changes to be measured (Matano, 2019). The phase
deployment required for this process is typically performed
using external software such as SNAPHU, which uses a
network flow algorithm to find the most likely expanded
values. In addition, the interferometric phase is derived on the
basis of first-order MNCs using adaptive window size, and the
interferogram is pre-processed by filtration to eliminate strong
noise that can cause serious errors (Sun et al., 2020).
Two-dimensional phase unfolding is the process of
recovering unambiguous phase data from a two-
dimensional array of phase values known only modulo 2pi
rad. SNAPHU is an implementation of the statistical cost
algorithm and network flow for phase deployment
proposed by Chen and Zebker (2002). This algorithm sets

the phase deployment as a maximum posterior probability
(MAP) estimation problem, the purpose of which is to
calculate the most probable deployed solution from the
observed input data. Since the statistics that relate the
input data to the solution depend on the measured
quantity, SNAPHU contains three built-in statistical
models: for topography data, deformation data, and
smooth general data (Chen et al., 2018).

An important step in determining the amount of soil
deformation is to quantify the results of the expanded phase
as a total displacement. The expanded phase represents the
cumulative phase difference between SAR images and
needs to be converted to an offset value for further analysis.
To do this, the pixel equation is used, which takes into
account the delta phase and the wavelength of the sensor,
to calculate the total displacement in meters.

Results

This research will analyze and study the territory (fig. 3)
of southeastern Turkey, the area through which the East
Anatolian Fault passes — a large fault zone that forms a
transform-type tectonic boundary between the Anatolian
Plate and the northward-moving Arabian Plate.
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Fig. 3. Seismic events in Turkey 02/06/2023 (according to AFAD data)

In this research, we used data containing intensity and
phase information, covering a width of 250 km in the
interferometric wideband (IW) mode with a spatial resolution
of 5 m by 20 m and polarized in VV+VH. The pre-earthquake
datasets were acquired on January 17, 2023 and January 29,
2023, a week before the earthquake, and the post-
earthquake dataset was acquired on February 10, 2023,
4 days after the earthquake (table 2).

Work with snapshots is done in the SNAP application. In
order to obtain accurate results, in the process of processing
radar interferometry data, two interferograms were obtained
(fig. 4), which contain information on the deformation of the
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Earth's surface. However, these interferograms must be
corrected at the output, since they may contain errors caused
by atmospheric noise, as well as random measurements.
They were then corrected using the Goldstein filtration
method. This stage will create the final version of the
interferogram in the range from -r to 7 (fig. 4). Further actions will
be related to the phase sweep and obtaining the numerical
values of the surface displacement in real units of measurement.
The phase is deployed using an external Snaphu software
module. The expanded phase offset data is presented in its
own units of measure, so to interpret them in meters, it is
necessary to quantify the results of the expanded phase as a
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total offset. To do this, the pixel equation was used, which takes
into account the delta phase and the wavelength of the sensor,
to calculate the total displacement in meters. The result is two
images showing the displacement of the surface before and
after the earthquake.

The measurement methods used showed displacement
as a result of seismic shock and numerous secondary
shocks after it. Displacements are located in the area of the
East Anatolian fault, which has deep linear faults (fig. 5).

Table 2

Characteristics of the images

Date Type Polarization mode Band Time difference
January 17, 2023 SLC VV + VH C
12 days
January 29, 2023 SLC VV + VH C
February 10, 2023 SLC VV + VH C 12 days

East from the main epicenter of the earthquake
expressed subsidence of the surface up to +50 cm. Fault
break lines are visible on the resulting interferograms and
cover a significant spatial range along the fault. The results
of the study indicate the impact of the earthquake on the
structure of the fault and can be used for further analysis of

Deformation of the research area from 17.01 to 29.01

Fig. 4. Interferogram constructed from data from 17.01 to 29.01 (a), from 29.01 to 10.02 (b)

Fig. 5. Interferogram after Goldstein filtration from data from 17.01 to 29.01 (a) and from 29.01 to 10.02 (b)
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its behavior. If we compare the displacement of the surface
before the earthquake and after (fig. 6), we can see that the
displacements before the earthquake are insignificant, with
an amplitude of 30 cm, with minor subsidence up to 7 cm.
After the earthquake, the amplitude of subsidence is up to
110 cm, and the fault line becomes clearly expressed.

Deformation of the research area from 29.01 to 10.02

Altituda shift {m)
— 252

-

1:500 000
e v iy

B3n MR, G ) OpenSTre R Someutors,

b

Fig. 6. Displacement of the surface of the territory during the time from 17.01 to 29.01 (a) and from 29.01 to 10.02 (b)

Discussion and conclusions

The research included a detailed study of the
consequences of a series of earthquakes in Turkey using
modern remote sensing methods and geographic
information systems. To obtain accurate data on surface
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displacement as a result of seismic events, Sentinel-1
satellite data processed in SNAP software was used and
interferograms were created. To improve the accuracy of the
results, a Goldstein filter was applied and the phase was
deployed using an external Snaphu software module.
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The results of the study showed that the greatest surface
displacements were found in the area of the East Anatolian
fault, with a maximum surface subsidence of up to 110 cm.
In addition, it was found that earthquakes caused significant
changes in the structure of the fault, which may affect further
seismic activity in the region.

The results obtained are important for further analysis of
fault behavior and assessment of risks associated with
seismic activity in the region. Also, the application of INSAR
technology has provided important information about the
consequences of earthquakes in Turkey and can be a useful
tool for monitoring seismic activity and assessing risks in
other regions of the world.

Thus, this study confirms the importance of using
modern technologies to monitor and study the effects of
seismic activity, as well as to develop effective strategies for
risk reduction and disaster mitigation.
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'KniBcbKkui HauioHanbHWIA yHiBepcuTeT iMeHi Tapaca LLlesyeHka, Kuis, YkpaiHa
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AHATI3 HACNIAKIB 3EMNETPYCIB Y TYPEYYMHI 06.02.2023 3A AAHUMW PALIONOKALINHOI IHTEP®EPOMETPII

B ¢ Ty n. focnidxeHo Hacnioku cepii 3emnempycie, wjo eidbynuce 6 mromozo 2023 poky e TypeyyuHi ma cnpuyuHUIU MacwmabHi pyliHyeaHHs1
U decsimKu mucsiy xepme, a mako)x cmasnu Halbinbw cMepmoHOCHUMU y ceimi 3a ocmaHrHi 10 pokis. [JocnidxeHHsi Hacnidkie 3emnempycie Maromob
saksiuee 3Ha4eHHs i MOXXymb eukopucmoesyeamucsi y cghepi ynpaeniHHsi Had3eu4aliHuMu cumyayisiMu ma eiGHoes1IeHHi nicsisi nPupPoOHUX Kamacm-
pogh, a makox dns noninweHHs1 6ydisenbHuUx cmaHoapmie, po3pobku iHghpacmpykmypu 6inbw cmitikoi do 3emnempycie mowo.

Me Toawn. JocnidxeHHs1 s8uKOHaHO 3a ONMOMO20K0 Cy4YacHUX Mmemodie ducmaHyiliHo2o 30HAyeaHHs1 ma 2eoiHghopmayiliHux cucmem. [ns Ki-
NbKicHOI OYiHKU 3MiujeHHs1 nosepxHi sukopucmaHo Mmemod iHmepgepomempii i3 cunme3oeaHoro anepmyporo (INSAR) Ha ocHo8i KOCMiYHUX 3HiMKie
cynymHuka Sentinel-1 y 3acmocyHky SNAP. [ins nideuuwjeHHs1 mo4Hocmi pe3ynbmamie 3acmocoeyeaecs ¢inbmp NonbO0wmeliHa ma 8UKOHaHO Po-
320pmaHHs ¢ha3u 3a 0NMOMO2010 308HIWHLO20 MPo2pamHo20 Modys Snaphu. [ins komneHcauyii cnromeopeHb daHux 30ilicHeHO KOpeKyito Micyeeo-
cmi 3a donomozoto onepamopa Doppler Terrain Correction, ujo6 2ceomempuy4He 306paxkeHHs1 6y10 MaKkcuMasbHO HabruXeHuUM 00 peasibHo20.

Pe3ynbTaTtu. [poaHanizoeaHo iHmepgepozpamu, ompumaHi 0o ma nicns 3emnempycie. Pesynsmamu ceid4amsb npo 3Ha4yHi deghopmauii
nosepxHi, ocobsueo 8 palioHi CxioHoaHamoilickko20 po3sIoMy, 3 MaKcuMasibHUM npocidaHHsM 110 cM ma 6Ginbw eupaXxeHUMU JiHISIMU PO3/10My.
3a daHumu iHmepghepozpam mMoxxHa docnidumu, w0 3emaempycu CPUYUHUIU 3Ha4YHi 3MiIHU y cmpyKmypi po3sioMy, W0 Mo)xe erluHymu Ha noda-
nbwy celicMiYHy akmueHicmb y pezioHi. BukoHaHo nobydosy cxeM ma kapm, wjo 8ido6paxkarome ensue 3emsiempycie Ha Mo8epPxHO ma 3eMHy Kopy
8 niedeHHo-cxidHili yacmuHi TypeyyuHu.

BucHoBEkKW. [JocnidxeHHs1 deMOHCMpye MOXIU8ocmi eukopucmaHHsi mexHonoezii INSAR dns moHimopuHay deghopmayili 3eMHOT Mo8ePXHi,
crnpuYyuHeHUX Heujo0asHiMu 3emnempycamu. Ompumani daHi MOXXymb 6ymu eukopucmati Ons1 oyiHku pyliHyeaHb, 8U3Ha4€HHS1 30H PU3UKYy ma po-
3po6ku 3axodie uj000 3HUXKEHHS1 celicMiYHOi Hebe3neKu.

KnwuyoBi cnoBa: 3emnempyc, TypeudyuHa, INSAR, Sentinel-1, degpopmauisi 3eMHOI noeepxHi, po3siom, celicMiyHa Hebe3rneka.
ABTOpM 3aABNSAIOTb NPO BiACYTHICTb KOHAMIKTY iHTepeciB. CnoHcopy He 6panu yyacTi B po3pobneHHi OCHiMKeHHs; y 360pi, aHanisi un
iHTepnpeTauii AaHWX; y HanMcaHHi pykonucy; B pilleHHi Nnpo ny6nikauito pesynbTartis.
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